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Abstract 

The three aims of the series of studies presented in this thesis were to investigate physical 

activity (PA) in childhood, the associations between PA and cardiometabolic (CM) risk in 

childhood, and interventions to promote PA in childhood.   

Study 1 investigated the relationships between invasive and non-invasive markers of CM 

risk, and also examined the associations between individual CM risk markers and PA, 

cardiorespiratory fitness (CRF) and body composition in a cohort of school children (n = 101, 

10 - 11.9 years) from Liverpool, England, and Belfast, Northern Ireland (NI).  An individually 

calibrated approach to PA measurement was used to improve the classification of children’s 

PA, and to clarify the associations between PA and markers of CM risk in children.  

Reference standard measurement techniques were used to assess body composition, PA 

and CRF.  This range of high-quality objective measures is rarely observed in similar cross-

sectional studies with children.  Few studies investigating CM risk in youth have included 

functional ‘pre-clinical’ markers of CM risk, such as flow mediated dilation (FMD) and 

carotid intima media thickness (CIMT), or markers of inflammation such as adiponectin and 

C-reactive protein (CRP).  Furthermore, few studies have investigated the associations 

between these preclinical markers of CM risk and invasive (inflammatory and metabolic) 

markers of CM risk in children.  The inclusion of these measures enabled an investigation of 

the relationships between functional, metabolic and inflammatory components of CM risk in 

children.  In Study 1, moderate to vigorous physical activity (MVPA) was positively 

associated with CRF in boys and girls, however, the associations between CRF and CM risk 

were higher than those observed between PA and CM risk.  The associations between, PA, 

CRF, sedentary time (SED) and CM risk were often mediated by adiposity.  The percentage of 

10 - 11 year old boys (30%) and girls (22%) meeting current guidelines for daily MVPA was 

low.  This study suggests that adiposity represents a suitable primary outcome measure to 

evaluate the effectiveness of interventions to improve CM health in children.  Furthermore, 

as the associations between CRF and CM risk were higher than those observed between PA 

and CM risk, and a strong body of evidence suggests that vigorous PA is required to improve 

CRF in children, interventions to promote CM health in children should emphasise vigorous 

physical activities.  This study also highlights the need for interventions to increase PA in 

primary school children. 
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Study 2 examined the effects of a multicomponent school-based PA intervention on PA 

levels, body composition and physical self-perception in a group of primary school children 

from NI (n = 99, mean age, 10.5 ± 0.5 years).  The intervention was based on an extensive 

review of ‘effective’ multicomponent school-based PA interventions, and on 

recommendations from recent reviews and National Institute for Health and Clinical 

Excellence (NICE) guidelines.  The intervention was designed to provide primary school 

children with both the knowledge of the benefits of PA, and the opportunity to be active 

during the school day.  The intervention was teacher-led, and aimed to increase daily MVPA 

by incorporating classroom-based PA bouts throughout the course of the school day.  In 

addition, the intervention included a curriculum component and outreach to families.  

Within the study, an individually calibrated approach was used to objectively assess 

children’s PA.  This approach was used to clarify the associations between PA and health 

outcomes in children, and addresses the controversy and lack of consensus within paediatric 

research surrounding the selection of appropriate cut-off points to define PA intensity.  To 

the author’s knowledge, the use of individually calibrated cut-off points in a study of a 

school-based intervention is novel.  The study also used dual energy x-ray absorptiometry 

(DEXA) to assess pre- to post changes in body composition, and the Children and Youth 

Physical Self Perception Profile (CY-PSPP) (Whitehead, 1995) to assess changes in children’s 

physical self-perception.  The combination of such high quality (reference standard) 

objective measures are rarely utilised in studies of school-based interventions.  The 

intervention resulted in significant increases in school-time MVPA and school-time vigorous 

PA (VPA), and also significantly increased total daily MVPA and total physical activity (TPA) 

compared to matched controls.  There were no significant effects of the intervention on 

measures of body size and composition, blood pressure (BP) or physical self-perception.  

This study suggests that future research designs should combine a greater duration of 

intervention (e.g. one academic year) with higher intensity (VPA) activities to increase total 

energy expenditure (TEE), utilise a ‘Whole-School’ model of health promotion and adopt a 

combined PA and diet strategy to prevent children becoming overweight in the long term.   

Study 3 investigated the effects of child and parental feedback on promoting PA levels in a 

group of primary school children from NI (n = 85, mean age, 11 ± 0.3 years).  In the study, 

participants were blinded to the accelerometer data that was collected, and did not receive 
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rewards or incentives to increase PA.  To the author’s knowledge, this is the first study to 

have utilised accelerometer data to provide feedback to children, and to a separate group of 

children and their parents/guardians, to examine the effect on children’s subsequent PA 

levels.  There were no significant effects on PA when PA feedback was provided to either 

children, or to a group of children and their parents.  However, the study provided novel 

insights into the short term effects of PA feedback in a group of children, and a group of 

children and their parents, and highlighted a number of unanswered questions about the 

usefulness of PA feedback in PA promotion in youth, and the role of child and parental 

awareness of PA in PA promotion.  The study also provided further evidence that a 

significant proportion of primary age children in NI fail to meet current guidelines for daily 

MVPA.  This study suggests that providing children and their parents with individual 

accelerometer feedback is not an effective strategy to promote children’s PA.  However, the 

study had a number of limitations, and future research designs should take these, and the 

questions that have arisen from the study into account. 

The studies in this thesis were consistent in reporting that the majority of primary age 

school children in NI did not meet current recommendations for daily MVPA.  Study 1 

highlighted a number of associations between children’s PA, CRF and markers of CM risk 

that were often mediated by adiposity.  Obesity and type 2 diabetes have been found to be 

common in inactive children, and the prevalence of these diseases and disorders is 

increasing in NI.  Study 2 increased total MVPA and total daily PA in primary school children 

through a theory-based multicomponent PA intervention.  However, the increases in PA 

were short term, and highlight the need for well-designed interventions that promote long-

term changes in children’s PA behaviour.  Limitations in the design of the intervention were 

explored through the provision of PA feedback as a method of PA promotion in children in 

Study 3.  Although the findings of Study 3 suggest that providing PA feedback to children 

and their parents was not an effective strategy to promote children’s PA, the study provided 

novel insights into the short term effects of PA feedback in children, and highlighted a 

number of important and unanswered questions about the usefulness of PA feedback in PA 

promotion in youth. 
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Organisation of the thesis  

The three aims of the series of studies presented in this thesis were to investigate PA in 

childhood, the associations between PA and CM risk in childhood, and interventions to 

promote PA in childhood.  Chapter 1: Introduction; provides a background to the area of 

research, and an overview of the main themes discussed throughout the thesis.  Chapter 2: 

Literature Review; provides a review of a literature relevant to the area of research (e.g. CM 

risk in childhood; PA and inactivity in childhood) and concludes with a review of effective 

multicomponent school-based PA interventions.  Chapter 3: General Methods; describes all 

of the common methods used in the studies in this thesis (e.g. anthropometric 

measurements, PA measurement, and assessment of body composition and CRF).  Chapter 

4: Study 1; reports on a cross-sectional study investigating the relationships between 

invasive and non-invasive markers of CM risk, and examines the associations between 

individual CM risk markers and PA, CRF and body composition in a cohort of school children 

for Liverpool, England, and Belfast, NI.  Chapter 5: Study 2; evaluates the effects of a 

multicomponent school-based PA intervention on PA levels, body composition and physical 

self-perception in a group of primary school children from NI.  Chapter 6: Study 3; evaluates 

the effect of child and parental feedback on promoting PA levels in a group of primary 

school children from NI.  Chapter 7: provides a synthesis of the results and conclusions from 

the three studies, and Chapter 8: provides recommendations for future research. 
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Chapter 1: Introduction 
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Physical activity, inactivity, and sedentary behaviour in childhood 

 

A strong and growing body of evidence comprising both observational and experimental 

research confirms that regular participation in PA in childhood is associated with enhanced 

CM health (Andersen et al., 2011), promotes bone health (Boreham & McKay, 2011), 

reduces body fat and promotes healthy weight (McMurray & Ondrak, 2013), and has 

beneficial effects on psychological well-being in childhood (Biddle & Asare, 2011).  Current 

United Kingdom (UK) guidelines for PA in children and young people (5 - 18 years) reflect 

these findings and describe the amount of activity required to achieve these substantial 

health benefits (Department of Health (DOH), 2011).  Research also suggests that the best 

primary strategy to improve the long-term health of children may result from creating a 

lifestyle pattern of regular PA that will carry over to the adult years (Telama al., 2005).  

Despite the numerous potential benefits of PA, many studies report that the majority of 

children in the UK, and the developed world, fail to meet current recommendations for PA 

(Griffiths et al., 2013; The Health and Social Care Information Centre, 2013; Breslin et al., 

2012; Ekelund et al., 2011).  More specifically, studies consistently report that the majority 

of primary age children in NI fail to meet minimum guidelines for daily PA (Griffiths et al., 

2013; Breslin et al., 2011) and have the lowest prevalence of recommended daily moderate 

to vigorous PA (MVPA) (43%) of children in the UK (Griffiths et al., 2013).  Recent research 

has shown that physically active lifestyles start to develop very early in childhood, and the 

stability of PA is moderate or high along the life-course from youth to adulthood (Telama et 

al., 2009).  A high level of PA during the school years (between the ages of 9 – 18 years) has 

been shown to influence adult PA (Telama et al., 2009), which is a key determinant of adult 

health (DOH, 2011).  Promoting PA in childhood, and supporting the tracking of high levels 

of PA, will improve the health of the general population (Telama et al., 2005) and is of great 

importance from a public health perspective (Kwon & Janz, 2012; Cleland et al., 2011; 

Telama et al., 2009).  Evidence also suggests that inactive children are more likely to become 

inactive adults (Cleland et al., 2011; Telama et al., 2009; Trudeau et al., 2004).  Risk factors 

for CM disease (CMD) have been shown to cluster in children with low levels of PA 

(Andersen et al., 2008).  Obesity, Insulin Resistance (IR) and inflammation, type 2 diabetes 

and other risk factors for CVD have been found to be common in inactive children, and 

inactivity in childhood has also been related to increased cardiovascular risk in adulthood 
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(Camhi & Katzmarzyk, 2010).  Therefore, inactivity in youth not only increases CM risk in 

youth (Andersen et al., 2011) but is also a risk factor for the development of obesity, cancer, 

diabetes, CVD, and osteoporosis in later life (WHO, 2004).  Insufficient PA has also been 

defined as the fourth leading risk factor for global mortality (WHO, 2011).  In addition, 

recent evidence suggests that prolonged sedentary behaviour (SB) may be associated with 

health risks in childhood that are independent of participation in PA (Tremblay et al., 2011a; 

Carson & Janssen, 2011; Goldfield et al., 2011; Katzmarzyk et al., 2009; Ekelund et al., 2006).  

Half of all UK 7 year olds are sedentary for 6.4 hours or more each day (Griffiths et al., 2013) 

and a recent study of 8 - 9 year old children from social disadvantage in NI reported that, on 

overage, children were sedentary for between 11 - 12 hours per day (Breslin et al., 2012).   

 

Measurement of physical activity and sedentary behaviour in childhood 

 

Our understanding of children’s PA has been limited primarily because PA has been 

assessed in the majority of studies by self-report measures (e.g. interviews, diaries and 

questionnaires)(Ekelund et al,. 2011; Armstrong et al., 2011) which are known to carry 

unacceptable levels of error in terms of quantifying PA in youth (Ekelund et al,. 2011; 

Armstrong et al., 2011).  However, the use of objective measurement devices (e.g. 

accelerometers and pedometers) has substantially enhanced our ability to accurately 

monitor PA and SB in youth (Ekelund et al., 2011).  In the last decade, accelerometry has 

become the most commonly used objective method for assessing free-living PA in 

children, and is generally accepted as providing a valid and reliable estimate of PA and SB 

(Cain et al., 2013; Ekelund et al., 2011).  Despite this, no consensus exists with regards to 

the treatment of accelerometer data, including inclusion criteria (wear time duration in 

minutes, number of days and epoch length) and the cut-off points used to classify PA 

intensities (Ridgers & Fairclough, 2011).  The inconsistent use of intensity thresholds is a 

major issue when attempting to quantify the prevalence of sufficiently active youth from 

accelerometry (Ekelund et al., 2011).  Such decisions may also influence the likelihood of 

observing relationships between PA and a number of health outcomes in young people 

(Bailey et al., 2013).  In this thesis, an individually calibrated approach to PA 

measurement was used to ensure the accurate categorisation of PA into specific 

intensities, and was used to improve the classification of children’s PA, and to clarify the 
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associations between PA and a number of health outcomes in children.  An individually 

calibrated approach to PA measurement addresses the controversy and lack of 

consensus within paediatric research surrounding selection of appropriate cut-off points 

to define PA intensity in youth.  Study 1 (Chapter 4) adopted this approach to assess the 

relationships between PA, body composition, CRF and markers of CM risk.  Study 2 

(Chapter 5) pioneered this method in assessing the volume, intensity and pattern of 

children’s PA in a study of a multicomponent school-based PA intervention.  

 

Cardiometabolic disease and cardiometabolic risk 

 

The term ‘cardiometabolic disease’ (CMD) is used in this thesis to describe the 

cardiovascular and metabolic derangements which individually and interdependently 

lead to a substantial increase in CVD morbidity and mortality (Castro et al., 2003).  The 

term ‘cardiometabolic risk’ is used in this thesis to describe the constellation of 

interrelated risk markers which progress the development of cardiometabolic diseases 

(CMDs) such as CVD (e.g. coronary heart disease (CHD), stroke, peripheral arterial 

disease (PAD)) and metabolic disorders (e.g. type 2 diabetes, IR).  CVD is the number one 

cause of death globally (World Health Organisation (WHO), 2011).  An estimated 17.3 

million people died from CVD in 2008, representing 30% of all global deaths (WHO, 

2011).  Of these deaths, an estimated 7.3 million were due to CHD and 6.2 million were 

due to stroke (WHO, 2011).   Diseases of the heart and circulatory system are the leading 

source of mortality in the UK, causing almost 200,000 deaths every year (British Heart 

Foundation (BHF), 2008).  About half (48%) of all deaths from CVD in the UK are from 

CHD and more than a quarter (28%) are from stroke (BHF, 2008).  In 2012, CVD 

accounted for approximately 4000 deaths in NI (27% of all deaths) (Northern Ireland 

Statistics and Research Agency (NISRA), 2013).  Globally, the number of people who die 

from CVD, mainly from heart disease and stroke, will increase to 23.3 million by 2030 

(WHO, 2011; Mathers & Loncar, 2006). 
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School-based physical activity interventions 

 

Considerable evidence has accrued that CMDs have their origins in childhood (McMurray 

& Ondrak, 2013) and although clinical symptoms may not become apparent until later in 

life, there is evidence that a high proportion of young people exhibit one or more risk 

markers for CMD (e.g. hypertension, endothelial dysfunction, elevated blood lipids, IR, 

hyperglycaemia and inflammatory mediators) (McMurray & Ondrak, 2013; Kelly et al., 

2013; Thomas et al., 2008; Thomas et al., 2005; Berenson & Srinivasan, 2005).  For 

example, in the Bogalusa Heart Study, a community based study of CVD risk factors in 

early life, more than 1 in 5 (>20%) children aged <12 years had ≥1 risk factor for CVD.  

The prevalence of risk increased with body mass index (BMI) percentile, and a high level 

of CV risk was evident in severely obese children and adolescents (84% of those with a 

BMI in the 99th percentile had one CVD risk factor, while 33% had at least 3 CVD risk 

factors) (Freedman et al., 2007).  Many of these risk factors have been shown to track 

from childhood and adolescence into adulthood (Dobbins et al., 2013; Camhi & 

Katzmarzyk, 2010).  In an earlier cohort of the Bogalusa Heart Study (n = 1176, aged 5 - 

17 years at baseline) 61% or participants in the highest quintile of risk for CVD at baseline 

remained in this quintile over 8 years (Bao et al., 1994).  In the Danish Youth and Sport 

Study, which tracked clustered risk from adolescence to young adulthood, 50% of males 

and 42% of females (aged 15 - 19 years at baseline) who were in the upper quintile of 

clustered risk score at baseline, remained in the upper quintile of clustered risk score 

over 8 years of follow-up (Andersen & Haraldsdottir, 1993).  Many risk factors for CMDs 

are modifiable (e.g. inactivity, overweight and obesity) and since the CMD process begins 

early in life, childhood represents the time when prevention of CMD can be most 

effective (McMurray & Ondrak, 2013).  Schools in particular have been identified as the 

primary institutions with responsibility for promoting PA in youth (WHO, 2004) and for 

delivering physical literacy (through Physical Education (PE)) in youth (Weiler et al., 

2013).  They are ideal settings for providing opportunities for children to be active (WHO, 

2004).  Schools have the potential to become the central element in a community that 

ensures students participate in the recommended amount of time engaged in PA 

(Dobbins et al., 2013; Pate et al., 2006) and develop healthy behaviours that track into 

adulthood (NICE, 2009).  PE is one way to encourage activity in school and develop 
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fitness in childhood, and for many children PE will be their only preparation for an active 

lifestyle.  Schools in NI, as with the rest of the UK, are ‘encouraged’ to provide pupils with 

at least two hours of high quality PE per week (Department of Culture, Arts and Leisure 

(DCAL), 2009).  However, there are no statutory requirements for schools to devote 

specific amounts of time to PE (Office for Standards in Education, Children’s Services and 

Skills (OFSTED), 2013).  As a result, increasing pressures on schools to find more time for 

academic subjects (Trembley et al., 2000) and increasing demands on teachers to attain 

high standards for pupils in standard attainment tests (SATs) have led to the erosion of 

time for PE in schools (Weiler et al., 2013; Trembley et al., 2000).  The NI Strategy for 

Sport and Physical Recreation 2009 - 2019 ‘Sport Matters’ (DCAL, 2009), outlines, as part 

of the key steps for success, to ‘pursue’ a target for 2 hours PE per week for children of 

compulsory school age (DCAL, 2009).  However, studies report that as few as 17% of 

primary (Sport NI, 2009) and 9% of post-primary (Sport NI, 2010) pupils take part in ≥2 

hours of PE per week.  Current UK guidelines for PA recommended that children should 

spend more time taking part in PA than engaged in sedentary behaviours (DOH, 2011).  

However, research shows that school age boys and girls spend on average 7 - 8 hours per 

day being sedentary, primarily ‘sitting’ in compulsory academic lessons at school (Craig et 

al., 2008).  Obesity, IR and inflammation, type 2 diabetes and other risk factors for CVD 

have been found to be common in inactive children.  Data from the Northern Ireland 

Health and Well-being Survey (NIHWBS) published in 2008-9, reported that 5.3% of 

primary one children (4 - 5 years) were obese, whilst more than 1 in 5 (22.5%) were 

obese or overweight, the highest percentage for countries in the UK (NISRA, 2010).  In 

the UK, one in three children leaving primary school are obese, and 82% of these children 

will go on to become obese adults (DOH, 2012).  The Lancet recently published a series of 

articles on PA, in which it calls for PA to be ‘a priority for all schools’ that requires ‘whole 

school’ strategies and government support (Lancet, 2013).  Furthermore, a 

comprehensive policy response and population-wide efforts to boost PA to the levels 

appropriate for good health among young people are needed, which is likely to require 

interventions across the range of PA domains (Griffiths et al., 2013).  Interventions that 

focus on the promotion of PA and behaviour change in children may prove a viable 

strategy to instil positive health behaviours early on, and reduce the prevalence of a 

number of health concerns (such as obesity & osteoporosis) which have their origins in 
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childhood but do not manifest themselves clinically until adulthood.  School-based PA 

interventions are considered a feasible and effective way to counter low PA levels 

(Brown et al., 2013; Kreimler et al., 2011) and guidelines from NICE have suggested that 

school-based interventions to increase PA should be multicomponent, targeting multiple 

health behaviours in a variety of settings (NICE, 2009).  In a recent review, 

multicomponent approaches showed the highest level of evidence for increasing overall 

PA in children (Kreimler et al., 2011), and hold the most promise for improving on the 

short term increases in PA often reported (Van Sluijs et al., 2007; Cale & Harris, 2006).  In 

this thesis, Study 2 (Chapter 5) evaluates the effects of a multicomponent school-based 

PA intervention on PA levels, body composition and physical self-perception in a group of 

primary school children from NI.  The intervention was based on an extensive review of 

effective multicomponent school-based PA interventions, and on recommendations from 

recent reviews and NICE guidelines.   

 

Summary  

 

There is a strong body of research which suggests that regular participation in PA during 

childhood has an impact on short- and long-term health and behaviour outcomes.  The 

recently published UK PA guidelines describe the amount of activity required to achieve 

substantial health benefits in youth.  However, a growing body of evidence reports that 

the majority of youth in the UK are insufficiently active to meet these guidelines.  Large 

scale epidemiological studies have also highlighted that inactivity has serious implications 

for a child’s immediate- and long-term health and development.  It has been suggested 

that children’s health in the UK lags behind that of most European counterparts (United 

Nations Children’s Fund (UNICEF, 2013) and a recent editorial in the British Medical 

Journal (BMJ) suggests that the lack of a UK PA strategy for children is complicit mass 

child neglect (Weiler et al., 2013).  A comprehensive policy response and population-

wide efforts to boost PA to the levels appropriate for good health among young people 

are needed (Griffiths et al., 2013).  This is likely to require interventions across the range 

of PA domains.  Although school-based interventions are considered a feasible and 

effective way to counter low PA levels, there is no consensus regarding optimal 

intervention strategies (Brown et al., 2013; Kreimler et al., 2011) and a need for more 
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studies of high methodological quality (Dobbins et al., 2013; Dobbins et al., 2009; Van 

Sluijs et al., 2007). The majority of school-based interventions have been conducted with 

children in the United States and Continental Europe (Dobbins et al., 2013).  There is 

limited evidence of the effectiveness of primary school-based PA interventions in the UK, 

and less still from studies that have been conducted in NI.  Given the absence of a 

comprehensive policy strategy to promote PA in children, continued research and 

investment in this area is vital to establish which strategies prove most effective to 

promote PA and improve the short- and long-term health of children. 
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Physical activity 

 

PA is defined as any bodily movement produced by skeletal muscles that result in energy 

expenditure (Caspersen et al., 1985).  The WHO defines PA in youth as play, games, sports, 

transportation, chores, recreation, PE, or planned exercise, in the context of the family, 

school and community activities (WHO, 2010).  A strong and growing body of evidence 

confirms that regular participation in PA in childhood is associated with enhanced CM health 

(Andersen et al., 2011), promotes bone health (Boreham & McKay, 2011) and has beneficial 

effects on psychological well-being (Biddle & Asare, 2011).  Several observational studies 

suggest a dose-response association between PA and health in childhood and adolescence 

(Department of Health, 2011; Janssen & LeBlanc, 2010), suggesting that higher levels of PA 

in youth are associated with a greater health benefits for children and young people.  

However, to achieve these health benefits, PA should be of at least a moderate intensity, 

although there is evidence that vigorous intensity activities may provide an even greater 

benefit (DOH, 2011; Janssen & LeBlanc, 2010).  It appears that aerobic-based activities have 

the greatest benefit for a number of health outcomes in youth, particularly obesity and the 

CM health measures, which respond almost exclusively to aerobic exercise interventions 

(DOH, 2011; WHO, 2010; Janssen & LeBlanc, 2010).  However, bone health is more 

favourably affected by modest amounts of high-impact weight bearing activities performed 

on at least 2 or 3 days of the week (DOH, 2011; Boreham & McKay, 2010; WHO, 2010; 

Janssen & LeBlanc, 2010).  All of these findings are reflected in the current UK guidelines for 

PA in children and young people (5 - 18 years).  Research also suggests that the best primary 

strategy to improve the long-term health of children may result from creating a lifestyle 

pattern of regular PA that will carry over to the adult years (Telama et al., 2005).  Physically 

active lifestyles start to develop very early in childhood, and the stability of PA is moderate 

or high along the life-course from youth to adulthood (Telama et al., 2009).  A high level of 

PA during the school years (between the ages of 9 – 18 years) has been shown to influence 

adult PA (Telama et al., 2009), which is a key determinant of adult health (DOH, 2011).  

Promoting PA in childhood, and supporting the tracking of high levels of PA, will improve the 

health of the general population (Telama et al., 2005) and is of benefit from a public health 

perspective (Kwon & Janz, 2012; Cleland et al., 2011; Telama et al., 2009).  Being inactive, or 

not meeting the PA guidelines can have a number of adverse effects on children’s health 
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and increases the risk of morbidity and mortality from non-communicable diseases later in 

life.  

 

Inactivity   

 

Childhood has been identified as an important time to promote active lifestyle habits (WHO, 

2010).  During this time young people establish patterns of behaviour that may have 

important implications for both their immediate and long-term health and well-being (DOH, 

2011).  Tracking studies have shown that PA levels in childhood and adolescence predict PA 

levels in adulthood (Cleland et al., 2011; Telama et al., 2004; Trudeau et al., 2004).  Evidence 

also suggests that inactive children (those that do not meet the guidelines for daily PA) are 

more likely to become inactive adults (Cleland et al., 2011; Telama et al., 2009; Trudeau et 

al., 2004).   Risk factors for CM disease have been shown to cluster in children with low 

levels of PA (Andersen et al., 2008).  Obesity, IR and inflammation, type 2 diabetes and other 

risk factors for CVD have been found to be common in inactive children, and inactivity in 

childhood has also been related to increased cardiovascular risk in adulthood (Camhi & 

Katzmarzyk, 2010).  Therefore, inactivity in youth not only increases CM risk in youth 

(Andersen et al., 2011), but is also a risk factor for the development of obesity, cancer, 

diabetes, CVD, and osteoporosis in later life (WHO, 2004).  Insufficient PA has also been 

defined as the fourth leading risk factor for global mortality, accounting for 6% of deaths 

globally (estimated at 3.2 million), and ranks before overweight and obesity (5%) and after 

high blood pressure (13%), tobacco use (9%), and high blood glucose (6%) (WHO, 2011).  In 

the UK, the direct financial cost of physical inactivity to the NHS is estimated as £ 0.9 billion 

per year (Scarborough et al., 2011).  

 

Physical activity guidelines  

 

Current UK guidelines recommend that children and young people aged 5 - 18 years should 

engage in MVPA for at least 60 minutes up to several hours every day, with vigorous-

intensity activities incorporated at least 3 times per week.  All children and young people 

should also minimise the amount of time spent being sedentary (sitting) for extended 

periods (DOH, 2011).  Although the estimates of the proportion of children meeting PA 
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guidelines vary by study design and PA assessment method (deVries et al., 2009), studies 

consistently report that the majority of primary aged school children in NI do not meet 

current recommendations for daily MVPA.  Breslin et al. (2012) report that as few as 24% of 

9 - 11 year old children achieved the recommended level of 60 minutes of MVPA per day.  

More recently, a study investigating adherence to PA guidelines among 7 - 8 year old 

children across the UK, found that children in NI had the lowest total daily PA and the lowest 

prevalence of the recommended daily MVPA (43%) (Griffiths et al., 2013).  PA levels have 

been reported to decline with age, with older children and adolescents accumulating less 

daily MVPA (Dumith et al, 2011; Sallis et al., 2000).  Subsequently, fewer older children and 

adolescents are likely to meet PA guidelines.  In NI, the PA levels of a representative sample 

of 11 - 16 year olds report that as few as 12% participate in at least 60 minutes of MVPA 

daily (DHSSPS, 2012).  The disparity between these published prevalence statistics may be a 

reflection of the different PA measurement techniques adopted in each study (e.g. Griffiths 

et al. (2013) used accelerometry, Breslin et al. (2012) used self-report PA questionnaires and 

accelerometry in a sub-group, and the DHSSPS (2012) used self-report PA questionnaires).  

Although not directly comparable for these reasons, these data do none-the-less suggest a 

decline in NI children’s PA with age. 

 

Measurement of physical activity  

 

Accurate data reflecting PA levels is essential to clearly understand and explore the 

relationships between PA and health outcomes in children (Bailey et al., 2013).  Numerous 

methods have been used to measure PA in paediatric research, such as self-report (e.g. 

interviews, diaries and questionnaires), direct observation (e.g. System for Observation of 

Fitness Instruction Time (SOFIT) (McKenzie et al., 1991)), and objectively measured 

techniques (e.g. heart rate telemetry, global position systems (GPS), pedometers and 

accelerometry) (Corder et al., 2008).  However, valid and reliable measurement of children’s 

PA is challenging due to the sporadic and intermittent nature of children’s PA behaviour 

(Baquet et al., 2007).  Traditionally, studies of children have adopted self-report measures to 

assess habitual PA.  Such methods are low cost and enable data to be collected in large 

samples relatively quickly and easily (Biddle et al., 2011).  However, the accuracy of self-

report methods is affected by the ability of the respondent to accurately recall all relevant 
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types, intensities and durations of PA retrospectively (Knuth & Hallal, 2009).  In studies with 

children, the accuracy of self-report PA data may be subject to measurement error due to 

socially desirable responses, inaccurate recall, and recall bias (Ekelund et al., 2011).   

 

The use of objective methods has substantially increased our ability to accurately assess the 

volume, intensity, duration, frequency and pattern of PA and SB in youth (Ekelund et al., 

2011).  In particular, accelerometry has led to an increase in PA measurement precision, and 

has become the most commonly used objective method for assessing free-living PA in 

children (Cain et al., 2013; Ekelund et al., 2011).  Actigraphs are the most widely used make 

of accelerometer (Cain et al., 2013; deVries et al., 2006), and have been used in a number of 

large-scale studies with children and adolescents.  Accelerometers have become popular 

because they are easy to use, unobtrusive, store large amounts of data and measure 

movement directly, which is critical in assessing the relationship between activity and 

health.  The actigraph tri-axial accelerometer (GT3-X, Pensacola, Florida, USA) uses a Micro 

Electro Mechanical System (MEMS) capacitive accelerometer to detect real-time 

acceleration of the body in three dimensions (Cain et al., 2013).  It records accelerations 

from 0.5 - 2.5 G’s, digitizes the output at a rate of 30 Hertz (30 x per second) and converts 

the intensity of accelerations to a quantifiable signal, referred to as a ‘count’ (Baquet et al., 

2007).  Counts are summed over a pre-specified ‘epoch’ of data recording (i.e. 5-, 10-, 15 

seconds) which enables the calculation of frequency, intensity and duration of PA (John & 

Freesdon, 2012; Baquet et al., 2007).  Accelerometry is generally accepted as providing a 

reliable estimate of the frequency, intensity and duration of PA and SB for children and 

young people.  Despite this, no consensus exists with regards to the handling and 

manipulation of accelerometer data, including inclusion criteria (wear time duration in 

minutes, number of days and epoch length) and the cut-off points used to classify PA 

intensities (Ridgers & Fairclough, 2011).  The inconsistent use of intensity thresholds is a 

major issue when attempting to quantify the prevalence of sufficiently active young people 

from accelerometry (Ekelund et al., 2011).  Such decisions can influence the likelihood of 

observing relationships between PA and a number of health outcomes in youth (Bailey et 

al., 2013).  Recently, Bailey et al. (2013) described differences in activity-health relationships 

depending on choice of activity cut-point, demonstrating the impact data treatment can 

have on the reported associations.  Researchers have proposed the use of individually 
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calibrated approaches to attempt to improve the classification of children’s PA (Mackintosh 

et al., 2011; Stone et al., 2009).  Within Study 1 (Chapter 4) and Study 2 (Chapter 5) an 

individually calibrated approach was used to measure children’s PA.  The specifics of PA 

measurement, wear time validation and calculation of individually calibrated cut-points for 

PA intensity are included in the General Methods section (Chapter 3).    

 

Sedentary behaviour  

 

Recent evidence suggests that prolonged SB is independently and positively associated with 

all-cause mortality and CM risk (Tremblay et al., 2011a; Katzmarzyk et al., 2009).  While 

there is accumulating evidence of the importance of MVPA in reducing CM risk in children 

(Ekelund et al., 2007; Andersen et al., 2006), a growing body of evidence suggests that the 

amount of time children and young people spend engaged in SB may be associated with 

increased CM disease risk, independent of other factors such as PA and adiposity (Carson & 

Janssen, 2011; Goldfield et al., 2011; Katzmarzyk et al., 2009; Ekelund et al., 2006).  Recent 

systematic reviews have reported an association between increased SB and reduced CRF, 

increased adiposity and elevated risk of metabolic syndrome (METS) in children and young 

people (LeBlanc et al., 2012; Trembley et al., 2011).  SB (pursuits that involve sitting or lying) 

is typically defined as activities requiring low levels of energy expenditure (i.e. ≤1.5 

metabolic equivalents) (Sedentary Behaviour Research Network (SBRN), 2012).  It is not 

simply a lack of PA or ‘inactivity’, but is a separate behaviour in its own right.  PA and SB can 

co-exist, as individuals who engage in the recommended 60 minutes of MVPA on a daily 

basis can also spend prolonged periods of the day engaged in SB (Tremblay et al., 2011b).  

Patterns of SB are typically established during childhood and persist at a moderate level 

throughout childhood and adolescence (British Heart Foundation National Centre (BHFNC), 

2011).  Levels of SB typically increase with age (BHFNC, 2011).  Subjective approaches to SB 

measurement (e.g. proxy- or self-report questionnaires or SB diaries) have focused 

predominantly on television viewing or other screen-based behaviours (e.g. computer use, 

video game playing, smart phone usage etc.).  These self-reported screen-based sedentary 

behaviours have consistently been associated with increased CM risk in children and youth, 

independent of PA levels (Tremblay et al., 2011a; Carson & Janssen, 2011).  For example, 

Goldfield et al. (2011) recently reported that video-game playing was independently 
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associated with increased blood pressure (BP) and lipids after adjusting for multiple 

confounders in a large sample of overweight and obese adolescents (n = 282 (86 males), 14 - 

18 years of age).  However, studies examining objective (accelerometer-derived) measures 

of SB have often failed to detect a significant association with markers of CM risk after 

adjustment for potential confounding variables (Colley et al., 2013; Ekelund et al., 2012).  As 

with PA measurement, accelerometry is increasingly being used as a measure to assess the 

volume and patterns of children’s sedentary time (SED).  Accelerometry overcomes the 

limitations of subjective methods (Fisher et al., 2012), however, it provides little information 

regarding the modality of SB (e.g. sitting, reclining or lying).  Therefore, accurately assessing 

the volume and type of SB requires a combination of accelerometry and self-report methods 

(Carson & Janssen, 2011).  An accelerometer threshold of ≤100 counts per minute (CPM) is 

considered the most sensitive and specific cut-point to define time spent as sedentary 

(Fisher et al., 2012).  This threshold was identified in a calibration study carried out with 

adolescent girls (Trueth et al., 2004) and has been adopted in several paediatric studies 

(Carson & Janssen, 2011; Steele et al., 2009; Evensson et al., 2008; Mattocks et al., 2008).  

Canadian youths (aged 6 - 19 years) reportedly spend on average 8.6 hours per day, 62% of 

their waking hours, in sedentary pursuits (Colley et al., 2011).  Data from the National 

Health and Nutrition Examination Survey (NHANES) reports similar trends for American 

children (aged 2 - 15 years) of 6 - 8 hours per day being sedentary (Sisson et al., 2009).  Half 

of all UK 7 year olds are sedentary for 6.4 hours or more each day (Griffiths et al., 2013) and 

a recent study of 8 - 9 year old children from social disadvantage in NI reported that, on 

average, children were sedentary for between 11 - 12 hours per day (Breslin et al., 2012).  

Recently Jago et al. (2010) assessed PA and SB typologies of 10 - 11 year old children (n = 

1026 at baseline) in the Bristol Parent, Peer and Physical Activity (Bristol 3 P’s) study.  

Participants self-reported responses to eight questions that assessed time spent in specific 

sedentary and PA contexts.  PA volume and intensity and SED were measured with 

accelerometers.  Three clusters emerged for patterns of PA and SB; high sedentary and high 

active; medium sedentary and low active; and low sedentary and high active, suggesting 

that interventions should be tailored to the typology of the intended target group (Jago et 

al., 2010).  The Canadian Society for Exercise Physiology (CSEP) recently published the first 

evidence based SB guidelines for children and adolescents, produced in light of the 

accumulating evidence which suggests that SB has an independent and significant adverse 
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impact on health in youth.  The guidelines recommend that school-aged children and youth 

limit periods of prolonged sitting and motorised transport, and reduce daily recreational 

screen time to no more than 2 hours (Tremblay et al,. 2011b).  Recent Australian 

Department of Health PA and SB guidelines (2014) recommend that children (5 - 12 years) 

should limit the use of electronic media for entertainment (e.g. TV, computer use, etc.) to 

no more than two hours per day, and break up long periods of sitting as often as possible 

(Australian Government, DOH, 2014).  Current UK guidelines recommend that sedentary 

time (sitting) should be minimised, but there are no specific time recommendations (DOH, 

2011). 

 

Cardiorespiratory fitness 

 

Cardiorespiratory fitness (CRF) is a functional measure of the cardiorespiratory system and 

has been defined as the ability to deliver oxygen (O2) to the muscles, and to utilise it to 

generate energy to support muscle activity during exercise (Armstrong et al., 2011).  A 

number of studies have demonstrated an inverse relationship between CRF and all-cause 

mortality in healthy adults (Lee et al., 2010; Kodama et al., 2009).  In children and 

adolescents there is an emerging body of evidence which suggests that CRF is an 

independent predictor of both CM morbidity (Earnest et al., 2013; Bailey et al., 2012; Ruiz et 

al., 2009; Andersen et al., 2008; Anderssen et al., 2007; Eisenmann et al., 2007; Ruiz et al., 

2007a) and the incidence of CM events later in life (Ruiz et al., 2009).  Levels of CRF in 

children have declined in recent years, independent of changes in body size and/or 

excessive adiposity (Bailey et al., 2012).  Low levels of CRF may therefore be one of the first 

indicators for the development of CVD (Anderssen et al., 2011).  CRF is determined by 

several non-modifiable factors, such as age, gender, ethnicity and genetics, although 

environmental factors may also have an effect (Hopkins et al., 2010).  In adults CRF has a 

strong positive association with habitual PA, however in children the relationship is less 

convincing (Armstrong et al., 2011).  As the modifiable component of CRF is the product of 

PA (Ortega et al., 2008), we would expect to observe similar relationships between PA and 

CM risk.  Despite this, the associations between CRF and CM risk are often stronger than 

those observed between PA and CM risk (Armstrong et al., 2011; Andersen et al., 2011).  

Furthermore, relationships between CRF and PA in children are also weaker than may be 
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expected (Kristensen et al., 2010).  These weak relationships observed may be due in part to 

PA being difficult to measure (Boddy et al., 2014).  Age, sex and body mass-specific 

minimum cut-off values for CRF (derived from a population-based sample of young people) 

have been proposed recently (Adegboye et al., 2011).   The recommended VO2peak for CM 

health in 8 - 11 year old children was 37.4 mL · kg-1 · min-1 in girls and 43.6 mL · kg-1 · min-1 

for boys (Adegboye et al., 2011). 

 

Measurement of cardiorespiratory fitness 

 

VO2peak is widely considered the best single measure of the functional capacity of the 

cardiorespiratory system in children (Armstrong et al., 2011).  VO2peak relates to the 

highest rate at which an individual can consume O2 during exercise (Armstrong et al., 2011), 

when they exhibit subjective indicators of peak effort (e.g. unsteady gait), that are 

confirmed by objective criteria, such as a respiratory exchange ratio (RER) ≥1.05 and/or 

heart rate (HR)  ≥199 beats/min-1.  VO2peak can be measured accurately and directly in the 

laboratory during a maximal or sub-maximal treadmill or cycle ergometer protocol.  In boys 

there tends to be a linear relationship between VO2 (L · min-1) and chronological age, 

whereas in girls, VO2 (L · min-1) increases in a linear trend until a plateau at around 14 years 

of age (Armstrong et al., 2011).  At all ages, boys tend to have higher VO2peak than girls, 

with girls mean VO2peak values approximately 10% lower than boys during childhood.  

VO2peak is highly correlated to body mass (Armstrong et al., 2011).  To control for this, 

VO2peak can be expressed in relation to body mass (mL · kg-1. min-1).  When VO2peak is 

expressed in relation to body mass in boys, values remain relatively consistent between the 

ages of 6 - 18 years (approximately 48 - 50 mL · kg-1. min-1), whereas in girls, VO2peak values 

generally decline with age (from approximately 45 - 35 mL · kg-1. min-1) (Armstrong et al., 

2011; Armstrong et al., 2008).  The sex differences in VO2peak during adolescence have 

been attributed to boys' greater muscle mass and blood haemoglobin concentration 

(Armstrong et al., 2011; Armstrong et al., 2008).  In boys, relative muscle mass increases 

from about 42 - 54% of total body mass from 5 to 16 years of age.  In girls, muscle mass 

increases from about 40 - 45% of total body mass over the same period.  However, in 

relative terms it then declines due to girls’ increase in body fat during adolescence.  Boys’ 

greater muscle mass facilitates the utilisation of O2 by the muscles, but also supplements 
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the venous return to the heart and therefore augments stroke volume through the 

peripheral muscle pump (PMP) (Armstrong et al., 2011; Armstrong et al., 2008).  By late 

puberty the effect of testosterone on red blood cell production stimulates noticeable 

increases in boys’ haemoglobin concentration and resultant O2 carrying capacity. 

 

Prevalence of overweight and obesity  

 

The prevalence of overweight and obesity is increasing in both developed and developing 

countries worldwide (Stevens et al., 2012).  The WHO predicts that by 2015 there will be 

approximately 2.3 billion adults overweight globally with more than 700 million being obese 

(WHO, 2008).  Results from the Health Survey Northern Ireland (HSNI) 2010 - 11 (displayed 

in Figure 1) report that 60% of adults were overweight (37%) or obese (23%) (DHSSPS, 

2012).  Overweight and obesity in children are rising in parallel with the increases in 

prevalence in adulthood (de Onis et al., 2010).  The growing prevalence of overweight and 

obesity in childhood is of global health concern because of its relationship with increased 

morbidity and mortality in later life.  Globally, 43 million children were estimated to be 

overweight and obese with 92 million at risk of overweight in 2010 (de Onis et al., 2010).  

Data from the Northern Ireland Health and Well-being Survey (NIHWBS) published in 2008-

9, reported that 5.3% of primary one children (4 - 5 years) were obese, whilst 22.5% were 

obese or overweight, the highest percentage for countries in the UK (DHSSPS, 2009).  Using 

International Obesity Task Force (IOTF) guidelines, 31% of children (aged 2 - 15 years) 

surveyed in the HSNI 2010 - 11, were classified as overweight, 10% were classified as being 

obese (10% of boys and girls) (DHSSPS, 2012).  Data from the longitudinal UK Millennium 

Cohort Study (MCS), a multi-disciplinary research project following the lives of around 

19,000 children born in the UK in 2000-01 reports that 24% of children in NI (n = 1135) were 

overweight or obese at age 7 (Northern Ireland Office, 2010).  
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Figure 1:  Northern Ireland obesity levels by age and sex.  Adapted from: Health Survey Northern Ireland 

(HSNI):  First results from the 2011-12 survey (DHSSPS, 2012).   

 

Childhood overweight and obesity 

 

Childhood obesity is a known risk factor for the development of CVD and type II diabetes in 

youth (Reilly et al., 2003) and is associated with health problems in adulthood that are 

independent of adult weight status (Srinivasan et al., 1996).  Children who are overweight 

are more likely to grow up to be overweight adults (Cleland et al., 2008), and being 

overweight during childhood is a risk factor for severe obesity over the life course (Ferraro 

et al., 2003).  Being overweight or obese in childhood increases the prevalence of risk 

factors for CVD, and many studies have observed significant 'clustering' of CM risk factors 

with paediatric obesity (Reilly et al., 2003).  Excess childhood weight also increases the risk 

for the development of weight related orthopaedic problems and has been associated with 

pulmonary, neurological and gastrointestinal conditions (Dietz et al., 1998).  The 

consequences of obesity, however, reach far beyond these detriments to physical health.  

Amongst the most serious consequences of a child being overweight or obese are the social 

and psychological problems which pose significant risks to emotional health (Puhl et al., 

2010).  There is evidence that children who are overweight or obese are more likely to 
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experience higher rates of social marginalisation and stigmatisation than their normal 

weight peers (Janssen et al., 2004).  Indeed, in a sample of children from NI, increased body 

mass Index (BMI) was associated with lower self-perceptions of social acceptance and 

physical appearance (McCulllough et al., 2009).  The school environment may be the first 

place where children experience social isolation as a result of obesity (Puhl & Brownwell, 

2001), and emerging evidence suggests that exposure to weight bias and discrimination in 

the school setting has an adverse effect on school attendance (Rappaport et al., 2011) and 

academic achievement (Shore et al., 2008; Datar & Strum, 2006).  At a pivotal time in a 

child’s physical and emotional development, this weight bias may have lasting effects on 

their self-perceptions and self-esteem (Puhl & Latner, 2007). 

 

Measurement of body composition  

 

Body composition can be measured using a number of different methods.  For the purpose 

of this thesis, body mass index (BMI), waist circumference (WC) and dual energy x-ray 

absorptiometry (DEXA) will be discussed. 

 

Body mass index 

 

Overweight and obesity are commonly measured using BMI, which is a simple measure of 

weight for height.  BMI is calculated by using the formula: body mass (kg) ÷ height2 (m2).  In 

adults, the WHO defines an individual as overweight if they have a BMI of ≥25 kg/m2; and 

obese if they have a BMI of 30 kg/m2 (WHO, 2007).  In children and young people (aged 2 - 

18 years) age and sex specific cut-off points for BMI were calculated using growth curves 

from pooled international data, and were linked to the widely accepted adult cut-off points 

for overweight and obesity (Cole et al., 2000).  The international cut-off points for BMI by 

gender for overweight and obesity at age 18 are shown in Figure 2.   
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Figure 2:  International cut-off points for BMI by gender for overweight and obesity, passing through BMI 25 

and 30 kg/m2 at age 18 (data from Brazil, Britain, Hong Kong, Netherlands, Singapore and United States) (Cole 

et al., 2000). 

 

Waist circumference 

 

Although the use of BMI to classify children and adolescents as overweight or obese is well 

established (Reilly, 2006), it is not a sensitive measure of adiposity in children, as it gives no 

indication of the proportion of fat to lean body mass, or the distribution of fat (Reilly et al., 

2010; Garnett et al., 2007).  However, WC measurement has been used as a convenient and 

more accurate proxy for central adiposity (abdominal fat) in children (Katzmarzyk et al., 

2004; Zhu et al., 2002) and is a better indicator of visceral fat than BMI in children (Brambilla 

et al., 2006).  Central adiposity has been identified as a key independent risk factor for CVD 

and type 2 diabetes (Gutin et al., 2002) and has also been regarded as a useful indicator of 

CM risk in children (Panagiatopolous et al., 2012).  An increase in central adiposity has a 

stronger association with increased metabolic disease risk than an increase in BMI or total 

adiposity (Burns & Arslanian, 2009).  Recent research advocates the use of WC 

measurement in children to monitor and evaluate obesity and enhance the diagnostic 

sensitivity for risk factors associated with CAD (Garnett et al., 2007).  Several studies have 

described a positive relationship between increased WC and elevated CM risk, including 
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clustered CM risk (Liu et al., 2010), and individual risk markers such as elevated BP 

(Genovesi et al., 2010; Flores-Huerta et al., 2009), IR (Hirschler et al., 2005), atherogenic 

lipoproteins, and biomarkers of vascular smooth muscle cell dysfunction (Burns & Arslanian, 

2009).  

 

Dual energy x-ray absorptiometry 

 

Dual energy x-ray absorptiometry (DEXA) is the most commonly used paediatric bone 

densitometric technique (Bachrach, 2005).  It is also a convenient and reliable diagnostic 

method to assess body composition, due to its relatively high precision (Toombs et al., 2012; 

Litaker et al., 2003), and is widely used in clinical practice and paediatric research (Wells et 

al., 2012).  DEXA provides precise quantification for a three compartment model of body 

composition: total and regional bone mineral content (BMC), fat free mass (FFM) and fat 

mass (FM) (Hogler et al., 2003).  A DEXA scan determines the amount of bone mineral, and 

the depth and composition of adjacent tissues by the differential absorption of dual energy 

x-rays (Fewtrell, 2003).  Narrow angle fan beam densitometers (Lunar iDXA, GE Medical 

Systems, Madison, WI, USA) acquire images using a ‘fan’ x-ray source and detectors.  

Measurement of the total body can be made with a single sweep of the x-ray arm, 

improving scan time and image resolution compared to earlier densitometers (Toombs et 

al., 2012).  Scanning is painless, non-invasive, and radiation exposure is minimal (1 -3 µSv 

per site) (Elliott & Jacobson, 2006).  A number of previous studies in children have shown 

that DEXA scans are reliable, with reported interclass correlations (ICC) of ≥0.987 for FM, 

FFM, BMC and BMD (Gutin et al., 2002).  Compared to DEXA there appears to be no non-

invasive and simple method to accurately and precisely measure changes in children’s body 

composition (Elberg et al., 2004).   

 

The four compartment model (4C) is considered the gold standard method of body 

composition appraisal in children and adolescents.  The 4-C model divides the body into four 

compartments with a combination of methods: FM and FFM measured using 

hydrodensitometry or air displacement plethysmography, total water determined by 

isotope dilution, and BMD measured by DEXA (Toombs et al., 2012).  Whilst studies using 

DEXA have demonstrated an underestimation of body-fat compared to the 4C model 
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(Toombs et al., 2012), Wells et al. (2012) reported that the highest correlations with 4C fat 

mass were shown for total body DEXA fat mass (0.98 in females and 0.94 in males) (Wells et 

al., 2012).  Normative data for paediatric adiposity (derived from DEXA analysis) has been 

published for a number of countries, including: New Zealand (Taylor et al., 2002), Holland 

(Van der Sluijs et al., 2002), Canada (Sala et al., 2007), Sweden (Alwis et al., 2010), and the 

United States (US) (Ogden et al., 2011).  Wells et al. (2012) recently published UK body 

composition reference data for the 4C model and DEXA across the age range from 5 to 20 

years (Wells et al., 2012). 

 

Cardiometabolic disease and cardiometabolic risk 

 

The term ‘cardiometabolic disease’ (CMD) is used in this thesis to describe the 

cardiovascular and metabolic derangements which individually and interdependently lead to 

a substantial increase in CVD morbidity and mortality (Castro et al., 2003).  The term 

‘cardiometabolic risk’ is used in this thesis to describe the constellation of interrelated risk 

markers which progress the development of CMDs, such as CVD (e.g. CHD, stroke, PAD) and 

metabolic disorders (e.g. type 2 diabetes, IR).  Considerable evidence has accrued that CM 

diseases have their origins in childhood (McMurray & Ondrak, 2013), and although clinical 

symptoms may not become apparent until later in life, there is consistent evidence that a 

high proportion of young people exhibit one or more risk markers for CMD (e.g. 

hypertension, endothelial dysfunction, elevated blood lipids, IR, hyperglycaemia and 

inflammatory mediators) (McMurray & Ondrak, 2013; Kelly et al., 2013; Thomas et al., 2008; 

Thomas et al., 2005; Berenson & Srinivasan, 2005).  For example, in the Bogalusa Heart 

Study, a community based study of CVD risk factors in early life, more than 1 in 5 (>20%) 

children aged <12 years had ≥1 risk factor for CVD.  The prevalence of risk increased with 

BMI percentile and a high level of CV risk was evident in severely obese children and 

adolescents (84% of those with a BMI in the 99th percentile had one CVD risk factor, while 

33% had at least 3 CVD risk factors ) (Freedman et al., 2007).  Many of these risk factors 

have been shown to track from childhood and adolescence into adulthood (Dobbins et al., 

2013; Camhi & Katzmarzyk, 2010).  In an earlier cohort of the Bogalusa Heart Study (n = 

1176, aged 5 - 17 years at baseline) 61% or participants in the highest quintile of risk for CVD 

at baseline remained in this quintile over 8 years (Bao et al., 1994).  In the Danish Youth and 
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Sport Study, which tracked clustered risk from adolescence to young adulthood, 50% of 

males and 42% of females (aged 15 - 19 years at baseline) who were in the upper quintile of 

clustered risk score at baseline, remained in the upper quintile of clustered risk score over 8 

years of follow-up (Andersen & Haraldsdottir, 1993).  A reduced risk of CMD is 

independently associated with the maintenance of a healthy body composition (Leung et al., 

2008) and adequate PA (Hopkins et al., 2009) and CRF (Bailey et al., 2012; Anderssen et al., 

2007).  This review of literature will discuss the clinical impact of body composition, PA and 

CRF on CM health in childhood. 

 

Cardiometabolic disease process: Atherosclerosis 

 

It is accepted that the atherosclerotic disease process begins in the first decade of life 

(Napoli et al., 2006), and that inflammation plays a prominent role in the formation and 

progression of atherosclerosis and its complications (Libby et al., 2010; Hansson, 2005).  

Endothelial dysfunction, characterised by impaired flow mediated vasodilation (FMD) and 

an increase in circulating endothelial cell adhesion molecules (CAMS) (Stokes & Granger, 

2005) is viewed as an early and integral manifestation of atherosclerotic disease (Singhal., 

2005).  The healthy endothelium fulfils a critical role in vascular tone, the suppression of 

smooth muscle proliferation, and the inhibition of inflammatory processes (Davignon & 

Ganz, 2004), including resisting the adhesion and aggregation of leukocytes and platelets to 

the endothelium wall (Brunner et al., 2005).  When exposed to stimuli such as hypertension, 

obesity, IR or inflammation, the normal homeostatic properties of the endothelium are 

altered (Ross, 1999) and endothelial cells express a series of adhesion molecules that 

selectively recruit various classes of leukocytes (e.g. vascular cell adhesion molecule -1 

(VCAM-1) which binds monocytes and T-lymphocytes) causing them to adhere to the 

endothelium (Libby et al., 2010).  Blood monocytes adhere to the activated endothelium 

and signals produced by chemoattractants (e.g. inductible protein 10 (IP-10)) allow 

monocytes to migrate into the subendothelial layer of the intima of the artery.  

Dysfunctional endothelial cells also become more permeable to LDL proliferation (Tousoulis 

et al., 2006).  Within the subendothelial space, the monocytes mature into macrophages, a 

process mediated by macrophage-colony stimulating factor (MCSF) (Libby, 2002).  MCSF 

facilitates the expression of the scavenger receptor that enables the macrophages to engulf 
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modified lipoprotein particles (Libby, 2002).  The macrophages proliferate within the intima, 

sustaining and amplifying the inflammatory process by releasing several growth factors and 

cytokines (Libby, 2002).  The continuous cyclic process of accumulation of adhesion 

molecules, smooth muscle proliferation, and fibrous tissue formation, enlarges the lesion 

leading to focal necrosis (Ross, 1999).  Eventually the lesion becomes a core of extracellular 

lipid (foam calls) and necrotic tissue covered with a dense extracellular matrix (fibrous cap).  

When the artery can no longer compensate for the reduced internal diameter by 

vasodilation, it may develop a blockage or stenosis, which reduces blood flow or causes full 

occlusion, leading to ischemia and the resultant clinical manifestations, such as tissue injury 

and organ dysfunction.  Ischemia (insufficient blood supply to an organ) caused by lesions, 

can result in tissue death, known as infarction, including myocardial infarction (heart attack) 

and cerebrovascular infarction (stroke) (Libby et al., 2011).  The time course of this process 

is displayed in Figure 3. 

 

 

 

 

Figure 3:  Atherosclerosis: a progressive process.  Adapted from: State of the Science: Cardiovascular Risk 

Factors and the Development of Atherosclerosis in Childhood.  National Lung, Heart and Blood Institute.  U.S 

Department of Health & Human Services. 
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Invasive cardiometabolic risk markers  

 

Considerable evidence has accrued that the pathology of CMDs have their origins in 

childhood (McMurray & Ondrak, 2013; Berenson et al., 2005; Williams et al., 2002) and this 

evidence has implicated a number of systemic pro-inflammatory factors, cytokines and 

acute-phase reactants for their role in this process (Stolzman et al., 2012; Balistreri et al., 

2010; Thomas & Williams 2008; Pearson et al., 2003).  A number of studies have suggested 

the potential value of novel biomarkers, such as CRP (Ndumele et al., 2011) and adiponectin 

(Klunder-Klunder et al., 2013) and the homeostasis model of insulin resistance (HOMA-IR) 

(Kurtoglu et al., 2012; Madiera et al., 2011) to detect the early stages of CM risk in youth.  

Few studies have investigated the relationships between these makers (both inflammatory 

and metabolic) and non-invasive ‘pre-clinical’ markers of CM risk in a sample of healthy 

children.  Study 1 in this thesis investigates the relationships between invasive and non-

invasive markers of CM risk, and also examines the relationships between these risk 

markers, CRF, and objectively measured PA in a cohort of healthy 10 - 11 year old children. 

 

Inflammatory markers of risk: associations with physical activity, cardiorespiratory fitness 

and body composition 

 

C-reactive protein   

 

C-reactive protein (CRP) is an acute phase reactant protein that can be produced in the 

adipocyte but is mainly synthesised from the liver in response to an in increase in circulating 

inflammatory cytokines (e.g. interleukin - 6 (IL - 6), tumor necrosis factor-α (TNF-α)).  CRP is 

a sensitive marker of low grade systemic inflammation (Thomas et al., 2008), and is 

emerging as one of the most powerful predictors of CVD.  CRP possesses pro-atherogenic 

properties, it induces the activation of endothelial cells to express adhesion molecules 

(Pasceri et al., 2000), attenuates bioavailability of endothelial nitric oxide synthase (eNOS) in 

endothelial cells (Verma et al., 2002) and augments the uptake of low-density lipoprotein 

(LDL) (Zwaka et al., 2001).  Elevated concentrations of CRP are an independent risk factor for 

CVD (Blake & Ridker, 2002) and type 2 diabetes (Hubacek et al., 2010) in adults, and plasma 

concentrations in childhood have been shown to predict adult values (Juonala et al., 2006).  
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CRP levels are clinically higher in overweight and obese youth, as well as those with IR 

(McMurray & Ondrak, 2013).  CRP concentrations were significantly associated with 

adiposity in a cross-sectional study of Welsh school children (n = 164 (75 boys), mean age, 

12.9 ± 0.3 years) (Thomas et al., 2008) and a study of CRF, PA, adiposity and CRP 

concentrations in American children (n = 45 (26 boys), mean age, 9.4 ± 1.6 years) (Parrett et 

al., 2010).   

 

Studies investigating the impact of CRF on CRP levels in children have yielded mixed results 

(Thomas et al., 2008).  Low levels of CRF have been independently associated with elevated 

salivary CRP concentration in South African children (n = 170 (70 boys), mean age, 9.4 ± 1.5 

years) (Naidoo et al., 2012), and Isasi et al. (2003) reported a negative correlation (r = - 0.32) 

for the relationship between CRF and CRP in 3 - 17 year old boys (but not girls) who were 

enrolled in the Columbia University BioMarkers Study (Isasi et al., 2003).  Ruiz et al. (2007) 

also found evidence of an inverse relationship between absolute VO2peak and CRP in 

Swedish children participating in the European Young Hearts Study (EYHS) (n = 142 (74 

boys), mean age, 9.5 ± 0.4 years), but the association was removed after controlling for 

adiposity (Ruiz et al., 2007).  Much of the current literature indicates that adiposity has the 

greatest impact on CRP concentration in youth, and that the relationship between PA, CRF 

and CRP is often mediated by body fatness (Thomas et al., 2008; Ruiz et al., 2007).  Adipose 

tissue is known to be a direct source of pro-inflammatory cytokines (e.g. IL-6 & TNF-α) and 

CRP is secreted in greater concentrations from the liver in response to an increase in 

circulating inflammatory cytokines (Lago et al., 2009).  In adults there is evidence that CRP 

concentrations decrease progressively with increasing levels of PA, often independent of 

adiposity (Albert et al., 2004).  However, studies assessing the effects of PA on CRP 

concentrations in children are sparse, findings are inconsistent (Parrett et al., 2010; Thomas 

et al., 2008) and differing methodologies used to assess PA and CRF make direct 

comparisons between studies difficult. 

 

Adiponectin 

 

Adiponectin is an adipocytokine that is exclusively secreted by adipose tissue (Buchan et al., 

2012).  It circulates at relatively high levels in the bloodstream compared to other 
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adipokines (i.e. IL - 6 & TNF-α).  Its role as a protective adipokine (with anti-inflammatory 

and anti-atherogenic properties) is suggested by low levels in states of IR, type 2 diabetes, 

and in patients with CVD (Weyer et al., 2001).  Adiponectin increases fatty-acid oxidation 

and is an indirect regulator of glucose metabolism (improving glucose uptake in skeletal 

muscle).  As such it increases insulin sensitivity (IS), improves glucose tolerance and inhibits 

inflammation (Jeffrey et al., 2008).  It is known to play a protective role in the development 

of IR, and independently decrease CRP through the dose-dependent reciprocal inhibition of 

TNF-α (Buchan et al., 2012).  In children, concentrations of adiponectin have been shown to 

correlate inversely with BMI and FM (Tam et al., 2010; Valle et al., 2005; Bacha et al., 2004; 

Nemet et al., 2003).  In adults, low levels of adiponectin are predictive of CVD related events 

(Matsuda et al., 2013) and type 2 diabetes (Li et al., 2009).  Although some studies have 

noted a significant association between CRF and adiponectin in children (Nemet et al., 

2003), others have found no significant association (Mc Vean et al., 2009), or have found an 

inverse association (Martinez-Gomez et al., 2010).  The inconsistent results may be due, in 

part, to differing methodologies.  For example, Mc Vean et al. (2009) assessed CRF by 

VO2max and body composition by BMI, whereas Martinez-Gomez et al. (2010) assessed CRF 

by 20 metre SRT, and Nemet et al. (2003) assessed CRF by VO2peak and did not control for 

adiposity in analysis.  In children, adiponectin concentrations have been shown to correlate 

inversely with triglycerides (Tg) and positively with HDL levels (Nemet et al., 2003; Yang et 

al., 2002).  Furthermore, higher levels of habitual PA have been found to be associated with 

higher adiponectin levels in children (Emken et al., 2010; Metcalf et al., 2009). 

 

Metabolic markers of risk: associations with physical activity, cardiorespiratory fitness and 

body composition 

 

Lipoproteins are made up of proteins and lipids, and can be classified according to their size, 

density, and their relative content of four major lipids; phospholipids, cholesterol, 

cholesterol esters and Tg (Blasiole et al., 2007).  The major classes of lipoproteins are 

chylomicrons, very low density lipoprotein cholesterol (VLDL-C), low density lipoprotein 

cholesterol (LDL-C) and high density lipoprotein cholesterol (HDL-C) (Mietus-Snyder & 

Krauss, 2008).  LDL-C makes up around 60 - 70% of total cholesterol (TC).  LDL-C is the major 

atherogenic lipoprotein because it carries cholesterol from the liver to the cells and arteries.  
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HDL-C is inversely related to CM risk and makes up around 20 - 30% of TC.  HDL-C carries 

cholesterol from the cells to the liver for synthesis and excretion.  VLDL-C is Tg rich.  VLDL-C 

is produced by the liver, and contains around 10 - 15% of TC.  VLDL-C is a precursor for LDL-C 

and is associated with greater CM risk.  Chylomicrons are formed in the intestines from 

dietary fats and are also Tg rich (National Cholesterol Education Programme (NCEP) Expert 

Panel on Detection, 2002).  High serum concentrations of small LDL-C and VLDL-C, TC and Tg 

are associated with increased CM risk (Kraus et al., 2002; Dahlen et al., 1994).  On the other 

hand, high serum concentrations of HDL-C are associated with reduced risk (NCEP, Expert 

Panel on Detection 2002).  

 

Adverse lipid concentrations (high TC, high LDL-C, high Tg, low HDL-C) in adolescence have 

been shown to be correlated with adverse lipid concentrations in early adulthood 

(Magnussen et al., 2008).  In children, an adverse lipid profile is associated with increased 

adiposity (Lamb et al., 2011).  As adiposity increases, there is an increase in circulating free 

fatty acids (FFA) (released by adipocytes) and VLDL-C production is stimulated by the liver.  

There is a proliferation of Tg and an increase in lipid exchange between lipoproteins.  This 

increases TC, plasma Tg, and Tg rich lipoproteins (VLDL-C remnants and small dense LDL) 

(Van de Woestijne et al., 2011).  In the Young Hearts Project, a study of CHD risk factors in 

young people in NI, TC: HDL-C was significantly correlated with fatness (sum of four-skin 

folds) in both boys and girls aged 12 and 15 years (n = 1015) (Boreham et al., 2002).  A 

similar correlation was also reported in a cross-sectional study of Portuguese children (n = 

159, (72 boys) mean age, 13.2 ± 1.6 years) (Teixeira et al., 2001).   

Cross-sectional studies of ‘trained’ or ‘active’ children demonstrate favourable levels of HDL-

C, TC: HDL-C ratio and LDL-C: HDL-C ratio.  TC is generally unaffected by training or activity 

status (Tolfrey et al., 2000).  Although favourable lipid profiles are related to higher levels of 

habitual PA in children and adolescents, these associations are generally weak to modest 

(Strong et al., 2005; Andersen et al., 2006).  Several exercise intervention studies have 

reported significant changes in blood lipid profiles of overweight and obese children and 

adolescents (Kovacs et al. 2009; Evans et al., 2009; Nemet et al., 2005).  Kovacs et al. (2009) 

found a small but significant reduction in LDL-C (2.4 ± 0.6 vs. 1.9 ± 0.6 mM/l) in overweight 

and obese children (n = 51 (23 males) 6.5 - 12.5 years of age) following a 15 week school-



 

50 
 

based aerobic exercise intervention (3 x 60 minute sessions per week).  Similarly, Evans et 

al. (2009) reported significant favourable changes in TC (reduced by 7.2%) and LDL-C 

(reduced by 8.4%) following a 6 month multidisciplinary lifestyle intervention with 

overweight adolescents (n = 168, mean age, 13.4 ± 1.8 years) (Evans et al., 2009).  

Longitudinal data suggest that blood lipids are altered with changes in PA and body weight 

in youth (McMurray & Ondrak, 2013).  

 

Homeostasis Model Assessment of Insulin Resistance  

 

Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) is a widely used measure 

of IR.  In studies with children, HOMA-IR correlates strongly with the hyperinsulinemic 

euglycemic clamp (HEC) method (r = 0.91) (Gungor et al., 2005), considered the gold 

standard assessment of insulin sensitivity (IS).  In adults, IR is an independent predictor for 

the development of hypertension, CHD and type 2 diabetes (Henderson et al., 2012; 

Facchini et al., 2001).  CVD risk factors cluster in children with low levels of IS (Gungor et al., 

2005).  Worldwide, the prevalence of IR in children and adolescents is increasing, and an 

alarming number are also developing pre-diabetes, which is characterised by elevated 

fasting glucose levels and varying degrees of IR (Li et al., 2009). 

   

Excess adiposity has significant adverse effects on IS and IR in youth (Krekoukia et al., 2007; 

Libman et al., 2003).  Obese children have been shown to be more insulin resistant and 

hyperinsulinanaemic in comparison to lean peers (Libman et al., 2003).  Moreover, visceral 

fat is positively correlated with insulinaemia and negatively correlated with IS (Arslanian, 

2002).  Krekoukia et al. (2007) examined IR (HOMA-IR), blood lipid profiles and markers of 

inflammation in 9 - 11.5 year old obese and lean Greek children.  Obese children had 

significantly higher HOMA-IR compared with lean children.  Furthermore, insulin and IR 

were positively correlated to WC and total adiposity. 

 

Cross-sectional studies examining the relationship between CRF and IR have reported 

conflicting results.  A number of studies have reported no association between CRF and IR 

when central adiposity (WC) was taken into account (Krekoukia et al., 2007; Ball et al., 

2004).  In contrast, others have shown CRF to be independently associated with IR after 
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controlling for adiposity (Cummings et al., 2010; Ruiz et al., 2007).  In a cross-sectional study 

of children from Estonia and Sweden (part of the EYHS) (n = 873, mean age, 9.6 ± 0.4 years) 

HOMA-IR and fasting insulin levels were positively associated with body-fat percentage 

(BF%) and WC after adjusting for CRF, age, pubertal status and study location.  HOMA-IR and 

fasting insulin were also negatively associated with CRF in children in the highest tertile of 

BF% and WC after controlling for the same variables (Ruiz et al., 2007).  Cummings et al. 

(2010) examined the relationships between IR, central adiposity (WC), total adiposity (BMI) 

and CRF (VO2max) in a nationally representative sample of American adolescents (12 - 18 

years) who took part in the NHANES study.  HOMA-IR and VO2max were inversely related in 

boys (r = - 0.29) but not girls (r = -0.06).  This relationship was predominantly present in 

obese boys.  Increasing levels of CRF were independently associated with lower levels of IR 

for all children (Cummings et al., 2010). 

 

A number of studies have found a negative association between PA and IR in children and 

adolescents (Telford et al., 2012; Jago et al., 2008; Brage et al., 2004), often independent of 

adiposity (Berman et al., 2012).  The Lifestyles Of Our Kids (LOOK) longitudinal study 

assessed IR, body composition (BF% from DEXA analysis), PA (pedometers) and fitness 

(multistage fitness test (MSFT)) in a representative sample of Australian children (n = 534 

(278 males), mean age, 12.1 ± 0.4 years).  From age 8 to 12, HOMA-IR doubled in boys and 

increased by 250% in girls.  There was a direct influence of PA on IR in 8 - 10 year old boys 

(which did not persist in the following 2 years) but not girls.  BF% also directly influenced IR.  

On average, every one point reduction in BF% lowered HOMA-IR by 2.2% in girls and 1.1% in 

boys (Telford et al., 2012).  In a recent review, Berman et al. (2012) examined intervention, 

longitudinal, and cross-sectional studies in participants aged ≤18 years.  The majority of 

included studies (75% of longitudinal studies and 88% of cross-sectional studies) found 

significant relationships between PA and IS, independent of adiposity and especially at 

higher intensities of PA (Berman et al., 2012). 

 

A number of studies have reported that volume of SED has important implications for IR in 

youth.  For example, a cross-sectional study of 10th grade Australian pupils (n = 496 (288 

boys), mean age, 15.4 ± 0.4 years) reported that >2h of screen time on weekdays doubled 

the risk of IR (measured by HOMA-IR) among boys (compared to those that had <2h of 
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screen time), but not girls after controlling for maturity, adiposity, diet and endurance 

(Hardy et al., 2010).  A study examining the association between lifestyle and CM risk 

indicators in Norwegian children (n = 86, aged 7 - 13 years) also found that screen time was 

significantly and positively associated with increased IR (measured by HOMA-IR) in both 

boys and girl, independent of PA levels and after controlling for weight status (Danielsen et 

al., 2011). 

 

Non-invasive cardiometabolic risk markers  

 

CM risk biomarkers in children and young people are commonly measured in blood 

collected through venepuncture.  However, venepuncture is an invasive procedure and is 

one of the most painful and distressing medical procedures for a child (Rogers & Ostrow, 

2004).  In research, venepuncture can pose additional risk to the participant, and therefore 

requires the use of skilled, medically trained personnel (i.e. trained and experienced 

paediatric nurses) in a clinical or laboratory setting.  In paediatric research there are 

particular ethical concerns surrounding the collection of biological data and specific 

challenges to gaining informed consent (Calderwood & Rose, 2013).  These issues can affect 

recruitment rates in cross-sectional studies and also have a significant bearing on 

participation rates in intervention and longitudinal research designs.  As a result, there has 

been a growing interest in the utility of non-invasive techniques to identify makers of CM 

risk that are more suited to paediatric populations (George et al., 2010; Hopkins et al., 

2010).  Endothelial dysfunction, identified as playing a pivotal role in the early stages of 

atherogenesis (Vita & Keaney, 2002), is caused by chronic low-grade inflammation, and 

results in adverse alterations in arterial structure (Lorenz et al., 2007) and function (Hopkins 

et al., 2009).  Non-invasive high-resolution ultrasonography can be used in children to assess 

vascular endothelial structure (by measuring the intima-media thickness of the carotid 

artery (CIMT)) and function (to assess endothelium dependent vasoreactivity by measuring 

FMD).  These non-invasive techniques have been used previously to measure CV risk in 

paediatric research, and provide evidence that CV risk factors are evident in youth and 

increase with increasing adiposity and low levels of habitual PA (Hopkins et al., 2009).  The 

combination of these non-invasive ‘preclinical’ markers of risk with invasive markers of risk 

in paediatric research is novel.  Study 1 in this thesis investigates the relationships between 



 

53 
 

invasive and non-invasive markers of CM risk, and also examines the relationships between 

these CM risk markers, CRF, and objectively measured PA in a cohort of healthy 10 - 11 year 

old children. 

 

Carotid intima media thickness 

 

Childhood obesity causes significant adverse changes to the structure and function of the 

arteries of the cardiovascular system, including impaired endothelial function, weakened 

arterial distensibility and adverse changes in intima media thickness (IMT) (Meyer et al., 

2006a; Whincup & Deanfield, 2005).  Increased CIMT has been reported in children with 

obesity, and in those with familial hypercholesterolemia (Fang et al., 2010).  CIMT is 

positively associated with the prevalence of CVD, and is an early predictor of cardiovascular 

complications (Lorenz et al., 2007).  An increased CIMT is also related to atherosclerosis in 

other areas of the body, for example, atherosclerosis in the abdominal aorta as well as in 

the arteries of the lower extremities (Bots et al., 2003; Mattace Raso et al., 1999).  In obese 

children, significant positive correlations have been reported between CIMT and serum 

glucose (Elkiran et al., 2013), systolic (sBP) and diastolic blood pressure (dBP) (Elkiran et al., 

2013; Wunsch et al., 2005), indices of IR (HOMA-IR, glucose: insulin ratio, and whole body 

insulin sensitivity index (Giannini et al., 2009), and markers of inflammation, such as 

fibrinogen and CRP (Meyer et al., 2006b).  CIMT is also inversely associated with HDL-C (Ayer 

et al., 2009) and positively correlated with other markers of CM risk (Sorof et al., 2003).  

Figure 4 displays a B Mode ultrasound scan with arrows indicating the intima media layer of 

the arterial wall. 
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Figure 4:  B Mode ultrasound scan: arrows indicate Intima Media layer of the arterial wall.  Adapted from the 

London Cardiovascular Clinic. 

 

Carotid intima media thickness: associations with body composition, physical activity and 

cardiorespiratory fitness 

 

A number of studies have found significantly higher CIMT values in obese children and 

adolescents compared to lean controls (Meyer et al., 2006a; Iannuzzi et al., 2004).  A study 

by Le and colleagues (2010) found that the CIMT of obese children were similar to those of 

middle aged adults.  Children in this study also had elevated levels of LDL-C and low levels of 

HDL-C (Le et al., 2010).  Meyer et al. (2006a) investigated brachial artery FMD and CIMT in 

32 obese adolescents (mean age, 13.7 ± 2.7 years) and 20 age matched lean controls.  The 

obese children demonstrated significantly impaired FMD and increased CIMT.  Children with 

increased CIMT were also less physically fit, had increased risk of hypertension, and had 

elevated markers of endothelial activation and injury (Meyer et al., 2006a).   

 

Exercise training interventions have been successful in reducing IMT in overweight and 

obese children (Meyer et al., 2006b; Woo et al., 2004).  Meyer et al. (2006b) found that 

CIMT was reduced in obese adolescents (n = 67, mean age, 14.7 ± 2.2 years) after 6 months 

of regular exercise training (≥60 minutes of aerobic exercise, 3 days per week).  Children in 

this study also displayed significant improvements in endothelial function and an improved 
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cardiovascular risk profile.  Park et al. (2012) provide preliminary evidence that a combined 

aerobic and resistance training programme may represent an effective intervention strategy 

to improve the cardiovascular health of overweight and obese children.  This 12 week after-

school intervention consisted of 3 x 80 minute exercise training sessions per week, and 

resulted in decreased CIMT in 15 overweight/obese children (mean age, 12.2 ± 0.1 years) 

compared to matched controls.  The intervention also led to beneficial changes in body 

composition (BMI and WC) and CRF.  Henaghan et al. (2008) also found that multi-activity 

aerobic exercise sessions over 9 weeks (2 x 60 minutes per week) reduced IMT in healthy 

weight children (n = 61, mean age, 11.0 ± 0.3 years) (Henaghan et al., 2008).   

 

There is a lack of research on the relationship between PA, CRF and CIMT in children.  

Results from cross-sectional studies assessing arterial health and PA in children have been 

inconsistent (Morrison et al., 2010; Bertoni et al., 2009).  This may be due to the fact that 

the majority of studies have assessed PA by self-report, which is vulnerable to bias and 

misclassification in studies with children (Hopkins et al., 2009).  The results of longitudinal 

studies have also been inconsistent (perhaps for the same reason).  For example, the 

Amsterdam Growth and Health Longitudinal Study (AGHLS) measured habitual PA by means 

of structured, detailed face to face interviews at baseline in boys and girls (n = 600, mean 

age, 13.1 ± 0.8 years).  Habitual PA was measured regularly over the next two decades in the 

same cohort.  In the year 2000, 373 participants (mean age, 36.5 ± 0.5 years) completed 

assessments of arterial properties.  The authors report that VPA across adolescence was 

associated with decreased carotid arterial stiffness in adulthood (van de Larr et al., 2010).  

The Cardiovascular Risk in Young Finns study assessed PA with self-report questionnaires 

(participants aged 3 - 18 years at baseline).  Six year change in CIMT was assessed from 2001 

- 2007 in 1809 participants (aged between 24 - 39 years).  The authors report that PA in 

childhood and youth was inversely associated with CIMT progression in adulthood (Juonala 

et al. 2010).  In contrast, Ried-Larsen et al. (2013) conducted a population based prospective 

study investigating the associations between objectively measured PA in childhood and 

CIMT in adolescence in a sample of Danish children from the EYHS (n = 254 adolescents, 

55% of baseline participation at 6 year follow-up).  No associations were observed between 

CIMT and/or carotid arterial stiffness and PA intensity variables.  However, a significant 
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inverse association was observed between VPA and metabolic risk z-score in adolescence, 

independent of gender and biological maturity (Ried-Larsen et al., 2013).   

 

Flow mediated dilation 

 

Impaired vascular function is evident in children with CVD risk factors such as 

hyperlipidaemia, diabetes, hypertension, obesity, and in children with low levels of habitual 

PA (Hopkins et al., 2009; Celermajer & Ayer, 2006; Watts et al., 2004).  FMD is an 

independent predictor of cardiovascular events in symptom-free adults and those with CVD 

(Al Suwaidi et al., 2000).  Furthermore, brachial artery FMD correlates strongly with 

coronary endothelial function (Takase et al., 2005), and has been shown to correlate 

inversely with CIMT in youth (Juonala et al., 2004).  Figure 5 displays a B mode ultrasound 

scan of the brachial artery which is used in the assessment of FMD.  

 

 

 

Figure 5:  B Mode ultrasound scan of the brachial artery indicating internal diameter and central placement of 

the Doppler sample gate.  Adapted from Harris et al. (2010). 
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Flow mediated dilation: associations with body composition, physical activity and 

cardiorespiratory fitness 

 

Abbott et al. (2002) conducted a cross-sectional study investigating the relationship 

between PA and brachial artery FMD in young children (n = 45, 5 - 10.5 years).  Total 

physical activity (TPA), assessed by using doubly labelled water to measure total energy 

expenditure (TEE) was positively correlated with brachial artery FMD (Abbott et al., 2002).  

Pahkala et al. (2008) assessed PA habits and brachial artery FMD in Finnish adolescents (n = 

483 (253 boys), 13 years) who took part in the Special Turku Coronary Risk Factor 

Intervention Project (STRIP).  PA was assessed using self-administered questionnaires, and 

was directly associated with FMD response in boys, but not girls (which may have been due 

to the fact that the girls in the study were less physically active) (Pahkala et al., 2008).   

Hopkins et al. (2009) assessed the relationships between CRF, body composition and 

objectively measured PA with vascular function in healthy pre-pubertal English children (n = 

145 (59 males), mean age, 10.3 ± 0.3 years).  There were no relationships between habitual 

PA and FMD for participants in the middle and upper tertiles of FMD%.  However, for 

participants with impaired vascular function (lowest tertile), PA above 8 km-1 was the 

strongest relationship, and was also independent of measures of body composition (Hopkins 

et al., 2009).   

 

Exercise training interventions have improved endothelial function in participants with 

impaired function (Seeger et al., 2011; Meyer et al., 2006b; Watts et al., 2004).  Eight weeks 

of circuit training reversed vascular dysfunction in obese Australian adolescents (n = 19 (9 

males), mean age, 14.3 ± 1.5 years) using a randomised crossover protocol.  Significant 

improvements in FMD occurred independent of changes in BP, lipid fractions and glycaemic 

control (Watts et al., 2004).  Six months of exercise (≥60 minutes of aerobic exercise on 3 

days per week) resulted in significant improvements in CIMT, FMD and cardiovascular risk 

profiles in obese German children (n = 67, mean age, 14.7 ± 2.2 years) (Meyer et al., 2006b).  

Seeger et al. (2011) also reported significant improvements in brachial artery FMD following 

18 weeks of exercise training (predominantly running exercise on 2 days per week) in 

children with type 1 diabetes mellitus (Seeger et al., 2011). 
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Blood pressure  

 

BP can be measured in children with the use of an automated BP monitor.  Hypertension, or 

chronic high BP, contributes to the burden of heart disease, stroke, kidney failure and 

premature disability (WHO, 2013), and accounts for approximately 9.4 million deaths 

globally every year (Lim et al., 2012).  In adults, hypertension is defined as a systolic BP (sBP) 

≥140 mm Hg and/or diastolic BP (dBP) ≥90 mm Hg (WHO, 2013).  In 2008, approximately 

40% of adults aged 25 and above were diagnosed with hypertension (WHO, 2011).  In 

children, the classification of hypertension is based on age-, sex- and height-specific cut-off 

points for BP.  Pre-hypertension in diagnosed when a child’s average BP is above the 90th 

percentile, but below the 95th.  Stage 1 hypertension in diagnosed if BP is greater than the 

95th percentile, but ≤99th percentile.  Stage 2 hypertension is diagnosed if BP is greater than 

the 99th percentile (National High Blood Pressure Education Program: Working Group on 

High Blood Pressure in Children and Adolescents, 2004).  The prevalence of hypertension in 

childhood is not well documented, however, results from a study conducted in the United 

States suggest that the prevalence of pre-hypertension in persons aged 3 -18 years is 3.4%, 

and the prevalence of hypertension is 3.6% (Hansen et al., 2007). 

 

Blood pressure: associations with body composition, physical activity and 

cardiorespiratory fitness 

 

Clinical studies have demonstrated a strong relationship between obesity and hypertension 

in adults (Rahmouni et al., 2005).  This association is also present in obese children and 

adolescents (Torrence et al., 2007; Sorof et al., 2002).  In a study of 12 - 16 year old 

American children (n = 2460), obese children with a BMI in the 95th percentile were three 

times more at risk of hypertension (33%) when compared to normal weight peers (11%) 

(Sorof et al., 2002).  The prevalence of high BP is increasing in children and adolescents 

(Ostchega et al., 2009), and whilst PA has been shown to reduce the risk of hypertension in 

adults, studies assessing the relationship between BP and PA in children are limited, and 

have produced conflicting results (Kelley et al., 2003).  Differing methodologies and a 

diverse range (age and ethnicity) of sample populations included in previous research make 

direct comparisons between studies difficult (Torrence et al., 2007). 
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Knowles et al. (2012) examined the cross-sectional and longitudinal associations between 

BP and objectively measured PA (accelerometry) in a cohort of UK primary school children 

(n = 512, mean age, 6.5 years, range 5.4 - 7.8 years).  Higher PA levels were associated with 

lower BP in young children.  More specifically, every additional 20 counts per minute (CPM) 

of total daily PA reduced dBP by 0.75 mm Hg, and every additional 15 minutes of MVPA per 

day reduced dBP by 0.55 mm Hg.  Total PA was predictive of lower dBP at 2 year follow-up.  

All significant associations were independent of BMI and other markers of adiposity 

(Knowles et al., 2012).  Higher PA levels (measured by accelerometry) were also associated 

with lower BP in a study of British children (n = 5505, mean age, 11.8 ± 0.2 years) who 

participated in the Avon Longitudinal Study of Parents and Children (ALSPAC) (Leary et al., 

2008).  The school-based, cross-sectional EYHS, measured PA objectively (accelerometry) 

and reported an inverse, independent relationship between PA and BP in a sample of 9 year 

old and 15 year old children from Denmark, Estonia and Portugal (n = 1732) (Andersen et al., 

2006).  However, analysis of data on a subset of Danish children from the EYHS (n = 589 (279 

males), mean age, 9.6 ± 0.4 years) found no evidence of an association between BP and PA 

(measured by accelerometry) (p = .357), but a significant inverse association between sBP 

and CRF (p ≤.03) (Brage et al., 2004).  Klasson-Heggebo et al. (2006) conducted a study on 

the graded associations between CRF, fatness, and BP in children (9 years) and adolescents 

(15 years) (n = 4072 total participants).  Results showed a significant curvilinear relationship 

between CRF and sBP and dBP in both 9 and 15 year olds.  Fitness explained 2% of the 

variance in sBP. The difference in sBP between the least and most fit was 6 mm Hg, with the 

greatest difference in BP evident between children with low to moderate fitness levels 

(Klasson-Heggebo et al., 2006).  The Oslo Youth Study reported the associations among self-

report PA and physical fitness at age 13 (n = 1016 participants at baseline, mean age, 13 

years, range, 11 - 15 years) as predictors of CVD risk factors between the ages of 15 and 40 

(Kvaavik et al., 2009).  Higher physical fitness, but not PA in childhood seemed to confer 

protection against adult obesity and raised BP (Kvaavik et al., 2009).  Finally, the longitudinal 

Young Hearts Project (Boreham et al., 2002) reported that fitness at 12 and 15 years of age 

was a predictor of TC: HDL-C ratio and body composition (sum of four skin folds), but not BP 

at 22.5 years of age in a cohort of children and adolescents from NI.  There were no 

significant relationships between any of the risk factors and self-reported PA at age 12 or 15 

years (Boreham et al., 2002). 
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The prevalence of high BP, one of the major adult risk factors for CVD, is increasing in 

children and adolescents (Ostchega et al., 2009; Torrence et al., 2007).  However, the 

findings of a number of studies suggest that promoting PA and CRF in childhood may help to 

reduce their current BP, which is likely to track into adulthood (Bao et al., 1995). Promoting 

PA in childhood and supporting the tracking of high levels of PA into adulthood will not only 

reduce the CM risk associated with elevated BP in youth, but will also reduce cardiovascular 

risk later in life (Leary et al., 2008).   

 

School-based physical activity interventions 

 

Interventions that focus on the promotion of PA and behaviour change in children provide a 

viable strategy to reduce the prevalence of a number of health concerns (such as obesity 

and osteoporosis) which present themselves in adulthood, but have their origins in 

childhood.  Kreimler et al. (2011) recently conducted a review of reviews of the 

effectiveness of school-based interventions to increase PA in children and adolescents.  

They included controlled and randomised school-based trials with a PA outcome, a duration 

of ≥12 weeks, healthy populations aged 6 - 18 years and a publication date between 2007- 

2010.  They report that five of the included studies were effective at increasing total PA 

assessed by accelerometers or pedometers (Kreimler et al., 2010; Gentile et al., 2009; 

Gorely et al., 2009; Naylor et al., 2008; Salmon et al., 2008).  The authors report that, in 

general, school-based PA promotion was effective at increasing PA during school, but the 

potential transfer of interventions to increasing out-of-school PA was more difficult to 

achieve (Kreimler et al., 2011).   

 

The WHO has identified schools as the primary institutions with responsibility for promoting 

activity in young people (WHO, 2004).  Schools provide a potentially effective setting for a 

PA intervention because they offer continuous, intensive contact with a large population of 

children from a broad range of socio-economic backgrounds (Naylor et al., 2008).  Primary 

school children spend a significant amount of their waking hours in this setting, and at this 

young age are particularly responsive to health messages and behaviour change (Dietz, 

2001).  Schools have the potential to become the central element in a community that 

ensures students participate in the recommended amount of time engaged in PA (Dobbins 
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et al., 2013) and develop healthy behaviours that track into adulthood (NICE, 2009).  Schools 

already have established organisational, social and communication structures that can 

provide opportunities for regular health education (Fairclough et al., 2013).  In addition, the 

flexibility of primary school curricula can help to support the delivery of health promotion 

programmes (Sahota, 2001) and result in interventions being integrated into the 

mainstream curriculum (Stone et al., 1998).  Recent school-based interventions have 

targeted the school environment, the school curriculum, and the structure of the school day 

in an attempt to increase the PA levels of children.  Those that have successfully promoted 

PA have included: classroom-based health education (Caballero et al., 2003), PA breaks 

(Kreimler et al., 2010; Donnelly et al., 2009), changes to the playground environment 

(Stratton et al., 2005), provided game equipment (Jago et al., 2003) and implemented a 

games curriculum during recess (Connolly & McKenzie, 1995) or have established and 

promoted structured after-school PA programmes (Pate & O’Neill, 2008).   

 

Much of the early research in this area focused on a single intervention component (e.g. 

targeting either health education or PA separately) and a single setting (e.g. family, home or 

community environment).  More recently it has been proposed that such intervention 

designs oversimplify what is in fact a complex issue.  Indeed, the overall effectiveness of 

these early intervention designs on health related outcomes in youth was poor (Eisenmann, 

2008).  As a result, current PA interventions have adopted multicomponent designs which 

target multiple health enhancing behaviours in a variety of settings.  Recent NICE guidelines 

have suggested that school-based interventions to increase PA should be multicomponent, 

by including education and advice to increase awareness of the benefits of PA and 

opportunities for children to be active throughout the school day.  The guidelines also 

suggest that families should be given advice on how to create a supportive home 

environment, and PA homework activities should be encouraged which children and their 

parents/guardians can do together (NICE, 2009).  Families are important mediators of PA 

outside the school (Salmon et al., 2007) and the findings of a recent review confirm 

recommendations to use a family component in interventions with children (Kreimler et al., 

2011).  From a public health perspective, interventions which adopt a family component are 

the most consistent at increasing PA (Kreimler et al., 2011).  Study 2 in this thesis evaluates 

the effects of a multicomponent school-based PA intervention on PA levels, body 
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composition and physical self-perception in primary school children from NI.  The design of 

the intervention was based on an extensive literature review of effective PA interventions 

delivered in primary schools.  As the application of multicomponent strategies has been 

shown to be the most consistent and promising strategy to increase PA in youth, the 

following review focuses primarily on multicomponent intervention designs. 

 

Multicomponent school-based interventions  

 

Gorely et al. (2009) conducted a non-randomised controlled field trial to determine the 

effect of the ‘GreatFun2Run’ (GF2R) school-based intervention on PA in 7 - 11 year old 

primary school children in England (n = 589).  The intervention lasted 10 months and was 

designed to be delivered by teachers and school personnel through implementing a 

programme resource pack.  The pack contained a CD-ROM for teachers, which included 

lesson plans, homework exercises and practical suggestions on how to integrate the 

programmes activity message through the primary curriculum.  In addition, the intervention 

included two highlight PA events (a 1 mile school run/walk on each occasion) and outreach 

to families.  Key messages from the school delivered CD-ROM were reinforced and 

developed through an interactive website for pupils, teachers and parents.  GF2R was based 

on Social Cognitive Theory (SCT) (Bandura, 1997).  SCT places emphasis on modelling, 

cueing, goal setting, rehearsal, practise and reinforcement of desirable behaviours 

(Bandura, 1997).  Daily PA was assessed objectively using a pedometer. In addition to a 

pedometer, half of the children wore an accelerometer during measurement periods.  

Perceived physical self-confidence was assessed by using a modified version of the 

perceived confidence sub-scale from the Physical Self-Perception Profile (PSPP) (Whitehead, 

1995).  Students from intervention schools significantly increased their total time in MVPA 

by 9 minutes per day (compared to a decrease of 10 minutes/day in control schools).  There 

were also significant positive intervention effects on body composition variables (estimated 

percentage body fat, BMI, and WC).  There were no significant intervention effects on 

perceived physical self-confidence (Gorely et al., 2009).  A 20 month follow-up investigation 

of the GF2R intervention (Gorely et al., 2011) reported no significant differences between 

the intervention and control groups for PA.  In fact, both groups demonstrated an increase 

in PA.  There was also some evidence for poorer outcomes in body composition within the 
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intervention group (Gorely et al., 2011).  The GF2R intervention shows that PA can be 

successfully promoted in primary schools by trained school personnel, producing short term 

changes in objectively measured PA and body composition (Gorely et al., 2009).  However, 

facilitating long-term behaviour change in children may be more challenging (Gorely et al., 

2011).   

 

Magnusson et al. (2011) conducted a 2 year school-based PA intervention in 7 - 9 year old 

Icelandic children (n = 321).  Six elementary schools were randomly assigned to serve as 

either a control or intervention school.  The primary outcome of the intervention was to 

increase PA levels so that all children had the opportunity to participate in 60 minutes of PA 

during school hours.  The foundation of the intervention was built upon constructs of SCT.   

Intervention teachers received training (a workshop with a school-based PE expert) on 

integrating PA into subjects in the general curriculum prior to the intervention. They were 

given access to PA equipment and teaching materials to promote activity during regular 

school lessons, and were encouraged to participate in PA with their students.  After the first 

year, PE teachers at the intervention schools introduced an additional PE lesson for 

intervention pupils, the purpose of which was to increase the time and intensity of PA for all 

intervention pupils during school hours.  PA was assessed objectively by accelerometers, 

and subjectively via teachers’ log-books.  Participant’s height and weight were measured to 

calculate BMI.  At one year follow-up, children in intervention schools accrued significantly 

more minutes of MVPA during school hours compared to control groups.  This increase in 

activity was more pronounced in boys.  There was however no difference in PA detected 

between the study groups at the end of the study period after two years of intervention.  

Pupils with higher BMI were less active during school and after school, but there was no 

association between BMI and PA during after school hours.  There were no significant 

effects of the intervention on body composition (Magnusson et al., 2011).  These findings 

are similar to the results of studies by Gorely and colleagues (Gorely et al., 2011; Gorely et 

al., 2009) and suggest that school-based PA interventions can effectively increase PA in the 

short term, however, sustaining initial increases in PA in the long term is challenging.  In 

Magnusson’s study only 2 of the 8 teachers initially trained to deliver the intervention were 

still part of the study team after 2 years.  Therefore, the long term success of interventions 
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to increase PA may depend on both motivation and training of more generalist teachers 

throughout the school (Magnusson et al., 2011). 

 

A relatively novel approach to increasing PA in school-based interventions has been to 

incorporate activity beaks into the school classroom, and throughout the school day (Naylor 

et al., 2009; Donnelly et al., 2009; Naylor et al., 2008; Reed et al., 2008; Jurg et al., 2006; 

Naylor et al., 2006; Caballero et al., 2003).  Jurg et al. (2006) developed the ‘JUMP-in’ 

school-based intervention which used classroom-based PA breaks, and focused on the use 

of theory, environmental changes and parental involvement to influence positive behaviour 

change towards PA in Dutch children (grades 4 - 6: 9 - 12 years of age).  The intervention 

consisted of six components:  1.) ‘School sports activities’ developed with local authorities 

and sport service providers; this component offered exercise activities in or near to the 

school premises.  In school, children were given opportunities to become acquainted with a 

variety of sports that were available in the local community.  School/club links were 

developed to provide children with an opportunity to participate in sports outside school 

hours.  2.) A pupil follow-up system; PE teachers monitored pupils (once a year), providing 

encouragement and support so that pupils might attain the recommended amount of daily 

PA.  3.) The Class Moves! In class exercises; class teachers were trained in the delivery of 

regular breaks for PA, relaxation and posture exercises during normal lessons.  The goal of 

this component was to promote PA as a fun/daily habit.  It was hoped that this component 

might raise pupils self-esteem and awareness of the importance of daily PA.  4.) Choose 

your Card! lessons; aimed at increasing awareness of the importance of PA, and 

assignments to be completed in the class and at home.  This component was also used in 

the planning stages of the ‘Activity Week’.  5.) Parental information services; once a year 

parents received information on the importance of childhood PA, and the role that parents 

play in encouraging and supporting activity in their children.  6.) Activity-week; once a year 

components of JUMP-in were brought together and the parental information services were 

carried out.  The intervention design was based on the Theory of Planned Behaviour (TPB) 

(Ajzen, 1988), the Prevention Adoption Process Model (PAPM) (Weinstein & Sandman, 

1992) and a Service Quality Model (SQM) (Parasuraman et al., 1985).  PA was assessed with 

a questionnaire that enabled a PA score to be calculated in minutes of moderate activity per 

day.  Data on a number of determinants of PA was also gathered by questionnaires 
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completed at school.  After one year, intervention children in Grades 4 and 5 had higher 

levels of PA, but this was not significant.  Activity levels of children in Grades 4 and 5 in 

control schools showed a downward trend, but again this was not significant.  There was no 

significant difference in PA levels of Grade 6 school children in both the intervention and 

control groups.  In fact, activity levels decreased in both groups in this grade.  However, PA 

decreased considerably in the control group (26.49 minutes per day) during the 

intervention.  The decrease was less pronounced in the intervention students (3.52 minutes 

per day).  Accordingly, the authors report that the intervention was effective in preventing 

Grade 6 children from becoming less active and shows the importance of intervention 

designs that focus on a theory-based mix of relevant environmental and social-cognitive 

factors.   

 

From 2006 - 2008, the JUMP-in intervention was conducted in 19 Dutch primary schools 

with pupils aged 6 - 12 years (n = 2848, 50.4% males) (de Meij et al., 2011).  The authors 

report that a number of developments in programme components were translated into the 

intervention.  Major components of the intervention (described above) remained.  The 

contents of these components were refined and an additional component, ‘Extra care for 

children at risk’, was added.   Further measures enabled this study to assess the effect of the 

intervention on CRF and body composition.  The intervention ran for 8 months in the first 

school year and 9 months in the second.  Sports participation was assessed in a personal 

interview by trained personnel.  Anthropometric measurements were completed for body 

composition (height, weight and hip- and waist circumference).  PA was measured by 

accelerometry in a sub-group of children in grade 4 (n = 351, mean age, 7 years).  CRF was 

assessed with the 20 metre shuttle run test (SRT).  The intervention significantly improved 

structured sports participation amongst pupils, and participation in organised sports was 

associated with increased SRT score.  There were no significant intervention effects on body 

composition and overall daily PA rates.  The authors report this may be because the 

intervention did not address dietary behaviour, and may also be due to the fact that 

accelerometry was used only in a very small subsample of grade 4 pupils. 

 

The Active Schools! British Columbia (AS! BC) intervention (Naylor et al., 2009; Naylor et al., 

2008; Reed et al., 2008; Naylor et al., 2006) incorporated classroom-based PA breaks and 
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used an environmentally orientated approach to promote PA (similar in design to the JUMP-

in model).  AS! BC was a 16-month cluster randomised controlled trial to promote PA and 

positively affect a number of selected chronic disease risk factors in elementary school 

children in Canada (Naylor et al., 2008; Reed et al., 2008).  The PA component of the AS! BC 

model emphasised an integrated ‘whole-school’ approach to promote PA and aimed to 

provide children with 150 minutes of PA per week.  The model was participatory and 

involved a school-specifıc planning process with key stakeholders (e.g., teachers, 

administrators, parents).  Each school convened an ‘action team’ comprised of teachers and 

principals and a ‘support team’ comprising one PE teacher and one generalist teacher to 

facilitate the design of the PA programme for each school.  The AS! BC intervention 

specifically targeted six action zones: school environment, extracurricular, PE, family and 

community, classroom action and school spirit.  A key area of focus for PA promotion was 

‘classroom action’. Teachers were asked to implement daily physical activities: 15 minutes 

of additional PA per school day, or 75 minutes of additional PA per week (in addition to two 

40 minute PE classes).  Teachers were provided with curriculum resources, materials, and 

PA equipment in their classroom to support their action plan (e.g. ‘‘Bounce at the bell,’’ (Mc 

Kay et al., 2005), video dance clips, playground circuits and exercise bands).  Ten elementary 

schools (n = 515 participants, aged 9 - 11 years) in Greater Vancouver (BC) participated in 

the evaluation of the PA components of the intervention (Naylor et al., 2008).  Schools were 

stratified by size and randomised to one of three conditions:  1.) Liaison schools (LS): were 

provided with support from an external facilitator, training and all resources to implement 

the AS! BC intervention.  2.) Champion schools (CS): appointed a facilitator from within the 

school, and received similar training to LS, and basic resources to implement the AS! BC 

model.  3.) Usual practice (UP) schools: received no active intervention.  PA was measured 

objectively four times during the study using pedometers.  Boys in the LS group took 1175 

more steps per day (on average) than boys in the UP group (95% CI: 97 to 2253).  Boys in the 

CS group also tended to have a higher step count than boys in the UP group (+804 

steps/day; 95% CI: 2341 to 1949).  There was no difference in girls’ step counts across 

groups (Naylor et al., 2008).  

 

AS! BC (Naylor et al., 2009; Naylor et al., 2008; Reed et al., 2008; Naylor et al., 2006) and 

JUMP-in (de Meij et al., 2011; Jurg et al., 2006) both incorporated classroom-based PA 
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breaks, and used an environmentally orientated approach to promote PA.  Whereas ‘Jump-

in’ was implemented by a PE specialist, the AS! BC model used trained generalist school 

teachers to incorporate the ‘active-school model’ and provide additional opportunities for 

children to be active during the school day.  The absence of significant intervention effects 

on girls PA suggests that the effects of the AS! BC intervention was more pronounced in 

boys.  The differential effects of the intervention on boys and girls PA are similar to 

Magnusson’s findings (Magnusson et al., 2011).  Whereas Naylor et al. (2008) suggested 

that higher variability in step counts may have prevented finding significant differences 

between girls in intervention and control groups, Magnusson et al. (2011) proposed that 

girls may not have been as physically active as boys during school recess periods.  These 

findings suggest that future efforts should be made to test various gender-specific PA 

intervention strategies in schools. 

  

Reed et al. (2008) assessed the effect of the AS! BC intervention in improving CVD risk 

profiles in elementary school children in Canada (n = 268, 9 - 11 years).  Eight schools were 

randomly assigned to a usual practise or intervention groups (INT) (described above).  BP 

and BMI were measured and CRF was assessed by 20 metre SRT.  TC, TC: HDL-C, CRP, 

apolipoprotein B, and fibrinogen were measured in a subset of participants (n = 77).  Across 

one school year, INT children had a 20% greater increase in fitness and a 5.7% smaller 

increase in BP compared with children attending UP schools.  There were no significant 

differences between groups for change in BMI or in any of the blood variables (Reed et al., 

2008).  

 

Caballero et al. (2003) conducted the school-based ‘Pathways’ obesity prevention trial over 

three consecutive years in Native American children (n = 1704) during their third - fifth 

grade years (from 7 - 10 years of age).  The intervention had 4 main components combining 

constructs from SCT and principles of American Indian culture and practises: 1.) Teachers 

delivered a classroom curriculum focused on healthy eating and lifestyle (two 45-min 

lessons each week for 12 weeks during each year of the intervention).  2.) A physical 

education program was incorporated in intervention schools, requiring a minimum of three 

30 minute sessions of MVPA per week.  The PA component of the intervention also utilised 

exercise breaks (2 - 10 minutes) to promote PA in the classroom.  Simple exercises were 
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used that could be incorporated through guided play during class time and in recess.  3.) The 

‘food service’ component of the intervention provided nutrition guidelines and practical 

support for the introduction and maintenance of healthy dietary practises in school-based 

food services.  4.) The family-involvement component was linked to the classroom 

curriculum, and was designed to inform families about the intervention and involve them in 

family fun nights, workshops and events held in school.  The goal of this component was to 

involve parents so that positive health messages learned in school could be reinforced at 

home.  The PA component of the Pathways program aimed to increase energy expenditure 

by increasing daily PA and reducing SED.  PA was measured by both self-report (24 hour PA 

recall questionnaire) and accelerometry (measured for 24 hours) at baseline (Grade 2) and 

again at the programmes conclusion (Grade 5) in a random sample of students.  Although 

measurement of PA by accelerometry indicated a positive trend towards more activity in the 

intervention schools over the three years, these results were not significant.  However, self-

reported PA (assessed by PA questionnaire) was significantly higher among intervention 

students at the end of the trial.  There was no significant reduction in body fat in children 

that participated in the intervention.  However, energy intake (measured by 24 hour dietary 

recall questionnaire) was significantly reduced in the intervention schools.  In addition, 

components of health related knowledge, attitudes, and behaviours were also positively 

and significantly changed by the intervention (Caballero et al., 2003).  These findings suggest 

that trained teachers can achieve significant changes in the health related knowledge and 

behaviours of children with the use of a culturally appropriate classroom curriculum.  In 

addition, ‘whole-school’ models of health promotion (adopted by the Pathways and AS BC! 

interventions) that engage key stakeholders, and empower schools to be active partners in 

curriculum development, are critical to intervention sustainability (Naylor et al., 2008).   

 

Physical Activity Across the Curriculum (PAAC) was a three year trial to promote PA and 

diminish overweight and obesity in elementary school children in North America (Donnelly 

et al., 2009).  The PAAC intervention provided training for classroom teachers to deliver 

existing academic lessons taught through PA.  In addition, classroom teachers delivered 10 

minutes of MVPA (TAKE 10! activities) within academic lessons (for a total of 90 minutes per 

week).  The PAAC intervention was integrated into the intervention school’s curriculum and 

was delivered to all grade 2 pupils (aged 7 yrs during year one of the intervention).  Twenty 
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six schools participated in the study.  These were stratified by size and school district and 

were randomly assigned to receive the PAAC intervention or to serve as a control.  Students 

in control schools received regular academic instruction without physically active lessons.  

Anthropometric measurements were obtained from all participants in the study at baseline.  

PA was assessed objectively by accelerometry in a small sub-sample of children from both 

groups.  The primary goal of the PAAC intervention was to increase PA sufficiently to reduce 

gains in BMI, however, there were no significant differences for change in BMI from baseline 

to year three for PAAC participants compared to controls.  There was however a significant 

influence of exposure to the PAAC intervention.  Schools with ≥75 minutes of PAAC activities 

per week showed significantly less increase in BMI at three years compared to schools with 

<75 minutes of PAAC activities per week.  Over the three years, both daily PA and MVPA 

were significantly increased (13% and 27% respectively) in PAAC children compared to 

controls.  PA was increased during the school day (due to PAAC) and at the weekend.  The 

increase in weekend PA may have been due to a change in attitudes fostered by the 

intervention (e.g. PA can happen anywhere, and at any time without a need for a formal PA 

opportunity).  However, this rationale was speculative and requires investigation in future 

research (Donnelly et al., 2009).  Teachers who modelled PA by active participation in the 

PAAC lesson components had greater ‘System for Observation of Fitness Instruction Time’ 

(SOFIT) (McKenzie, et al., 1991) scores shown by their students, compared to students with 

teachers who recorded lower levels of modelling.  Modelling of desirable behaviours is a key 

construct of SCT, and further research is required to investigate if modelling of PA by class 

teachers is an important mediator of PA in school children (Donnelly et al., 2009).   

 

Salmon et al. (2008) conducted a school-based group randomised trial to prevent excess 

weight gain, reduce SB and promote PA in Australian children (n = 311, 49% males, mean 

age, 10.8 years).  Participants were randomised by class to a behavioural modification group 

(BM), a fundamental movement skills group (FMS), a combined BM and FMS group, or a 

control group who received the normal school curriculum.  Participants BMI, objective PA 

(accelerometry), self-reported screen behaviours (questionnaire) and self-reported 

enjoyment of PA (questionnaire) were assessed at baseline, post intervention, and at 6 and 

12-month follow-up periods.  FMS were assessed at baseline, post intervention and at 12 

month follow-up.  There was a significant intervention effect from baseline to post 
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intervention on age- and sex-adjusted BMI in the BM/FMS group compared with controls    

(-1.88 kg m-2).  These effects were maintained at 6- and 12-month follow-up periods (-1.53 

kg m-2).  In addition, FMS participant’s recorded higher levels, and greater enjoyment of PA 

compared with controls.  BM participants also recorded higher levels of PA and TV viewing 

across all four time points (Salmon et al., 2008).  The FMS intervention had the greatest 

effect on children’s PA using a programme that emphasized games and fun. The BM 

intervention also incorporated ‘fun’ PA elements (children designed their own PA games, 

which were played at the end of each BM lesson), and a strong family focus.  These findings 

suggest that ‘enjoyment’ of PA is an important mediator of PA in school-based PA 

interventions, and also confirms the findings of a number of recent reviews of school-based 

PA interventions which recommend the use a family component to effectively promote PA 

in children (Dobbins et al., 2013; Kreimler et al., 2011; NICE, 2009).   

 

The Kinder-Sportstudie (KISS) school-based PA intervention took place in Switzerland and 

involved 28 first- (n = 222, mean age, 6.7 years) and fifth grade classes (n = 280, mean age, 

11.1 years) (Kreimler et al., 2010).  The 15 participating schools were randomly allocated to 

an intervention (n = 9) or control (n = 6).  Whereas the control group participated in the 

usual 3 x weekly PE lessons, KISS participants were exposed to a daily PE lesson (45 

minutes), short PA breaks during academic lessons (2 - 5 minutes of motor skill tasks), and 

10 minutes a day of PA ‘homework’ involving motor skill activities.  The intervention lasted 

for 9 months and was based on a social ecological conceptual model focusing on increasing 

daily PA (Egger & Swinburn, 1997).  Participants underwent anthropometric measurements, 

assessment of body composition (skin-fold measurement and DEXA), BP assessment, fitness 

testing (20 metre SRT) and PA assessment (accelerometry) at the start and end of the school 

year.  They also completed the Child Health Questionnaire to assess Quality of Life (Landgraf 

et al., 1998).  Students from intervention schools showed significantly more favourable 

skinfold assessment compared to the control schools.  Aerobic fitness improved in both 

groups, but to a greater extent in the intervention group.  School-based PA increased in the 

intervention, but not the control group and total MVPA remained the same in the 

intervention group but decreased in the control group.  Physical and psychological Quality of 

Life did not change significantly in either group (Kreimler et al., 2010).  Children in the 

intervention group showed significant increases in BMC of total body (5.5%), femoral neck 
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(5.4%) and lumbar spine (4.7%), and in BMD of total body (8.4%) and lumbar spine (7.3%), 

compared to children in the control group (Meyer et al., 2011).  At 3 year follow-up, 

intervention participants showed persistent increases in CRF compared to controls, 

corresponding to a 15% increase between baseline and follow-up (Meyer at al., 2014).  

Intervention participants also showed significantly higher BMC at femoral neck and total hip 

compared to controls, and a tendency towards higher total body BMC.  Intervention 

participants also showed higher BMD for total body measurements (Meyer et al., 2013). 

   

The KISS programme provided all children in intervention classes with additional structured 

and compulsory activity (including those who might have dropped out if given the choice) 

regardless of whether they consented to undergo study measurements.  This approach 

guaranteed adherence to the intervention.  The inclusion of all children in a class also 

avoided any stigmatisation of overweight and unfit children, and gave all children an equal 

chance to benefit from this type of intervention.  The KISS intervention included a variety of 

strategies to enhance PA, and may have reached more children by broadening the levels of 

the intervention and the spectrum of activities (Kreimler et al., 2011).  However, despite the 

reported benefits of the KISS intervention, it may prove difficult for this design of 

intervention to become widespread because of the cost to schools which must allocate 

resources and time to provide students with extra daily PE lessons.  Low cost interventions 

that can be implemented by school personnel are more likely to be integrated within 

existing curricula and sustained over time (Fairclough et al., 2013; De Bourdeaudhuij, et al., 

2011). 

 

This review summarises multicomponent school-based interventions that have effectively 

increased PA in children.  The majority of these studies assessed PA objectively with 

accelerometers (Magnusson et al., 2011; de Meij et al., 2011; Kriemler et al., 2010; Donnelly 

et al., 2009; Salmon et al., 2008; Caballero et al., 2003) or pedometers (Gorely et al., 2009; 

Naylor et al., 2008).  Four studies assessed PA by accelerometry in a sub group (de Meij et 

al., 2011; Gorely et al., 2009; Donnelly et al., 2009; Caballero et al., 2003).  Only one study 

assessed PA by questionnaire (Jurg et al., 2006).  Eight studies assessed change in body 

composition by BMI (Magnusson et al., 2011; de Meij et al., 2011; Kriemler et al., 2010; 

Gorely et al., 2009; Donnelly et al., 2009; Salmon et al., 2008; Naylor et al., 2008; Caballero 
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et al., 2003), two studies assessed skin fold thickness (Kriemler et al., 2010; Caballero et al., 

2003), three assessed WC (de Meij et al., 2011; Kreimler et al., 2010; Gorely et al., 2009) and 

one study used bioelectrical impedance (BI) (Caballero et al., 2003).  Only one study 

assessed pre- to post intervention changes in BMC and BMD (KISS) (Meyer et al., 2013; 

Meyer et al., 2011).  Two studies reported that intervention design was based on constructs 

of SCT (Bandura, 1997) (Magnusson et al., 2011; Gorely et al., 2009), and two were based on 

the TPB (Ajzen, 1988), the PAPM (Weinstein & Sandman, 1992) and a Service Quality Model 

(Parasuraman et al., 1985) (de Meij et al., 2011; Jurg et al., 2006).  One study assessed 

change in Quality of Life (Kreimler et al., 2010), one assessed health related knowledge, 

attitudes and behaviours (Caballero et al., 2003), one assessed change in social cognitive 

determinants (Jurg et al., 2006) and one assessed perceived physical self-confidence using a 

modified version of the perceived competence sub scale from the Physical Self Perception 

Profile (PSPP) (Whitehead, 1995). 

 

This review highlights a number of important findings for future research and intervention 

design.  Multicomponent interventions which include a variety of strategies to enhance PA 

have the potential to reach more children by broadening the levels of the intervention and 

the spectrum of physical activities (Kreimler et al., 2011).  From a public health perspective, 

these approaches are the most consistent at increasing children’s overall PA (Kreimler et al., 

2011).  Recent NICE guidelines have suggested that school-based interventions to increase 

PA should be multicomponent, by including education and advice to increase awareness of 

the benefits of PA, and opportunities for children to be active throughout the school day 

(NICE, 2009).  A relatively novel and effective approach has been to incorporate PA breaks 

into the school classroom, and throughout the school day (Naylor et al., 2009; Donnelly et 

al., 2009; Naylor et al., 2008; Reed et al., 2008; Naylor et al., 2006; Jurg et al., 2006; 

Caballero et al., 2003).  Research also suggests that families should be given advice on how 

to create a supportive home environment to promote PA, and PA homework activities 

should be encouraged which children and their parents/guardians can do together (NICE, 

2009).  Families are important mediators of PA outside the school (Salmon et al., 2007) and 

the findings of a number of recent reviews confirm recommendations to use a family 

component in interventions with children (Dobbins et al., 2013; Kreimler et al., 2011). 
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Although schools have been identified as a key setting for health promotion in young 

people, recent reviews have highlighted that there is controversy about the optimal strategy 

to intervene (Brown et al., 2013; Kreimler et al., 2011), and a need for more studies of high 

methodological quality (Dobbins et al., 2013; Dobbins et al., 2009; Van Sluijs et al., 2007).   

In developing comprehensive PA strategies it is crucial to incorporate effective school-based 

strategies (Dobbins et al., 2013).  However, a recent Cochrane review which evaluated the 

impact of school-based interventions on increasing PA, and included 44 studies and 36,593 

children and adolescents (Dobbins et al., 2013), found that no two school-based PA 

promotion programs had the same combination of intervention components.  In addition, 

the majority of school-based interventions have been conducted with children in the United 

States and Continental Europe (Dobbins et al., 2013).  There is limited evidence of the 

effectiveness of primary school-based PA interventions in the UK (Fairclough et al., 2013), 

and less still from studies that have been conducted in NI.  Studies from different countries 

often reflect differently resourced systems, and are based on a diverse mix of pupils, 

teacher practices and traditions (McKenna, 2009).  It is important to build an evidence base 

for school-based PA promotion within each country due to the potential influence of local 

environmental factors, culture and educational setting (Magnusson et al., 2011).  Study 2 

(Chapter 5) evaluates the effects of a multicomponent school-based PA intervention on PA 

levels, body composition and physical self-perception in a group of primary school children 

from NI.  The design of the intervention was based on an extensive review of effective 

multicomponent school-based PA interventions and on recommendations from recent 

reviews, and NICE guidelines.  The intervention was designed to provide primary school 

children with both the knowledge of the benefits of PA and the opportunity to be active 

during the school day.  The intervention was teacher-led, and aimed to increase daily MVPA 

by incorporating classroom-based PA bouts throughout the course of the school day.  In 

addition, the intervention included a curriculum component and outreach to families.  

Within study 2, an individually calibrated approach was used to objectively assess children’s 

PA.  This approach was used to clarify the associations between PA and health outcomes in 

children and addresses the controversy and lack of consensus within paediatric research 

surrounding the selection of appropriate cut-off points to define PA intensity in youth.  To 

the author’s knowledge, the use of individually calibrated cut-points in a study of a school-

based intervention is novel.  The study also used DEXA to assess pre- to post changes in 
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body composition, and the Children and Youth Physical Self Perception Profile (CY-PSPP) 

(Whitehead, 1995) to assess changes in physical self-perception.  This combination of such 

high quality (reference standard) objective measures are rarely utilised in studies of school-

based interventions in children. 

 

Summary 

 

The physical, mental and social benefits of PA for children are widely acknowledged.  

However, in spite of public health recommendations many children fail to meet the 

current minimum recommended levels of daily MVPA.  PA levels have been shown to 

decline substantially from childhood through adolescence to adulthood.  Therefore, 

inactivity in youth not only has serious implications for the immediate health and 

development of the child, but also the long term health and well-being of the adult.  

Overweight and obesity, low levels of PA, CRF and SB place children and adolescents at 

greater risk for CMD in adulthood.  Considerable evidence has accrued that CM diseases 

have their origins in childhood; however, an equivalent body of research suggests that 

many of the risk markers for CMD are modifiable through increasing PA in childhood.  

Childhood therefore represents the most opportune time to address insufficient PA 

participation through the implementation of effective PA intervention strategies.  School-

based interventions that focus on the promotion of PA and behaviour change in children 

may be a viable strategy to increase PA in childhood, and reduce the risk of morbidity 

and mortality from non-communicable diseases later in life. 
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Chapter 3: General Methods  
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This chapter describes the common methods used in the three studies.  Study-specific 

procedures are discussed in more detail in each individual study chapter.  In Study 1, 

measurements of anthropometrics, body composition, CRF and questionnaire 

administration were undertaken by the candidate.  A visiting researcher from the LJMU site 

(Hopkins) completed assessments of FMD and CIMT.  Measurement of habitual PA was 

completed in the field, and the distribution and collection of accelerometers was 

undertaken by the candidate.  All aspects of data collection for study 2 and Study 3 were 

undertaken by the candidate.  Recruitment of schools and participants for all three studies 

was undertaken by the candidate. 

Anthropometric measurements  

Measurements were completed in the Human Performance Laboratories at the University of 

Ulster.  Height was measured using a mobile stadiometer (SECA, Bodycare, Birmingham, 

UK).  Participants were asked to remove their footwear and stand upright with their back 

against the stadiometer.  The researcher ensured that the participant was in the correct 

position for measurement, with their head level and their feet flat against the floor.  The 

vertical distance between the floor and the highest point of the skull was measured to the 

nearest 0.1 cm.  Sitting height was measured using the same stadiometer.  Participants were 

asked to sit with both feet flat on the floor, with their lower back and shoulders against the 

wall, and their head facing straight ahead.  The vertical distance between the floor and the 

highest point of the skull was measured to the nearest 0.1 cm.  Sitting height was subtracted 

from standing height to estimate leg length to the nearest 0.1 cm.  Body mass was 

measured to the nearest 0.1 kg using calibrated electronic scales (SECA, Bodycare, 

Birmingham, UK).  Participants were asked to remove footwear and were tested in light 

(athletic) clothing.  BMI was calculated using the equation: body mass (kg) divided by 

squared height (m)2 (kg·m-2).  Overweight and obesity were defined using the age- and 

gender-specific cut-off points for BMI of 25 and 30 kg·m-2 as published by the IOTF (Cole et 

al., 2000).  WC was measured in a standing position, half way between the lower rib and the 

top of the iliac crest, at the end of a gentle expiration. Hip circumference (HC) was 

measured in a standing position from the widest point around the hips and gluteals.  The 

mean of two assessments for WC and HC was retained for analysis.  Both measurements 
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were assessed by using a non-elastic measuring tape, with an accuracy of 0.1 cm, by one 

researcher.   

Assessment of body composition by dual energy x-ray absorptiometry  

Body composition was assessed with a fan beam total body dual energy x-ray 

absorptiometry (DEXA) scan (LUNAR IDXA, GE Medical Systems, Madison, WI, USA).  

Participants were measured in a supine position in lightweight clothing (without metal zips 

or attachments) and without footwear.  All scans were completed by the same qualified 

researcher and were analysed using paediatric software (Lunar iDXA, enCORE 2008, Version 

12.30.008).  All scans were completed in accordance with standard operating procedures 

(SOP) following daily calibration and quality control checks.  Total fat mass (kg FM), lean 

tissue mass (kg LM), relative body fat (BF%), bone mineral content (g BMC) and bone 

mineral density (g/cm3 BMD) were assessed from the total body scan. 

Somatic maturity  

Somatic maturity was estimated for each child using sex-specific regression equations, by 

determining years from peak height velocity (YPHV) (Mirwald et al., 2002).   

In boys:  Maturity Offset = -9.236 + [0.0002708 x (Leg Length and Sitting Height interaction)] 

– [0.001663 x (Age and Leg Length interaction)] + [0.007216 x (Age x Sitting Height 

interaction)] + [0.02292x (Weight by Height Ratio)] 

In girls:  Maturity Offset = -9.376 [0.0001882 x (Leg Length x Sitting Height interaction)] + 

[0.0022 x (Age and Leg Length interaction)] + [0.005841 x (Age and Sitting Height 

interaction] – [0.002658 x (Age and Weight interaction)] + [0.07693 x (Weight by Height 

ratio)] 

Peak Height Velocity (PHV) reflects the age of maximum growth rate in stature during 

adolescence.  This non-invasive method has been used previously in similar paediatric 

populations (Greaves et al., 2010; Hopkins et al. 2009) and has demonstrated acceptable 

agreement with skeletal age (r = 0.83) (Mirwald et al., 2002).   
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Physical activity measurement  

Habitual PA was measured objectively with tri-axial accelerometers (ActiGraph GT3X, MTI 

Health Services, Pensacola, FL, USA) which were distributed to participants in school, and 

worn on the right hip for seven consecutive days using a 5 second epoch of data collection.  

In Study 1, the minimum wear-time for inclusion in data analysis in the LJMU sample was ≥9 

hours of registered time for ≥3 days (Mattocks et al., 2008).  To maintain consistency 

between the samples, this classification of minimum wear-time was also adopted for the 

UUJ sample in Study 1.  The minimum wear-time for inclusion in data analysis in Study 2 and 

3 was ≥10 hours of registered time for ≥3 days (Mattocks et al., 2008).  Mattocks et al. 

(2008) found that three days of measurement of 10 hours per day was the minimum 

required to reliably characterise PA on one measurement occasion (ICC of 0.7).  Rich et al. 

(2013) also found a high reliability (r = 0.86) was achieved in a large sample (n = 6,528) of 

children with ≥2 days and ≥10 hours per day included in the analyses of the age 7 sweep of 

the UK MCS (Rich et al., 2013). 

In all three studies, sustained ≥20 minute periods of consecutive zero counts were removed 

from the analysis of daily wear-time (Catellier et al., 2005).  As large individual differences 

exist in counts at different activity intensities (Rowlands, 2007) PA data were analysed using 

individually calibrated thresholds.  These thresholds were calculated from accelerometer 

data collected during a pre-intervention treadmill protocol to VO2peak.   

PA intensity cut-points for the Study 1 and Study 2 (Chapters 4 & 5)  

Dynamic similarity theory implies that optimal walking speed will be at a Froude (Fr) number 

of 0.25, and the transition from walk to run will occur close to a Fr number of 0.5, regardless 

of differences in body size (Minetti, 2001).  The protocol for determining each participant’s 

CRF (VO2peak) assessment was established prior to the test by anchoring treadmill speeds 

to set Fr numbers (this process is described in detail in the methods section for CRF 

assessment).  During the VO2peak test, each participant wore an accelerometer on the right 

hip.  The mean accelerometer counts generated at specified treadmill speeds were used to 

establish individually calibrated thresholds for PA intensity.  A sedentary threshold of ≤100 

CPM was adopted to denote SED in the analysis (Trueth et al., 2007).  The mean 

accelerometer counts generated between SED and treadmill speed one (PA <Fr0.25, 
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equivalent to walking speed) equated to light PA (LPA).  Mean accelerometer counts 

generated between treadmill speed one and treadmill speed two (Fr <0.25-0.5, equivalent 

to a light jog) equated to moderate PA (MPA), and ≥treadmill speed three (PA>Fr0.5, 

equivalent to a run) equated to vigorous PA (VPA).  Each individual’s PA data was 

subsequently analysed with these individually calibrated thresholds, and time spent per 

valid day sedentary, and in LPA, MPA and VPA were calculated for each individual.  

Individually calibrated cut-points were utilised to improve the classification of children’s PA 

as empirical cut-points do not take into account the large individual differences that exist in 

counts at different activity intensities (Rowlands et al., 2007).   

PA intensity cut-points for Study 3 (Chapter 6)  

Mattocks PA intensity cut-points were applied to the analysis of PA data for Study 3 

(Mattocks et al., 2008).  Study 3 recruited Year 7 pupils with a mean age of 11 ± 0.3 years.  

Mattocks accelerometer cut-points were derived from a sample of boys and girls (n = 163) 

with a mean age, of 12.4 years.  The lower count thresholds of Mattocks cut-points for MPA 

(3580 CPM) and VPA (6129 CPM) were comparable to the lower count thresholds for MPA 

(2995 CPM) and VPA (5114 CPM) from the mean individual cut-points in the sample of Year 

7 pupils in Study 1 and Study 2 (n = 36, mean age, 11 ± 0.3 years).  

In all three studies, participants were fitted with an actigraph accelerometer following 

school-based presentations.  General information on how to wear the monitor was given 

during this session.  In addition, participants were also given an actigraph information and 

resource pack (Appendix D).  This pack provided information about PA monitoring for 

parents/guardians and contained additional resources for participants.  Participants were 

advised to put the monitor on first thing in the morning, and wear the monitor until bed 

time.  The monitor was only to be removed when sleeping and when swimming, bathing or 

showering (as the monitor was not waterproof).  During PA monitoring, participants were 

asked to complete a diary.  This recorded periods of activity, and when the monitor was 

removed.  The actigraph information and resource pack contained a poster to remind 

participants to wear the monitor on a daily basis during PA monitoring.  Participants were 

advised to display this in a prominent position in their home, to help them to remember to 

wear the monitor.  Class teachers were also provided with a PA monitoring and information 
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pack and classroom posters to encourage pupils to adhere to the requirements of PA 

monitoring.   

Assessment of cardio-respiratory fitness (VO2peak) 

Participants completed a continuous incremental treadmill (HP-Cosmos Pulsar, Germany) 

test to determine VO2peak.  All tests were conducted by the same investigator under 

ambient conditions using a breath-by-breath online gas analysis system (COSMED Quark, 

Italy).  All participants wore an accelerometer on the right hip (Actigraph GT3x, ActiGraph 

LLC, Pensacola, FL, USA) and a heart rate monitor (Polar, Kempele, Finland) throughout the 

test.   

To account for differences in biological age and limb length, VO2peak test speeds were 

individually calibrated by anchoring treadmill speeds to set Fr numbers.  Treadmill speeds 

were calculated individually using the equation: Fr = v2 · (g · l)-2 [where ‘v’ is speed of 

movement (m · sec-1), ‘g’ is gravity, and ‘l’ is leg length (m)].  

The treadmill protocol required participants to complete 2 minute stages, beginning with a 

walking speed equivalent to Fr 0.25.  The speed was increased to the equivalent of Fr 0.5 

(walk/run transition) and each additional stage was determined by the difference in the 

speed for stages one and two (~2km/hr), until participants reached volitional fatigue.  Peak 

VO2 was determined as the highest 15 second averaged O2 uptake achieved during the test, 

when participants exhibited subjective indicators of peak effort, that were confirmed by an 

RER ≥1.05 and/or HR  ≥199 beats/min-1.   

Flow Mediated Dilation 

Brachial artery internal diameter was measured using high-resolution ultrasonography with 

a 10 - 12 MHz probe. Two-dimensional B-mode images were obtained to visualise the 

brachial artery in longitudinal section in the distal third of the upper arm.  Ultrasonic 

variables were set to optimise longitudinal images of the luminal-arterial wall interface, with 

the focal zone set to the near wall.  Once set, these variables remained constant throughout 

the session, and the probe was held in a constant position.  NO-mediated endothelial 

function was assessed by measuring FMD in response to a 5 minute ischaemic stimulus, 

induced by forearm cuff inflation (Hokanson, Bellevue, Washington, USA).  A one minute 
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baseline measurement was taken before inflation.  A pneumatic rapid cuff inflator 

(Hokanson, Bellevue, Washington, USA) was placed around the forearm, distal to the 

humeral epicondyles, and the cuff was inflated to 220 mm Hg for 5 minutes.  Recording 

continued for a period of 3 minutes after cuff deflation (Black et al., 2008).  Post-test 

analysis of brachial artery diameter and FMD was performed with the use of custom edge 

detection and wall tracking software package, the validity and reproducibility of which have 

been previously demonstrated (Woodman et al., 2001). 

Carotid Intima Media Thickness 

CIMT was measured using a portable ultrasound (Terason t3000, Aloka, London, UK) in 

vascular mode.  Participants rested in a supine position with their neck slightly extended.  A 

ten millimetre segment of the far wall of the common carotid artery (1 - 2 cm proximal to 

the carotid bulb) was imaged using a 10 - 15 MHz linear transducer.  Images were analysed 

offline (IMT. Lab V 2.0, Pie Medical Equipment, Netherlands).  This software provided mean 

values for CIMT by measuring the lumen-intima and media adventitia. 

Blood pressure assessment  

After 15 minutes rest in a supine position, BP was measured on the left arm using an 

automated BP monitor (Omron Healthcare UK Limited, Milton Keynes, UK).  Measurements 

were excluded if they differed by ≥5 mm Hg.  The mean of two suitable assessments was 

retained for analysis.   

The Children and Youth Physical Self Perception Profile (CY-PSPP)  

Physical self-perceptions were assessed using the CY-PSPP (Whitehead, 1995) (Appendix E).  

The CY-PSPP has been validated for use in young children (Welk & Eklund, 2005), and 

comprises 36 questions (6 items per scale) that assess a person’s self-perceptions of physical 

conditioning (Cond), sports competence (Sport), body attractiveness (Body) and physical 

strength (Strong), physical self-worth (PSW) and self-esteem (SE).  Each scale was assessed 

with six items scored on a four point Likert scale, using a structured alternative format.  The 

mean score for each sub-domain was calculated.  Children completed the questionnaires 

during visits to the university.  A researcher verbally described the questionnaire to each 

child, so that they understood each question being asked. 
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Chapter 4: Study 1 

Physical activity, cardiorespiratory fitness and cardiometabolic risk in 10 - 11 year old school 

children: The Research into Exercise, Activity and Children’s Health (REACH) Study 
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Introduction 

It is accepted that the pathology of CMD begins in youth (Berenson et al., 2005; Williams et 

al., 2002), and recent evidence has implicated a number of systemic pro-inflammatory 

factors such as CRP and IL-6 in this process (Stolzman et al., 2012).  A number of studies 

have suggested the potential value of novel biomarkers, such as CRP (Ndumele et al., 2011) 

and adiponectin (Klunder-Klunder et al., 2013) and the homeostasis model of insulin 

resistance (HOMA-IR) (Kurtoglu et al., 2012; Madiera et al., 2011) to detect the early stages 

of CM risk in youth.   

CRP is an acute phase reactant protein that is a sensitive marker of low-grade systemic 

inflammation (Thomas et al., 2008).  Elevated concentrations of CRP are an independent risk 

factor for CVD and type 2 diabetes in adults (Hubacek et al., 2010).  Plasma concentrations 

in childhood have been shown to predict adult values (Juonala et al., 2006).  Adiponectin is 

an adipocytokine that is exclusively expressed from adipose tissue.  In children, 

concentrations of adiponectin have been shown to correlate inversely with BMI and fat 

mass (Bacha et al., 2004).  In adults, low levels of adiponectin are predictive of CVD related 

events (Matsuda et al., 2013) and type 2 diabetes (Li et al., 2009).  HOMA-IR is a widely used 

measure of IR in studies with children.  IR is an independent predictor of CHD and type 2 

diabetes (Henderson et al., 2012).  The prevalence of IR is increasing in children and 

adolescents (Gungor et al., 2005).   

CM risk markers in children and young people are commonly measured in blood collected 

through venepuncture.  However, venepuncture is invasive, and is one of the most painful 

and distressing medical procedures for a child (Rogers & Ostrow, 2004).  When used in 

research, venepuncture can pose additional risk to the participant, and generally requires 

the use of skilled, medically trained personnel (i.e. trained and experienced paediatric 

nurses) in a clinical or laboratory setting.  In research that involves children, there are 

particular ethical concerns surrounding the collection of biological data and specific 

challenges to gaining informed consent (Calderwood & Rose, 2013).  These issues can affect 

recruitment in cross-sectional studies, and also have a significant bearing on participation 

rates in intervention and longitudinal research designs.  As a result, there has been a 

growing interest in the utility of non-invasive techniques to identify markers of CM risk that 
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are more suited to paediatric populations (George et al., 2010; Hopkins et al., 2010).  For 

example, non-invasive high-resolution ultrasonography can be used in children to assess 

vascular endothelial structure (by measuring CIMT) and vascular function to assess 

endothelium dependent vasoreactivity (by measuring FMD).  Both methods are used to 

assess endothelial dysfunction, which has been identified as playing a pivotal role in the 

early stages of atherogenesis (is caused by chronic low-grade systemic inflammation) and 

results in adverse alterations in arterial structure (thickening of the intima-media) and 

function (impaired FMD).     

Increased CIMT values have been reported in children with obesity, and in those with 

familial hypercholesterolemia (Fang et al., 2010).  CIMT is positively associated with the 

prevalence of CVD, and is an early predictor of cardiovascular complications (Lorenz et al., 

2007).  In obese children, significant positive correlations have been reported between CIMT 

and serum glucose (Elkiran et al., 2011) and indices of IR (HOMA-IR, Glucose/Insulin ratio, 

and whole-body insulin sensitivity index) (Giannini et al., 2009).  Impaired vascular function 

(commonly measured by FMD in the brachial artery) is evident in children with CVD risk 

factors such as hyperlipidaemia, diabetes, hypertension and obesity (Watts et al., 2004).  

FMD is an independent predictor of CV events in symptom-free adults and those with CVD 

(Thijssen, Cable & Green, 2012; Al Suwaidi et al., 2000).  Furthermore, brachial artery FMD 

correlates strongly with coronary endothelial function (Takase et al., 2005) and has been 

shown to correlate inversely with CIMT in youth (Juonala et al., 2004).   

PA is an important determinant of health, associated with a range of physiological and 

psychological health benefits in youth and adulthood (DOH, 2011).  A number of recent 

systematic reviews have summarised the evidence relating PA and CM disease risk factors in 

youth (Ekelund et al., 2012; Andersen et al., 2011; Janssen & LeBlanc, 2010).  Andersen et al. 

(2011) concluded that PA can have beneficial effects on CVD risk factors in children, and an 

analysis of pooled data from 14 studies, including over 20,000 participants (aged 4 - 18 

years) described significant negative associations between MVPA and a range of CM 

outcomes, irrespective of SED (Ekelund et al., 2012).  Furthermore, evidence from the EYHS 

described increasing odds of being classified at clustered CM risk with each declining 

quintile of PA (Andersen et al., 2006).  Current guidelines for PA in youth recommend that 

children and young people should accrue a minimum of 60 minutes of MVPA every day 
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(DOH, 2011).  However, many studies suggest that the majority of children in the developed 

world fail to meet these recommendations (Griffiths et al., 2013; The Health and Social Care 

Information Centre, 2013; Ekelund et al., 2011). 

There is a growing body of evidence that links CRF to CM risk in children and adolescents 

(Houston et al., 2013; Bailey et al., 2012; Boddy et al., 2012; Anderssen et al., 2007).  CRF is 

a functional measure of the cardiorespiratory system and an independent predictor of CM 

morbidity in children (Earnest et al., 2013).  Levels of CRF in children have declined in recent 

years, independent of changes in body size and/or excessive adiposity (Bailey et al., 2012).  

Low levels of CRF may therefore be one of the first indicators for the development of CVD 

(Anderssen et al., 2011).  There is a significant body of evidence to support the fact that VPA 

is required to increase CRF in young people (DOH, 2011), and that the associations between 

CRF and CM risk are often stronger than those observed between PA and CM risk (Andersen 

et al., 2011).  Furthermore, relationships between CRF and PA in children are also weaker 

than may be expected (Kristensen et al., 2010).  These weak observed relationships may be 

due in part to PA being difficult to measure (Boddy et al., 2014).  Traditionally, studies with 

children have used self-report measures, such as interviews, diaries and questionnaires to 

assess PA.  However, the accuracy of self-report methods is affected by the ability of the 

respondent to accurately recall all relevant types, intensities and durations of PA 

retrospectively (Knuth & Hallal, 2009).  In studies with children, the accuracy of self-report 

PA data may be subject to measurement error due to socially desirable responses, poor 

recall and recall bias (Ekelund et al., 2011).  On the other hand, the use of objective methods 

of PA measurement (e.g. pedometers, accelerometry, GPS, HR telemetry) has substantially 

increased our ability to accurately assess PA and SB in youth (Ekelund et al., 2011).  In 

particular, accelerometry has led to an increase in PA measurement precision, and has 

become the most commonly used objective method for assessing free-living PA in children 

(Cain et al., 2013; Ekelund et al., 2011).  Accelerometers measure movement directly, which 

is critical in assessing the relationship between activity and health, and they have been used 

in a number of large-scale studies with children and adolescents (Ekelund et al., 2011).  

Accelerometer assessed PA and SB is therefore generally accepted as providing a reliable 

estimation of the volume and intensity of PA for children and young people.  Despite this, 

no consensus exists with regards to the handling and manipulation of accelerometer data, 
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including inclusion criteria (wear time duration in minutes, number of days and epoch 

length) and the cut-off points used to classify PA intensities (Ekelund et al., 2011; Ridgers & 

Fairclough, 2011).  The inconsistent use of intensity thresholds is a major issue when 

attempting to quantify the prevalence of sufficiently active youth from accelerometry 

(Ekelund et al., 2011).  Such decisions can also influence the likelihood of observing 

relationships between PA and a number of health outcomes in youth.  For example, Bailey 

et al. (2013) described differences in activity-health relationships depending on choice of 

activity cut-point, demonstrating the impact data treatment can have on the reported 

associations.  Researchers have proposed the use of individually calibrated approaches to 

attempt to improve the classification of children’s PA (Mackintosh et al., 2011; Stone et al., 

2009).  An individually calibrated approach to PA measurement addresses the controversy 

and lack of consensus within paediatric research surrounding selection of appropriate cut-

off points to define PA intensity in youth.  In this study, an individually calibrated approach 

to PA measurement was used to improve the classification of children’s PA, and to clarify 

the associations between PA and markers of CM risk in children.  Few studies have directly 

examined the associations between PA assessed using individual cut-points with both 

invasive and non-invasive markers of CM risk in youth. 

The aims of study 1 were therefore to investigate the relationships between invasive and 

non-invasive markers of CM risk, and to investigate the relationships between these CM risk 

markers, objectively measured PA and CRF and in a sample of healthy 10 - 11 year old 

children. 

Methods  

Data for this study were generated by the collaborative REACH Year 6 study based in LJMU, 

England, and UUJ, NI.  After gaining ethical approvals from local University and National 

Health Service (NHS) Research Ethics Committees (REC),  informed parental consent, 

participant assent and medical screening were obtained from 101 (n = 45 boys) 10 - 11.9 

year old children for all components of the study.  The data reported in this chapter relates 

to the combined LJMU and UUJ sample. 

In NI, recruitment took take place at primary schools in the greater Belfast area (n = 3).  

These schools had previously worked with the University and were therefore a convenience 
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sample.  Initial contact was made with the school principal.  Consent to initiate the research 

was given by the school principal, class teachers and school board of governors.  Parents 

were given information about the study during school-based parent-teacher evenings.  A 

researcher addressed parents during an assembly at the beginning of the evening, provided 

study-specific information leaflets, and was available thereafter to answer questions about 

the project.  Information about the study was given to pupils during classroom-based 

presentation and question and answer sessions.  Following this, each child was provided 

with an envelope containing an invitation letter, participant and parent/guardian 

information sheets, consent and assent forms, and a short health screening questionnaire.  

They were asked to take this home if they wished to take part in the study.  

Parents/guardians were required to complete the consent forms and to provide both their 

own, and their child’s signatures on all of the relevant documentation.  Parents and 

participants were assured of anonymity and informed that they were free to withdraw from 

the study at any time.   

 

Mutually convenient testing dates were agreed with the schools, and arrangements were 

made to transport pupils to and from the laboratories at the Sport and Exercise Science 

Research Institute (SESRI) at UUJ.  Children attended the laboratories in groups of 6 - 8 for 

one school day.  They arrived in a fasted state and brought packed lunches and school work.  

They were transported to the University at the beginning of the school day, and returned to 

school once testing has been completed, before the end of the school day.  On each journey 

they were accompanied by a school teacher or a classroom assistant (who assisted with 

supervision of the children during their time at the University).   

 

Outcome measures  

 

In both study locations, participants attended local University laboratories on one occasion.  

At the UUJ-based testing session, measurements of anthropometrics, body composition, 

CRF and questionnaire administration were undertaken by the one researcher 

(Cunningham).  In addition, a visiting researcher from the LJMU site (Hopkins) completed 

assessments of FMD and CIMT.  Detailed descriptions of each of the methods used can be 

found in the relevant sections of the General Methods (Chapter 3).  In addition to the 
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University-based testing session, participants also attended one school-based blood 

sampling morning.  Habitual patterns of PA were assessed in the field over a 7-day period. 

 

Blood sampling morning 

 

After verbal confirmation of overnight fast, samples were drawn from the vena antecubitus 

by an experienced paediatric nurse.  After giving a blood sample, children were provided 

with breakfast, and then returned to their usual school-timetable.  Samples (13ml) were 

taken between 8.30 - 10.30 am and were transported to the biochemistry laboratories at 

the Ulster Hospital for analysis.  Analysis assays were standardised between sites.  Insulin, 

glucose, TC, HDL-C, Tg, high sensitivity C-reactive protein (hs-CRP) and adiponectin were 

included in the analysis for this study.  HOMA-IR was calculated with the formula: [Glucose 

(mmol/min) x (µU/mL)]/22.5 (Matthews et al., 1985).  HOMA-IR is used regularly in studies 

with children and correlates strongly with the Hyperinsulinemic Euglycemic Clamp (HEC) 

method (r = 0.91) (Gungor et al., 2005), considered the gold standard assessment of IR in 

children and adults.  The HEC method is widely used in clinical settings to measure insulin 

action and glucose utilisation in humans (Kim, 2009) but is not appropriate for large scale 

research in children, as the procedure takes around 2 hours and requires venous infusion of 

insulin and glucose (Muniyappa et al., 2008).  

Anthropometric measurements  

Anthropometric measurements were completed during the morning of the University-based 

testing session.  Stature and sitting height were measured to the nearest 0.1 cm using a 

mobile stadiometer (SECA, Bodycare, Birmingham, UK).  Sitting height was subtracted from 

standing height to estimate leg length to the nearest 0.1 cm.  Body mass was measured to 

the nearest 0.1 kg using calibrated electronic scales (SECA, Bodycare, Birmingham, UK).  

Participants were asked to remove shoes and were tested in light (athletic) clothing.  BMI 

was calculated using the equation - body mass (kg) divided by squared height (m)2 (kg·m-2).  

WC was measured in a standing position, half way between the lower rib and the top of the 

iliac crest, at the end of a gentle expiration.  HC was measured in a standing position from 

the widest point around the hips and gluteals.  The mean of two assessments for WC and HC 

was retained for analysis.  Both measurements were assessed by using a non-elastic 
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measuring tape, with an accuracy of 0.1 cm, by one researcher.  Somatic maturity was 

estimated using the sex-specific regression equations by determining YPHV (Mirwald et al., 

2002). 

Assessment of body composition by dual energy x-ray absorptiometry 

Body composition was assessed with a fan beam total body DEXA scan (Lunar iDXA, GE 

Medical Systems, Madison, WI, USA).  Participants were measured in a supine position in 

lightweight clothing (without metal zips or attachments) and without footwear.  All scans 

were completed by the same qualified researcher and were analysed using paediatric 

software (Lunar iDXA, enCORE 2008, Version 12.30.008).  All scans were completed in 

accordance with SOP following daily calibration and quality control checks.  Total fat mass 

(kg FM), lean tissue mass (kg LM), relative body fat (BF%), BMC (g BMC) and BMD (g/cm3 

BMD) were assessed from the total body scan. 

Assessment of cardio-respiratory fitness (VO2peak) 

Participants completed a continuous incremental treadmill test to determine VO2peak (HP-

Cosmos Pulsar, Germany).  All tests were conducted by the same investigator under 

ambient conditions using a breath-by-breath online gas analysis system (COSMED Quark, 

Italy).  All participants wore an accelerometer on the right hip (Actigraph GT3X, ActiGraph 

LLC, Pensacola, FL, USA) and a HR monitor (Polar, Kempele, Finland) throughout the test.  To 

account for differences in biological age and limb length, VO2peak test speeds were 

individually calibrated by anchoring treadmill speeds to set Fr numbers.  Dynamic similarity 

theory implies that optimal walking speed will be a Fr number of 0.25, and the transition 

from walk to run will occur close to a Fr number of 0.5, regardless of differences in body size 

(Minetti, 2001).  Treadmill speeds were calculated individually using the equation: Fr = v2 · (g 

· l)-2 [where ‘v’ is speed of movement (m · sec-1), ‘g’ is gravity, and ‘l’ is leg length (m)].  

The treadmill protocol required participants to complete 2 minute stages, beginning with a 

walking speed equivalent to Fr 0.25.  The speed was increased to the equivalent of Fr 0.5 

(walk/run transition) and each additional stage was determined by the difference in the 

speed for stages one and two (~2km/hr), until participants reached volitional fatigue.  Peak 

VO2 was determined as the highest 15 second averaged O2 uptake achieved during the test, 
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when participants exhibited subjective indicators of peak effort, that were confirmed by a 

RER ≥1.05 and/or HR  ≥199 beats/min-1.   

Blood pressure assessment  

After 15 minutes rest in a supine position, BP was measured on the left arm using an 

automated BP monitor (Omron Healthcare UK Limited, Milton Keynes, UK).  Measurements 

were excluded if the differed by ≥5 mm Hg.  The mean of two suitable assessments was 

retained for analysis.   

Flow mediated dilation 

Brachial artery internal diameter was measured using high-resolution ultrasonography with 

a 10 - 12 MHz probe (Terason t3000, Aloka, London, UK).  Two-dimensional B-mode images 

were obtained to visualise the brachial artery in longitudinal section in the distal third of the 

upper arm.  Ultrasonic variables were set to optimise longitudinal images of the luminal-

arterial wall interface, with the focal zone set to the near wall.  Once set, these variables 

remained constant throughout the session, and the probe was held in a constant position.  

NO-mediated endothelial function was assessed by measuring FMD in response to a 5 

minute ischaemic stimulus, induced by forearm cuff inflation.  A one minute baseline 

measurement was taken before inflation.  A pneumatic rapid cuff inflator (Hokanson, 

Bellevue, Washington, USA) was placed around the forearm, distal to the humeral 

epicondyles, and the cuff was inflated to 220 mm Hg for 5 minutes.  Recording continued for 

a period of 3 minutes after cuff deflation (Black et al., 2008).   

Post-test analysis of brachial artery diameter and FMD was performed with the use of 

custom edge detection and wall tracking software package, the validity and reproducibility 

of which have been previously demonstrated (Woodman et al., 2001).  An optimal region of 

interest was selected from the first B-mode image on the basis of quality of the image and 

discrimination between the intima/lumen.  All preceding analysis was carried out without 

investigator input. 
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Carotid intima media thickness 

CIMT was measured using a portable ultrasound in vascular mode (Terason t3000, Aloka, 

London, UK).  Participants rested in a supine position with their neck slightly extended.  A 

ten millimetre segment of the far wall of the common carotid artery (1 - 2 cm proximal to 

the carotid bulb) was imaged using a 10 - 15 MHz linear transducer.  Images were analysed 

offline (IMT. Lab V 2.0, Pie Medical Equipment, Netherlands).  This software provided mean 

values for CIMT by measuring the lumen-intima and media adventitia. 

Physical activity measurement  

Habitual PA was measured objectively with tri-axial accelerometers, (ActiGraph GT3X, MTI 

Health Services, Pensacola, FL, USA), which were distributed to participants in school, and 

worn on the right hip for seven consecutive days using a 5 second epoch of data collection.  

In the LJMU sample, minimum wear time for inclusion in data analysis was initially classified 

as ≥9 hours of registered time for ≥3 days (Mattocks et al., 2008).  To maintain consistency 

between the samples this classification of minimum wear-time was also adopted for the UUJ 

sample in Study 1.  Sustained ≥20 minute periods of consecutive zero counts were removed 

from the analysis of daily wear time (Catellier et al., 2005).  As large individual differences 

exist in counts at different activity intensities (Rowlands, 2007) data were analysed using 

individually calibrated thresholds.  These thresholds were generated from accelerometer 

data collected during the CRF treadmill protocol.  A threshold of ≤100 CPM (Trueth et al., 

2004) was implemented to denote SED in the analysis.  Time spent per valid day in SED, 

MPA, and VPA was calculated for each individual.   

Statistical analyses 

Data were initially explored for normality (separated by gender) using the Kolmogorov-

Smirnov test.  The following variables were not normally distributed (p <.05): WC, BMI, BF%, 

FM, dBP, CRP, Glucose, Insulin, MPA and MVPA in both boys and girls.  In addition, TC: HDL-

C was not normally distributed in boys, and sBP, HDL-C and VPA was not normally 

distributed in girls.  Independent samples t-tests was used to assess gender differences.  For 

the parametric measures, Pearson’s correlation coefficients, controlling for adiposity, were 

completed separately by gender.  For the non-parametric variables, Spearman’s rank 
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correlations were performed separately by gender, controlling for adiposity and somatic 

maturity.  All analyses were conducted using SPSS V.20 (SPSS Inc., Chicago, IL. USA).   

Results  

Untransformed means (SD), medians (Interquartile Range (IQR)) and participant numbers 

(n) can be viewed for boys and girls in Table 1.  The different participant numbers (n) across 

risk components, measures of body composition, CRF and PA assessment reflect data that 

were removed from the analyses if specific measurement criteria were not met at the time 

of testing.  For example, participants data were removed from analysis if they failed to 

provide valid PA data (e.g. ≤9 hours of registered time for ≤3 days), failed to meet criteria 

for VO2peak, or if data were deemed unusable in the analysis (BP, FMD%, CIMT, DEXA, 

blood biomarker data).  Girls were more mature, had higher HC, BMI, fat mass (kg) and total 

body fat percentage (BF%) than boys.  Girls also had higher CRP, insulin, HOMA-IR, Tg levels, 

and TC: HDL-C ratio than boys.  Boys had higher VO2peak and recorded more minutes of 

daily MVPA than girls.  Of those that had valid PA data, 22% of girls and 30% of boys met 

current recommended PA guidelines of 60 minutes of daily MVPA.  82% of boys were 

classified as normal weight and 13% were classified as overweight or obese.  55% of girls 

were classified as normal weight and 38% were classified as overweight or obese (Cole et 

al., 2000).   

 

 

 

 

 

 

 

 

 



 

93 
 

Table 1:  Untransformed means (SD), medians (IQR), participant numbers (n) and T-test p-

values for the risk components, body composition, cardiorespiratory fitness and physical 

activity data by sex 

 
Variable 

Boys Girls  
P Value Mean/ 

Median 
SD/ 
IQR 

n Mean/ 
Median 

SD/ 
IQR 

n 

Age (years) 10.49 0.62 45 10.54 0.73 56 P = 0.72 

YPHV (years) -2.58 0.75 45 -0.90 0.71 56 P < 0.01* 

Waist Circumference (cm) 62.00 7.65 45 63.20 14.75 56 P = 0.12 

Hip Circumference (cm) 74.22 6.62 45 78.15 9.11 56 P = 0.02* 

BMI kg·m-2 17.57 2.58 45 18.16 5.38 56 P = 0.02* 

Total body fat (%)  23.00 10.80 43 28.60 9.88 54 P < 0.01* 

Lean mass (Kg) 27.97 4.12 43 27.48 5.67 54 P = 0.64 

Fat mass (Kg) 8.56 4.69 43 10.96 8.69 54 P < 0.01 

BMC (g) 1333.90 153.95 43 1311.52 247.29 54 P = 0.61 

BMD (g/cm2) 0.87 0.06 43 0.86 0.08 54 P = 0.57 

VO2peak (ml/kg/min) 47.34 9.94 43 40.95 8.69 53 P < 0.01$ 

SBP (mmHg) 104.32 12.25 44 100.00 16.50 53 P = 0.55 

DBP (mmHg) 63.00 7.50 44 62.00 8.50 53 P = 0.86 

FMD (%) 7.78 3.36 39 8.32 4.06 45 P = 0.51 

CIMT 0.49 0.06 37 0.49 0.09 47 P = 0.85 

CRP (mg/L) 0.29 0.29 42 0.34 0.85 53 P = 0.02* 

Triglycerides  (mmol/L) 0.62 0.20 42 0.80 0.29 53 P < 0.01* 

Cholesterol (mmol/L) 4.07 0.65 42 4.24 0.59 53 P = 0.21 

HDL-C (mmol/L) 1.56 0.29 42 1.40 0.55 53 P = 0.29 

TC:HDL-C 2.62 0.57 42 3.02 0.72 53 P = 0.01* 

Glucose (mmol/L) 4.60 0.30 42 4.60 0.45 53 P = 0.32 

HOMA-IR 4.70 8.22 42 9.03 12.43 53 P < 0.01* 

Adiponectin (µG/L) 10.83 5.08 42 11.16 6.28 53 P = 0.97 

Insulin (µU/mL) 3.20 4.15 42 6.92 8.82 53 P < 0.01* 

Sedentary time (minutes) 494.06 77.99 39 519.92 58.61 51 P = 0.08 

MPA Fr ≥0.25-0.49 (minutes) 47.63 29.69 39 35.10 20.92 51 P = 0.09 

VPA Fr ≥0.5 (minutes) 12.05 7.31 39 7.70 10.59 51 P = 0.07 

MVPA Fr ≥0.25 (minutes) 51.20 42.50 39 47.40 23.63 51 P = 0.03$ 

Wear time (minutes) 777.82 67.43 39 771.90 51.83 51 P = 0.63 

* boys < girls, $ boys > girls.  Emboldened numbers in italics represent median (IQR) for non-normally 

distributed data
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Correlations between invasive and non-invasive markers of cardiometabolic risk  

 

Table 2 displays correlations between invasive and non-invasive markers of CM risk in both 

boys and girls after controlling for somatic maturity.  Correlation descriptors are based on 

those reported by Cohen (1988): <0.1 = very weak, 0.1 - 0.3 = weak, 0.3 - 0.5 = moderate, 

≥0.5 = strong.  CRP had a moderate positive correlation with BF% in both boys and girls.  

Adiponectin had a moderate negative correlation with BF% in both boys and girls after 

controlling for somatic maturity.  HOMA-IR had a moderate positive correlation with BF% in 

boys after controlling for somatic maturity. 

Table 2: Pearson’s r and Spearman’s Rho correlations between invasive and non-invasive 

cardiometabolic risk markers 

   * p <.05   ** p <.01    

Variable Total body fat (%) 
 

Flow Mediated 
Dilation 

Carotid Intima-
Media Thickness 

 
 

C-reactive protein 
 

  
Boys 

 

 
Rho = 0.47** 

n = 39 

 
Rho = - 0.11 

n = 36 

 
Rho = 0.01 

n = 35 

 
Girls 

 

 
Rho =  0.46** 

n = 51 

 
Rho = - 0.28 

n = 45 

 
Rho = -0.01 

n = 47 

 
 

Adiponectin 
 

  
Boys 

 

 
Rho = - 0.36* 

n = 39 

 
r  = - 0.04 

n = 36 

 
r = - 0.17 

n = 35 

 
Girls 

 

 
Rho = - 0.30* 

n = 51 

 
r  = 0.03 
n = 45 

 
r = 0.22 
n = 47 

 
 

Triglyceride 

  
Boys 

 

 
Rho = 0.21 

n = 41 

 
r  = 0.28 
n = 36 

 
r = 0.17 
n = 35 

 
Girls 

 

 
Rho = 0.19 

n = 53 

 
r = - 0.06 

n = 45 

 
r = 0.02 
n = 47 

 
Homeostasis Model 
Assessment Insulin 

Resistance (HOMA-IR) 

  
Boys 

 

 
Rho = 0.44** 

n = 39 

 
Rho = 0.23 

n = 36 

 
Rho = 0.19  

n = 35 

 
Girls 

 

 
Rho = 0.23 

n = 53 

 
Rho = 0.17 

n = 45 

 
Rho = 0.16 

n = 47 

 
Total Cholesterol : High-

Density Lipoprotein 
Cholesterol 
(TC:HDL-C) 

  
Boys 

 

 
Rho = 0.14 

n = 41 

 
Rho = - 0.01 

n = 36 

 
Rho  = 0.03 

n = 35 

 
Girls 

 

 
Rho = 0.13 

n = 53 

 
Rho = - 0.11 

n = 45 

 
Rho = 0.12 

n = 47 
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Correlations between cardio-respiratory fitness, physical activity, sedentary time and 

markers of cardiometabolic risk 

 

Table 3 displays correlations between CRF, MVPA, VPA, SED and markers of CM risk in both 

boys and girls.  CRF had a moderate negative correlation with CRP in boys after controlling 

for adiposity, and a strong negative correlation with BF% in both boys and girls.  MVPA had a 

strong negative correlation with BF% in boys, and a weak negative correlation with BF% in 

girls.  Vigorous PA had a strong negative correlation with TC: HDL-C in girls after controlling 

for adiposity.  SED had a moderate positive correlation with BF% in boys.  

 

Other significant correlations 

CRF had a strong positive correlation with MVPA in boys (Rho = 0.63, p <.001, n = 37), and a 

moderate positive correlation with MVPA in girls (Rho = 0.36, p = .012, n = 48).  CRF had a 

moderate negative correlation with SED in boys (Rho = - 0.47, p = .004, n = 37), and a 

moderate negative correlation with BMI in girls (Rho = - 0.38, p = .005, n = 56). CRF had a 

moderate negative correlation with fat mass in both boys (Rho = - 0.34, p = .030, n = 41) and 

girls (Rho = - 0.46, p = .001, n = 51).  Volume of MVPA had a moderate negative correlation 

with fat mass in boys (Rho = - 0.39, p = .018, n = 37).  MPA had a moderate negative 

correlation with BF% in girls (Rho = - 0.31, p = .030, n = 50), and a strong negative 

correlation with BF% in boys (Rho = -0.52, p = .001, n = 37).  Adiponectin had a moderate 

negative correlation with fat mass in boys (Rho = - 0.39, p = .011, n = 41), and a weak 

negative correlation with fat mass in girls (Rho = - 0.29, p = .038, n = 53).  Adiponectin had a 

moderate positive correlation with HDL-C in boys (Rho = 0.39, p = .011, n = 42).  TC: HDL-C 

had a moderate positive correlation with fat mass in girls (Rho = 0.30, p = .029, n = 53).  CRP 

had a moderate positive correlation with fat mass in both boys (Rho = 0.31, p = .050, n = 41) 

and girls (Rho = 0.33, p = .016, n = 53).  CRP had a moderate positive correlation with TC: 

HDL-C (Rho = 0.33, p = .033, n = 42) and HOMA-IR (Rho = 0.41, p = .008, n = 42) in boys.  Tg 

had a strong positive correlation with TC: HDL-C in girls (Rho = 0.51, p <.001, n = 53). 

 

 



 

96 
 

Table 3: Correlations between cardiometabolic risk markers and cardiorespiratory fitness, 

moderate to vigorous physical activity, vigorous physical activity and sedentary time 

 

* p <.05   ** p <.01    

 
Variable 

 
VO2peak 

 
MVPA 

 

 
VPA 

 

 
Sedentary time 

 
 

C-reactive 
protein 

 

 
Boys 

 

 
Rho = - 0.33* 

n = 36 

 
Rho = - 0.19 

n = 36 

 
Rho = 0.17 

n = 36 

 
Rho = 0.19 

n = 36 
 

Girls 
 

 
Rho = - 0.08 

n = 47 

 
Rho = - 0.20 

n = 49 

 
Rho = 0.06  

n = 49 

 
Rho = 0.17 

n = 49 

 
 

Adiponectin 
 

 
Boys 

 

 
r = 0.29 
n = 40 

 
Rho = 0.25 

n = 36 

 
r = - 0.06 

n = 36 

 
r = - 0.05 

n = 36 
 

Girls 
 

 
r = 0.22 
n = 47 

 
Rho = 0.12 

n = 49 

 
r = - 0.18 

n = 49 

 
Rho = - 0.07 

n = 49 

 
 

Triglyceride 

 
Boys 

 

 
r = - 0.06 

n = 40 

 
Rho = - 0.05 

n = 36 

 
r = 0.13 
n = 36 

 
r = 0.12 
n = 36 

 
Girls 

 

 
r = - 0.06 

n = 50 

 
Rho = - 0.14 

n = 49 

 
r = - 0.21 

n = 49 

 
Rho = - 0.16 

n = 49 

Homeostasis 
Model 

Assessment 
Insulin Resistance  

(HOMA-IR) 

 
Boys 

 

 
Rho = - 0.26 

n = 36 

 
Rho = - 0.25 

n = 36 

 
Rho =  0.16 

n = 36 

 
Rho = 0.28 

n = 36 
 

Girls 
 

 
Rho = - 0.05 

n = 50 

 
Rho = - 0.07 

n = 49 

 
Rho = - 0.10 

n = 49 

 
Rho = 0.09 

n = 49 

Total Cholesterol : 
High-Density 
Lipoprotein 
Cholesterol 
(TC : HDL-C) 

 
Boys 

 

 
Rho = 0.06 

n = 40 

 
Rho = 0.13 

n = 36 

 
Rho = - 0.04 

n = 36 

 
Rho = - 0.09 

n = 36 
 

Girls 
 

 
Rho = 0.25 

n = 50 

 
Rho = 0.03 

n = 49 

 
Rho = - 0.51** 

n = 46 

 
Rho = - 0.25 

n = 49 

 
 

Total body fat 
(%) 

 

 
Boys 

 

 
Rho = - 0.65** 

n = 41 

 
Rho = - 0.56** 

n = 37 

 
Rho = - 0.05 

n = 37 

 
Rho = 0.49** 

n = 37 
 

Girls 
 

 
Rho = - 0.62** 

n = 51 

 
Rho = - 0.28* 

n = 50 

 
Rho = - 0.08 

n = 50 

 
Rho = 0.19 

n = 50 

 
Flow mediated 
Dilation (FMD) 

(%) 
 

 
Boys 

 

 
r = 0.04 
n = 37 

 
Rho = - 0.02 

n = 34 

 
r = 0.14 
n = 34 

 
r = 0.14 
n = 34 

 
Girls 

 

 
r = 0.02 
n = 43 

 
Rho = - 0.06 

n = 41 

 
r = 0.01 
n = 41 

 
Rho = 0.20 

n = 41 

 
Carotid Intima-

Media Thickness 
(CIMT)  

 

 
Boys 

 

 
r = - 0.02 

n = 36 

 
Rho = - 0.17 

n = 32 

 
r = 0.004 

n = 32 

 
r = 0.19 
n = 32 

 
Girls 

 

 
Rho = - 0.003 

n = 44 

 
Rho = 0.12 

n = 43 

 
Rho = - 0.18 

n = 43 

 
Rho = - 0.16 

n = 43 
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Discussion 

Few studies have investigated the relationships between invasive markers (both 

inflammatory and metabolic) and non-invasive ‘pre-clinical’ markers of CM risk in a sample 

of healthy children.  This study therefore aimed to investigate the relationships between 

invasive and non-invasive markers of CM risk, and also sought to examine the relationships 

between these CM risk markers, CRF, and an individually calibrated approach to PA 

measurement. 

Physical activity, cardiorespiratory fitness and invasive markers of cardiometabolic risk 

C- reactive protein 

Boys in this study had significantly higher CRF levels, and recorded significantly more 

minutes of daily MVPA than girls (Table 1).  Boys also had significantly lower levels of CRP 

than girls.  There was a moderate negative correlation between CRF and CRP in boys after 

controlling for adiposity.  In girls, a weak negative correlation between CRF and CRP was no 

longer significant after controlling for adiposity.  Isasi et al. (2003) reported a similar 

negative correlation (r = - 0.32) between CRF and CRP in 3 - 17 year old boys, but not girls in 

the Columbia University BioMarkers Study.  Ruiz et al. (2007) examined the associations of 

low grade inflammation with objectively measured PA (accelerometry), CRF and adiposity in 

Swedish children who participated in the EYHS (n = 142 (74 boys), mean age, 9.5 ± 0.4 

years).  They found that CRP was significantly and inversely related to absolute VO2peak 

measured by a maximum cycle ergometer test.  However, the association was removed 

after controlling for adiposity.  In the same study, CRP was not associated with either total 

PA or variables of PA intensity (MPA, VPA or MVPA) (Ruiz et al., 2007).  In this study, there 

were no significant correlations between MVPA or VPA and CRP in either boys or girls (Table 

3).  Much of the current literature indicates that adiposity has the greatest impact on CRP 

concentration in youth, and that the relationship between PA, CRF and CRP is often 

mediated by body fatness (Thomas et al., 2008; Ruiz et al., 2007).  Adipose tissue is known 

to be a direct source of pro-inflammatory cytokines (e.g. IL-6 and TNF-α), and CRP is 

secreted in greater concentrations from the liver in response to an increase in circulating 

inflammatory cytokines (Lago et al., 2009).  This study demonstrated a moderate positive 

correlation between CRP and BF% in both boys and girls after controlling for somatic 
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maturity (Table 2).  These findings are consistent with the results of a cross-sectional study 

of Welsh school children (n = 164 (75 boys), mean age, 12.9 ± 0.3 years) where CRP 

concentrations were significantly associated with adiposity assessed by BMI and WC 

(Thomas et al., 2008), and a study which examined the relative associations of CRF, PA, and 

adiposity to CRP concentrations in American children (n = 45 (26 boys), mean age, 9.4 ± 1.6 

years) where adiposity (BF% from DEXA) was positively related to serum concentrations of 

CRP (Parrett et al., 2010).   

   

In adults, there is evidence that CRP concentrations decrease progressively with increasing 

levels of PA, often independent of adiposity (Albert et al., 2004).  However, studies assessing 

the effects of PA on CRP concentrations in children are sparse, findings are inconsistent 

(Thomas et al., 2008; Parrett et al., 2010), and differing methodologies used to assess PA 

and CRF make direct comparisons between studies difficult.  For example, Thomas et al. 

(2008) reported that in Welsh school children (n = 164 (75 boys), mean age, 12.9 ± 0.3 

years), boys had significantly higher aerobic fitness (measured by 20 metre Shuttle Run Test 

(SRT)) and recorded significantly more minutes of vigorous level activity (assessed using a 7 

day recall PA questionnaire) compared to girls.  Among boys and girls, adiposity (assessed by 

BMI and WC) was significantly associated with CRP.  CRP was not significantly related to any 

other variable (Thomas et al., 2008).  On the other hand, Parrett et al. (2010) examined the 

relative associations of objectively measured PA (pedometers), CRF (assessed through a 

graded treadmill exercise test to VO2peak) and adiposity (BF% from DEXA) in American 

children (n = 46 (24 males), mean age, 9.4 ± 1.7 years).  Adiposity was positively related to 

CRP, independent of effects of PA or CRF.  Significant relations between CRF and CRP were 

eliminated after controlling for adiposity.  After controlling for BMI, the inverse association 

between PA and CRP was no longer significant, however, the relationship remained 

significant after controlling for BF% (Parrett et al., 2010).   

 

The underlying mechanisms for the associations between PA, CRF and CRP as a component 

of CM risk in youth are speculative (Thomas et al., 2008).  In the EYHS cohort, PA and CRF 

were separately and independently associated with both individual and clustered metabolic 

risk factors in children (Ekelund et al., 2007).  The association between CRF and clustered 

risk was partly mediated by adiposity, whereas the association between PA and clustered 
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risk was independent of adiposity, suggesting that CRF and PA affect metabolic risk through 

different pathways (Ekelund et al., 2007).  There is emerging evidence in adults, that 

autonomic nervous system function is correlated to CRP levels.  Increases in CRF are related 

to improved autonomic function, so it has been hypothesized that the association between 

high CRF and low CRP levels is affected by autonomic nervous system function (Jae et al., 

2009).  To test this hypothesis, Jae et al. (2009) used an index of resting heart rate (RHR)/ 

heart rate recovery (HRR) after exercise, for the assessment of integrative autonomic 

nervous system function in middle-aged men (n = 2,456, mean age, 57 ± 5 years).  CRF 

(assessed through a graded treadmill exercise test to VO2peak) was significantly correlated 

with CRP, and RHR/HRR, while RHR/HRR was significantly correlated with CRP.  In 

multivariable linear regression models that adjusted for age, BMI, smoking, disease status, 

medications, lipid profiles, glucose, and sBP, CRF was inversely associated with CRP.  

However, this relationship was no longer significant after adjusting for RHR/HRR.  These 

results suggest that autonomic nervous system function significantly affects the relationship 

between CRF and inflammation in middle-aged men, possibly via the cholinergic anti-

inflammatory pathway (Jae et al., 2009), which is responsible for the regulation of innate 

immune response in controlling inflammation.  Further research is required to examine the 

extent to which this relationship exists in paediatric populations. 

 

Homeostasis Model Assessment of Insulin Resistance  

In this study, HOMA-IR initially had a strong negative correlation with CRF in boys.  However, 

this relationship was no longer significant after controlling for adiposity.  Cross-sectional 

studies examining the relationship between CRF and IR in children have reported conflicting 

results (Henderson et al., 2012).  Some studies have shown CRF to be independently 

associated with IR after controlling for adiposity (Ruiz et al., 2007; Kasa-Vubu et al., 2005), 

which suggests that the negative impact of adiposity on IS may be counteracted by an 

increase in CRF (Ruiz et al., 2007).  However, a number of studies support the finding of this 

cross-sectional study, which reports that the association between CRF and IR in children is 

mediated by adiposity (Lee et al., 2006; Ball et al., 2004).  Inconsistencies in findings across 

studies may be due to differing methodologies.  For example, Lee et al. (2006) and Ball et al. 
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(2004) both assessed CRF by VO2max and adiposity by DEXA, whereas Ruiz et al. (2007) 

assessed CRF by VO2max and adiposity by the sum of 5 skinfolds.  

In this study HOMA-IR had a moderate positive correlation with BF% in boys, after 

controlling for somatic maturity.  Obese children have been shown to be more insulin 

resistant and hyperinsulinanaemic in comparison to lean peers (Libman et al., 2003).  

Moreover, visceral fat is positively correlated with insulinaemia and negatively correlated 

with IS (Arslanian, 2002).  Obese children have also been shown to present with increased IR 

and elevated CRP concentrations when compared to lean controls (Kurtoglu et al., 2012).  

This study demonstrated a moderate positive correlation between HOMA-IR and CRP in 

boys.  The mechanisms responsible for the association between IR and elevated CRP 

concentrations in youth are not yet fully understood (Kamal & Ragy, 2010).  Increasing 

adiposity appears to promote abnormalities in glucose metabolism that precede the 

development of IR (Atabek et al., 2007).  It is possible that increased oxidative stress to 

adipocytes causes dysregulated expression of inflammation-related adipocytokines (Otani, 

2011).  Their sustained release acts as a stimulus for CRP synthesis in the liver (Warnberg et 

al., 2004), and the chronic inflammatory state that ensues contributes to IR (Weisberg et al., 

2003).  

In adults there is evidence that PA effectively improves IS, often independent of adiposity 

(Berman et al., 2012).  PA promotes IS through enhanced cellular insulin signalling, and by 

increasing the numbers of glucose transporter type 4 (GLUT-4) proteins (responsible for 

intracellular transport of glucose) (Goodyear et al., 1998).  PA also enhances IS by increasing 

muscle mass (specifically, insulin-sensitive muscle fibres) and capillary recruitment and 

proliferation (Goodyear et al., 1998; Honig et al., 1980).  A recent review of PA and IS in 

children and adolescents reported that the majority of included studies (78%) found 

significant relationships between IS and PA.  However, studies in the review had a diverse 

range of sample sizes (from 14 to 4,955 participants), participant ages (from 5 to 19 years) 

and included both objective and self-report measures of PA (Berman et al., 2012).  This 

study did not demonstrate significant associations between MVPA and HOMA-IR in either 

boys or girls (Table 3).   



 

101 
 

A growing body of evidence suggests that the amount of time children and young people 

spend engaging in SB may be associated with increased CM disease risk, independent of 

other factors such as PA and adiposity (LeBlanc et al., 2012; Trembley et al., 2011; Carson & 

Janssen, 2011; Goldfield et al., 2011; Ekelund et al., 2006).  In this study HOMA-IR initially 

had a moderate positive correlation with SED in boys.  However, this relationship was no 

longer significant after controlling for adiposity (Table 3).  This is in contrast to the findings 

of a cross-sectional study of 10th grade pupils (n = 496 (288 boys), mean age, 15.4 ± 0.4) in 

Australia, where, after controlling for maturity, adiposity, diet and endurance, >2h of screen 

time on weekdays doubled the risk of IR (measured by HOMA-IR) among boys (compared to 

those that had <2h of screen time), but not girls (Hardy et al., 2010).  A study examining the 

association between lifestyle and CM risk indicators in Norwegian children (n = 86, aged 7 - 

13 years) also found that screen time was significantly and positively associated with 

increased IR (measured by HOMA-IR) in both boys and girl, independent of PA levels and 

after controlling for weight status (Danielsen et al., 2011).  It is worthy of note however, that 

in both of these studies, SB was assessed with a self-report measure of screen time, 

whereas in this study SB was measured objectively using accelerometry. 

Adiponectin 

The findings of this study advance previous observations within the literature by 

demonstrating a moderate negative correlation between adiponectin and BF% in both boys 

and girls after controlling for somatic maturity.  In children, concentrations of adiponectin 

have been shown to correlate inversely with BMI and fat mass (Tam et al., 2010; Valle et al., 

2005; Bacha et al., 2004; Nemet et al., 2003).  In adults, low levels of adiponectin are 

predictive of CVD related events (Matsuda et al., 2013) and type 2 diabetes (Li et al., 2009).  

Adiponectin is an adipocytokine that is exclusively secreted by adipose tissue (Buchan et al., 

2012).  It circulates at relatively high levels in the bloodstream compared to other 

adipokines (i.e. IL - 6, TNF-α).  Its role as a protective adipokine (with anti-inflammatory and 

antiatherogenic properties) is suggested by low levels in states of IR, type 2 diabetes, and in 

patients with CVD (Weyer et al., 2001).  Adiponectin increases glucose uptake and FFA 

oxidation in skeletal muscle by activating adenosine monophosphate (AMP) activated 

protein kinase (Yamauchi et al., 2002).  It increases IS, improves glucose tolerance and 

inhibits inflammation (Jeffrey et al., 2008).  It is associated with decreased IR in young 
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people and adults (Rubin et al., 2008) and independently decreases CRP concentrations 

through the dose-dependent reciprocal inhibition of TNF-α (Buchan et al., 2012).  In this 

study, the relationship between adiponectin and HOMA-IR approached statistical 

significance in boys.  In children, adiponectin concentrations have been shown to correlate 

inversely with Tg and positively with HDL levels (Nemet et al., 2003; Yang et al., 2002).  In 

this study, adiponectin had a moderate positive correlation with HDL-C in boys but not girls, 

and the relationships between adiponectin and Tg in boys and girls were not significant.  

In this study, there were no significant relationships between adiponectin levels and MVPA, 

VPA or CRF in either boys or girls (Table 3).  Similar findings were reported in a study of non-

obese (<95th percentile for BMI) American children (n = 75, aged 11 – 14 years) where low 

CRF (assessed by VO2max) and high body fat (BMI) were both associated with inflammation 

(CRP), but there were no significant correlations for adiponectin (McVean et al., 2009).  In 

contrast, Nemet et al. (2003) report that CRF (assessed by VO2peak) was negatively 

correlated with adiponectin levels (r = - 0.47) in American children (n = 30, mean age, 12.7 ± 

0.1 years).  However, they did not control for adiposity.  Finally (and paradoxically), CRF 

(assessed by 20m SRT) and muscular fitness (MF) (assessed by handgrip strength and 

standing broad jump) were inversely associated with adiponectin and leptin in a cross-

sectional study of Spanish children and adolescents (n = 198 (102 males), aged 13 - 17 

years).  There were no significant associations between PA (measured by accelerometry) 

and adiponectin (Martinez-Gomez et al., 2010).  Cross-sectional studies with ‘healthy’ 

(normal weight) children whose biomarkers (such as adiponectin) are normal or ‘optimal’ 

rarely demonstrate associations with PA.  PA and exercise act to ‘normalise’ our 

biochemistry and physiology, so it is unlikely to see a change in experimental and 

observational research designs which use healthy participants at baseline.  That being said, a 

number of studies have reported that high levels of habitual PA are associated with an 

increase in adiponectin levels in children (Emken et al., 2010; Rubin et al., 2008), but these 

studies used self-report measures of PA, which are known to carry an unacceptable level of 

error in terms of quantifying PA in youth (Armstrong et al., 2011; Ekelund et al., 2011).  A 

recent narrative review reports that, in general, habitual levels of PA have not been shown 

to impact on adiponectin levels in children, and the results of exercise interventions on 

adiponectin concentrations in children are equivocal (McMurray & Ondrak, 2013).  The 
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inconsistent associations reported in the literature between PA/exercise interventions and 

adiponectin concentrations in youth are most likely due to the differing populations used 

(i.e. overweight/obese vs normal weight) and the different methodologies adopted. 

Metabolic markers of risk  

The present study demonstrated a weak positive correlation with fat mass and TC: HDL-C in 

girls.  This finding is consistent with other studies. For example, in the Young Hearts Project 

(a study of CHD risk factors in a sample of young people in NI), TC: HDL-C was significantly 

correlated with fatness (sum of four-skin folds) in both boys and girls aged 12 and 15 years 

(n = 1015) (Boreham et al., 2002).  A similar correlation was also reported in a cross-

sectional study of Portuguese children (n = 159, (72 boys) mean age, 13.2 ± 1.6 years) 

(Teixeira et al., 2001).  High levels of adiposity (≥75th percentile for age- and sex-specific cut-

off points for BF%) were significantly associated with the prevalence of adverse TC, HDL-C, 

LDL-C and Tg in American youths (n = 7821, aged 8 -19 years) who participated in the 

NHANES study (Lamb et al., 2011).  In a representative sample of Brazilian children and 

adolescents (n = 874, aged 6 - 19 years) a high prevalence of dyslipidaemia was found in 

overweight and obese adolescents and high levels of LDL-C were common in children and 

adolescents with total- and central adiposity.  This relationship was most pronounced in the 

youngest participants with BMI values >85th percentile.  The highest rates of dyslipidaemia 

were evident in 6 - 9 (65%) and 10 - 12 (51%) year old children (Ribas & daSilva, 2012). 

This study also demonstrated a strong positive correlation between TC: HDL-C and Tg levels 

in girls.  While triglyceridemia is not considered a risk factor for coronary disease, an excess 

of Tg may be associated with reduced HDL-C concentrations and increased production of 

the more atherogenic, dense particles of LDL-C (McBride, 2008).  Evidence suggests that IR, 

in both children and adults, plays a major role in the development of dyslipidaemia in 

individuals with normal as well as impaired glucose tolerance (Steinberger & Daniels, 2003).  

Insulin is important for the inhibition of lipolysis in adipose tissue (Girousse et al., 2013).  IR 

on the other hand, causes an increase in lipolysis of stored Tg molecules, due to the 

decreased insulin action on lipoprotein lipase (Guilherme et al., 2008).  This increases FFA 

levels in the plasma, increases lipid exchange between lipoproteins, and FA uptake by the 

liver (where they are transformed to Tg).  Elevated Tg levels in the liver stimulate the 
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synthesis and secretion of apolipoprotein B and VLDL-C, which in turn lead to elevated 

plasma TC, Tg and Tg rich lipoproteins (VLDL-C remnants and small dense LDL) (Van de 

Woestijne et al., 2011; Adiels et al., 2008).  In this study there were no significant 

associations between HOMA-IR and TC: HDL-C in boys or girls, or between HOMA-IR and Tg 

in boys or girls. 

In this study, there was a strong negative correlation between MVPA and BF% in boys and a 

weak negative correlation between MVPA and BF% in girls (Table 3).  Regular engagement in 

PA has been shown to prevent excess weight gain during childhood (Moore et al., 2003).  

The Framingham Children’s Study assessed PA by accelerometry across 8 years (from pre-

school (4 years) to early adolescence (11 years)) in 103 participants.  Children in the highest 

activity tertile had consistently lower BMI and sum of 5 skin-folds throughout childhood 

(Moore et al., 2003).  Dencker et al. (2006) also evaluated objectively measured daily PA 

(accelerometry) and BF% (from DEXA) in a large cross-sectional, observational study of 

Swedish children (n = 477 (259 boys) aged 7.9 to 11.1 years).  BF% was inversely (and 

independently) related to minutes of VPA per day for all children (r = - 0.38).  In this study 

there was a moderate negative correlation between BF% and MPA in girls, and a strong 

negative correlation between BF% and MPA in boys.  In contrast to Dencker’s findings, there 

were no significant correlations between VPA and BF% in boys or in girls.  However, there 

was a strong negative correlation between VPA and TC: HDL-C in girls, suggesting that for 

girls in this sample, higher intensities of PA may be required to elicit improvements in 

metabolic markers of risk. 

Physical activity, cardiorespiratory fitness and non-invasive markers of cardiometabolic 

risk 

This study assessed the relationships between FMD and CIMT and habitual PA, CRF, and 

invasive markers of CM risk (metabolic and inflammatory markers).  There were no 

significant associations between CIMT and FMD in boys or girls, or between CIMT, FMD, PA 

and CRF in either boys or girls (Table 3).  There were also no significant associations 

between CIMT and FMD and invasive markers of CM risk in this cohort of children (Table 2).  

In support of these findings, Hopkins et al. (2009) assessed the relationships between CRF, 

body composition and objectively measured PA with vascular function in healthy pre-
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pubertal English children (n = 145 (59 males), mean age, 10.3 ± 0.3 years).  There were no 

relationships between PA and FMD for participants in the middle and upper tertiles of 

FMD%.  However, for participants with impaired vascular function (lowest tertile), PA above 

8 km-1 was the strongest relationship (r = 0.43), and was also independent of measures of 

body composition (Hopkins et al., 2009).  Contrastingly, Abbott et al. (2002) conducted a 

cross-sectional study investigating the relationship between habitual PA and brachial artery 

FMD in young children (n = 45, 5 - 10.5 years).  Total PA was assessed by using doubly 

labelled water to measure total energy expenditure (TEE), and positively correlated with 

brachial artery FMD (Abbott et al., 2002).  In addition, Pahkala et al. (2008) assessed PA 

habits and brachial artery FMD in Finnish adolescents (n = 483 (253 boys), 13 years) 

participating in the Special Turku Coronary Risk Factor Intervention Project (STRIP).  The 

frequency, intensity and duration of habitual PA was assessed using self-administered 

questionnaires and was directly associated with FMD response in boys, but not girls, which 

may have been due to the fact that the girls in the study were less physically active (Pahkala 

et al., 2008).    

It has been proposed that regular participation in PA exerts a cardioprotective effect 

through its direct interaction with the vascular endothelium (Green et al., 2008).  PA has 

been shown to mobilise endothelial progenitor cells from the bone marrow (Laufs et al., 

2004) and increases endothelial proprietor cells (Laufs et al., 2005) which may participate in 

neovascularisation, repairing damaged endothelium and maintaining endothelial function.  

The shear stress of blood flow during exercise up-regulates endothelium-NO-Synthase 

(eNOS) protein expression, enhancing NO bio-availability (Hambrecht et al., 2003).  

Repeated exposure to augmented shear stress (during regular PA) leads to beneficial arterial 

wall adaptation (vascular remodelling) (Thijssen, Cable & Green, 2012).  The protective role 

of PA may also be due to its impact on oxidative stress (improvement of antioxidant 

defences (e.g. superoxide dismutase)) and inflammation (through anti-inflammatory effects) 

(Thijssen, Cable & Green, 2012; Green et al., 2004).   

In this study there were no significant associations between BF% and CIMT and FMD in boys 

or between BF% and CIMT and FMD in girls.  A number of studies have found significantly 

higher CIMT values in obese children and adolescents compared to lean controls (Meyer et 

al., 2006b; Lannuzzi et al., 2004), and impaired FMD in children with CVD risk factors such as 
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hyperlipidaemia, diabetes, hypertension, obesity, and in children with low levels of habitual 

PA (Hopkins et al., 2009; Celermajer & Ayer, 2006; Watts et al., 2004).  Moreover, increased 

adiposity is related to a reduction in the release of endothelial progenitor cells (MacEneaney 

et al., 2010).  Exercise training interventions have consistently been shown to improve 

endothelial function in participants with impaired function (Seeger et al., 2011; Meyer et al., 

2006; Watts et al., 2004).  Eight weeks of circuit training reversed vascular dysfunction in 

obese Australian adolescents (n = 19 (9 males), mean age, 14.3 ± 1.5 years) using a 

randomised crossover protocol.  Significant improvements in FMD occurred independently 

of changes in BP, lipid fractions and glycaemic control (Watts et al., 2004).  Six months of 

exercise (≥60 minutes of aerobic exercise on 3 days per week) resulted in significant 

improvements in CIMT, FMD and cardiovascular risk profiles in obese German children (n = 

67, mean age, 14.7 ± 2.2 years) (Meyer et al., 2006).  Seeger et al. (2011) also reported 

significant improvements in brachial artery FMD following 18 weeks of exercise training 

(predominantly running exercise on 2 days per week) in children with type 1 diabetes 

mellitus (Seeger et al., 2011). 

Studies which have examined the relationship between CIMT, FMD and habitual PA have 

typically adopted a cross-sectional design and used questionnaires to assess PA (Thijssen, 

Cable & Green, 2012).  The limitations of PA measurement in these studies may explain the 

inconsistent findings between PA and CIMT (Morrison et al., 2010; Bertoni et al., 2009).  

Some researchers have argued that measuring the IMT of the aorta (where structural 

changes are proposed to appear first) may be a better surrogate of atherosclerosis than 

CIMT in young people (Pahkala et al., 2011).  Furthermore, although exercise has 

consistently been shown to improve endothelial function in participants with impaired 

function, the relative impact of PA and CRF in healthy participants with preserved as 

opposed to impaired endothelial function is less well known (Hopkins et al., 2009).   

Strengths and limitations  

This study has a number of strengths.  Primarily the range of high-quality measures is rarely 

observed in similar studies.  Few studies investigating CM risk in youth have included 

functional markers such as FMD or CIMT, or markers of inflammation such as adiponectin 

and CRP.  This study also included a measure of maturation (YPHV), which is linked to CRF 
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and body size.  The inclusion of these measures enabled a detailed investigation of the 

relationships between functional, metabolic and inflammatory components of risk in youth. 

Furthermore, the treadmill measure of VO2peak is considered the reference standard and 

provided reliable estimates of CRF in comparison to many paediatric studies that have 

estimated VO2peak from sub-maximal tests, field tests and cycle ergometer protocols.  An 

additional strength was the use of individually calibrated accelerometer cut-points which 

may better classify the PA of participants as opposed to using empirical cut-points based on 

differing populations.  

This study is limited by a number of factors.  Primarily this is a cross-sectional study which 

precludes determining causality in the findings.  Further longitudinal and interventional 

studies are required to establish the relationships between CRF, PA, body composition and 

CM risk in youth.  This study had a limited sample size, which may have been underpowered 

to detect relationships between invasive and non-invasive markers of risk, and indeed 

between non-invasive markers of risk and CRF and PA.  Furthermore, the PA cut-points used 

were individually calibrated and this limits direct comparisons with other studies that have 

used empirical cut-points.  Finally, this study was conducted in two locations, and despite 

using standardised protocols, the potential for some inter-observer differences cannot be 

discounted. 

Whereas this study investigated individual markers of CM risk, a number of studies have 

estimated CM risk in children by combining several risk markers in one overall clustered risk 

score (Bailey et al., 2012; Anderssen et al., 2008;  Anderssen et al., 2006).  It has been 

argued that this clustered risk score may be more clinically meaningful than investigating 

individual risk markers, as it may encompass functional, metabolic and inflammatory 

markers, capturing a range of disturbances associated with CMD.  Furthermore, children 

may exhibit small, sub-clinical elevations in risk markers that when taken cumulatively may 

help identify children at increased CMD risk (Ruiz et al., 2007; Anderssen et al., 2006).  Few 

studies estimating CM risk have included functional markers such as FMD, or markers of 

inflammation such as adiponectin and CRP that were included in this study. The inclusion of 

these markers in a clustered risk score would provide a powerful estimate of CM risk, 

incorporating functional, metabolic and inflammatory components of risk.  However, it is 

worthy of note that a clustered risk score does not identify which of the individual risk 
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factors contribute most to CM risk (each component of CM risk has equal weighting within 

the calculation of the clustered risk score).  In addition, there is little consensus on the 

criteria for defining the clustering of abnormal metabolic traits associated with CM risk in 

children and adolescents (Sovio et al., 2013).  Perhaps a more robust method in future 

studies would be to use Principal Components Analysis (PCA) that accounts for the loading 

coefficient of each variable (Peterson et al., 2012).  Although limited to the specific data set 

from which they are derived, PCA enables the aggregation of key CM risk components that 

are known to cluster, and also provides a weighted continuous score which may help to 

identify at-risk children (Peterson et al., 2012).   

Conclusions 

In this study, an individually calibrated approach to PA measurement was used to improve 

the classification of children’s PA, and to clarify the associations between PA and markers of 

CM risk in children.  This approach to PA measurement addresses the controversy and lack 

of consensus within paediatric research surrounding selection of appropriate cut-off points 

to define PA intensity in youth.  In this study, MVPA was positively associated with CRF in 

both boys and girls, however the associations between CRF and CM risk were stronger than 

those observed between PA and CM risk.  These findings are consistent with a number of 

previous studies which report that the associations between CRF and CM risk are stronger 

than the associations between PA and CM risk in youth (Armstrong et al., 2011).   

In this study, the associations between PA, CRF, SED and CM risk in children were mediated 

by body fatness (Thomas et al., 2008; Ruiz et al., 2007).  Indeed, much of the literature 

indicates that adiposity has the greatest impact on CM risk in children and adolescents 

(McMurray & Ondrak, 2013; Stolzman et al., 2012; Tam et al 2010; Lee et al., 2006; Valle et 

al., 2005; Ball et al., 2004; Bacha et al., 2004; Nemet et al., 2003).  The literature also 

suggests that the effects of PA and exercise on CM risk factors are more noticeable in 

children who exhibit elevated risk and in children who are overweight or obese (McMurray 

& Ondrak, 2013; Stolzman et al., 2012).  A reduction in CM risk in these populations 

generally follows a reduction in body fat (McMurray & Ondrak, 2013; Thomas et al., 2008; 

Ruiz et al., 2007).  It would appear therefore, that ‘adiposity’ represents a suitable outcome 

measure to evaluate the effectiveness of PA interventions to improve CM health in children.  
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Observational studies have reported that high levels of objectively measured PA are 

associated with lower levels of adiposity in childhood (Dencker et al. 2006), and longitudinal 

studies have shown that PA helps to maintain a healthy weight from childhood to early 

adolescence (Moore et al., 2003), highlighting the importance of children meeting current 

minimum recommendations of 60 minutes of daily MVPA to improve CM health.  

Worryingly, the prevalence of 10 - 11 year old boys (30%) and girls (22%) in this study 

meeting these guidelines was low, lower than a recent study which measured adherence to 

current PA guidelines among 7 - 8 year old children in children in England (51%) and NI 

(43%) (Griffiths et al., 2013).  PA levels have been reported to decline with age (Sallis et al., 

2000; Dumith et al, 2011) and inactivity in youth not only increases CM risk in youth 

(Andersen et al., 2011) but is also a risk factor for the development of obesity, cancer, 

diabetes, CVD, and osteoporosis in later life (WHO, 2004).  Many CM risk factors (e.g. 

inactivity, overweight and obesity) are modifiable, and since the CMD process begins early 

in life, childhood represents the time when prevention of CMD can be most effective 

(McMurray & Ondrak, 2013).  Research suggests that the best primary strategy to improve 

the long-term health of children may result from creating a lifestyle pattern of regular PA 

that will carry over to the adult years (Telama al., 2005).  Interventions that promote PA and 

behaviour change in children may prove a viable strategy to instil positive healthy 

behaviours early on and reduce the prevalence of a number of health concerns (such as 

obesity and CMD) which have their origins in childhood but do not manifest themselves 

clinically until adulthood. 
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Chapter 5:  Study 2  

Physical Activities To improve Children’s Health (PATCH) Study: 

A multicomponent intervention to increase physical activity levels in primary school children 
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Introduction 

Current UK guidelines recommend that children and young people should engage in MVPA 

for at least 60 minutes, up to several hours daily (DOH, 2011).  These guidelines are drawn 

from a strong body of evidence that reports the numerous benefits of PA for both children 

and young people’s immediate and long-term health and well-being (Kesaniemei et al, 

2010).  The majority of primary aged school children in NI, however, do not meet these 

recommendations.  Breslin et al. (2012) report that as few as 24% of 9 - 11 year old children 

achieved the recommended level of 60 minutes of MVPA per day.  More recently, a study 

investigating adherence to PA guidelines among 7 - 8 year old children across the UK, found 

that children in NI had the lowest prevalence of the recommended daily MVPA (43%) 

(Griffiths et al., 2013).  PA levels have been reported to decline with age, with older children 

and adolescents accumulating less daily MVPA (Dumith et al, 2011; Sallis et al., 2000).  

Subsequently, fewer older children and adolescents are likely to meet PA guidelines.  In a 

representative sample of 11 - 16 year olds in NI, as few as 12% participated in at least 60 

minutes of MVPA daily (DHSSPS, 2010).  Therefore, inactivity in youth not only has serious 

implications for the immediate health and development of the child, but also the long-term 

health and well-being of the adult.  Accordingly, the WHO has classified inactivity in youth as 

a risk factor for the development of obesity, cancer, CVD, and osteoporosis in later life 

(WHO, 2004).  Worryingly, the prevalence of all of these diseases and disorders in NI is 

increasing (NIAO, 2009).  The most dramatic increase in the prevalence of any of these 

diseases and disorders has been evident in levels of overweight and obesity.  First results 

from the HSNI 2010 - 11, report that overall, 60% of adults measured were overweight 

(37%) or obese (23%) (DHSSPS, 2012).  In children, a similar pattern is emerging for the 

prevalence of overweight and obesity.  Data from the NIHWBS published in 2008 - 9, 

reported that 5.3% of primary one children (4 - 5 years) were obese, whilst 22.5% were 

obese or overweight, the highest percentage for countries in the UK (DHSSPS, 2009).  Using 

IOTF guidelines, 31% of children (aged 2 - 15 years) surveyed in the HSNI 2010 - 11 were 

classified as overweight, 10% were classified as being obese (10% of boys and girls) (DHSSPS, 

2012). 

Childhood obesity is a risk factor for the development of CVD and type II diabetes in youth 

(Reilly et al., 2003), and is associated with health problems in adulthood that are 
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independent of adult weight status (Srinivasan et al., 1996).  Children who are overweight 

are more likely to grow up to be overweight adults (Cleland et al., 2008), and being 

overweight during childhood is a risk factor for severe obesity over the life course (Ferraro 

et al., 2003).  Being overweight or obese in childhood increases the prevalence of risk 

factors for CVD, and many studies have observed significant 'clustering' of CM risk factors 

with paediatric obesity (Reilly et al., 2003).  Excess childhood weight also increases the risk 

for the development of weight related orthopaedic problems, and has been associated with 

pulmonary, neurological and gastrointestinal conditions (Dietz, 1998).  The consequences of 

obesity, however, reach far beyond these detriments to physical health.  Amongst the most 

serious consequences of a child being overweight or obese are the social and psychological 

problems which pose significant risks to emotional health (Puhl et al., 2010).  There is 

evidence that children who are overweight or obese are more likely to experience higher 

rates of social marginalisation and stigmatisation than their peers (Janssen, 2004).  Indeed, 

in a sample of children from NI, increased BMI was associated with lower self-perceptions of 

social acceptance and physical appearance (McCullough et al., 2008).  The school 

environment may be the first place where children experience social isolation as a result of 

obesity (Puhl & Brownwell, 2001) and emerging evidence suggests that exposure to weight 

bias and discrimination in the school setting has an adverse effect on school attendance 

(Rappaport et al., 2011) and academic achievement (Shore et al., 2008; Datar & Strum, 

2006).  At a pivotal time in a child’s physical and emotional development, this weight-bias 

may have lasting effects on their self-perceptions and self-esteem (Puhl & Latner, 2007). 

Physical activity and bone health  

The National Osteoporosis Society (NOS) estimate that there are 72,000 people in NI with 

osteoporosis (NOS, 2011).  The most recent report of a continuous audit of hip fractures in 

the four main hospitals in NI shows that between 2002 and 2007 there was a 15% increase 

in the number of hip fractures (Northern Ireland Fragility Fracture Working Group (NIFFWG), 

2009).  The combined annual cost of hospital and social care for patients with a hip fracture 

in the NI is estimated to be £65 million (NOS, 2011).  Evidence suggests that optimising peak 

bone mass in childhood may prove an effective strategy in the prevention of osteoporosis in 

later life (Ebeling et al., 2013).  A number of longitudinal studies have demonstrated that 

bone mass tracks from childhood to early adulthood (Budek et al., 2010).  Bone adapts more 
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efficiently to mechanical loading during childhood and adolescence (Bass et al., 2000; Khan 

et al., 2000), and peak bone mass is achieved in early adulthood, after which gains in bone 

mineral are minimal  (Heaney et al., 2000).  This suggests that childhood represents an 

opportune time to enhance bone mass and bone strength accrual.  Indeed, recent PA 

guidelines for children and young people include recommendations that vigorous intensity 

activities (which include those that strengthen muscle and bone) should be incorporated at 

least three days a week (DOH, 2011).  Maximum bone accrual is evident in children who 

engage in exercise activities that generate high impact forces (McKay et al., 2005) and 

school-based PA interventions utilising high impact protocols have elicited substantial bone 

mineral accrual in pre-pubertal girls (MacKelvie et al., 2003) and enhanced bone mass and 

structure in pre-pubertal boys (MacKelvie et al., 2002).    

School-based physical activity interventions 

Interventions that focus on the promotion of PA and behaviour change in children may 

prove a viable strategy to reduce the prevalence of a number of health concerns (such as 

obesity and osteoporosis) which manifest themselves clinically in adulthood, but have their 

origins in childhood.  Kreimler et al. (2011) recently conducted a review of reviews of the 

effectiveness of school-based interventions to increase PA in children and adolescents.  

They included controlled and randomised school-based trials with a PA outcome, a duration 

of ≥12 weeks, healthy populations aged 6 - 18 years, and a publication date between 2007- 

2010.  They report that five of the included studies were effective at increasing total PA 

assessed objectively by accelerometers or pedometers (Kreimler et al., 2010; Gentile et al., 

2009; Gorely et al., 2009; Naylor et al., 2008; Salmon et al., 2008).  The authors report that, 

in general, school-based PA promotion was effective at increasing PA during school, but the 

potential transfer of interventions to increasing out-of-school PA is more difficult to define 

(Kreimler et al., 2011).   

The WHO has identified schools as the primary institutions with responsibility for promoting 

activity in young people (WHO, 2004).  Schools provide a potentially effective setting for a 

PA intervention because they offer continuous, intensive contact with a large population of 

children from a broad range of socio-economic backgrounds (Naylor et al., 2008).  Primary 

school children spend a significant amount of their waking hours in this setting, and at this 
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young age are particularly responsive to health messages and behaviour change (Dietz et al., 

2001).  Schools have the potential to become the central element in a community that 

ensures students participate in the recommended amount of time engaged in PA (Dobbins 

et al., 2013), and develop healthy behaviours that track into adulthood (NICE, 2009).  

Schools already have established organisational, social and communication structures that 

can provide opportunities for regular health education (Fairclough et al., 2013).  In addition, 

the flexibility of primary school curricula can help to support the delivery of health 

promotion programmes (Sahota et al., 2001) and result in interventions being integrated 

into the mainstream curriculum (Stone et al., 1998).  Recent school-based interventions 

have targeted the school environment, the school curriculum and the structure of the 

school day in an attempt to increase the PA levels of children.  Those that have successfully 

promoted PA have included: classroom-based health education (Caballero et al., 2003), PA 

breaks (Naylor et al., 2009; Donnelly et al., 2009; Naylor et al., 2008; Reed et al., 2008; Jurg 

et al., 2006; Naylor et al., 2006; Caballero et al., 2003), changes to the playground 

environment (Stratton et al., 2005), provided game equipment (Jago et al., 2004) and 

implemented a games curriculum during recess (Connolly et al., 1995), or have established 

and promoted structured after-school PA programmes (Pate & O’Neill, 2008).   

Much of the early research in this area focused on a single intervention component (e.g. 

targeting either health education or PA separately) and a single setting (e.g. family, home or 

community environment).  More recently it has been proposed that such intervention 

designs oversimplify what is in fact a complex issue.  Indeed, the overall effectiveness of 

these early intervention designs on health related outcomes in youth was poor (Eisenmann, 

et al., 2008).  As a result, current PA interventions have adopted multicomponent designs 

which target multiple health enhancing behaviours in a variety of settings.  Recent NICE 

guidelines have suggested that school-based interventions to increase PA should be 

multicomponent, by including education and advice to increase awareness of the benefits of 

PA and opportunities for children to be active throughout the school day.  Families should 

be given advice on how to create a supportive home environment to promote PA, and PA 

‘homework’ activities should be encouraged which children and their parents/guardians can 

do together (NICE, 2009).  Families are important mediators of PA outside the school 

(Salmon et al., 2007), and the findings of a recent review confirm recommendations to use a 
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family component in interventions with children.  From a public health perspective, these 

approaches are the most consistent at increasing overall PA (Kreimler et al., 2011).  With 

this advice in mind, the PATCH school-based intervention was designed to be 

multicomponent and aimed to provide children with both the knowledge of the benefits of 

PA and the opportunity to be active during the school day.  Extra-curricular components of 

the PATCH intervention also targeted parents/guardians, and aimed to increase total daily 

PA by establishing a positive link between the daily school-based intervention activities and 

the home environment. 

Several psychological models and theories are used to inform PA behaviour change 

interventions.  These include: the Theory of Reasoned Action (TRA) (Ajzen & Fishbein, 1980), 

the Theory of Planned Behaviour (TPB) (Ajzen, 1991), Self Determination Theory (SDT) (Deci 

& Ryan, 1985), and Stages of Change (SOC)(Prochaska & DiClemente, 1983).  School-based 

interventions that have successfully promoted PA have consistently utilised and adapted 

elements of SCT (Bandura, 1997).  SCT was used in the design of the PATCH intervention.  

SCT is a comprehensive theory that focuses on the interaction between social and 

environmental factors on behaviour, and has specific advantages when applied to the school 

setting.  According to SCT, we learn new behaviour via observational learning of various 

social factors and interactions in our environment.  SCT places emphasis on modelling, 

cueing, goal setting, rehearsal, practise and reinforcement of desirable behaviours.  These 

behaviour change techniques (BCT) can also be found in Abraham and Michie’s (2008) 

taxonomy of 26 techniques which can be used to change health related behaviours.  The 

PATCH intervention included a range of these techniques to change behaviour, for example: 

BCT No. 10, ‘Self-monitoring of behaviour’ - children in the intervention arm of the research 

were encouraged to record their PA in a daily diary in addition to their PA being measured 

by accelerometry; BCT No. 15, ‘Prompts/cues’ - teachers and pupils were encouraged to 

decorate noticeboards within the classroom with reminders of the PA guidelines and 

examples of intervention activities which they enjoyed.   

 

Although schools have been identified as a key setting for health promotion in young 

people, recent reviews have highlighted that there is controversy about the optimal strategy 

to intervene (Brown et al., 2013; Kreimler et al., 2011) and a need for more studies of high 
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methodological quality (Dobbins et al., 2013; Dobbins et al., 2009; Van Sluijs et al., 2007). 

The majority of school-based interventions have been conducted with children in the United 

States and Continental Europe (Dobbins et al., 2013).  There is limited evidence of the 

effectiveness of primary school-based PA interventions in the UK (Fairclough et al., 2013) 

and less still from studies that have been conducted in NI.  Therefore, the aim of this study 

was to evaluate the effects of a multicomponent school-based PA intervention on PA levels, 

body composition and physical self-perception in a sample of primary school children from 

NI.   

 

Methods 

 

Participants and design 

 

All children in Year 6 and Year 7 (n = 130) in schools that had participated in the REACH 

Study (n = 3) were invited to take part in the PATCH study.  At baseline, informed consent 

was received from 99 participants, divided between the intervention schools (n = 65 

children, mean age, 10.4 ± 0.5 years) and the control schools (n = 34 children, mean age, 

10.6 ± 0.5) years).  After gaining informed parental consent, participant assent and medical 

screening, classes were randomised (using a random number generator) to an intervention 

or control condition.  Baseline measures were completed in February 2012.  Post 

intervention measures were completed one week after the 12 week intervention period in 

June 2012.  The flow of participants through the study is displayed in figure 7 (p. 127).  

Institutional and local NHS REC ethics approvals for all procedures were received prior to 

recruitment. 

 

Intervention design 

 

PATCH was a 12 week multicomponent PA intervention developed to provide primary 

school children with both the knowledge of the benefits of PA, and the opportunity to be 

active during the school day.  In a recent review of reviews and systematic update on the 

effect of school-based interventions on PA in children and adolescents, intervention 
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duration of at least 12 weeks was chosen as the minimum to ascertain training effects and 

assess the sustainability of behaviour change (Kreimler et al., 2011).  The 12 week 

intervention period in PATCH was chosen to meet these criteria.  In addition, the 12 week 

intervention period was also the maximum possible given the logistical constraints of data 

collection prior to the intervention, and following the intervention before the end of the 

academic year.  This teacher-led intervention aimed to increase daily MVPA by 

incorporating classroom-based PA bouts throughout the course of the school day.  In 

addition to this, intervention teachers delivered a weekly 30 minute theory lesson on the 

key themes of, ‘Exercise and Activity’, ‘Reducing Screen time and Sedentary Behaviour’, and 

‘Healthy Eating and Nutrition’.  This ‘knowledge’ component of PATCH was designed to 

complement the Key Stage 2 Personal Development and Mutual Understanding (PDMU) 

curriculum.  PDMU focuses on encouraging children to lead healthy, safe and fulfilled lives 

by making informed and responsible choices and decisions throughout their lives (NI 

Curriculum, 2011).  The PATCH intervention also aimed to increase overall daily MVPA with 

the inclusion of ‘Daily Physical Activity at Home’.  This intervention component involved 

daily PA ‘homework’ and monthly parental newsletters to inform parents/guardians of the 

benefits of PA for children’s health.  The PATCH curriculum, daily PA breaks, resources and 

monthly newsletters were designed by a qualified PE teacher (the candidate) with 8 years’ 

experience in designing schemes of work, lesson plans and accompanying resources.   

 

Process evaluation measures 

 

Process evaluation methods were implemented to monitor the extent to which teachers 

delivered the PATCH intervention components as they were designed.  These measures 

included daily diaries for intervention teachers to record the delivery of classroom PA 

breaks, and the assignment of ‘PA at home’ activities.  Classroom wall-charts were provided 

for intervention pupils to record the delivery of daily PA breaks and their ‘favourite’ in-class 

PA breaks and ‘PA at home’ activities.  

 

 

 

 



 

118 
 

Intervention Content 

 

Personal Development and Mutual Understanding lesson 

 

One weekly (30 min) lesson was designed to complement the PDMU curriculum.  Four 

lessons per month were delivered on the key themes of, ‘Exercise and Activity’, ‘Reducing 

Screen time and Sedentary Behaviour’, and ‘Healthy Eating and Nutrition’. Table 4 presents 

the PATCH curriculum, scheme, lesson plans and summarised content.  Lessons and 

accompanying resources provided opportunities for pupils to explore and develop an 

understanding of the contribution of PA, healthy eating, and reducing SB to a healthy 

lifestyle.  Control participants received normal academic instruction. 

 

Daily physical activity breaks  

 

This component was teacher-led, and aimed to increase daily MVPA by incorporating 

classroom-based PA bouts throughout the course of the school day.  The delivery of PA 

breaks was designed to be flexible and have minimal impact on the academic component of 

the normal school day.  As such, the goal of this component was to increase school-based 

PA by a minimum of 30 minutes.  PA bouts could be delivered prior to, or after natural 

breaks in the school day (e.g. 10 minutes in the morning before academic classes began, 5 

minutes prior to break-time, 5 minutes prior to lunch and after lunch, and 5 minutes before 

the end of the school day).  It was important that this component would not increase 

teacher preparation time and be enjoyable for the teacher as well as the students.  

Therefore, intervention teachers received multimedia resources to support the delivery of 

the PA breaks with their class (an example of a PA break taken from the interactive 

whiteboard PowerPoint and video demonstration package is displayed in figure 6(b)).   
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6(a).                  6(b). 

Figure 6a: Example of PA break taken from the intervention teachers PA resource booklet.  

Figure 6b: Example of PA break taken from the interactive whiteboard PowerPoint and 

video demonstration package 

Figure 6a. displays an excerpt taken from the intervention teachers PA resource booklet 

(which accompanied the interactive whiteboard PowerPoint and video package).  The PA 

resource booklet could be used by teachers to direct exercises in school environments 

where an interactive whiteboard was not available (e.g. school hall) or if the whiteboard 

was inactive.  It names, describes and displays the activity clearly.  All 60 activities in the 

booklet were designed to be suitable for use within the classroom environment.  The screen 

capture (Figure 6b.) shows the content of the PA resource booklet in PowerPoint format.  

The PowerPoint package was designed to be displayed on the interactive whiteboard and 

each slide contained a video demonstration of the activity being performed.  Intervention 

class teachers were free to choose the number and order of activities used during PA 

breaks.  Appropriate musical accompaniment was available in intervention classrooms to 

enhance pupil’s enjoyment of the activity breaks.   
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Teachers from intervention classes received two 40 minute training sessions on the delivery 

of both the PATCH curriculum components and the use of multimedia resources prior to the 

commencement of the intervention with their class.  This training was delivered by the 

candidate who is a qualified PE teacher.  One session involved in-class demonstrations of 

the set-up and delivery of interactive white-board activities, and the second session 

discussion the rationale, development and delivery of the PATCH curriculum.  An additional 

1 hour training session on the delivery of both new and updated resources was provided to 

intervention teachers during the intervention. 

 

Daily physical activity at home  

 

‘Daily PA at Home’ aimed to get pupils active (with a minimum requirement of 10 minutes 

of PA) and minimise the amount of time spent in SB at home/outside school.  The rationale 

for this extra-curricular component of the intervention was to increase overall daily PA by 

establishing a positive link between the daily school-based intervention activities and the 

home environment. Whereas the weekly PDMU lesson provided pupils with the knowledge 

of the benefits of PA, reducing SB and healthy nutrition, the school-based physical activities 

provided pupils with practical examples of activities that could be carried out at 

home/outside school.   
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Figure 6c: Example of a parent/guardian newsletter 

During the course of the intervention, monthly newsletters (3 in total) were delivered to the  

parents/guardians of intervention participants on the key themes of, ‘Exercise and Activity’, 

‘Reducing Screen time and Sedentary Behaviour’, and ‘Healthy Eating and Nutrition’.  The 

rationale for this component of the intervention was to establish a positive link between the 

school and home environment by informing parents of the content of school-based 

intervention lessons and activities.  For example, Newsletter 1 (Figure 6c.) reflected the 

content of pupil’s lessons on the theme of ‘Exercise and Activity’ and provided 

parents/guardians with information on current PA guidelines, the benefits of PA in youth, 

and advice on how parents/guardians could help their children to be active.   
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Table 4:  PATCH curriculum, scheme, lessons and summary of lesson content  

Theme/Lesson Title Lesson content  

 
 
Exercise and Physical Activity  
Lesson 1 – Physical activity guidelines for 
children and young people (5-18) 

 

 

 Introduce pupils to the UK PA guidelines (for children and 
young people 5-18 years) 

 Introduce pupils to the different types (and intensities) of 
physical activity 

 Explain that children should minimise the amount of time 
spent being sedentary (sitting) for extended periods  

 Introduce the benefits of being active for at least 60 minutes 
each day  

 

 
 
Exercise and Physical Activity 
Lesson 2 – The benefits of physical 
activity 
 

 

 Introduce pupils to the benefits of physical activity 

 Explain that physical activity benefits the heart, muscles and 
bones 

 Explain that physical activity helps to balance our calorie 
intake  

 Explain that physical activity can help us to feel good 

 Explain that physical activity has social benefits 
 

 
 
Exercise and Physical Activity  
Lesson 3 – My physical activity 
 

 

 Encourage pupils to think about how active they are on a 
daily/weekly basis 

 Facilitate pupils to plan to take part in 60 mins of daily 
physical activity  

 Encourage pupils to identify facilitators/barriers  to their 
physical activity  

 Facilitate pupils in planning (to include the PA guidelines into) 
an ideal physical activity day 

 Start to set goals to increase/maintain their physical activity  
 

 
 
Exercise and Physical Activity  
Lesson 4 – My physical activity (follow-up) 

 

 

 Recall (and record) the physical activities (that they took part 
in) from the previous week (7 days) 

 Identify facilitators/barriers to their physical activity  

 Calculate how active they were (in mins) on each of the days 
of the previous week 

 Be aware of opportunities to be active in school  

 Be aware of opportunities to be active outside school (in the 
community) 

 Continue to set goals to increase/maintain their physical 
activity goals 

 

 
Reducing Screen Time and Sedentary 
Behaviour 
Lesson 5 – Tracking Screen Time 
 

 

 Introduce the concept of ‘screens’ and ‘screen time’ 

 Encourage pupils to track their screen-based activities, such 
as watching TV, surfing the Internet, and playing video games 
over a three-day period 
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Reducing Screen Time and Sedentary 
Behaviour 
Lesson 6 – Tracking Screen Time 2 
 

 

 Discuss healthy and unhealthy screen habits  

 Introduce alternatives to screen time and their benefits 

 Identify personal and family use of screens  

 Identify potential benefits of decreasing screen time 

 Identify at least three healthy alternatives to screen time 

 Set goals for screen time reduction for the following week  
 

 
Reducing Screen Time and Sedentary 
Behaviour 
Lesson 7 – TV Free for 3 
 

 

 Introduce the concept of going without screens 

 Identify potential benefits of going TV-free  

 Identify barriers to reducing screen time  

 Develop strategies to overcome barriers to reducing screen 
time   

 

 
Reducing Screen Time and Sedentary 
Behaviour 
Lesson 8 – TV Free for 3 (follow-up) 
 

 

 Identify how successful the pupil was at TV Free for 3 (going 
without screens for 3 days) 

 Identify if the pupil engaged in alternative activities (in 
particular, physically active pursuits) as a result of reducing 
screen time 

 Identify facilitators/barriers to reducing screen time  

 Raise awareness of the alternatives to screen time   

 Raise awareness of the benefits to reducing screen time 

 Continue to set goals to decrease their screen time 

 

 
Healthy Eating and Nutrition 
Lesson 9 – What’s on the plate? 
 

 

 Identify the main nutrients provided by each of the food 
groups 

 Identify valuable sources of nutrients and explain their 
functions 

 Emphasise the importance of staying hydrated 
 

 
Healthy Eating and Nutrition 
Lesson 10 – A healthy/balanced diet 
 

 

 Introduce the concept of a ‘Balanced Diet’ 

 Discuss components of a healthy/well balanced diet 

 Explain the use of Guideline Daily Amounts (GDA’s) in 
planning healthy balanced diets 

 Introduce healthy eating campaigns, ‘5 a day’ etc. 
 

 
Healthy Eating and Nutrition 
Lesson 11 – My diet 
 

 

 Discuss a typical daily diet and meal structure 

 Discuss ‘Change for Life ‘healthy eating campaigns that relate 
to meal times e.g. ‘Good breakfast foods’ ‘Healthier Lunch 
boxes‘, ‘5 a day’ etc. 

 Introduce the ‘food diary’ and explain how to complete this  
 

 
Healthy Eating and Nutrition 
Lesson 12 – My diet (follow-up) 
 

 

 Discuss the food diaries 

 Draw upon feedback to develop a ‘Healthy diet day’ 

 Explore ‘Change for Life‘ – Healthy eating tips  

 Facilitate pupils to set goals to include healthy diet choices 
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Outcome Measures  

Anthropometric measurements  

Measurements were completed during the morning visit to the University.  Stature and 

sitting height were measured to the nearest 0.1 cm using a mobile stadiometer (SECA, 

Bodycare, Birmingham, UK).  Body mass was measured to the nearest 0.1 kg using calibrated 

electronic scales (SECA, Bodycare, Birmingham, UK).  Participants were asked to remove 

shoes and were tested in light (athletic) clothing.  BMI was calculated using the equation: 

body mass (kg) divided by squared height (m)2 (kg·m-2).  Overweight and obesity were 

defined using the age- and gender-specific cut-off points for BMI of 25 and 30 kg·m-2 as 

published by the IOTF (Cole et al., 2000).  WC was measured whilst participants were in a 

standing position, half way between the lower rib and the top of the iliac crest, at the end of 

a gentle expiration.  HC was measured in a standing position from the widest point around 

the hips and gluteals.  The mean of two assessments for WC and HC was retained for 

analysis.  Both measurements were assessed by using a non-elastic measuring tape, with an 

accuracy of 0.1 cm, by one researcher.    

Assessment of body composition by dual energy x-ray absorptiometry 

Body composition was assessed with a fan beam total body DEXA scan (Lunar iDXA, GE 

Medical Systems, Madison, WI, USA).  Participants were measured in a supine position in 

lightweight clothing (without metal zips or attachments) and without footwear.  All scans 

were completed by the same qualified researcher and were analysed using paediatric 

software (Lunar iDXA, enCORE 2008, Version 12.30.008).  All scans were completed in 

accordance with standard operating procedures following daily calibration and quality 

control checks.  Total fat mass (kg FM), lean tissue mass (kg LM), relative body fat (BF%), 

BMC (g BMC), and BMD(g/cm3 BMD) were assessed from the total body scan. 

Physical activity measurement  

PA was measured objectively with tri-axial accelerometers (ActiGraph GT3X, MTI Health 

Services, Pensacola, FL, USA) which were distributed to participants in school and worn on 

the right hip for seven consecutive days using a 5 second epoch of data collection.  The 

minimum wear-time for inclusion in data analysis was 10 hours of registered time for ≥3 
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days.  An additional requirement was that one of the included days was a valid weekend 

day.  These inclusion criteria have previously shown acceptable reliability in similarly aged 

children (Mattocks et al., 2008).  Sustained ≥20 minute periods of consecutive zero counts 

were removed from the analysis of daily wear-time (Catellier et al., 2005).  As large 

individual differences exist in counts at different activity intensities (Rowlands, 2007) data 

were analysed using individually calibrated thresholds.  These thresholds were generated 

from accelerometer data collected during a pre-intervention treadmill protocol to VO2peak.  

A threshold of ≤100 CPM (Trueth et al., 2004) was implemented to denote SED in the 

analysis.  Time spent per valid day (both weekday and weekend) in SED, LPA, MPA, and VPA 

was calculated for each individual.  In addition, a filter was applied to the PA data to enable 

‘school-time’ PA variables to be calculated for each participant.  ‘School-time’ was defined 

as between the hours of 9am and 3pm on weekdays.  Weekday non-school-time (e.g. wear 

time outside of ‘School-time’) was not analysed separately, but instead was included in the 

analysis of total daily wear-time. 

Blood pressure assessment  

After 15 minutes rest in a supine position, BP was measured on the left arm using an 

automated BP monitor (Omron Healthcare UK Limited, Milton Keynes, UK).  Measurements 

were excluded if the differed by ≥5 mm Hg.  The mean of two suitable assessments was 

retained for analysis.   

The Children and Youth Physical Self Perception Profile (CY-PSPP)  

Physical self-perceptions were assessed using the CY-PSPP (Whitehead, 1995) (A copy of the 

CY-PSPP is available in Appendix E).  The CY-PSPP has been validated for use in young 

children (Welk & Eklund, 2005) and comprises 36 questions (6 items per scale) that assess a 

person’s self-perceptions of physical conditioning (Cond), sports competence (Sport), body 

attractiveness (Body) and physical strength (Strong), physical self-worth (PSW) and self-

esteem (SE).  Each scale was assessed with six items scored on a four point Likert scale, 

using a structured alternative format to reduce the tendencies for socially desirable 

responses.  Previous work on a similar aged sample revealed high alpha reliability for these 

scales (range: 0.77 - 0.91) (Welk et al., 1997).  The mean score for each sub-domain was 

calculated.  Children completed the questionnaires during visits to the university.  A 
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researcher verbally described the questionnaire to ensure the child understood each 

question being asked.  

Statistical analyses 

Data were initially explored for normality using the Kolmogorov-Smirnov test.  Data that 

were not normally distributed: BMI, WC, FM and BF% were logarithmically (log10) 

transformed for all statistical analyses.  Potential differences in anthropometric, 

cardiovascular, body composition and PA measures between participants in the intervention 

and control groups (pre and post intervention, or pre, mid and post intervention for PA 

data) were assessed by 2-way repeated measures ANOVA.  Potential differences in CY-PSSP 

scores between participants in the intervention and control groups (pre to post 

intervention) were assessed by Friedman’s 2-way ANOVA.  All analyses were conducted 

using SPSS V.20 (SPSS Inc., Chicago, IL. USA).   
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Results 

Figure 7:  Figure displaying recruitment and flow of participants through the study.   

 

 

 

    

 

 

   

 

 

 

 

PRE 
Intervention 

GIRLS (n = 31) 
BOYS (n = 34) 

 
MID 

Intervention 

POST 
Intervention 

GIRLS (n = 30) 
BOYS (n = 32) 

 
MEASURES 

PRE 
Intervention 
GIRLS (n = 17) 
BOYS (n = 17) 

 
MID 

Intervention 

POST 
Intervention 
GIRLS (n = 17) 
BOYS (n = 17) 

60 56 54 Physical Activity  26 26 26 

57 * 47 DEXA  27 * 24 

65 * 58 BMI 34 * 34 

65 * 58 Hip/Waist 34 * 34 

65 * 58 BP 34 * 34 

65 * 59 CYPSPP 34 * 31 
* = measurement not taken at mid intervention 

The decline in participant numbers from pre-to-post intervention represents absence from 

post intervention testing.  For PA data, only participants that had complete and valid PA 

data for all three PA data collection time points (pre, mid and post intervention) were 

included in the final analyses.  There were no significant differences in anthropometric, 

cardiovascular, body composition and CYPSSP data between those that provided complete 

and valid PA data for all three time points, and those that did not (p >.05). 

At baseline, there were no significant differences between the intervention and control 

group for all the outcome measures (p >.05). 

 

Intervention teachers received training on PATCH 

intervention components and curriculum and 12 week 

intervention commenced 

5 CLASSES FROM THREE PRIMARY SCHOOLS 

INVITED TO PARTICIPATE (n = 130) 

 

 

 

RANDOMISATION 

3 INTERVENTION CLASSES 

(n = 81) 
2 CONTROL CLASSES 

(n = 49) 

 
Refused or absent at baseline (n = 16) Refused or absent at baseline (n = 15) 
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Table 5: Means (SD) for anthropometrics, cardiovascular data and accelerometer wear time 

at baseline and post intervention for the intervention and control group. 

  
TIME POINT 

INTERVENTION 
GROUP (n = 58) 

(n = 30 boys) 

CONTROL GROUP  
(n = 34) 

(n = 17 boys) 

mean (SD) mean (SD) 

Age 
(Yr) 

Baseline 10.4 0.5 10.6 0.5 

Post Intervention 10.8 0.5 11 0.5 

Stature 
(cm) 

Baseline 141.6 7.3 143.1 7.8 

Post Intervention 144.0 6.9 144.9 8.0 

Mass (kg) Baseline 37.11 8.51 39.14 9.71 
Post Intervention 38.49 8.17 40.31 9.68 

BMI 
(Kg·m-2) 

Baseline 18.45 3.09 18.85 3.64 

Post Intervention 18.47 3.04 19.00 3.46 

WC (cm) Baseline 66.29 9.86 67.53 10.50 

Post Intervention 64.98 9.37 66.10 9.19 
HC (cm) Baseline 74.74 7.79 76.22 8.43 

Post Intervention 74.36 8.17 75.49 7.45 

WC:HC Baseline 0.9 0.1 0.9 0.1 

Post Intervention 0.9 0.1 0.9 0.1 

systolic BP 
(mm Hg) 

Baseline 103.42 11.69 106.35 9.88 
Post Intervention 102.80 10.99 101.79 9.54 

diastolic BP 
(mm Hg) 

Baseline 66.12 11.16 64.74 11.27 

Post Intervention 63.59 9.53 65.50 10.12 

Wear time 
(mins) 

Baseline 785.49 56.58 790.64 53.52 

Post Intervention 790.61 63.74 786.49 50.03 

 

85% of boys in the intervention group were classified as normal weight, and 15% were 

classified as overweight or obese at baseline.  82% of boys in the control group were 

classified as normal weight, and 18% were classified as overweight or obese.  68% of girls in 

the intervention group were classified as normal weight, and 32% were classified as 

overweight or obese.  71% of girls in the control group were classified as normal weight, and 

29% were classified as overweight or obese (Cole et al., 2000).   

There were no significant differences in accelerometer wear-time between intervention and 

control participants at baseline and post intervention (p >.05).  There were no significant 

differences in accelerometer wear-time between intervention participants at baseline and 

post intervention (p >.05).  In addition there were no significant differences in 

accelerometer wear-time between boys and girls in the intervention group at baseline and 

post intervention (p >.05).  There were no significant differences in accelerometer wear-

time between control participants at baseline and post intervention (p >.05).  In addition 
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there were no significant differences in accelerometer wear-time between boys and girls in 

the control group at baseline and post intervention (p >.05). 

Process evaluation 

Process measures were deigned to monitor the delivery of PATCH components (curriculum 

lessons, classroom PA breaks and PA at home activities) so that implementation failure or 

dilution of delivery could be avoided.  Process measures were reviewed at mid- and post- 

intervention.  The information recorded revealed that the intervention had been 

implemented as designed in the intervention classes.  Discussions with the intervention 

teachers, both during and following the intervention, revealed that PATCH was well 

received, well organised, relevant, and had become an integral component of daily 

classroom life. 

Intervention effects  

There were a number of significant intervention effects for school-time data (Table 6) and 

daily PA data (Table 7) across the three time points (pre, mid and post intervention).   

School-time physical activity 

A significant main effect was observed for school sedentary time (SSED) (F (2, 158) = 8.89, p 

<.001, Ƞ2 = .101), school-time light physical activity (SLPA) (F (1.92, 151.46) = 5.34, p = .006, 

Ƞ2 = .063), school-time moderate physical activity (SMPA) (F (2, 158) = 5.09, p = .007, Ƞ2 = 

.061) and school-time total physical activity (STPA) (F (2, 158) = 4.79, p = .010, Ƞ2 = .057).  

No interaction was observed for SSED, SLPA, SMPA and STPA within intervention and 

control groups.  In addition, ANOVA reported no significant between group effects for SSED, 

SLPA, SMPA and STPA. 

School-time vigorous physical activity  

A significant main effect for school-time vigorous physical activity (SVPA) was observed (F 

(1.666, 131.643) = 4.85, p = .014, Ƞ2 = .058).  A significant interaction effect was also 

observed between time and group for SVPA (F (1.666, 131.643) = 11.270, p <.001, Ƞ2 = 

.125).  Post hoc analysis revealed that intervention participants increased SVPA significantly 

(t (56) = -4.423, p <.001) from pre to mid intervention (representing an increase of 2 ± 3 
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minutes of daily SVPA).  ANOVA also reported a significant between subjects effect (F (1, 79) 

= 5.91, p = .017, Ƞ2 = .70).  Post hoc analysis revealed no difference in SVPA between groups 

at baseline (t (84) = 1.41, p = .163).  However, intervention participants recorded 

significantly more SVPA than controls at mid intervention (t (82) = 5.03, p <.001) 

(representing an increase of 3 ± 0.9 minutes of daily SVPA), with no difference between 

group at post intervention (t (79) = .19, p = .848). 

School-time moderate to vigorous physical activity  

A significant main effect for school-time moderate to vigorous physical activity (SMVPA) was 

observed (F (1.865, 147.306) = 5.11, p = .008, Ƞ2 = .061).  A significant interaction effect was 

also observed between time and group for SMVPA (F (1.865, 147.306) = 6.07, p = .004, Ƞ2 = 

.071).  Post hoc analysis revealed that intervention participants significantly increased 

SMVPA (t (57) = -4.96, p <.001) from pre to mid intervention (representing an increase of 4 ± 

6 minutes of daily SMVPA).  ANOVA did not a reveal significant between group effects for 

SMVPA. 

 

Table 6: Means (SD) for school-time physical activity data at baseline, mid intervention and 

post intervention for the intervention and control group. 

 

 
VARIABLE 

(mins per day) 

 
TIME POINT 

INTERVENTION 
GROUP (n = 55) 

CONTROL GROUP  
(n = 26) 

mean (SD) Mean (SD) 

School Sedentary 
Time (SSED) 

 

Baseline 256.62 15.12 258.97 12.73 

Mid-Intervention 249.14 20.34 249.05 17.59 

Post Intervention 248.58 21.68 250.92 23.64 
School Light PA 

(SLPA) 
 

Baseline 78.69 15.57 83.32 13.95 

Mid-Intervention 83.06 17.49 86.33 18.55 

Post Intervention 86.56 17.76 86.81 16.79 

School Moderate 
PA (SMPA) 

 

Baseline 10.52 3.43 11.77 4.50 

Mid-Intervention 12.47 4.75 12.56 5.98 
Post Intervention 11.09 5.75 12.37 4.89 

School Vigorous PA 
(SVPA) 

 

Baseline 6.29 3.60 2.56 3.37 

Mid-Intervention   8.18**+ 3.17 4.50 3.25 

Post Intervention 5.22 3.56 5.06 3.49 
School Moderate to 

Vigorous PA 
(SMVPA) 

Baseline 16.82 5.62 17.03 6.59 

Mid-Intervention  20.65* 6.36 17.09 7.64 

Post Intervention 16.31 8.30 17.43 6.82 

School Total PA 
(STPA) 

 

Baseline 95.51 16.56 100.35 13.99 

Mid-Intervention 103.71 19.43 103.41 21.17 

Post Intervention 102.87 20.00 104.24 18.24 

 Difference from baseline * = p <.05, ** = p <.001   Group difference + = p <.05  
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Table 7: Means (SD) for daily physical activity data at baseline, mid intervention and post 

intervention for the intervention and control group. 

 

 
VARIABLE 

 
TIME POINT 

INTERVENTION 
GROUP (n = 54) 

CONTROL GROUP  
(n = 26) 

mean (SD) Mean (SD) 

Daily Sedentary 
Time (SED) 

 

Baseline 547.5 48.9 552.0 64.2 

Mid-Intervention 529.2 54.3 550.7 56.8 
Post Intervention 537.4 55.5 550.5 61.5 

Daily Light PA  
(LPA) 

 

Baseline 191.0 32.9 208.8 35.3 

Mid-Intervention   203.1* 37.3 207.4 39.6 

Post Intervention 206.3 40.3 194.6 33.3 

Daily Moderate PA 
(MPA) 

 

Baseline 25.1 8.1 34.2 12.0 
Mid-Intervention    32.6** 12.5 32.4 12.9 

Post Intervention 30.1 13.1 29.9 11.4 

Daily Vigorous PA 
(VPA) 

 

Baseline 13.5 6.4 13.7 6.6 

Mid-Intervention   19.8**+ 8.9 11.3 6.8 

Post Intervention 16.9 + 8.9 11.5 7.7 
Daily Moderate to 

Vigorous PA (MVPA) 
 

Baseline 38.6 12.4 47.9 16.5 

Mid-Intervention    52.5** 18.3 43.7 16.9 

Post Intervention 46.9 19.6 41.4 16.4 

Daily Total PA  
(TPA) 

 

Baseline 229.6 34.5 256.7 40.4 

Mid-Intervention   255.6** 43.6 251.1 46.6 

Post Intervention 253.2 46.5 236.0 40.7 

         Difference from baseline * = p <.05, ** = p <.001   Group difference + = p <.05  

 

Total daily physical activity by intensity 

Light physical activity  

No main effect for light PA (LPA) was observed across the 3 time points (pre, mid, and post 

intervention).  However, a significant interaction was observed between time and group for 

LPA (F (2, 156) = 9.23, p <.001, Ƞ2 = .106).   Post hoc analysis utilising paired samples t-tests 

revealed that intervention participants significantly increased LPA (t (81) = -2.826, p = .006) 

from pre to mid intervention (an increase of 12 ± 25 minutes of daily LPA), whereas there 

was a significant reduction in LPA (t (25) = 2.437, p = .022) pre to post (a reduction of 14 ± 

30 minutes of daily LPA), and mid to post intervention (t (25) = 2.269, p = .032) (a reduction 

of 13 ± 29 minutes of L PA) in control participants.  There were no significant between group 

effects for LPA. 
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Moderate physical activity  

A main effect for time was observed (F (2, 156) = 4.128, p = .018, Ƞ2 = .050).  A significant 

interaction effect was also observed between time and group for moderate PA (MPA) (F (2, 

156) = 12.15, p <.001, Ƞ2 = .135).  Post hoc analysis revealed that intervention participants 

significantly increased MPA from pre to mid intervention (t (81) = -4.32, p <.001) 

(representing an increase of 7 ± 8 minutes of daily MPA).  Post hoc analysis revealed a 

significant reduction (t (25) = 2.69, p = .012) in MPA for control participants from pre to post 

intervention (a reduction of 2 ± 9 minutes of daily MPA).  There were no significant between 

group effects for MPA. 

Vigorous physical activity  

No main effect for time was observed.  However, significant interaction effects were 

observed between time and group for vigorous PA (VPA) (F (2, 156) = 12.99, p <.001, Ƞ2 = 

.143).  Post hoc analysis revealed that intervention participants increased VPA significantly (t 

(81) = -3.94, p <.001) from pre to mid intervention (an increase of 7 ± 8 minutes of daily 

VPA).  Within the same group VPA declined significantly (t (79) = -2.62, p = .010) from mid to 

post intervention (a decrease of 3 ± 7 minutes of daily VPA), but did not return to baseline 

levels.  There was a significant decrease in VPA (t (25) = 2.472, p = .021) for control 

participants from pre to mid intervention (representing a decrease of 2 ± 5 minutes of daily 

VPA) and at post intervention these levels remained the same.  VPA was lower in control 

participants post intervention than at baseline (although this was not significant).  ANOVA 

revealed a significant between groups effect for VPA (F (1, 78) = 8.46, p = .005, Ƞ2 = .098).  

Post hoc analysis utilising independent samples t-tests revealed no difference in VPA 

between groups at baseline (t (84) = .107, p = .915).  However, intervention participants 

recorded significantly more VPA than controls at mid (t (80) = 4.266, p <.001) (a difference 

of 9 ± 3 minutes of daily VPA), and post intervention (t (78) = 2.647, p = .010) (a difference 

of 5 ± 1 minutes of daily VPA). 
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Moderate to vigorous physical activity  

 

 

Figure 8: Means (SD) for daily MVPA PRE, MID and POST intervention for intervention (n = 51) and control 

participants (n = 26).  Only participants with a complete and valid data set for all three PA data collection time 

points (pre, mid and post intervention) were included in the final analyses. 

Figure 8 displays the daily MVPA in the intervention and control groups at pre, mid, and post 

intervention.  A significant main effect was observed for time (F (2, 156) = 4.43, p = .014, Ƞ2 

=.054).  A significant interaction was also observed between time and group for MVPA (F (2, 

156) = 15.49, p <.001, Ƞ2 = .166).  Post hoc analysis revealed intervention participants 

significantly increased MVPA (t (81) = - 4.579, p = .001) from pre to mid intervention (an 

increase of 14 ± 14 minutes of daily MVPA).  MVPA declined in this group post intervention, 

however, levels of MVPA were higher at post intervention than at baseline (representing an 

increase of 8 ± 16 minutes of daily MVPA).  In contrast, MVPA declined significantly (t (25) = 

2.61, p = .015) in control participants from pre to post intervention (representing a decrease 

of 7 ± 13 minutes of daily MVPA).  There were no significant between group effects for 

MVPA. 
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Total physical activity  

 

 

Figure 9: Means (SD) for total PA PRE, MID and POST intervention for intervention (n = 51) and control 

participants (n = 26).   

Figure 9 shows the total PA (TPA) (light PA, moderate PA and vigorous PA) in the 

intervention and control groups at pre, mid and post intervention.  A significant main effect 

was observed for time (F (2, 156) = 3.17, p = .045, Ƞ2 = .039).  A significant interaction was 

also observed between time and group for TPA (F (2, 156) = 13.47, p <.001, Ƞ2 = .147).  Post 

hoc analysis revealed intervention participants significantly increased total PA (t (81) = -

3.940, p = .001) from pre to mid intervention (an increase of 27 ± 34 minutes of daily total 

PA).  Total PA declined in the intervention group, post intervention; however, TPA was 

higher post-intervention than at baseline (representing an increase 24 ± 40 minutes of daily 

total PA).  In contrast, TPA declined significantly (t (25) = 2.47, p = .021) in control 

participants from pre to mid intervention (representing a reduction in daily TPA of 6 ± 34 

minutes).  Total PA declined by a further 15 ± 38 minutes per day at post intervention 

(although this was not significant from mid to post, or from pre to post intervention).  There 

were no significant between group effects for TPA. 
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Waist circumference, hip circumference and body mass index 

There were no main effects for waist circumference (WC) (F (1, 90) = 2.71, p = .971, Ƞ2 = 

.002) hip circumference (HC) (F (1, 90) = 2.92, p = .091, Ƞ2 = .031) or BMI (F (1, 90) = 2.217, p 

= .141, Ƞ2 = .031).  There were no significant interaction effects for WC (F (1, 90) = 0.022, p = 

.883, Ƞ2 = <.001) HC (F (1, 90) = .284, p = .596, Ƞ2 = .003) or BMI (F (1, 90) = 1.031, p = .313, 

Ƞ2 = .015).  In addition there were no significant between group effects for WC (F (1, 90) = 

.355, p = .553, Ƞ2 = .004) HC (F (1, 90) = .595, p = .443, Ƞ2 = .007) or BMI (F (1, 90) = .719, p = 

.399, Ƞ2 = <.001). 

Total body lean mass, total body fat mass and body fat percentage 

A main effect was observed for total body lean mass (LM) (F (1, 69) = 132.7, p <.001, Ƞ2 = 

.658).  However, there were no significant interaction (F (1, 69) = .001, p = .977, Ƞ2 = .001) or 

between group effects (F (1, 69) = 3.45, p = .068, Ƞ2 = .048) for LM between intervention 

and control groups pre to post intervention.  There were no main effects for total body fat 

mass (FM) (F (1, 69) = 1.49, p = .226, Ƞ2 = .021) or body fat percentage (BF%) (F (1, 69) = 

2.217, p = .141, Ƞ2 = .031).  There were no significant interaction effects for FM (F (1, 69) = 

1.96, p = .166, Ƞ2 = .028) or BF% (F (1, 69) = 1.03, p = .313, Ƞ2 = .015).  In addition there were 

no significant between group effects for FM (F (1, 69) = .185, p = .669, Ƞ2 = .003) or BF% (F 

(1, 69) = .198, p = .698, Ƞ2 <.001) between intervention and control groups pre to post 

intervention. 

Bone mineral content and bone mineral density  

 A significant main effect was observed for BMC (F (1, 69) = 299.1, p <.001, Ƞ2 =.813) and for 

BMD (F (1, 69) = 23.3 p <.001, Ƞ2 = .252).  However, there were no significant interaction for 

BMC (F (1, 69) = .233, p = .631, Ƞ2 = .003) or BMD (F (1, 69) = .127, p = .109 Ƞ2 = .015) and no 

between group effects for BMC (F (1, 69) = 2.642, p = .109, Ƞ2 = .037) or BMD (F (1, 69) = 

1.701, p = .196, Ƞ2 = .024) between intervention and control groups pre to post 

intervention. 
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Table 8:  Means (SD) for dual energy x-ray absorptiometry measures at baseline and post 

intervention for the intervention and control group. 

 

 
MEASURE 

 
TIME POINT 

INTERVENTION 
GROUP (n = 47) 

CONTROL GROUP  
(n = 24) 

 
mean 

 
(SD) 

 
mean 

 
(SD) 

Total body 
lean mass (kg) 

Baseline 24.38 3.41 26.06 3.95 

Post Intervention 25.42 3.37 27.11 4.27 
Total body fat 

mass (kg) 
Baseline 11.21 4.99 12.17 5.98 

Post Intervention 11.55 5.17 12.01 5.76 

Total body fat 
(%) 

Baseline 29.18 7.31 29.38 8.47 

Post Intervention 29.79 7.64 29.50 8.19 

BMC 
(g) 

Baseline 1303.88 172.42 1382.92 200.19 
Post Intervention 1375.16 188.51 1450.33 213.17 

BMD 
(g·cm-2) 

Baseline 0.84 0.06 0.85 0.07 

Post Intervention 0.84 0.06 0.87 0.07 

 

Systolic blood pressure and diastolic blood pressure  

There were no main effects for sBP (F (1, 90) =3.815, p = .054, Ƞ2 = .040) or dBP (F (1, 90) = 

.518, p = .474, Ƞ2 = .006).  There were no significant interaction effects for sBP (F (1, 90) = 

2.193, p = .142, Ƞ2 = .024) or dBP (F (1, 90) = 1.808, p = .182, Ƞ2 = .019).  In addition there 

were no significant between group effects for sBP (F (1, 90) = .256, p = .614, Ƞ2 = .003) or 

dBP (F (1, 90) = .019, p = .891, Ƞ2 <.001). 

Children and Youth Physical Self Perception Profile  

There were no significant main effects or interactions for any of the scales (attractive body 

adequacy, sport/athletic competence, strength competence, physical conditioning 

adequacy, physical self-worth, global self-esteem) measured by the CY-PSSP between 

intervention and control groups pre to post intervention (P >.05). 

 

 

 



 

137 
 

Table 9:  Means (SD) for the Children and Youth Physical Self Perception Profile (CY-PSPP) 

for the intervention and control group. 

 
Self-perception 

variables 

 
TIME POINT 

INTERVENTION GROUP  CONTROL GROUP  
 

(n) 
 

mean 
 

(SD) 
 

(n) 
 

Mean 
 

(SD) 

Attractive body 
adequacy 

Baseline 65 2.81 0.67 34 2.70 0.79 

Post Intervention 59 2.76 0.73 31 2.62 0.79 

Sport/athletic 
competence 

Baseline 65 3.05 0.58 34 2.97 0.78 

Post Intervention 59 2.97 0.74 31 2.98 0.78 

Strength 
competence 

Baseline 65 2.78 0.61 34 2.79 0.76 
Post Intervention 59 2.82 0.75 31 2.74 0.62 

Physical cond. 
adequacy 

Baseline 65 3.11 0.67 34 3.11 0.64 

Post Intervention 59 3.06 0.78 31 2.95 0.75 

Physical self-worth 
 

Baseline 65 3.05 0.64 34 2.94 0.85 

Post Intervention 59 2.94 0.75 31 3.03 0.80 
Global self-esteem Baseline 65 3.25 0.59 34 3.28 0.66 

Post Intervention 59 3.24 0.66 31 3.19 0.76 
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Discussion 

The aim of this study was to evaluate the effects of the PATCH school-based PA intervention 

on PA levels, body composition and physical self-perception in a group of primary school 

children from NI. 

Physical activity  

The PATCH school-based intervention resulted in significant increases in school-time MVPA 

(SMVPA) and school-time VPA (SVPA), compared to matched controls.  PATCH intervention 

participants significantly increased total daily MVPA and total daily PA by 14 ± 14 minutes 

and 27 ± 23 minutes respectively, compared to decreases of 4 ± 13 minutes of daily MVPA 

and 6 ± 34 minutes of total daily PA in the control group (pre to mid intervention).  School-

time total PA (STPA) was higher (8 ± 16 minutes from pre to mid intervention in intervention 

participants), although this was not significant.  These findings are consistent with the 

results of a number of previous school-based PA interventions which show the efficacy of 

such interventions for increasing PA (Gorely et al., 2009; Kreimler et al., 2010; Breslin et al., 

2012).  Similar patterns of change in PA (in both the intervention and control groups) were 

evident in the Kinder Sportstudie (KISS) school-based PA intervention in first grade (6.9 yrs) 

and fifth grade (11.1 yrs) classes in Switzerland (Kreimler et al., 2010), and in the 

‘GreatFun2Run’ (GF2R) school-based intervention with 7 - 11 year old primary school 

children in England (Gorely et al., 2009).  The KISS intervention (lasting 9 months) exposed 

participants to a daily physical education lesson (45 minutes), short PA breaks during lessons 

(2 - 5 minutes of motor skill tasks) and 10 minutes a day of PA ‘homework’ involving motor 

skill activities.  The PA levels were measured objectively using accelerometry.  The 

intervention significantly increased school-based MVPA (approx. 7 minutes per day) in the 

intervention, but not the control group, and total MVPA remained the same in the 

intervention group, but decreased in the control group (approx. 9 minutes per day) 

The GF2R intervention lasted 10 months and was delivered by class teachers and school 

personnel through implementing a programme resource pack.  The pack contained a CD-

ROM for teachers, which included lesson plans, homework exercises and practical 

suggestions on how to integrate the programme through the primary curriculum.  In 

addition, the intervention included two highlight PA events (a 1 mile school run/walk on 
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each occasion) and outreach to families.  PA was measured objectively using pedometers 

and accelerometry at baseline and post intervention.  Intervention participants significantly 

increased their daily MVPA by 9 minutes per day (compared to a decrease of 10 minutes per 

day in control schools).  The GF2R and PATCH interventions have a number of similar design 

components and outcome measures.  Both intervention models were based on constructs 

of SCT (Bandura, 1997).  Both interventions were designed to be delivered by class teachers.  

The content of theory lessons was designed to complement and integrate into the National 

Curriculum.  PA was promoted through daily classroom-based PA breaks and through daily 

PA homework ‘PA at home’ (PATCH), and through highlight PA events (GF2R).  Finally, both 

studies measured PA objectively and assessed aspects of physical self-perception using 

modified versions of the Physical Self-Perception Profile (PSPP) (Whitehead, 1995).  The 

PATCH intervention however, not only confirms the findings of the GF2R intervention, but 

adds to these by assessing PA by accelerometry in the whole sample (GF2R assessed PA with 

pedometers and accelerometry in a sub-group) and also by assessing pre-to post 

intervention change in body composition with DEXA. 

Sport for LIFE (Living, Integration, Fun and Education) a school-based PA and healthy eating 

programme targeting 8 - 9 year old primary school in NI, significantly increased daily light PA 

(by approx. 69 minutes) and MVPA (by approx. 30 minutes) measured by accelerometry in  a 

sub-sample of the intervention group compared to the control group (Breslin et al., 2012).  

The 12 week intervention was delivered by sports outreach personnel (University students 

trained in the delivery of a healthy lifestyle intervention) in partnership with class teachers 

(for 1 hr per week).  Intervention schools received a resource pack containing lesson, 

classroom and homework based activities, an educational DVD, sports equipment and 

direction to a supporting website with copies of all written activities for the classroom and 

homework sessions.  Again, the Sport for LIFE intervention and the PATCH intervention have 

a number of similar design components.  Both intervention models adapted elements of SCT 

(Bandura, 1997) as the framework for developing the content of the intervention.  PATCH 

intervention schools also received a resource pack containing lesson, classroom and 

homework based activities.  These were however, delivered solely by the classroom teacher.  

PATCH intervention participants significantly increased total daily MVPA by 14 ± 14 minutes.  

In Sport for LIFE, daily MVPA (measured in a sub-sample of participants) was significantly 
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increased by approx. 30 minutes.  The relative success of the Sport for LIFE intervention at 

increasing intervention participants daily MVPA may have been due to the inclusion of 

additional intervention components (e.g. the provision of an educational DVD, sports 

equipment and direction to a supporting website), or possibly to the increased exposure of 

an intensive 1 hour per week session with the support of University students, who were also 

aspiring physical educators.  It may also be due to the intervention targeting children from 

areas of social disadvantage, with potentially more scope for improvement in MVPA.  Daily 

MVPA at baseline for the intervention (approx. 22 minutes) and control participants 

(approx. 23 minutes) in the Sport for LIFE intervention was considerably lower than 

intervention (approx. 39 minutes) and control (approx. 48 minutes) participants in the 

PATCH intervention.   

The PATCH school-based intervention not only resulted in significant increases in school-

time MVPA and school-time VPA, compared to matched controls, but also significantly 

increased intervention participants total daily MVPA and TPA  by 14 ± 14 minutes and 27 ± 

23 minutes respectively.  These findings would suggest that the ‘Daily PA at Home’ 

component of the PATCH intervention was successful in establishing a positive link between 

the school-based activities and the promotion of PA outside school/in the home 

environment.  Whereas the weekly PATCH curriculum provided children with the knowledge 

of the benefits of PA, healthy eating and reducing SB, the daily PA breaks provided children 

with practical examples of activities that could be carried out at home/outside school.  The 

primary goal of the parental outreach component was to establish a positive link between 

the school and home environment by informing parents of the content of school-based 

intervention lessons and activities.  For example, Newsletter 1 (p. 121) reflected the content 

of pupil’s lessons on the theme of ‘Exercise and Activity’ and provided parents/guardians 

with information on current PA guidelines, the benefits of PA in youth, and advice on how 

parents/guardians could help their children to be active.  Whether by changing attitudes to 

PA (e.g. PA can happen anywhere, and at any time without a need for a formal PA 

opportunity), or by increasing knowledge and awareness of the benefits of PA in the 

children and/or their parents’, or by providing children and parents with the opportunity to 

learn about PA, and be active together, this finding is very encouraging and provides 
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support for the utility of school-based interventions in increasing total daily PA in primary 

aged school age children.    

Body composition  

There were no statistically significant effects of the intervention on measures of body size 

and body composition.  Intervention and control groups displayed equivalent age related 

increases in total body fat mass and total body lean mass from pre to post intervention. 

Waist- and hip circumference measurements declined slightly in both groups from pre to 

post intervention.  Again, neither change was significant.   

This finding is in agreement with a number of school-based trials (Breslin et al., 2012; 

Magnusson et al., 2011; Donnelly et al., 2009; Gorely et al., 2009), recent Cochrane reviews 

(Dobbins et al., 2013; Dobbins et al., 2009) and a recent meta-analysis (Harris, 2009) that 

have evaluated the impact of school-based PA interventions on measures of body size and 

composition.  For example, PAAC was a three year trial to promote PA and diminish 

overweight and obesity in elementary school children in North America (Donnelly et al., 

2009).  The PAAC intervention aimed to deliver 10 minutes of MVPA within academic 

lessons (for a total of 90 minutes per week) by utilising classroom teachers to deliver 

physically active lessons.  The PAAC programme was integrated into the intervention 

school’s curriculum and was delivered to all grade 2 pupils (aged 7 years during year one of 

the intervention).  Anthropometric measurements were obtained from all participants in the 

study at baseline and PA was assessed objectively by accelerometry in a small sub-sample of 

children from both groups.  Over the three years, daily PA and MVPA were significantly 

increased (by 13% and 27% respectively) in PAAC children compared to controls.  However, 

there were no significant differences for change in BMI from baseline to year three for PAAC 

participants compared to controls.   

The outcome of a recent meta-analysis conducted with 15 studies and a total of 18,141 

children, reported that change in BMI was not significantly different between children who 

received a school-based intervention and those in the control group.  The underlying 

reasons for this were unclear (Harris et al., 2009).  There are limitations to the use of some 

measures of body composition (Harris et al., 2009).  For example, although the use of BMI to 

classify children and adolescents as overweight or obese is well established (Reilly, 2006), it 
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is not a sensitive measure of adiposity in children, as it gives no indication of the proportion 

of fat to lean body mass or the distribution of fat (Reilly et al., 2010).  BMI reflects fat, as 

well as fat-free components of body weight (Sweeting, 2007).  It is possible therefore that a 

PA intervention could affect the ratio of lean mass to fat mass in a participant, with no 

overall change in their BMI.  In order to assess the discreet effects of interventions, other 

measures of body composition such as WC and BF% should be included in study designs.  

Additionally, few studies assessing the effect of school-based PA interventions on body 

composition in youth have used objective measures of PA (Harris et al., 2009).  The PATCH 

study adds to the literature in this area by evaluating these additional measures in response 

to a PA intervention in primary school children.  DEXA scans were utilised to assess potential 

intervention effects on lean mass, fat mass and BF%, and objective measures of PA were 

included to examine the potential effects of activity intensity and volume in relation to body 

composition.  However, the lack of any significant changes to all of these measures of body 

composition adds support to the growing body of evidence reporting little or no effect of 

school-based interventions on body composition measures in school age youth. 

 

Current international and UK guidelines for PA in children and young people describe the 

amount of activity required to achieve substantial health benefits (DOH, 2011; WHO, 2010).  

A number of school-based interventions with a PA outcome aim to facilitate participants to 

meet these current guidelines for MVPA.  However, the ‘success’ or ‘failure’ of many of 

these interventions is not measured in terms of participants meeting and/or exceeding 

these guidelines, rather it is measured in terms of an interventions ability to significantly 

increase PA in the intervention group compared to the control group.  Therefore, it is 

possible that a ‘successful’ intervention can result in significant gains in participants MVPA, 

but these levels may fall well below current recommendations for daily MVPA.  Indeed, the 

PATCH intervention resulted in significant increases in daily MVPA and TPA: 7% of boys and 

girls in the intervention group met current guidelines for daily MVPA at baseline.  At mid 

intervention, this figure had risen to 32%; a 19% increase in girls and 32% increase in boys 

meeting guidelines for daily MVPA.  However, it appears that the overall ‘dose’ of PA 

achieved by the intervention group was not sufficient to increase TEE, to the extent that it 

would be displayed as a change in BMI, or as a significant change in BF% from pre to post 

intervention.   
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PATCH daily PA breaks and ‘Daily PA at home’ emphasised the use of activities that were of 

a moderate or vigorous intensity.  Moderate PA activities in the PATCH intervention 

included typical ‘playground activities’ which could be delivered in the classroom (e.g. star 

jumps, marching on the spot) with an energy expenditure equivalent to approximately 4.5 

METs (Ainsworth et al., 2000).  1 MET is defined as the energy expenditure of sitting quietly, 

equivalent in children to a resting O2 intake of ∼6 mL·kg-1·min-1 (Harrell et al., 2005).  

Moderate PA is equivalent to 51 - 69% VO2max and increases the body’s metabolism during 

the activity by around 3 - 6 times that of resting levels (3 - 5.9 METs) (Hagstromer et al., 

2007; Harrell et al., 2005).  Vigorous PA is the equivalent of ≥70% VO2max (6.0 - 8.9 METs) 

(Hagstromer et al., 2007; Harrell et al., 2005).  Vigorous physical activities in the PATCH 

intervention (e.g. push ups, rope jumping) had an energy expenditure equivalent to 

approximately 8 METs (Ainsworth et al., 2000). 

 

PA increases energy expenditure, and for more active children, recommended average daily 

calorie requirements reflect the need for greater energy intake (Scientific Advisory 

Committee on Nutrition (SACN), 2010).  For example, the SACN recommend a daily energy 

intake for active boys aged 10 - 11 of 9.0 - 9.5 MJ/d (approximately 2200 - 2300 K/cal per 

day) and active girls aged 10 - 11 of 8.6 - 9.1 MJ/d (approximately 2000 - 2200 K/cal per day) 

(SACN, 2010).  This increase in energy intake could result in positive energy balance, where 

more calories are consumed than expended.  However, regular participation in PA can help 

maintain the caloric balance needed to support normal growth and development during 

childhood and adolescence without promoting excess weight gain (DOH, 2011).  With 

regular participation in PA, children will increase in stature while maintaining weight, 

resulting in reduced fat mass and an improvement in body composition (Stolzman et al., 

2012; Tam et al., 2010).  Whereas low levels of PA, excessive food intake and SB promote 

positive energy balance (Wang et al., 2006), observational studies have reported that high 

levels of objectively measured vigorous PA are associated with lower levels of adiposity in 

childhood (Dencker et al. 2006), and longitudinal studies have shown that PA helps to 

maintain a healthy weight from childhood to early adolescence (Moore et al., 2003).  Using 

more vigorous intensity activities that require greater energy expenditure may have 

increased the TEE delivered in the PATCH daily PA activities.   
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Future research designs should combine VPA with a greater duration of intervention (e.g. 

one academic year).  Repeatedly exposing participants to key health promotion messages 

and intervention activities over a longer period of time may result in a sustained effect on 

PA (Gorely et al., 2011), and may facilitate positive changes in body composition (e.g. 

development of lean mass and a reduction in adiposity).  Continually reinforcing healthy 

lifestyle behaviours related to energy expenditure (e.g. promoting PA, encouraging healthy 

eating and reducing SB) may encourage sustained changes in behaviour and increase the 

effectiveness of the intervention to attenuate increases in adiposity over time (Bacon & 

Aphramour, 2011).  

 

Recent evidence suggests that the prevalence of obesity has plateaued in recent years 

within the UK (Boddy et al., 2010) and internationally (Rokholm et al. 2010).  However, there 

is no evidence of a decline and a high proportion of children remain at risk of morbidity 

(Fairclough et al., 2013).  Therefore, it is important that we apply strategies to prevent 

unhealthy weight gain in children.  The establishment of healthy weight in early life is 

particularly important for long-term health (Hill et al., 2012).  Being overweight or obese in 

childhood increases the prevalence of risk factors for CVD, and many studies have observed 

significant 'clustering' of CM risk factors with paediatric obesity (Reilly et al., 2003).  Excess 

childhood weight also increases the risk for the development of weight related orthopaedic 

problems, and has been associated with pulmonary, neurological and gastrointestinal 

conditions (Dietz, 1998), and social and psychological problems which pose significant risks 

to children’s emotional health (Puhl et al., 2010).  Children who are overweight are more 

likely to grow up to be overweight adults (Cleland et al., 2008), and being overweight during 

childhood is a risk factor for severe obesity over the life course (Ferraro et al., 2003).  

Furthermore, as PA patterns established in childhood track across the life course (Telama et 

al., 2009), high levels of PA in childhood may also help to prevent unhealthy weight gain in 

adolescence and adulthood, and help to reduce the morbidity and mortality that is 

associated with increased adiposity in adulthood. However, interventions need only 

advocate small changes in PA and energy expenditure to be of benefit at a population level 

(Hill et al., 2012).  For example, excessive weight gain could be prevented in children by 

reducing positive energy balance by 150 Kcal per day (Wang et al., 2006), equivalent to 30 

minutes MVPA for a 65 - 70 Kg person (NHLBI, 2013).  It is feasible for schools to achieve this 
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targeted increase in daily MVPA without the introduction of extra timetabled PE.  A recent 

study found that daily PA breaks, usually 10 minutes in duration, once or twice per school 

day, supervised by classroom teachers, were 80% as effective at increasing primary school 

children’s energy expenditure as traditional PE (Bassett et al., 2013). 

A number of intervention projects have been conducted to prevent the increase in child 

overweight and obesity by increasing levels of habitual PA, reducing time spent in SB and 

improving nutritional intake (Fairclough et al., 2013).  It has been suggested that school-

based interventions that combine PA and diet may help to prevent children becoming 

overweight in the long term (Brown & Summerbell, 2009).  However, a recent systematic 

review of school-based obesity prevention interventions reported that although school-

based interventions may help children maintain a healthy weight, there is insufficient 

evidence to assess the overall effectiveness of dietary interventions vs. PA interventions; or 

diet and PA interventions combined; and the results of studies are inconsistent and short 

term (Brown & Summerbell, 2009).  The primary aim of the PATCH study was to increase 

objectively measured PA in the intervention group.  Lessons on ‘Health Eating and Nutrition’ 

were delivered during four sessions of the 12 week PATCH curriculum.  However, patterns 

of diet and food intake were not measured during the intervention.  Therefore, the effect of 

the PATCH intervention on dietary intake of participants is unknown.  Future research 

should seek to address this short-coming by including dietary monitoring and record 

macronutrient intake to enable energy intake to be estimated and investigate the 

intervention’s effect on energy balance. 

 

In the PATCH study, patterns of PA were assessed objectively using accelerometry.  

However, PA feedback was not part of the intervention, and since PA was a primary 

outcome measure, this information was not relayed to participants or teachers during the 

intervention.  Not providing feedback to participants may have had implications for both the 

short- and long-term effect of the intervention in increasing children’s PA.  Providing 

accurate/individual feedback to participants may have enabled them to accurately evaluate 

their PA status; the patterns, volume and intensity of their habitual PA.  During initial 

training on the PATCH intervention components, intervention teachers were advised that 

moderate PA referred to an intensity which results in an increase in children’s heart rate 
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and body temperature, and causes shortness of breath (but children should still be able to 

carry on a conversation) (DOH, 2011).  They were also advised that VPA will result in a more 

rapid increase in body temperature, heart rate and shortness of breath, making it more 

difficult to carry on a conversation (DOH, 2011).  However, without accurate feedback it 

may have been difficult for teachers to gauge the appropriate intensity of classroom-based 

PA, and may have resulted in pupils engaging in more light PA than MVPA.  The effect of 

providing accurate individual feedback on children’s total daily PA is unknown and warrants 

investigation in future research.   

 

Bone mineral density and bone mineral content 

 

Recent PA guidelines for children and young people include recommendations that vigorous 

intensity activities (which include those that strengthen muscle and bone) should be 

incorporated at least three days a week (DOH, 2011).  The PATCH study aimed to assess the 

effects of a 12 week school-based PA intervention on a number of body composition 

measures in both intervention and control participants.  Among these measures were BMD 

and BMC.  There were no significant effects of the PATCH intervention on BMD and BMC 

from pre to post intervention.  This finding is in contrast to a number of intervention studies 

that have demonstrated that exercise programs can increase bone mass in the growing 

skeleton (MacKelvie et al., 2003; MacKelvie et al., 2002).  However, the majority of these 

studies have typically delivered vigorous activities during the school day (jumping/weight-

bearing exercises) for at least 3 times weekly over a minimum of 6 months (Boreham & 

McKay, 2011).  However, high levels of habitual PA have also been associated with stronger 

bones in children (Ebeling et al., 2013).  Therefore, if the PATCH intervention was 

implemented for the duration of 6 months - 1 academic year, and the significant increases in 

children’s total daily MVPA and TPA were maintained, the PATCH intervention could 

potentially aid pre-pubertal children’s bone strength and development.  

 

Children and Youth Physical Self-Perception Profile (CY-PSPP) 

 

Despite considerable interest in the study of self-perceptions (self-concept, self-esteem, 

self-worth) and their links to mental health, there is a scarcity of research examining the 
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impact of PA (and more specifically, objectively measured PA) on physical self-perception in 

primary age school children.  In a large scale study of 8 - 12 year old Swedish children, Welk 

and Eklund (2005) identified significant positive relationships between self-reported PA 

(Physical Activity Questionnaire for Children) and all CY-PSPP scales.  Raustorp et al. (2005) 

demonstrated a moderate correlation with CY-PSSP scales among boys (.18 ≤ r ≤ .39), yet a 

weak correlation (.07 ≤ r ≤ .19) among girls (11 - 12 yrs) when PA was measured by 

pedometers.  Burgess et al. (2006) reports that a 6 week aerobic dance intervention 

enhanced physical self-perceptions (body attractiveness and physical self-worth) in 50 

British schoolgirls (aged 13 - 14 years), although these improvements were not sustained at 

follow-up.  In this study, there were no statistically significant intervention effects for any of 

the scales measured by the CY-PSSP between intervention and control groups, pre to post 

intervention (P >.05).  These findings raise questions as to the specific conditions of PA 

which affect physical self-perception and may lead to gains in Global Self Esteem.  Despite 

this, the PATCH study adds to the research in this field by examining the relationship 

between PA measured by accelerometry, and scales of physical self-perception measured by 

the CY-PSSP in primary school children in NI.  

 

Strengths and limitations 

 

In developing comprehensive PA interventions it is crucial to incorporate effective school-

based strategies (Dobbins et al., 2013).  The PATCH intervention was designed following an 

extensive review of effective multicomponent school-based PA interventions (Magnusson et 

al., 2011; de Meij et al., 2011; Kriemler et al., 2010; Donnelly et al., 2009; Gorely et al., 2009; 

Salmon et al., 2008; Naylor et al., 2008; Caballero et al., 2003; Jurg et al., 2006) and on 

recommendations from recent reviews (Kreimler et al., 2011; Dobbins et al., 2009; Van Sluijs 

et al., 2007) and NICE guidelines (NICE, 2009).  The comparative success of multicomponent 

programmes (when compared to individual level interventions) at increasing children’s 

overall PA had a significant bearing on the final intervention design.  Multicomponent 

interventions which include a variety of strategies to enhance PA have the potential to reach 

more children by broadening the levels of the intervention and the spectrum of physical 

activities (Kreimler et al., 2011).  From a public health perspective, these approaches are the 

most consistent at increasing children’s overall PA (Kreimler et al., 2011).  Effective school-
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based interventions have consistently utilised methods that are central to SCT (Gorely et al., 

2009).  Elements of SCT were used as a framework for developing the content of the PATCH 

intervention.  Evidence from effective school-based PA interventions also suggests that 

trained school teachers can effectively promote PA in the school setting (Magnusson et al., 

2011; Gorely et al., 2009; Naylor et al., 2008; Caballero et al., 2003).  PATCH was designed to 

be a teacher-led intervention, and has shown that by working in conjunction with 

enthusiastic school personnel, and by utilising appropriate resources (stimulating and age 

appropriate), it is possible not only to integrate, but significantly increase PA within the 

normal workings of the school day.  Recent NICE guidelines have suggested that school-

based interventions to increase PA should be multicomponent, by including education and 

advice to increase awareness of the benefits of PA, and opportunities for children to be 

active throughout the school day (NICE, 2009).  PATCH was designed to incorporate PA 

breaks into the school classroom, and throughout the school day.  This relatively novel 

approach has been used effectively in a number of school-based interventions (Naylor et al., 

2009; Donnelly et al., 2009; Naylor et al., 2008; Reed et al., 2008; Jurg et al., 2006; Naylor et 

al., 2006; Caballero et al., 2003).  In addition to the daily PA breaks, intervention teachers 

delivered a weekly theory lesson on the key themes of, ‘Exercise and Activity’, ‘Reducing 

Screen time and Sedentary Behaviour’, and ‘Healthy Eating and Nutrition’.  This ‘knowledge’ 

component of PATCH was designed to complement, and integrate into the Key Stage 2 

PDMU curriculum.  Integrating the multiple components of the PATCH intervention within 

the existing NI curriculum, and using class teachers to deliver the intervention was a 

sustainable, low-cost approach which could be reproduced effectively in primary schools 

throughout NI.  

 

PATCH was designed to have minimal impact on teacher preparation and curricular time.  

However, perhaps of equal importance, PATCH was designed to be enjoyable for teachers 

and pupils.  Research suggests that ‘enjoyment’ of PA is an important mediator of PA in 

school-based PA interventions (Salmon et al., 2008), and that children prefer fun, non-

competitive activities, and opportunities to explore a range of physical activities (Coulter & 

Woods, 2011).  Interventions should aim to enhance ‘enjoyment’ in order to maintain and 

increase children’s PA (Ferrer-Caja & Weiss, 2000).  To meet these objectives, class teachers 

received training on the content and delivery of school-based intervention components 
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prior to the intervention; and the content of intervention components was developed and 

enhanced through consultation with the intervention teachers during the intervention.   

The PATCH intervention provided all children in intervention classes with additional 

structured and compulsory activity, including those who might have dropped out if given a 

free choice, and regardless of whether they consented to undergo study measurements.  

This approach guaranteed adherence to the intervention.  The inclusion of all children in a 

class also avoids any stigmatisation of overweight and unfit children, and gives all children 

an equal chance to benefit from this type of intervention. In addition, over 75% of the study 

population consented to participate which reduced the risk of sampling bias. 

The PATCH study used reference standard measurement techniques to assess body 

composition (DEXA) and PA (accelerometry).  The combination of such high quality 

measures are rarely utilised in studies of school-based interventions.  More specifically, the 

results of this study highlight the potential for utilising individually calibrated cut-points in 

school-based PA interventions.  In the PATCH study, PA was measured objectively by 

accelerometry and the resultant data were analysed using individually calibrated thresholds.  

To the author’s knowledge, this is the first school-based intervention to use individually 

calibrated cut-points to measure PA.  Researchers have proposed the use of individually 

calibrated approaches to attempt to improve the classification of children’s PA (MacKintosh, 

2011; Stone et al., 2009).  As opposed to using empirical cut-points based on differing 

populations (that fail to take individual differences into account) the use of individually 

calibrated cut-points may provide a more accurate assessment of an individual’s volume, 

intensity and patterns of PA.  If utilised in future research designs, this approach may help to 

identify more clearly the relationships between individually classified PA and a number of 

measurable health outcomes in youth. 

A number of school-based PA interventions have demonstrated effects on PA that were 

more pronounced in boys (Magnusson et al., 2011; Naylor et al., 2008).  The PATCH 

intervention significantly increased the PA of both boys and girls.  However, the volume and 

intensity of this activity declined when PA was measured post intervention (one week after 

the intervention had finished).  Future research designs should include a greater duration of 

intervention.  Repeatedly exposing participants to key health promotion messages and 

intervention activities over a longer period of time may result in a sustained effect on PA 
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(Gorely et al., 2011).  Integrating intervention components more fully into the normal 

workings of the school day might also help to ensure that immediate intervention effects 

were sustained in the long term.  Magnusson et al. (2011) suggest that the long term 

success of interventions to increase PA may depend on motivating and training of generalist 

teachers throughout the school - to broaden the reach of the programme.  Evidence from 

‘Whole-School’ models of health promotion (adopted by the AS BC! (Naylor et al., 2008) and 

PATHWAYS (Caballero et al., 2003) interventions) suggests that engaging key stakeholders, 

and empowering schools to be active partners in curriculum development is critical to 

intervention sustainability (Naylor et al., 2008). 

The PATCH intervention aimed to increase overall daily MVPA with the inclusion of ‘Physical 

Activity at Home’.  This intervention component involved daily PA ‘homework’ and monthly 

parental newsletters to inform parents/guardians of the benefits of PA for children’s health.  

Families are important mediators of PA outside the school (Salmon et al., 2007), and the 

findings of a number of recent reviews confirm recommendations to use a family 

component to increase the effectiveness of PA interventions with children (Dobbins et al., 

2013; Kreimler et al., 2011).  Recent NICE guidelines have suggested that school-based 

interventions to increase PA should provide education and advice to children and their 

parents to increase awareness of the benefits of PA (NICE, 2009).  The short term changes in 

PA behaviour that were demonstrated in the PATCH intervention may be attributed, in part, 

to the success of the ‘Daily PA at home’ component in successfully bridging the gap between 

the school and home environment.  However, further research is required to evaluate the 

effects of different types of PA feedback and information to promote PA in school children.    

Although recent NICE guidelines (NICE, 2009), numerous studies (Magnusson et al., 2011; de 

Meij et al., 2011; Kriemler et al., 2010; Donnelly et al., 2009; Gorely et al., 2009; Salmon et 

al., 2008; Naylor et al., 2008; Caballero et al., 2003; Jurg et al., 2006) and recent reviews 

(Dobbins et al., 2013; Kreimler et al., 2011) have suggested that school-based interventions 

to increase PA should adopt a multicomponent design, multicomponent designs are 

problematic when attempting to identify which of the individual components of the 

intervention contribute most to the promotion of PA behaviour change.  In developing 

comprehensive PA strategies it is crucial to incorporate effective school-based strategies 

(Dobbins et al., 2013).  However, direct comparison of effective multicomponent 
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intervention designs is also difficult because there is a great deal of variation in the design of 

multicomponent interventions.  A recent Cochrane review which evaluated the impact of 

school-based interventions on increasing PA, and included 44 studies and 36,593 children 

and adolescents (Dobbins et al., 2013) found that no two school-based PA promotion 

programs had the same combination of intervention components. 

Intervention teachers received both initial and on-going training in the use of PATCH 

intervention components.  They were also provided with classroom resources (e.g. a wall 

chart on which children recorded their ‘favourite’ daily class-room based exercises) and 

were encouraged to keep a weekly diary to record the delivery of intervention components.  

It was hoped that this would increase intervention fidelity.  However, the direct observation 

and evaluation of the delivery of the PATCH curriculum and PA breaks was minimal during 

the 12 week intervention.  Another potential limitation was that PA feedback was not 

provided to pupils or teachers during the intervention.  In the PATCH study, patterns of PA 

were assessed objectively, using accelerometry.  However, PA feedback was not part of the 

intervention, and since PA was a primary outcome measure, this information was not 

relayed to participants or teachers during the intervention.  Providing this information 

during the intervention would have confounded the findings, making it difficult to attribute 

any potential change in PA to the intervention alone.  However, not providing feedback to 

participants may have had implications for both the short- and long term effect of the 

intervention in increasing children’s PA.  The provision of feedback is an important BCT 

(Michie et al, 2011; Abraham & Michie, 2008).  Future research designs should include 

specific measures of assess the intensity of classroom-based PA and facilitate PA feedback, 

perhaps by using the validated time-moment sampling procedure ‘System for Observation 

of Fitness Instruction Time’ (SOFIT) (McKenzie et al. 1991), or by providing accurate 

individualised accelerometer feedback to enabled participants to identify the patterns of 

exercise intensities which correspond with light-, moderate- and vigorous PA.  It is rare for 

children to be provided with accurate objective information on their PA status.  The 

potential role of this type of feedback to promote PA (either for use in an intervention 

setting or in isolation) warrants investigation in future research designs. 
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Conclusions   

The PATCH study contributes to the literature in the area of PA promotion by investigating 

the effects of a school-based PA intervention with objective measures of PA and DEXA 

derived measures of body composition.  This combination of such high quality measures are 

rarely utilised in studies of school-based interventions.   

This study used individually calibrated PA intensity cut-points in the analysis of PA data.  As 

opposed to using empirical cut-points based on differing populations, that fail to take 

individual differences into account, this approach more accurately classified individuals PA 

patterns, volume and intensity.  To the author’s knowledge, the use of individually 

calibrated PA intensity cut-points in a study of a school-based intervention is a novel 

approach. 

PATCH significantly increased school-time and total daily PA during the intervention.  

However, when the intervention finished, the PA levels of participants declined, but did not 

return to baseline levels.  PATCH therefore was successful, at least in the short term, in 

changing young people’s PA behaviours.   

The short term results of the PATCH study are encouraging and highlight the utility of 

multicomponent interventions that are theoretically based to promote healthy behaviours 

in school age children.  However, further research is required in order to establish how to 

transfer short term behaviour change into long term behaviour change with the potential 

for meaningful health outcomes in adulthood.  
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Chapter 6: Study 3 

The effect of child and parental feedback on promoting physical activity levels in primary 

school children 
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Introduction 

Children in NI are less physically active than their peers in the rest of the UK (Griffith et al., 

2013) and the Republic of Ireland (Currie et al., 2012), with the majority failing to meet 

current guidelines for PA as outlined by the DOH (Griffith et al., 2013; Breslin et al., 2012).  

Patterns of PA have been shown to decline with age (Dumith et al., 2011; Bradley et al., 

2011) and inactive children are more likely to become inactive adults (Cleland et al., 2011; 

Telama et al., 2009; Trudeau et al., 2004).  The potential declines in PA for children in NI are 

worrying, given their already low levels at an early age.  The implications of inactivity for the 

future health of this generation are concerning given the evidence outlined in Chapter 4.  

However, inactivity is not solely a problem for youth in NI.  Worldwide, recognition of the 

declines in children’s PA has prioritised the search for effective strategies to promote active 

lifestyles in youth.   

Schools have been identified as the primary institutions with responsibility for promoting 

activity in young people (WHO 2004).  They are prime settings where children can advance 

their knowledge and understanding of how to participate in PA (NICE, 2009) and develop an 

appreciation of the importance of PA in their lives (Nı´Chroinin et al., 2012).  They offer an 

effective setting for PA as they have the infrastructure, facilities, and space required for 

children to be active (NICE, 2009; Butcher et al., 2007).  Compulsory schooling in NI begins 

at the age of 4 (Key Stage 1) and pupils remain in primary education until 11 - 12 years of 

age (Key Stage 2 - primary 5, 6 and 7).  Schools in NI report high levels of attendance for 

primary age children (95.2%) (Department of Education (DOE), 2012).  Therefore, schools 

provide a potentially effective setting for PA promotion because they offer continuous, 

intensive contact with a large population of children (Naylor et al., 2008).  School-based 

interventions that have focused on the promotion of PA, and PA behaviour change in 

children, have been shown to be effective at increasing PA, but the potential transfer of 

school-based interventions to increasing out-of-school PA has been more difficult to achieve 

(Kreimler et al., 2011).  PATCH (Study 2) was a school-based multicomponent intervention 

which resulted in significant increases in school-time MVPA and school-time VPA and also 

significantly increased total daily MVPA and TPA.  Among the multiple components of the 

intervention, ‘Daily PA at home’ was designed to establish a positive link between the school 

and home environment by informing parents of the content of school-based intervention 
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lessons and activities through educational newsletters.  Recent NICE guidelines have 

suggested that school-based interventions to increase PA should provide education and 

advice to children and their parents to increase awareness of the benefits of PA (NICE, 

2009).  The short term changes in PA behaviour that were demonstrated in the PATCH 

intervention may be attributed, in part, to the success of the ‘Daily PA at home’ component 

in successfully bridging the gap between the school and home environment.  Whether by 

changing attitudes to PA, or by increasing knowledge and awareness of the benefits of PA in 

the children and/or their parent’s, or by providing children and parents with the opportunity 

to learn about PA, and be active together, this finding is very encouraging and provides 

support for the utility of school-based interventions in increasing total daily PA in primary 

aged school children. 

A potential limitation of the PATCH intervention design, however, was that PA feedback was 

not provided to teachers, children and their parents during the intervention.  Since PA was a 

primary outcome measure, providing feedback during the intervention would have 

confounded the findings, making it difficult to attribute any potential change in PA to the 

intervention alone.  However, the provision of feedback is an important BCT (Michie et al, 

2011; Abraham & Michie, 2008).  Not providing PA feedback may have had implications for 

both the short- and long-term effect of the intervention in increasing children’s PA.  It is rare 

for children and their parents to be provided with accurate objective information on their 

PA status.  The potential role of this type of feedback to promote PA (either for use in an 

intervention setting or in isolation) warranted investigation, and is a primary aim of this 

study. 

Much of the research investigating feedback and self-monitoring in children has utilised 

wireless heart-rate telemetry (McManus et al., 2008) or pedometers (Butcher et al., 2007).  

Accelerometry has been used primarily with clinical populations (Goldfield et al., 2006; 

Goldfield et al., 2000).  Previous studies used readily available feedback to enable 

participants to access information on their PA during periods of data collection.  These 

studies also used feedback to set targeted PA goals and/or used rewards to increase 

participants PA.  For example, Goldfield et al. (2000) investigated whether making access to 

sedentary pursuits contingent on PA feedback would increase PA among obese Canadian 

children (n = 34 , aged 8 - 12 years).  Goldfield et al. (2006) also assessed the effects of open-
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loop feedback on PA and television viewing in overweight and obese Canadian children (n = 

30, 8 - 12 years).  In addition, Roemmich et al. (2004) assessed the effect of open-loop 

feedback and reinforcement on PA and TV time in a small clinical trial with non-obese 

American children (n = 18, aged 8 - 12 years).  More recently, Butcher et al. (2007) examined 

whether feedback alone (FB) or feedback plus PA information (FB+I) could increase PA 

(pedometer step counts) in a sample of 9 - 10 year old British school children (n = 177).   

The findings of these studies suggest that providing feedback, combined with rewards, is the 

most successful approach to increasing PA in overweight and obese children (Goldfield et 

al., 2006; Goldfield et al., 2000), and providing feedback and information is critical in 

promoting PA competence and intrinsic motivation in youth (Butcher et al., 2007).  

However, these studies differ from the present study as they used readily available feedback 

to enable participants to access information on their PA during periods of data collection.  

The present study blinded participants to the accelerometer data that was collected.  

Blinding participants to feedback, and not providing rewards or incentives to increase PA, 

enabled the research to assess the effect of feedback alone on children’s PA. 

Research on the role of feedback in PA promotion in youth is scarce.   A review of the 

available literature suggests that providing feedback to children may be important to 

develop awareness of PA status and has the potential to promote physically active 

behaviours (Butcher et al., 2007; Goldfield et al., 2006; Roemmich et al., 2003; Goldfield et 

al., 2000).  However, there are few studies which have utilised accelerometer derived 

feedback (particularly in non-clinical populations), and more specifically, there is a shortage 

of research examining the effect of accelerometer based feedback on PA levels, without 

feedback being supplemented with additional information on how participants can increase 

their PA levels.  In addition, few studies have investigated the role of providing feedback to 

a group of children and their parents/guardians.  Parents/guardians usually have primary 

responsibility for their children’s participation in PA (Giles-Corti et al., 2009).  In a recent 

systematic review of parental influences on different types and intensities of PA in youth, 

parental involvement in PA (mother or father doing PA with the child) was the only variable 

to show a positive relationship with children’s overall involvement in PA (Edwardson et al., 

2010).  However, only a fifth of parents in the UK are aware of how much PA is required for 

health benefits (Chartered Society of Physiotherapists (CSP), 2009), and it has been shown 
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that parents vastly overestimate the amount of PA their children perform on a daily basis 

(Corder et al., 2010).   

The importance of including parents in feedback regarding children’s PA is illustrated by 

Corder et al. (2010) who showed that 80% of parents whose children were not meeting 

current guidelines for daily MVPA, wrongly thought that their children were sufficiently 

active.  Parents who overestimate their children’s PA level may not encourage or facilitate 

them to be active (Corder et al., 2012) and this is concerning given the fact that parents are 

important mediators of children’s PA (Giles-Corti et al., 2009).  It is rare for parents/ 

guardians to be provided with accurate objective information on the PA status of their child 

in comparison to the recommended PA guidelines.  The potential role of this type of 

feedback to promote children’s PA warranted investigation, and is a secondary aim of this 

study. 

Behaviour change techniques  

Abraham & Michie (2008) developed a reliable method of specifying intervention 

components or ‘techniques’ aimed at changing behaviour.  This taxonomy had an 

immediate impact on the classification of BCT in research (Michie et al., 2011) and is 

continually being updated (Michie et al., 2013).  It clarifies the evidence base about BCT and 

provides a comprehensive methodology (Michie et al., 2013).  The taxonomy also aims to 

refine the scientific basis for developing, evaluating and reporting interventions, and 

enhances the possibility of identifying specific links between BCT and theoretical constructs.  

The BCT in this study can be classified as, ‘Feedback and Monitoring’, in Michie’s Taxonomy 

(Michie et al., 2013; Michie et al., 2008).  In study 3, feedback and monitoring refers to 

providing participants with information on the frequency, duration, and intensity of PA.  It 

was proposed that providing individual feedback to children may promote awareness of 

current PA status, stimulating those children who were not meeting PA guidelines to be 

physically active, and encouraging those children who were meeting guidelines to maintain 

their activity levels.  In addition, it was proposed that providing feedback to parents may 

inform parents of their child’s current PA status, encouraging parents of children who were 

sufficiently active to provide support to maintain/or increase PA levels, and stimulate 

parents of children who were insufficiently active to promote and facilitate opportunities 
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and/or provide encouragement for their children to become more physically active.  To the 

author’s knowledge, this is the first study to use accelerometer data to provide feedback to 

children, and to a group of children and their parents/guardians to examine the effect on 

children’s subsequent PA levels. 

 

Methods 

 

Participants and design 

 

Recruitment took take place at primary schools in the greater Belfast area (n = 3).  The 

schools were comparable in size, and located in areas with a similar Multiple Deprivation 

Score (NISRA, 2010).  These schools had previously worked with UUJ and were therefore a 

convenience sample.  General study information was given to children during a school-

based presentation and question and answer session.  All children in three Year 7 classes 

were invited to participate (n = 30 pupils in each class).  Classes were randomised (using a 

random number generator) to a ‘pupil feedback group’, ‘pupil-parent feedback group’ or 

‘control group’.  At baseline, informed consent was received from n = 85 participants (mean 

age, 11 ± 0.3 years: n = 29 in the pupil feedback group, n = 28 in the pupil-parent feedback 

group, n = 28 in the control group).  Institutional ethics approvals for all procedures were 

received prior to recruitment. 

 

A mixed groups design with 3 levels was adopted; Group 1: pupil feedback group.  

Participants in group 1 received individual PA feedback.  This provided child friendly 

feedback relating to the amount of PA and SED accumulated on a daily/weekly basis whilst 

wearing the accelerometer; Group 2: pupil-parent feedback group.  Participants in this 

group received child friendly feedback relating to the amount of PA and SED accumulated 

on a daily/weekly basis whilst wearing the accelerometer.  In addition, parents/guardians of 

participants in this group received feedback relating to the amount of PA and SED 

accumulated by their child on a daily/weekly basis whilst wearing the accelerometer; Group 

3: control group.  The control group received no feedback between periods of wear-time, 

and only received feedback on their PA and SED when the study had concluded.  Each study 
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group was located in a separate school to ensure segregation of both of the feedback 

groups and control group.  This design minimised the potential contamination effect which 

could have resulted from participants sharing or discussing feedback if research groups were 

located within the same school.   

 

Outcome measures 

 

PA was assessed at three time points: baseline, post-feedback (immediately after the 

baseline data was fed-back to participants) and follow-up (2 weeks after post-feedback data 

was collected).   

 

Physical activity measurement  

 

PA was measured objectively with tri-axial accelerometers (ActiGraph GT3X, MTI Health 

Services, Pensacola, FL, USA) which were distributed to participants in school, and worn on 

the right hip for seven consecutive days using a 5 second epoch of data collection.  The PA 

measurement section in Chapter 3 (General Methods) describes the process of PA monitor 

distribution, and also the methods employed to promote adherence to wear time 

requirements amongst participants.  The minimum wear-time for inclusion in data analysis 

was 10 hours of registered time for ≥3 days (Mattocks et al., 2008).  Sustained ≥20 minute 

periods of consecutive zero counts were removed from the analysis of daily wear-time 

(Catellier et al., 2005).  A threshold of ≤100 CPM (Trueth et al., 2004) was implemented to 

denote SED in the analysis.  Time spent per valid day in SED, LPA, MPA, and VPA was 

calculated for each individual using Mattock’s PA cut-off points (Mattocks et al., 2007).  The 

rationale for selecting Mattocks cut-off points is described in detail in Chapter 3 (General 

Methods). 

 

Physical activity and sedentary behaviour feedback 

 

Feedback was distributed to participants in school within 3 - 5 days of baseline PA 

monitoring.  To ensure that the information participants received remained undisclosed to 

other class members (to minimise potential in-class contamination) participants were taken 
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out of class for a short time to receive feedback (an example of pupil feedback is available in 

the appendices).  A researcher verbally described the feedback to children to ensure that 

they understood the information contained in the feedback information sheet.  Once they 

had received feedback, children were asked not to discuss the results of their feedback with 

other class members, and they returned to class.  The feedback information sheets were 

retained by the researcher so that children could not show these to other class members, 

and also so they could not bring the feedback information sheets home for review with their 

parents/guardians.  Children in the pupil-parent feedback group received PA feedback in the 

same way.  They were asked not to discuss the results of their feedback with other class 

members, however, following feedback, their information sheets were placed in a sealed 

envelope, and they were asked to bring the child feedback information sheet and the parent 

PA feedback sheet home for review with their parents/guardians.  Parents were required to 

sign this feedback sheet to ensure that they have reviewed it, and return the PA feedback to 

the class teacher.  The researcher collected the parents/guardians PA feedback packs from 

the class teacher in order to check parental compliance.  Parents could retain the child 

feedback sheet which contained the same information (an example of parent feedback is 

available in the appendices).   

 

Statistical analyses 

 

PA data were initially explored for normality (separately by group) using the Kolmogorov-

Smirnov test.  Data that were not normally distributed: SED, MPA, VPA, MVPA were 

logarithmically (log-10) transformed for all statistical analyses.  Potential differences 

between participant’s in the pupil feedback, pupil-parent feedback and control groups at 

each time point (baseline, post-feedback and follow-up) were assessed by repeated 

measures ANOVA.  All analyses were conducted using SPSS V.20 (SPSS Inc., Chicago, IL.) 
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Results  

 

Only participants with a complete and valid data set for all three PA data collection time-

points (baseline, post-feedback and follow-up) were included in the final analyses (see Table 

1).  A total of 22 children provided a valid and complete PA data set for all 3 PA 

measurement periods in the pupil feedback group, (76% of those who originally consented 

to participate in this group), 23 provided a valid and complete PA data set for all 3 PA 

measurement periods in the pupil-parent feedback group (82% of those who originally 

consented to participate in this group), and 24 provided a valid and complete PA data set for 

all 3 PA measurement periods in the control group (86% of those who originally consented 

to participate in this group).  24 of 28 parents/guardians in the pupil-parent feedback group 

(86%) signed and returned the pupil-parent feedback envelope indicating that they had 

reviewed the pupil-parental feedback.  Significant within group differences are displayed in 

Table 10.  Significant between group differences for SED, MVPA and total PA are displayed in 

Figures 10 - 12. 
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Table 10:  Means (SD) for physical activity at baseline, post-feedback and follow-up in the 

control, pupil feedback and pupil-parent feedback groups.   

 

 

VARIABLE 

(mins per day) 

 

TIME POINT 

CONTROL GROUP  

(n = 24, 10 boys) 

PUPIL FEEDBACK 

GROUP  

(n =22, 11 boys) 

PUPIL-PARENT 

FEEDBACK GROUP  

(n = 23, 10 boys) 

mean (SD) mean (SD) mean (SD) 

 

Sedentary time 

(SED) 

Baseline 561.25 50.45 549.86 48.75 497.30 63.84 

Post-feedback   525.84* 65.57 567.57 41.70 495.91 57.35 

Follow-up 540.24 60.15 564.84 68.82 507.22 55.25 

 

Light PA  

(LPA) 

Baseline 215.82 33.50 211.34 40.88 237.29 35.22 

Post-feedback 249.72** 45.48 200.68** 36.70 247.59 45.70 

Follow-up 227.58 $ 39.12 209.28 36.51 244.66 33.81 

 

Moderate PA 

(MPA) 

Baseline 18.45 5.84 25.35 10.42 30.01 15.84 

Post-feedback 21.61 7.61   21.26* 10.23 30.77 12.73 

Follow-up    18.41+ 8.09 23.01 8.59 29.88 14.68 

 

Vigorous PA 

(VPA) 

Baseline 8.96 7.34 10.95 7.99 10.74 5.15 

Post-feedback 10.41 7.65 8.50 5.95 14.86 11.84 

Follow-up    8.57+ 8.11 8.37 3.73 13.70 8.46 

 

MVPA 

 

Baseline 27.41 11.72 36.30 16.47 40.75 18.43 

Post-feedback   32.02* 13.56 29.76 14.08 45.64 19.37 

Follow-up   26.98+ 15.26 31.38 11.50 43.58 18.31 

 

Total PA 

(TPA) 

Baseline 243.23 40.41 247.64 51.97 278.04 48.41 

Post-feedback 281.74** 51.86 230.43** 46.57 293.23 56.57 

Follow-up 249.62 $ 53.75 240.66 45.06 288.23 47.54 

Difference from baseline * = p <.05, ** = p <.001; Difference from post-feedback + = p <.05, $ = p <.001  
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Sedentary time  

  

 

 

Figure 10: Mean (± SD) Sedentary time - baseline, post-feedback and follow-up  

** Significant difference between control and pupil-parent feedback group (p <.001) 

$ Significant difference between pupil feedback group and control group (p <.001) 

+ Significant difference between pupil feedback group and pupil-parent feedback group (p <.001) 

 

No main effect for SED was observed across the three time-points.  A significant interaction 

was observed between time and group for SED (F (4, 132) = 3.02, p = .020, Ƞ2 = .084).  Post 

hoc analysis utilising paired samples t-tests revealed that control group participants 

significantly reduced SED from baseline to the post-feedback time-point (t (23) = 3.06, p = 

.006) (a reduction of 35 ± 57 minutes of daily SED).  There were no significant interaction 

effects for participants in the pupil feedback and pupil-parent feedback groups.  

 

ANOVA reported a significant between groups effect (F (2, 66) = 9.71, p <.001, Ƞ2 = .227).  

Post hoc analysis utilising independent samples t-tests revealed that control group 

participants had significantly more SED at baseline than participants in the pupil-parent 

feedback group (t (43) = 3.057, p = .004) (a difference of approx. 64 minutes of daily SED).  

At the post-feedback time-point, pupil feedback participants had significantly more SED 
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than control participants (t (43) = -2.59, p = .013) (a difference of approx. 42 minutes of daily 

SED), and participants in the pupil-parent feedback group (t (43) = 4.74, p = .001) (a 

difference of approx. 72 minutes of daily SED).   At follow-up, participants in the pupil 

feedback group had significantly more SED than participants in the pupil-parent feedback 

group (t (43) = 3.105, p = .003) (a difference of approx. 62 minutes of daily SED). 

 

Light physical activity  

 

A significant main effect for light PA (LPA) was observed across the three time-points (F 

(1.936, 127.755) = 3.44, p = .037, Ƞ2 = .050).  A significant interaction was observed between 

time and group for LPA (F (3.871, 127.755) = 6.16, p = .001, Ƞ2 = .157).  Post hoc analysis 

revealed that control group participants significantly increased LPA from baseline to post-

feedback time points (t (23) = -5.619, p = .001) (an increase of 34 ± 31 minutes of daily LPA).  

This was followed by a significant reduction in LPA from post-feedback to follow-up time 

points in the same group (t (23) = 2.634, p = .015) (a reduction of 22 ± 39 minutes of daily 

light PA).  There was a significant decline in LPA for participants in the pupil feedback group 

from baseline to post-feedback (t (21) = 2.170, p = .042) (a decline of 11 ± 23 minutes of 

daily LPA).  There were no significant interaction effects in the pupil-parent feedback group. 

 

ANOVA reported a significant between groups effect (F (2, 66) = 6.65, p = .002, Ƞ2 = .168).   

Post hoc analysis revealed that control participants (t (45) = -2.16, p = .36) and pupil 

feedback participants (t (43) = 3.06, p = .004), had significantly lower levels of LPA at 

baseline than participants in the pupil-parent feedback group (a difference of approx. 21 

minutes of daily LPA for control, and 26 minutes of daily LPA for pupil feedback 

participants).  Control participants recorded significantly more daily LPA at the post-

feedback time point than pupil feedback participants (t (44) = 3.968, p = .001) (a difference 

of approx. 49 minutes of daily LPA).  Pupil feedback participants also had significantly less 

LPA than pupil-parent feedback participants at this time point (t (43) = -3.842, p = .001) (a 

difference of approx. 47 minutes of daily LPA).  At follow-up, pupil-parent feedback 

participant’s had significantly more daily LPA than pupil feedback participants (t (43) = -3.43, 

p = .001) (a difference of approx. 36 minutes of daily LPA) 
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Moderate to vigorous physical activity 

 

 

 

Figure 11: Mean (± SD) Moderate to vigorous physical activity - baseline, post-feedback and follow-up 

** Significant difference between pupil feedback group and pupil-parent feedback group (p <.05) 

$ Significant difference between control and pupil-parent feedback group (p <.05) 

 

No main effect for MVPA was observed across the three time-points.  A significant 

interaction was observed between time and group for MVPA (F (4, 132) = 4.48, p = .002, Ƞ2 

= .119).  Post hoc analysis revealed that control group participants significantly increased 

MVPA from baseline to post-feedback (t (23) = -2.34, p = .02) (an increase of 14 ± 11 

minutes of daily MVPA, and significantly reduced MVPA from post-feedback to follow-up (t 

(23) = 2.47, p = .022) (a reduction of 5 ± 11 minutes of daily MVPA).  There was a significant 

reduction in MVPA from pre to post-feedback time point for participants in the pupil 

feedback group (t (21) = 2.687, p = .014) (a reduction of 7 ± 13 minutes of daily MVPA). 

 

ANOVA revealed significant between groups effects (F (2, 66) = 6.10, p = .004, Ƞ2 = .156).  

Post hoc analysis revealed that control group participants had significantly less MVPA than 

pupil-parent feedback participants at baseline (t (45) = - 2.92, p = .005) and at post-feedback 
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(t (45) = -2.97, p = .005) (a difference of approx. 14 minutes of daily MVPA at baseline and 

post-feedback).  Post-feedback, pupil feedback participants also had significantly less daily 

MVPA than pupil-parent feedback participants (t (43) = - 3.29, p = .002) (a difference of 

approx. 16 minutes of daily MVPA).  At follow-up, both control (t (45) = -3.49, p = .001), and 

pupil feedback participants (t (43) = -2.25, p = .029) had significantly less daily MVPA than 

participants in the pupil-parent feedback group (a difference of approx. 17 minutes per day 

of MVPA for control and approx. 13 minutes per day of MVPA for pupil feedback 

participants). 

 

Total physical activity 

 

 

 

 

Figure 12: Mean (± SD) Total physical activity - baseline, post-feedback and follow-up 

* Significant difference between pupil feedback group and pupil-parent feedback group (p <.05) 

£ Significant difference between control and pupil feedback group (p <.05) 

$ Significant difference between control and pupil-parent feedback group (p <.05) 

 

No main effect for time was observed.  A significant interaction was observed between time 

and group for total PA (F (3.783, 124.834) = 6.301, p <.001, Ƞ2 = .160).  Post hoc analysis 
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revealed that control participants significantly increased total daily PA from baseline to 

post-feedback time point (t (23) = -5.56, p <.001) (an increase of 39 ± 35 minutes of total 

daily PA, and subsequently decreased total daily PA significantly from post-feedback to 

follow-up (t (23) = 2.89, p = .008) (a decrease of 32 ± 50 minutes of total daily PA).  Pupil 

feedback group participants significantly reduced total daily PA from baseline to post-

feedback time points (t (21) = 2.650, p = .015) (a reduction of 17 ± 30 minutes of total daily 

PA). 

 

ANOVA revealed a significant between groups effect (F (2, 66) = 6.57, p = .002, Ƞ2 = .166).  

Post hoc analysis revealed that both control (t (45) = - 2.70, p = .010) and pupil feedback 

participants (t (43) = -2.16, p = .037) had significantly less total daily PA than pupil-parent 

feedback group participants at baseline (a difference of approx. 35 minutes of total daily PA 

for the control and approx. 30 minutes of total daily PA for pupil feedback participants).  At 

the post-feedback time point, control participants recorded significantly more total daily PA 

(t (44) = 3.41, p = .001) than pupil feedback participants (a difference of approx. 52 minutes 

of total daily PA).  Pupil feedback participants also recorded significantly less total daily PA (t 

(43) = -4.11, p <.001) than pupil-parent feedback participants (a difference of approx. 63 

minutes of total daily PA).  At follow-up, both control (t (45) = -2.64, p = .011) and pupil 

feedback participants (t (43) = -3.52, p = .001) recorded significantly less total daily PA than 

pupil-parent feedback participants (a difference of approx. 38 minutes of total daily PA for 

control, and approx. 47 minutes of total daily PA for pupil feedback participants). 
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Discussion 

This study examined the association between PA feedback and children’s PA immediately 

post-feedback, and at a follow-up time point two weeks later.  This study also examined the 

association between providing PA feedback to children and to their parents/guardians, on 

children’s PA levels, immediately post-feedback, and at a follow-up time point two weeks 

later.   

Providing feedback to children  

From baseline to post-feedback, there were significant declines in LPA (11 ± 23 minutes per 

day), MVPA (7 ± 13 minutes per day) and total daily PA (17 ± 13 minutes per day) for 

participants in the pupil feedback group.  Control group participants significantly reduced 

SED (35 ± 57 minutes per day) and significantly increased LPA (34 ± 31 minutes per day), 

MVPA (14 ± 11 minutes per day) and TPA (39 ± 35 minutes per day) from baseline to the 

second week of PA data measurement (which was the post-feedback week in the pupil 

feedback and pupil-parent feedback groups).  This increase was not expected from the 

control group.  Weather patterns were similar during the baseline and second week of PA 

measurement.  This suggests that reactivity to wearing the accelerometers might have 

occurred, despite the control group being instructed to go about their normal activities both 

in- and outside school.  Reactivity was demonstrated in the control group of another study 

which assessed PA feedback in primary school children (Butcher et al., 2007).  The 

explanation that reactivity caused the significant increases in control group PA also accounts 

for the significant declines in MVPA (5 ± 11 minutes per day) and TPA (32 ± 50 minutes per 

day) from the second week of PA measurement to the follow-up PA measurement week (as 

control group participants returned to the more representative patterns of PA and SED that 

were recorded at baseline).  A period of familiarisation with wearing the accelerometers 

might have reduced the reactivity in this group and should be considered in future research 

designs. 

In the pupil feedback group, participants were provided with child friendly feedback relating 

to their daily PA and SED.  Feedback was framed within an easily understood context (the 

current UK PA guidelines for children and young people (DOH, 2011)).  Providing context to 

feedback increases the likelihood of behaviour change (McManus et al., 2008), and 
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individually tailored messages in health education have been shown to promote PA (Michie 

et al., 2011; Bull et al., 1999).  The BCT in this study can be classified as ‘Feedback and 

Monitoring’ in Michie’s Taxonomy of BCT (Michie et al., 2013; Michie et al., 2008).  It was 

proposed that providing individual feedback may promote awareness of current PA status 

amongst children in this group, stimulating those children who were not meeting PA 

guidelines to be physically active, and encouraging those children who were meeting 

guidelines to maintain their activity levels.  However, the findings suggest that providing 

feedback alone to children on their current PA levels is not an effective strategy to promote 

physically active behaviours.  9% of children in the pupil feedback group met current 

guidelines for daily MVPA at baseline.  None of these children met current daily guidelines 

for MVPA during post-feedback PA measurement.  The reasons for this decline in PA post-

feedback are unclear.  The majority (91%) of children in this group failed to meet current 

guidelines for MVPA prior to feedback, and negative feedback has been shown to trigger 

denial and impede healthy behaviour change (Clarke et al., 1997).  It may be the case that 

the choice of accelerometer cut-points used in this study may have resulted in fewer 

children meeting guidelines for MVPA, and had a negative effect on motivation to meet 

guidelines for MVPA following feedback.  Negative PA feedback may have affected 

children’s perceptions of their ability to meet current guidelines for PA.  Perceptions of 

competence have been shown to mediate PA behaviour, and positive PA experiences have 

been shown to affect intrinsic motivation and enjoyment (Ferrer-Caja & Weiss, 2000).  In 

this study Mattocks (2008) cut-points were chosen to define MVPA as they were derived 

from a similar sample of boys and girls (n = 163, mean age, 12.4 years) and were 

comparable to the individually derived cut-points for MVPA used in Study 1 and Study 2.  

However, the lower count threshold of Mattocks cut-points for MVPA (≥3580 CPM) is higher 

(for example) than Evenson’s (2008) lower count threshold for MVPA (≥2296).  Evenson’s 

cut-points were recommended to estimate time spent in MVPA in children and adolescents 

(Trost et al., 2007) and (if used in this study) would have increased the prevalence of 

children meeting guidelines for MVPA.  However, they were derived from a relatively small 

sample (n = 33) of younger children (mean age, 7.3 years), and as such, Mattocks cut-points 

were considered to be more relevant in the context of this study.  
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It may also be the case that children were falsely reassured by the feedback and perceived 

less need to engage in extra PA (Watkinson et al, 2010).  Children’s PA awareness, and their 

perceived competence of meeting PA guidelines were not assessed at baseline, or following 

feedback, so it is unclear what mediated the influence between feedback and the decline of 

PA levels in this group.  Future research designs should include the self-report PA awareness 

questionnaire adopted by Corder et al. (2010), and Harter’s Scale (1982) should be used to 

assess children’s perceived competence.  

 

Few studies have assessed the effect of providing children with objectively measured PA 

feedback without the offer of rewards or information and goal setting to increase PA.  

Butcher et al. (2007) found greater gains in children’s daily steps during the school day when 

they were provided with specific ideas about how to increase daily steps.  Providing 

feedback and information was seen as critical in promoting PA competence and intrinsic 

motivation (Butcher et al., 2007).  In clinical populations, providing feedback combined with 

rewards was the most successful approach to increase PA in overweight and obese children 

(Goldfield et al., 2006; Goldfield et al., 2000).  Therefore, the findings of this study support 

the evidence in the literature which suggests that increasing children’s PA is most effective 

when goals are used to increase PA (Butcher et al., 2007) or when active behaviour is 

rewarded with access to high preference activities (Goldfield et al., 2006; Goldfield et al., 

2000). 

 

Providing feedback to children and their parents 

 

There were no significant effects of providing PA feedback to children and to their 

parents/guardians, on children’s PA levels, immediately post-feedback and two weeks later.  

There was however a trend for participants in the pupil-parent feedback group to record 

higher LPA (10 ± 29 minutes per day), MVPA (16 ± 19 minutes per day) and TPA (15 ± 38 

minutes per day) during the post-feedback time-point.  These PA levels were maintained at 

the follow-up time point, but the higher levels of PA at each time-point were not significant.  

In this group, feedback from objectively measured PA was given to a group of primary 

school children and their parents.  The feedback was framed in the context of the current PA 

guidelines for children and young people (DOH, 2011).  In this study ‘Feedback and 
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Monitoring’ from Michie’s Taxonomy of BCT’s (Michie et al., 2013; Michie et al., 2008) 

referred to providing participants (children and their parents) with information on the 

frequency, duration and intensity of PA.  It was proposed that providing individual feedback 

might promote awareness of current PA status, stimulating those children who were not 

meeting PA guidelines to be physically active, and encouraging those who were meeting 

guidelines to maintain their activity levels.  In addition, it was proposed that providing 

feedback to parents may inform parents of their child’s current PA status, encouraging 

parents of children who were sufficiently active to provide support to maintain/or increase 

PA levels, and stimulate parents of children who were insufficiently active to promote and 

facilitate opportunities and/or provide encouragement for their children to become more 

physically active.   

Parents/guardians play an important role in encouraging children to be physically active 

(Brockman et al., 2009) and usually have primary responsibility for their children’s 

participation in PA (Giles-Corti et al., 2009).  Parental logistic support (e.g. providing 

equipment, transport to sports facilities) is an important correlate of PA levels in children 

(Jago et al., 2010).  However, only a fifth of parents in the UK are aware of how much PA 

their children should be getting (CSP, 2009), and it has been shown that parents vastly 

overestimate the amount of PA their children get on a daily basis (Corder et al., 2010; 

Corder et al., 2012).  A recent study which assessed child- and parental awareness of PA 

levels showed that 80% of parents whose children were not meeting current guidelines for 

daily MVPA wrongly thought that their children were sufficiently active.  The same study 

reported that 40% of inactive children (who achieved <60 minutes of daily MVPA) also 

overestimated their PA level (Corder et al., 2010).  The disparity between perception and 

reality of PA status may present a barrier to behaviour change, because it has been 

suggested that inactive individuals, who do not perceive themselves as such, may be less 

susceptible to health promotion strategies (Watkinson et al., 2010).  If a child perceives 

themselves to be more active than they actually are they may see no need to alter their 

behaviour, as they are not aware that it is insufficient (Ronda et al., 2001).  If a parent does 

not perceive that their child is inactive they will not encourage, or provide opportunities for 

them to be active (Corder et al., 2012).   
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The declines in PA following feedback that were evident in the pupil feedback group were 

not observed in this group, and it can be argued that this may have been an effect of 

parental influence on children’s PA levels.  Although there were no significant increases in 

children’s PA in the pupil-parent feedback group, there was a 13% increase in the number of 

participants in the pupil-parent feedback group meeting current guidelines for daily MVPA 

from baseline to the post-feedback PA measurement time point.  This study was small in 

scale, with a relatively small number of participants and may have been underpowered to 

detect significant changes in the pupil-parent feedback group.  It is also possible that day-to-

day variation in PA may have prevented finding significant differences in the pupil-parent 

feedback group.  Evidence suggests that children’s PA varies according to the time of day 

and day of week (Nilsson et al., 2009).  Perhaps an alternative research design could have 

been to monitor PA over shorter periods (2/3 days) to enable more sensitive PA feedback.  

Although such a design would require adapted inclusion criteria to provide a reliable 

estimate of children’s habitual PA, this approach is possible given that recent research on 

the MCS suggests that using data from children with ≥two days lasting ≥10 hours/day should 

provide reliable estimates of PA (Rich et al., 2013).  However, consideration should be given 

to the applicability of these findings beyond population based research in 7 – 8 year olds, 

and further research is required to determine the extent to which bias may be introduced 

when data from children with only two wear days are included in analyses, especially if 

these days are not randomly sampled from a possible seven day week (Rich et al., 2013).   

Strengths and limitations 

This study used accelerometry to provide accurate individual feedback to a group of 

children, and a group of children and their parents.  To the author’s knowledge, utilising 

accelerometer data to provide feedback (without goal setting, rewards or information to 

increase PA) is a novel approach.  However, this study was limited by a number of factors.  

The small sample size may have been underpowered to detect significant changes in the 

pupil-parent feedback group.  The duration of follow-up period was also short (2 weeks) and 

further research is required to assess the long term effects of providing PA feedback on 

children’s PA behaviours.  Children’s PA awareness and their perceived competence of 

meeting PA guidelines were not assessed at baseline, or following feedback, so it is unclear 

what mediated the influence between feedback and the decline of PA levels in this group.  
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In addition, parental awareness of their children’s PA levels were not assessed at baseline, 

or following feedback, so it is unclear what mediated the influence between feedback and 

maintenance of PA levels in the pupil-parent feedback group. 

Conclusions 

In this study, providing PA feedback to children was not an effective strategy to promote 

changes in PA behaviour, either in the short term or over a short follow-up period.  Little is 

known about how children gauge their PA status without the provision of objective, 

accurate and individual feedback.  However this knowledge ‘gap’ may have important 

implications for PA promotion in youth.  From the limited research that has been conducted 

in this field, it has been shown that a large percentage of children overestimate their current 

PA status (Corder et al., 2012; Corder et al., 2010).  Children who perceive themselves to be 

sufficiently active (when this is not the case) will see no need to increase their PA (Ronda et 

al., 2001) and may be less susceptible to health promotion strategies (Watkinson et al., 

2010).  The disparity between perception and reality of PA status may provide a simple 

explanation as to why the majority of children in the UK, and indeed the developed world, 

fail to meet current guidelines for daily MVPA.   

The vast majority (91%) of children in the pupil feedback group were insufficiently active to 

meet current guidelines for MVPA prior to feedback.  It is worrying that educating children 

about their insufficient PA status had little effect on their resultant PA.  Given that this study 

was small in scale, with a limited follow-up, firm conclusions about the effects of providing 

feedback to children cannot be made.  Further research is required to assess the role of 

providing feedback in a larger sample of primary aged school children.  Assessing children’s 

perceptions and attitudes to their PA status before and after providing feedback may also 

provide an insight into to the attitudes and barriers to successful PA promotion in this age 

group.  In addition, further research is required to assess how children gauge the volume 

and intensity of their PA without feedback, as this may have important implications for PA 

promotion in childhood.   

Providing PA feedback to a group of children and their parents was also ineffective in 

promoting changes in PA behaviour, either in the short term (during the intervention) or 

over a short follow-up period (two weeks later).  However, this study was small in scale, 
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with a relatively small number of participants and may have been underpowered to detect 

significant changes in the pupil-parent feedback group.  Future research should seek to 

establish the role of providing feedback in a larger sample of children and their parents.  

Further research is also required to bridge the gaps in knowledge of how parents gauge the 

volume and intensity of their children’s PA without feedback.  Recent qualitative research 

suggests that parents may use an assessment of their child’s fitness level as an indicator of 

sufficient activity levels (if children were fit, they were active enough).  A child’s enjoyment 

or interest of PA was also linked to being active (Bentley et al., 2012).  However, with such 

subjective assessments of PA, it is perhaps not surprising that parents have been shown to 

vastly overestimate the amount of PA their children get on a daily basis (Corder et al., 2010).  

This study has a number of limitations, but provides novel insights into the short term 

effects of PA feedback in a group of children and a group of children and their parents.  

There remain a number of important and unanswered questions about the usefulness of PA 

feedback in PA promotion in youth, and the role of child and parental awareness of PA in PA 

promotion.  This study provides further evidence that a significant proportion of primary age 

children in NI fail to meet current guidelines for daily PA.  Addressing the knowledge gaps 

that have been highlighted in this study may provide new directions for PA promotion in this 

age group.   
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Chapter 7: Discussion & Conclusions 
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Physical activity 

 

The physical, mental and social benefits of PA for children are widely acknowledged (DOH, 

2011; WHO, 2010).  However, in spite of current public health recommendations, many 

children in the UK and the developed world fail to meet the minimum current 

recommended levels of daily MVPA (Griffiths et al., 2013; The Health and Social Care 

Information Centre, 2013; Breslin et al., 2012; Ekelund et al., 2011).  More specifically, 

studies consistently report that the majority of primary age children in NI fail to meet 

minimum guidelines for daily PA (Griffiths et al., 2013; Breslin et al., 2011), and have the 

lowest prevalence of recommended daily MVPA (43%) of children in the UK (Griffiths et al., 

2013).  As patterns of PA have been shown to decline with age (Dumith et al., 2011; Bradley 

et al., 2011), and inactive children are more likely to become inactive adults (Cleland et al., 

2011; Telama et al., 2009; Trudeau et al., 2004), the potential declines in PA for children in 

NI are worrying, given their already low levels at an early age.  The implications of inactivity 

for the future health of this generation are concerning given the evidence outlined in Study 

1.   

 

Study 1:  Summary of research and main findings  

 

Study 1 investigated the relationships between invasive and non-invasive markers of CM 

risk, and also examined the influence of PA, CRF and body composition on individual CM risk 

markers in children.  An individually calibrated approach to PA measurement was used to 

ensure the accurate categorisation of PA into specific intensities, and was used to improve 

the classification of children’s PA, and to clarify the associations between PA, body 

composition, CRF and markers of CM risk in children.  Reference standard measurement 

techniques were used to assess body composition (DEXA), PA (accelerometry) and CRF 

(VO2peak).  This range of high-quality objective measures is rarely observed in similar cross-

sectional studies with children.  Few studies investigating CM risk in youth have included 

functional ‘pre-clinical’ markers of CM risk, such as FMD and CIMT, or markers of 

inflammation, such as adiponectin and CRP.  Furthermore, few studies have investigated the 

associations between these preclinical markers of CM risk and invasive (inflammatory and 

metabolic) markers of CM risk in children.  The inclusion of these measures enabled an 
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investigation of the relationships between functional, metabolic and inflammatory 

components of CM risk in youth.  In Study 1, MVPA was positively associated with CRF in 

boys and girls, however, the associations between CRF and CM risk were stronger than 

those observed between PA and CM risk.  Furthermore, the associations between, PA, CRF, 

SED and CM risk were often mediated by adiposity.  The prevalence of 10 - 11 year old boys 

(30%) and girls (22%) meeting current guidelines for MVPA was low. 

 

Associations between physical activity, cardiorespiratory fitness and markers of 

cardiometabolic risk in Study 1 

 

In Study 1, MVPA was positively associated with CRF in boys and girls, however, the 

associations between CRF and CM risk were stronger than those observed between MVPA 

and CM risk.  These findings are consistent with a number of previous studies which report 

that the associations between CRF and CM risk are stronger than the associations between 

PA and CM risk in youth (Armstrong et al., 2011).  Although young people can increase their 

CRF through exercise training (Armstrong et al., 2011; Armstrong et al., 2008) the literature 

suggests that PA, although meeting guidelines, may not be of a sufficient intensity for all 

individuals to bring about changes in CRF (Armstrong et al., 2011; Armstrong et al., 2008) 

and CM health (Ruiz et al., 2007; Anderssen et al., 2006).  For example, Andersen et al. 

(2006) suggested that PA levels should be higher than the current UK (DOH, 2011) and 

international guidelines (WHO, 2010) of at least 60 minutes of daily MVPA in youth.  Their 

study of children and adolescents in the EYHS separated participants into quintiles of PA.  

CM risk was raised in the lowest three quintile’s (who recorded a mean of 38 minutes, 69 

minutes, and 92 minutes of daily MVPA respectively) compared to the fourth (who recorded 

a mean of 116 minutes of daily MVPA) and fifth (most active) quintiles (who recorded a 

mean of 167 minutes of daily MVPA) (Andersen et al., 2006).  On the basis of these findings, 

for PA to increase CRF and lower CM risk in children, it needs to increase beyond habitual 

levels (McMurray & Ondrak, 2013; Andersen et al., 2006) and may also require a high 

volume of vigorous PA during childhood (Reid-Larsen et al, 2013).  There is a significant body 

of evidence to support the fact that VPA is required to increase CRF in young people (DOH, 

2011).   
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Study 1 found that the associations between, PA, CRF, SED and CM risk in youth were often 

mediated by adiposity.  Much of the literature indicates that adiposity has the greatest 

impact on CM risk in children and adolescents (McMurray & Ondrak, 2013; Stolzman et al., 

2012; Tam et al 2010; Lee et al., 2006; Valle et al., 2005; Ball et al., 2004; Bacha et al., 2004; 

Nemet et al., 2003), and that the associations between PA, CRF and CM risk in children are 

often mediated by adiposity (Thomas et al., 2008; Ruiz et al., 2007).  The literature also 

suggests that the effects of PA and exercise on CM risk factors are more noticeable in 

children who exhibit elevated risk, and in children who are overweight or obese (McMurray 

& Ondrak, 2013; Stolzman et al., 2012).  A reduction in CM risk in these populations 

generally follows a reduction in body fat (McMurray & Ondrak, 2013; Thomas et al., 2008; 

Ruiz et al., 2007).  Furthermore, several PA studies that failed to reduce CM risk, also 

reported unchanged body composition (Stolzman et al., 2012).  Therefore, adiposity 

represents a suitable primary outcome measure to evaluate the effectiveness of 

interventions to improve CM health in children.   

 

The absence of significant associations between preclinical markers of CM risk (e.g. CIMT, 

FMD) and invasive markers of CM risk, or between CIMT, FMD, PA and CRF, or indeed 

between CIMT and FMD in Study 1 suggests that these preclinical markers may not be 

sensitive enough to detect the early stages of CMD in ‘healthy’ youth.  Studies which have 

examined the relationship between CIMT, FMD and habitual PA have typically adopted a 

cross-sectional design and used questionnaires to assess PA (Thijssen, Cable & Green, 2012).  

The limitations of PA measurement in these studies may explain the inconsistent findings in 

the associations between PA and FMD/CIMT (Morrison et al., 2010; Bertoni et al., 2009; 

Hopkins et al., 2009).  In Study 1, the use of an individually calibrated, objective method to 

assess the relationship between habitual PA and FMD% produced similar results to a study 

that used accelerometry and found no relationships between habitual PA and FMD% in 

children (Hopkins et al., 2009).  Therefore, further longitudinal and interventional research 

is required to establish the utility of these preclinical markers in detecting the early stages of 

CMD in healthy youth. 
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Adherence to physical activity guidelines in Study 1 

 

The inconsistent use of PA intensity thresholds is a major issue when attempting to quantify 

the prevalence of sufficiently active young people from accelerometry (Ekelund et al., 2011). 

In study 1, an individually calibrated approach using objective accelerometer-based 

measurement accurately quantified the levels of PA, SED and the prevalence of children 

meeting current PA guidelines.  The prevalence of boys (30%) and girls (22%) meeting 

current guidelines for daily MVPA was low in comparison to a recent study which described 

adherence to PA guidelines among primary school-aged children across the UK (Griffiths et 

al., 2013).  Longitudinal studies are needed to better understand the relevance of this 

inactivity for the long-term health and well-being of children in NI and England.  A 

comprehensive policy response and population-wide efforts to boost PA to the levels 

appropriate for good health among young people are needed (Weiler et al., 2013) and this is 

likely to require interventions across the range of PA domains (Griffiths et al., 2013). 

 

Design and development of Study 2: A multicomponent intervention to increase physical 

activity levels in primary school children in NI (PATCH) 

 

Study 1 provided evidence that the majority of children from the NI sample were not 

sufficiently active to meet current guidelines for MVPA (DOH, 2011).  However, research 

suggests that childhood represents the most opportune time to address insufficient PA 

participation through the implementation of effective PA intervention strategies.  At this 

age, children are particularly receptive to PA promotion and behaviour change (Naylor et al., 

2008), and it has been proposed that the best primary strategy to improve the long-term 

health of children may result from creating a lifestyle pattern of regular PA that will carry 

over to the adult years (Telama al., 2005).  PA patterns established in childhood have been 

shown to track across the life course (Telama et al., 2009).     

 

Schools in particular have been identified as the primary institutions with responsibility for 

promoting PA in youth (WHO, 2004).  Schools have the potential to become the central 

element in a community that ensures students participate in the recommended amount of 

time engaged in PA (Dobbins et al., 2013; Pate et al., 2006), and develop healthy behaviours 
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that track into adulthood (NICE, 2009).  School-based PA interventions are considered a 

feasible and effective way to counter low PA levels (Brown et al., 2013; Kreimler et al., 2011) 

by creating a school environment that promotes MVPA on a daily basis (Gibson et al., 2008).  

They also provide opportunities to improve knowledge of chronic disease prevention, and 

occasions to develop healthy behaviours that may track into adulthood (Naylor et al., 2008).  

Recent NICE guidelines have suggested that school-based interventions to increase PA 

should be multicomponent, and target multiple health behaviours in a variety of settings 

(NICE, 2009).  However, there is no consensus regarding optimal intervention strategies 

(Brown et al., 2013; Kreimler et al., 2011), and a need for more studies of high 

methodological quality (Dobbins et al., 2013; Dobbins et al., 2009; Van Sluijs et al., 2007).  

There is limited evidence of the effectiveness of primary school-based PA interventions in 

the UK, and less still from studies that have been conducted in NI.  It is important to build an 

evidence base for school-based PA promotion within each country, due to the potential 

influence of local environmental factors, culture and educational setting (Magnusson et al., 

2011).  With this in mind, the intervention in Study 2 was based on an extensive review of 

‘effective’ multicomponent school-based PA interventions (Magnusson et al., 2011; de Meij 

et al., 2011; Kriemler et al., 2010; Donnelly et al., 2009; Gorely et al., 2009; Salmon et al., 

2008; Naylor et al., 2008; Caballero et al., 2003; Jurg et al., 2006) and on recommendations 

from recent reviews (Kreimler et al., 2011; Dobbins et al., 2009; Van Sluijs et al., 2007) and 

NICE guidelines (NICE, 2009).  The intervention was designed to provide primary school 

children with both the knowledge of the benefits of PA, and the opportunity to be active 

during the school day.  The intervention was teacher-led, and aimed to increase daily MVPA 

by incorporating classroom-based PA bouts throughout the course of the school day.  The 

intervention also included a curriculum component and outreach to families. 

 

Study 2:  Summary of research and main findings  

 

Study 2 evaluated the effects of a multicomponent school-based PA intervention on PA 

levels, body composition and physical self-perception in a group of primary school children 

from NI.  Within study 2, an individually calibrated approach was used to objectively assess 

children’s PA.  This approach ensured the accurate categorisation of PA into specific 

intensities, and was used to improve the classification of children’s PA, and to clarify the 
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associations between PA and health outcomes in children.  To the author’s knowledge, the 

use of individually calibrated cut-off points in a study of a school-based intervention is 

novel.  The study also used DEXA to assess pre- to post changes in body composition, and 

the CY-PSPP (Whitehead, 1995) to assess changes in children’s physical self-perception.  The 

combination of such high quality (reference standard) objective measures are rarely utilised 

in studies of school-based interventions.  The intervention resulted in significant increases in 

school-time MVPA and school-time VPA and also significantly increased total daily MVPA 

and total daily PA.  At baseline, 7% of boys and girls in the intervention group met current 

guidelines for daily MVPA.  At mid-intervention, this figure had risen to 32% (a 19% increase 

in girls, and a 32% increase in boys meeting guidelines for daily MVPA).  These findings are 

consistent with the results of a number of previous studies (Breslin et al., 2012; Magnusson 

et al., 2011; Kreimler et al., 2010; Gorely et al., 2009) and reviews (Dobbins et al., 2013; 

Kreimler et al., 2011; Brown et al., 2011) which show the efficacy of multicomponent, 

theory based interventions for increasing PA in children.  However, there were no significant 

effects of the intervention on measures of body size and composition, BP or physical self-

perception.  On the basis of these findings (and an extensive review of the literature), future 

research designs should combine a greater duration of intervention (e.g. one academic year) 

with higher intensity (VPA) activities to increase TEE, utilise a ‘Whole-School’ model of 

health promotion, and adopt a combined PA and diet strategy to prevent children becoming 

overweight in the long term.  Future research designs should also include specific measures 

of assess the intensity of classroom-based PA (e.g. SOFIT), or provide accurate individualised 

accelerometer feedback to participants to identify the patterns of exercise intensities which 

correspond with light-, moderate- and vigorous-PA. 

 

Design and development of Study 3: The effect of child and parental feedback on 

promoting physical activity levels in primary school children 

 

A potential limitation of the PATCH intervention design was that PA feedback was not 

provided to teachers, children and their parents/guardians during the intervention.  In Study 

2, PA was assessed objectively using accelerometry.  Feedback was not part of the 

intervention, and since PA was a primary outcome measure, this information was not 

relayed to participants, parents or teachers.  However, the provision of feedback is an 
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important BCT (Michie et al, 2011; Abraham & Michie, 2008), and recent NICE guidelines 

have suggested that school-based interventions to increase PA should provide education 

and advice to children and their parents to increase awareness of the benefits of PA (NICE, 

2009).  It is rare for children and their parents to be provided with accurate objective 

information on their PA status.  The potential role of this type of feedback to promote PA 

(either for use in an intervention setting or in isolation) warranted investigation, and was a 

primary aim of Study 3.   

 

Physical activity feedback  

 

Research on the role of feedback and PA promotion in youth is scarce.   A review of the 

available literature suggests that providing feedback to children may be important to 

develop awareness of PA status, and has the potential to promote physically active 

behaviours (Butcher et al., 2007; Goldfield et al., 2006; Roemmich et al,. 2003; Goldfield et 

al., 2000).  However, there are few studies with children which have utilised accelerometer 

derived feedback, and more specifically, there is a shortage of research examining the effect 

of accelerometer based feedback on PA levels (without feedback being supplemented with 

additional information on how participants can increase their PA levels).  In addition, few 

studies have investigated the role of providing feedback to a group of children and their 

parents/guardians. 

 

Study 3:  Summary of research and main findings 

 

Study 3 examined the association between PA feedback and children’s PA immediately post-

feedback and at a follow-up time point two weeks later.  The study also examined the 

association between providing PA feedback to children and to their parents/guardians, on 

children’s PA levels, immediately post-feedback, and at a follow-up time point two weeks 

later.  In study 3, participants were blinded to the accelerometer data that was collected 

and did not receive rewards or incentives to increase PA.  To the author’s knowledge, this is 

the first study to have utilised accelerometer data to provide feedback to children, and to a 

group of children and their parents/guardians, to examine the effect on children’s 
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subsequent PA levels.  In study 3, there were no significant effects on children’s PA 

immediately post-feedback, and at a follow-up time point, when PA feedback was provided 

to either children, or to a group of children and their parents.   

 

Providing PA feedback alone to children was not an effective strategy to promote changes in 

PA behaviour, either in the short term or two weeks later.  These findings support the 

evidence in the literature, which suggests that increasing children’s PA is most effective 

when goals are used to increase PA (Butcher et al., 2007), or when active behaviour is 

rewarded with access to high preference activities (Goldfield et al., 2006; Goldfield et al., 

2000).  Children’s PA awareness, and their perceived competence of meeting PA guidelines 

were not assessed at baseline, or following feedback, so it is unclear what mediated the 

influence between PA feedback and the decline of PA in this group.  Assessing children’s 

perceptions and attitudes to their PA status before and after providing feedback may 

provide an insight into to the attitudes and barriers to successful PA promotion in this age 

group.  Future research designs should include the self-report PA awareness questionnaire 

adopted by Corder et al. (2010), and Harter’s scale (1982) could be used to assess children’s 

perceived competence.  In addition, further research is required to assess how children 

gauge the volume and intensity of their PA without feedback, as this may have important 

implications for PA promotion in childhood.   

 

Providing PA feedback to a group of children and their parents was also ineffective at 

promoting positive changes in PA behaviour, immediately post-feedback, and two weeks 

later.  However, the declines in PA following feedback that were evident in the pupil 

feedback group were not observed in this group, and it can be argued that this may have 

been an effect of parental influence on children’s PA levels.  Although there were no 

significant increases in children’s PA in the pupil-parent feedback group, there was a 13% 

increase in the number of participants in the pupil-parent feedback group meeting current 

guidelines for daily MVPA from baseline to the post-feedback PA measurement time-point.  

This study was small in scale, with a relatively small number of participants and may have 

been underpowered to detect significant changes in the pupil-parent feedback group.  It is 

also possible that day-to-day variation in PA may have prevented finding significant 

differences in the pupil-parent feedback group.  It may be the case that the choice of 
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accelerometer cut-points used in this study resulted in fewer children meeting guidelines for 

MVPA, and this may have had a negative effect on motivation to meet guidelines for MVPA 

following feedback.  In addition, parental awareness of their children’s PA levels were not 

assessed at baseline, or following feedback, so it is unclear what mediated the influence 

between feedback and maintenance of PA levels in this group.  Future research should seek 

to establish the role of providing feedback in a larger sample of children and their parents.  

Further research is also required to bridge the gaps in knowledge of how parents gauge the 

volume and intensity of their children’s PA without feedback.  Addressing the knowledge 

gaps that have been highlighted in Study 3 may provide new directions for PA promotion in 

this age group.   

 

Conclusions 

 

The three main aims of the series of studies presented in this thesis were: to investigate 

physical activity (PA) in childhood, the associations between PA and cardiometabolic (CM) 

risk in childhood, and interventions to promote PA in childhood.  Study 1 was a cross-

sectional observational study which investigated the relationships of individual risk markers 

with objective measures of CRF, body composition and PA.  Study 2 was a randomised, 

controlled trial of a school-based PA intervention, and Study 3 was a randomised controlled 

trial to assess the effect of child and parental feedback on promoting PA levels in primary 

school children.  In all three studies the populations were studied without specific exclusion 

criteria (with the exception of lack of consent/assent or medical conditions that precluded 

participation) and did not specifically target children who were overweight/obese, or who 

had low levels of PA and/or CRF.  The aim was to investigate a ‘normal’ healthy cross-section 

of the population, with a range of body size, CRF and PA levels. 

 

In Study 1, there were no reported associations for the preclinical markers of CM risk (CIMT, 

FMD), however, there were associations demonstrated between PA and CRF, and between 

PA, CRF, SED and CM risk (which were often mediated by adiposity).  This identified 

‘adiposity’ as a suitable outcome measure to evaluate the effectiveness of PA interventions 

to improve CM health in children, and provided a rationale to measure body composition as 
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a key outcome measure in the intervention designed to increase PA levels in children (Study 

2).  The prevalence of children meeting guidelines for daily MVPA in Study 1 was low, and 

provided a rationale for the design and delivery of an intervention to increase PA levels in 

this population. 

 

Study 2 examined the effects of a multicomponent school-based PA intervention on PA 

levels, body composition and physical self-perception in a group of primary school children 

from NI.  The intervention was based on an extensive review of ‘effective’ multicomponent 

school-based PA interventions, and on recommendations from recent reviews and NICE 

guidelines.  The intervention resulted in significant increases in school-time MVPA and 

school-time VPA, and also significantly increased total daily MVPA and total daily PA 

compared to matched controls.  However, the fact that increases in PA were short term, and 

there were no significant effects of the intervention on measures of body size and 

composition, BP or physical self-perception, suggests that future research designs should 

combine a greater duration of intervention (e.g. one academic year) with higher intensity 

activities to increase TEE, utilise a ‘Whole-School’ model of health promotion, and adopt a 

combined PA and diet strategy to prevent children becoming overweight in the long term.  

Limitations in the design of the intervention were explored through the provision of PA 

feedback as a method of PA promotion in children in Study 3.  Although the findings of 

Study 3 suggest that providing PA feedback to children and their parents was not an 

effective strategy to promote children’s PA, the study provided novel insights into the short 

term effects of PA feedback in children, and highlighted a number of important and 

unanswered questions about the utility of PA feedback in PA promotion in youth.  

 

The studies in this thesis were consistent in reporting that the majority of primary age 

school children in NI did not meet current recommendations for daily MVPA.  However, 

targeting the school environment with a well-designed/theory-based PA intervention (and 

using the school as an avenue to target parents) was a feasible method to increase 

children’s PA in the short term.  That being said, there is still a clear need for sustainable 

interventions to promote long term changes in children’s PA behaviour, and further 

research is required to ascertain the optimal sustainable intervention design which will 
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facilitate the transfer of short term behaviour change into long term behaviour change with 

the potential for meaningful health outcomes in adulthood. 
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Chapter 8: Recommendations for future research  
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The series of studies presented in this thesis have highlighted a number of 

recommendations for future research. 

 

Accelerometry was used to accurately quantify the levels of PA and SED in children in all of 

the studies in this thesis.  Accurate data reflecting PA levels is essential to clearly understand 

children’s PA and SED habits, and it is recommended that future research designs use 

accelerometry to clarify the relationships between PA, SED and health outcomes in children.  

In Study 1 an individually calibrated approach using objective accelerometer-based 

measurement accurately quantified the levels of PA and SED in children.  MVPA was 

positively associated with CRF in boys and girls, however, the associations between CRF and 

CM risk were stronger than those observed between PA and CM risk.  It has been suggested 

that CRF and PA affect metabolic risk through different pathways.  Increases in CRF are 

related to improved autonomic function, so it has been hypothesized that the association 

between high CRF and low levels of individual CM risk markers in adults is affected by 

autonomic nervous system function, possibly via the cholinergic anti-inflammatory pathway 

(which is responsible for the regulation of innate immune response in controlling 

inflammation).  Further research should seek to examine the extent to which this 

relationship exists in paediatric populations, perhaps by using an index of resting heart rate 

(RHR)/heart rate recovery (HRR) after exercise for the assessment of integrative autonomic 

nervous system function. 

 

There is a significant body of evidence to support the fact that VPA is required to increase 

CRF in young people.  Accordingly, future interventions to promote CM health in children 

should promote VPA.  Recent UK PA guidelines recommend that children and young people 

take part in VPA on at least three days a week, however, there are currently no evidence 

based recommendations for a specific minimum duration (in minutes) of daily VPA in youth.  

As such, future research should aim to strengthen the evidence base for the associations 

between VPA and CM health in youth, and work towards a definition of the minimum 

duration (in minutes) of daily VPA for CM health in youth.  

 

In Study 1, the associations between PA, CRF, SED and CM risk were often mediated by 

adiposity.  ‘Adiposity’ therefore represents a suitable primary outcome measure to evaluate 
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the effectiveness of interventions to improve CM health in children.  In Study 1 the 

prevalence of children meeting current CMO guidelines for daily MVPA was low, and 

longitudinal studies are needed to understand the relevance of this inactivity for the long-

term health and well-being of children in NI and England.   

 

Study 2 (PATCH) was a multicomponent school-based intervention designed to increase the 

PA levels of a sample of children in NI.  The intervention resulted in significant increases in 

school-time MVPA and school-time VPA, and also significantly increased total daily MVPA 

and TPA.  On the basis of these findings (and the findings of a number of previous studies 

and reviews) it is recommended that future school-based PA interventions adopt a 

multicomponent design to effectively promote PA in young people.  

 

‘Effective’ multicomponent school-based PA interventions have consistently utilised 

methods that are central to SCT.  SCT was used as a framework for developing the content 

of the PATCH intervention, and it is recommended that future school-based PA 

interventions are built upon constructs of SCT.  SCT places emphasis on modelling, cueing, 

goal setting, rehearsal, practise and reinforcement of desirable behaviours.  These BCT’s 

appear in Abraham and Michie’s (2008) taxonomy of 26 techniques which can be used to 

change health related behaviours.  The PATCH intervention included a range of these 

techniques to change behaviour, and it is recommended that future interventions to 

promote PA in children align their intervention strategies with Abraham and Michie’s (2008) 

evidenced based taxonomy of BCT’s.  

 

Engaging parents through PA promotion is difficult, but may be critical to the success of an 

intervention that aims to increase children’s PA.  Parents are important mediators of 

children’s PA, and future research should place greater emphasis on involving parents, as 

this may be required to facilitate long term PA behaviour change in children.  This might 

involve the provision of fact-sheets and newsletters (as used in PATCH and JUMP-in (Jurg et 

al., 2006)), family fun nights/workshops linked to a school-based intervention (Caballero et 

al., 2003) or parental involvement in the planning and running of highlight PA events, for 

example, a 1 mile school run/walk as used in the GF2R intervention (Gorely et al., 2009).    
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Future research designs should include a greater duration of intervention (e.g. one 

academic year).  Repeated exposure to key health promotion messages and intervention 

activities over a longer period of time may result in a sustained effect on PA.  In addition, 

‘Whole-School’ models of health promotion that engage key stakeholders, and empower 

schools to be active partners in curriculum development are critical to intervention 

sustainability, and should be considered in the design of future interventions to increase PA 

in children.  Future research designs should also combine a greater duration of intervention 

with higher intensity (VPA) activities.  Using vigorous intensity activities that require greater 

energy expenditure may increase TEE and facilitate positive changes in body composition 

(e.g. development of lean mass and a reduction in adiposity) over time.   

 

It has been suggested that school-based interventions that combine PA and diet may help to 

prevent children becoming overweight in the long term.  Future research designs could 

integrate components of ‘effective’ interventions which have targeted dietary behaviour in 

children, for example, by modifying the school food service to promote healthy eating 

(Caballero et al., 2003), or by developing school action plans to target unhealthy ‘packed’ 

lunches and the consumption of high-sugar drinks (Brown and Summerbell, 2009).  Future 

research designs should also include dietary monitoring (e.g. direct observation of school 

lunches) and record macronutrient intake to enable energy intake to be estimated, and to 

investigate the intervention’s effect on energy balance. 

 

To increase intervention fidelity, future research designs (that target the school) should 

include specific measures of assess the intensity of classroom-based PA, perhaps by using 

validated time-moment sampling procedures (e.g. SOFIT), or by providing accurate 

individualised accelerometer feedback to enabled participants (and those that deliver the 

intervention) to identify the patterns of exercise intensities which correspond with light-, 

moderate- and vigorous PA.   

 

Limitations in the design of the PATCH intervention were explored through the provision of 

PA feedback as a method of PA promotion in children in Study 3.  However, in Study 3, 

children’s PA awareness and their perceived competence of meeting PA guidelines were not 

assessed at baseline, or following feedback, so it is unclear what mediated the influence 
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between feedback and the decline of PA levels in the pupil feedback group.  It may be the 

case that the choice of accelerometer cut-points used in this study may have resulted in 

fewer children meeting guidelines for MVPA, and had a negative effect on motivation to 

meet guidelines for MVPA following feedback.  Perhaps an alternative research design could 

be to monitor PA over shorter periods (2/3 days) to enable more sensitive PA feedback, 

however, further research is required to determine the extent to which bias may be 

introduced when data from children with only two wear days are included in analyses, 

especially if these days are not randomly sampled from a possible seven day week (Rich et 

al., 2013). 

 

Further research is required to assess the role of providing feedback in a large sample of 

school children.  Assessing children’s perceptions and attitudes to their PA status before and 

after providing feedback may also provide an insight into the attitudes and barriers to 

successful PA promotion in this age group.  In addition, further research is required to assess 

how children gauge the volume and intensity of their habitual PA without PA feedback, as 

this may have important implications for PA promotion in childhood. 

 

Finally, future research designs could include the self-report PA awareness questionnaire 

adopted by Corder et al. (2010), and Harters scale (1982) could be used to assess children’s 

perceived competence.  Further research is also required to bridge the gaps in knowledge of 

how parents gauge the volume and intensity of their children’s PA without feedback.  

Addressing this knowledge ‘gap’ may provide new directions for PA promotion in this age 

group.  For example, developing parental awareness of their children’s PA levels through 

feedback may prove to be an important component in the design of future interventions 

that use parental involvement to promote PA in youth.  
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Title of Project: The REACH Y6 Follow-up study 
 
We would like to invite your child to take part in a research study. Before you decide whether 
you would like your child to participate, it is important we give you some background 
information as to why the study is being carried out and what it involves. Please take time to 
read the following information and if there is anything that is not clear or if you would like 
additional information, do not hesitate to contact us.  

For any further information regarding the project please don’t hesitate to contact Professor 
Marie Murphy on (028)90366669 or by email at the following address: 
mh.murphy@ulster.ac.uk or Mr. Conor Cunningham on (028)90610932 or by email at the 
following address: Cunningham-C15@email.ulster.ac.uk   
 
1. What is the purpose of the project? 
 
This project will investigate your child’s health and fitness. We would like your child to take 
part in both School and University based tests. The tests are designed to measure the 
amount of physical activity your child participates in on an average week and University 
testing will give an indication of your child’s current level of fitness and how healthy their 
heart and blood vessels are.  
 
2. Does my child have to take part? 
 
No. It is up to you to decide whether or not your child may take part. If you decide to 
allow your child to take part you will be asked to sign a consent form. Your child will also 
receive information about the project and an assent form to sign if they would like to take 
part. Even after giving consent your child is still free to withdraw from the study or certain 
tests at any time without giving a reason.  
 
3. What will happen if your child takes part? 

 School-based tests:- 

 Physical Activity Monitoring 

Your child will be issued with a physical activity monitor (similar in size to a pedometer) at 
the start of the test process, which is worn around the waist for seven days, and measures 
the amount and intensity of physical activity your child participates in on a day-to-day basis. 
The monitor is handed back at the end of the monitoring period to the researchers. 
Monitoring takes place over a number of days in order to gain a realistic overview of the 
amount of activity your child participates in. At the same time as the physical activity 
monitoring, your child will be asked to complete a diary recording physical activity and some 
tick lists of foods. Researchers will explain how children should wear the monitors and 
when the children are given the monitors you will receive further information about physical 
activity monitoring. 
 
 
 

1. UNIVERSTIY OF ULSTER –  
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Heart and blood vessel health  
 
This test will be completed at your child’s school.  As part of this test, a small blood sample 
will be taken by NHS qualified Nurses from the Craigavon Area Hospital.  Research staff will 
be present on all testing days and parents/guardians/carers are also invited to be present.  
The sample will provide very useful information on the health of children, and results will be 
fed back to yourself and your child after analysis 
 
A fully trained and experienced nurse will explain the procedure to your child and will answer 
any questions your child may have. After the sample is taken, your child will be provided with 
breakfast and will be looked after by researchers to make sure they are OK. They will then 
return to lessons and carry on with the school day as normal. Remember, your child can 
withdraw from tests at any point, and if they choose not to give a blood sample that is fine.  
 
University based tests:- (University of Ulster - Jordanstown) 

 Ultrasound 

During this test an experienced researcher will scan the heart to measure its dimensions, 
and will also measure the thickness of some major arteries.  We will also use another 
ultrasound technique to see how your child’s arteries in the arms are functioning. To 
complete this test a blood pressure cuff will be inflated around your child’s arm and then 
deflated, we then look at how your child’s blood vessels react. Blood pressure will also be 
measured at this time. Researchers will fully explain the tests to children and answer any 
questions they may have. 

 Anthropometry 

Simple height, weight, waist circumference, hip circumference and skin fold measures will be 
taken.  

 Aerobic fitness 

This will involve a treadmill based running test to maximum, and should last between 9 and 
15 minutes. The participant will wear a face mask and a heart rate monitor. We will ensure 
that your child is fully warmed up before the test and familiarised with the treadmill. Children 
will also wear a harness to prevent any fall risk whilst on the treadmill. We will also ensure 
your child completes a cool down, and monitor your child’s heart rate throughout. 
 
Questionnaires 
Children will be asked to fill out a series of questionnaires whilst at the laboratories; these 
questionnaires examine things like participation in sport and self-perceptions.  
 

4. Other Details: 

 The following are some minor risks/discomfort that may occur during the course 
of testing: 

 

 Your child may become out of breath and flushed during the treadmill exercise, this is 
similar to what your child experiences when playing in the playground or taking part 
in sport. Your child’s heart rate and condition will be monitored throughout, and they 
can stop at any point. 
 

 Your child may feel a slight ‘scratch’ sensation when the blood sample is taken. 
Researchers will explain the sampling technique and ensure your child is fully aware 



 

250 
 

of what is happening. Children will be monitored by researchers during and after to 
ensure they are feeling OK. 
 

 The cuff used to take blood pressure and measure the function of blood vessels may 
cause slight pins and needles sensation, this will go once the cuff is released. 

 
 
Benefits of testing: 
 

 Your child will receive a results pack at the end of the project.  Researchers will 
explain what these results mean, and you may contact researchers to discuss your 
child’s results if you wish. 
 

 These results will help you understand how healthy and fit your child is at the time of 
testing. 

 

 Children usually find the laboratory visit interesting, enjoyable, and educational. 

  

Confidentiality 
 
All information about your child and their results will be treated with the strictest 
confidence. No identifiable information will be released by the project, and all data is 
securely stored by project staff, and may be accessed by approved persons only. 

 What to wear 

Children should wear clean lightweight kit for the testing. Trainers should be non-muddy. 

 Duration of testing  

Physical activity monitoring will be conducted at your child’s school, and the distribution and 
collection of the monitors should take no longer than a few minutes.  Children will wear the 
physical activity monitors daily for one week and complete an activity diary and simple food 
checklist during this time. The small blood sample (taken by NHS Nurses) should take no 
longer than a few minutes including explanations of the procedures to your child.  The 
University based testing will require your child to visit the University of Ulster (Jordanstown).  
They will be picked up from school at the start of the day and will be accompanied at all 
times by a member of staff from the school.  Testing will take a full school day. After the visit, 
your child will be returned to school for the end of the school day. You are welcome to 
accompany your child to the University based testing.  

 Eating 

Children should not consume food on the morning of the school testing (one morning) and 
should only drink water. We will provide breakfast on this day, but your child will need to 
bring a packed lunch and drinks to the University testing session. 

 Illness 

Participants should postpone their testing if they are feeling unwell. 
 
Kind Regards, 
 
 
Professor Marie Murphy  
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Researchers:  
 

University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 

John Moores University, Liverpool -  

 Professor Gareth Stratton, Dr. Lynne Boddy 
Research into Exercise, Activity and Children’s Health Group (REACH) Research Institute for 
Sport and Exercise Sciences, LJMU 

 

For any further information regarding the project please don’t hesitate to contact Professor 
Marie Murphy on (028)90366669 or by email at the following address: 
mh.murphy@ulster.ac.uk or Mr. Conor Cunningham on (028)90610932 or by email at the 
following address: Cunningham-C15@email.ulster.ac.uk   
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Title of Project: The REACH Y6 Follow-up study 
Researchers:  

University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 

John Moores University, Liverpool -  

 Professor Gareth Stratton, Dr. Lynne Boddy 
Research into Exercise, Activity and Children’s Health Group (REACH) Research 
Institute for Sport and Exercise Sciences, LJMU 

 
We would like you to take part in a research study. Before you decide whether you would 
like to take part it is important that you understand what we are doing and why. Please take 
time to read the following information. Ask us if there is anything that you don’t understand 
or if you want to know any more.  
 
1. Why are we doing this project? 

 
In this Study we are looking at the health and fitness of children in Primary schools. 
 
2. Do I have to take part? 
 
No. It is up to you to decide whether or not you would like to take part. If you decide to take 
part you’ll need to sign your ‘Children’s Assent Form’. Even if you have signed the form you 
can pull out of the project at any time without giving a reason.  
 
3. What will happen if you take part? 

 You will take part in these activities and tests:- 

 Physical Activity Monitoring 

You will be given an activity monitor to wear around your waist for seven days - it looks at 
how active you are. It is important that you wear your monitor every day. The researchers 
will teach you how to put on your monitor, and let you know when you should wear it. At 
the same time as the physical activity monitoring, we will ask to fill out a small diary to tell 
us what activities you have been doing each day, and tick boxes about foods. 
 
 
 
 

2. UNIVERSTIY OF ULSTER –  
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Markers of heart and blood vessel health 
 
It is important to have a healthy heart and healthy blood vessels. Blood vessels are things 
like arteries and veins that carry the blood pumped by your heart around your body.  
 
This test and the heart and blood vessel scans will help us see how healthy your heart and 
arteries are.  Make sure you haven’t eaten anything on the morning of the blood test, you 
can drink water though. We will do this test at your school in an area we set up to take 
blood samples. We will give you some breakfast afterwards. During this test a researcher 
will take some blood from a vein in your arm. The researcher will explain to you what will 
happen and how you will feel. Researchers will make sure you are feeling OK and you can 
ask them questions whenever you like. After you have relaxed and had your breakfast you 
will go back to lessons as normal. Remember, you don’t have to do this test, and if you 
choose not to that is fine. 
 
Lab measures –(University of Ulster – Human Performance Labs): 

 Ultrasound: Pictures of your heart and arteries 

In these tests we will look at pictures of your heart and some of your blood vessels- we will 
show you these pictures during the testing. For one of the tests we will put a cuff around 
your arm that will fill full of air and become tight around your arm. This will then be deflated 
and become loose again and we will look at pictures to see how a blood vessel in your arm 
changes. We will also check your blood pressure. The researchers will talk you through the 
tests when you are in the lab and answer any questions you have. 

 Running on a Treadmill to look at fitness 

We will ask you to walk and then run on a treadmill (running machine) until you are running 
as fast as you can. You will wear a harness around your waist so you can’t fall off the 
treadmill, and you will wear a face mask and a monitor that will tell us how fast your heart is 
beating. We will give you lots of encouragement to keep on running. 
 
Body Size Measurements 
We will measure your height, weight, measure around your waist and hips, and we will also 
take some skin fold measurements.  
 
Questionnaires 
We will also ask you to fill out some questionnaires whilst at the labs; these questionnaires 
look at things like if you take part in sport, and if you feel confident.  
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4. Other Details: 

 Sports Kit 

You should wear clean lightweight kit for the testing. Trainers should be non-muddy. 

 Time 

Physical activity monitoring will be done at your school, and giving out the monitors should 
take no longer than a few minutes. Blood tests will also be done at your school and taking 
the blood will only take a few seconds, then you will eat your breakfast and return to 
lessons. The lab based testing will take up one school day. Your parents/guardians are 
welcome to come with you to the lab based testing. 
   
Eating 
 
Make sure you don’t eat on the morning of the blood test, but you can drink water. We will 
give you some breakfast after your blood test but you should bring a packed lunch and 
drinks to lab testing sessions. 
 
 
Finally, we hope you will enjoy the lab visit if you decide to take part, and you will be given a 
pack containing your results when the project is finished. 
 
 
Kind Regards, 
 
 
Conor Cunningham 
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Title of Project: The REACH Y6 Follow-up study 
 
Researchers:  

University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 

John Moores University, Liverpool -  

 Professor Gareth Stratton, Dr. Lynne Boddy 
Research into Exercise, Activity and Children’s Health Group (REACH) Research Institute for 
Sport and Exercise Sciences, LJMU 

 
 
1. I confirm that I have read and understand the information provided for the above 

study. I have had the opportunity to consider the information, ask questions and 
if I have asked questions these have been answered satisfactorily. 

 
2. I understand that my child’s participation is voluntary and that my child is free to 

withdraw at any time, without giving a reason and that this will not affect mine or 
my child’s legal rights. 

 
3. I understand that any personal information collected during the study will remain 

anonymous and confidential. 
 
4. I give permission for the research team to transport my child with other children 

(and a member of school staff) to UUJ. 
 

5. I give permission for a qualified NHS nurse to take a small blood sample from 
my child if my child is happy for them to do so. 

 
6. I agree my child can take part in the above study 
 

 
Name of Participant         
  
 
Parent/Guardian/Carer Signature       Date ________ 

 

 

 

 

 

2 

 

3 

 

1 

 

4 

5 

6 

3. UNIVERSTIY OF ULSTER –  

LIVERPOOL JOHN MOORES UNIVERSITY 

PARENTAL/GUARDIAN/CARER  

CONSENT FORM 



 

256 
 

                                             

 

Title of Project: The REACH Y6 Follow-up study 
 
Researchers:  

University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 

John Moores University, Liverpool -  

 Professor Gareth Stratton, Dr. Lynne Boddy 
Research into Exercise, Activity and Children’s Health Group (REACH) Research Institute for 
Sport and Exercise Sciences, LJMU 

 
 
To be completed by the child participant: Please circle your answer to the 
questions below. 
 

 Have you read (or had read to you) information about this project?  

 Yes/No  

 Do you understand what this project is about?     

 Yes/No  

 Have you asked all the questions you want?      

 Yes/No  

 Have you had your questions answered in a way you understand?  

 Yes/No  

 Do you understand it’s OK to stop taking part at any time?   

 Yes/No  

 Are you happy to take part?                    

 Yes/No 

 

If any answers are ‘no’ or you don’t want to take part, don’t sign your name!  

If you do want to take part, please write your name below  

 

Your name ___________________________    Date ________________  

 

4. UNIVERSTIY OF ULSTER –  

LIVERPOOL JOHN MOORES UNIVERSITY 

CHILDRENS ASSENT FORM 
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Title of Project: The REACH Y6 Follow-up study 
 
Researchers:  

University of Ulster - 

 Professor Marie Murphy - Head of School of Sports Studies  
Conor Cunningham - PhD Student - Sport and Exercise Sciences Research Institute 

John Moores University, Liverpool -  

 Professor Gareth Stratton, Dr. Lynne Boddy 
Research Institute for Sport and Exercise Sciences, LJMU 

 
This form should be completed as accurately as possible by the parent/guardian.  All 
information will remain confidential.  The form is designed to ensure that your child has no 
medical condition/illness that might compromise their safety to take part in the project.  It will 
also be available in case of emergency. 
 
Name of child _____________________________    ____________  

Address  ___________________________________________ 

  ______________________________  ___ 

Doctors Address ___________________________________________ 

  ___________________________________________ 

Home Tel No. ___________________________________________ 

 YES NO 

Has your child ever had any surgery?   
Has your child ever suffered from any injuries?   
Has your child recently suffered from any illness?   
Has your child been involved in any major accidents?   
Is your child currently being treated by your doctor?   
Does your child have problems with:   

 Hearing   

 Vision   

 bones/joints   

 co-ordination   

 diabetes   

 epilepsy   

 respiratory problems   

 heart problems   
Is your child allergic to any medication?   
Does your child carry any medication in case of emergency?   

5. UNIVERSTIY OF ULSTER –  

LIVERPOOL JOHN MOORES UNIVERSITY 
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If you have answered yes to ANY questions please provide relevant details 
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Title of Project: The REACH Y6 Follow-up study 
 
Researchers:  

University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 

John Moores University, Liverpool -  

 Professor Gareth Stratton, Dr. Lynne Boddy 
Research into Exercise, Activity and Children’s Health Group (REACH) Research Institute for 
Sport and Exercise Sciences, LJMU 

 

This sheet is to give you a bit more information about how the sample will be taken, how your 
child will feel and how the testing morning will run. 
 
Highly trained staff (qualified NHS nurses) will take a small blood sample and will treat your 
child with the utmost care 
 
When and where? 

 Sampling will take place between 8.30 and 10.30am at your child’s school on: 
 
            

 Please make sure your child doesn’t eat breakfast and only consumes water on the morning of 
testing.  

 We will be on site for the duration of testing.  

 Your child will be led to a room to relax- we may have a DVD or TV for them to watch.  

 We will then take children one at a time through to a room where the phlebotomist will take a 
small sample from your child.  

 Your child will then be taken to eat breakfast. Breakfast will be supplied by the project at your 
child’s school. 

 After breakfast your child will return to class and carry on with the school day. 
How will my child feel? 

 

 Before a sample is taken, your child may feel a bit apprehensive. The project team will reassure 
your child and explain fully what will be happening. 

 If your child would like someone to accompany them whilst the sample is being taken they can let 
us know and that would be fine. 

 When your child is sitting with the Phlebotomist they will be able to ask questions and will have 
the procedure explained to them.  

6. UNIVERSTIY OF ULSTER –  
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 The Phlebotomist will put some cream on your child’s arm. This is a pain-killer cream that helps to 
numb the area where the sample will be taken.  

 The sample will be taken once the cream has numbed the area. Your child may still feel a ‘scratch’ 
or ‘pinch’ where the needle goes into the skin.  

 Once the sample has been taken your child may be left with a small mark where the needle went 
into the skin and some children may have a small bruise. Some children may feel faint after or 
before the blood sample. We will keep a close eye on your child before, during and after the 
sample to make sure they are feeling ok. 

 Remember, if your child decides not to give a blood sample then that is fine. 

 We will store the blood sample so that we can analyse it. Once we have finished the analysis we 
will destroy the sample.  
 

 

For information: 

This blood sample will be analysed to look for levels of cholesterol and fats, and to see if any 
markers of inflammation are present. We are interested in the links between these markers 
and levels of physical activity, fitness and body composition. We are working with healthy 
children in this study and we are not screening the blood for anything related to illness or 
immediate health problems. 
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When and where? 

 We will be at school to do the blood sampling on:____________________________ 

 Make sure you don’t eat on the morning of the blood sample, but you can drink water. 

 When you get to school we’ll take you to a room to relax- we may have a DVD or TV set 

up for you to watch.  

 We will walk with you through to the blood sampling area where the specialist will take 

a blood sample from your arm.  

 You can then have some breakfast that we will have ready for you. 

 Once you’ve had your breakfast you can go back to class as normal. 

How will you feel? 

 You might feel a bit nervous before the blood test- don’t worry, you can talk to us and 
ask us any questions you like about it. 

 If you would like someone to go with you for the blood sample that’s fine, just let us 
know. 

 You can ask the person taking the sample any questions you like and they will tell you 

what will happen. 

 We will put some cream on your arm so it goes a bit numb and it should stop the needle 

hurting. 

 Once your arm is a bit numb the specialist will take some blood out of a vein in your arm 

using a needle. You might still feel a bit of a ‘scratch’ or ‘pinch’.  

 One you have given your sample you may have a little mark or bruise on your arm- this 

will go away quickly. We will stay with you to make sure you are feeling OK, and we will 

take you round to have your breakfast. 

 If you really don’t want to give a blood sample on the day don’t worry, no one will force 

you to do anything.  

 

 

 

 

7. UNIVERSTIY OF ULSTER – LIVERPOOL JOHN 
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8. UNIVERSITY OF ULSTER AND LIVERPOOL JOHN MOORES UNIVERSITY 
PARENTAL/GUARDIAN/ CARER BLOOD SAMPLE CONSENT FORM 

 

 
Project Name: The REACH Y6 Follow-up Study 
 
Researchers:  
University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 

John Moores University, Liverpool -  

 Professor Gareth Stratton, Dr. Lynne Boddy 
Research into Exercise, Activity and Children’s Health Group (REACH) 
Research Institute for Sport and Exercise Sciences, LJMU 

 

 
(Please tick the appropriate box and fill in the gaps) 
 
 
1. I give permission for qualified NHS nurses (blood sampling specialists) to take a 

blood sample from my child if my child is happy for them to do so. 
 

2. Sometimes NHS regulatory authorities randomly pick studies to check up on.  The 
authorities check that studies are being run properly and safely. As we are working with 
Craigavon Area Hospital for the blood samples there is a chance that they may want to 
check out this study, so the sentence below covers them checking the study should they 
need too: 

 
‘I understand that relevant sections of my child’s health records and data 

collected during the study, may be looked at by individuals from regulatory 
authorities or from the NHS Trust, where it is relevant to them taking part in this 
research. I give permission for these individuals to have access to my child’s 
records’ 

 

 
Name of Participant           
 
 
 
Parent/Guardian/Carer Signature    Date                 
 
Note: When completed 1 copy for parent/guardian/carer and 1 copy for researcher 
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9. DXA Scanning  
Parent/Guardian/Carer 

 Information Sheet 
 

Title of Project: The REACH Y6 Follow-up study 
Researchers:  

University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 

John Moores University, Liverpool -  

 Professor Gareth Stratton, Dr. Lynne Boddy 
Research into Exercise, Activity and Children’s Health Group (REACH) 

  Research Institute for Sport and Exercise Sciences 
 
We would like to invite your child to take part in a research study. Before you decide 
whether you would like to child to participate it is important that you understand why the 
research is being done and what it involves. Please take time to read the following 
information. Ask us if there is anything that is not clear or if you would like additional 
information.  
 
1. What is the purpose of the project? 
 
This study is in collaboration with Liverpool John Moores University (LJMU).  The aims of this 
aspect of the study are; to assess bone mass, adiposity and body composition in a group of 
Primary 6 children and to investigate the links between these measures and the amount of 
physical activity children do.  We are inviting all Year 6 children at the school to take part. 
 
2. Does my child have to take part? 
 
No. It is up to you to decide whether or not your child may take part. If you decide to allow 
your child to take part you will be asked to sign a consent form. Your child will also receive 
information about the project and an assent form to sign if they would like to take part. 
Even after giving assent your child is still free to withdraw from the study or certain tests at 
any time without giving a reason. 
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3. What will happen if my child takes part? 

 Test details 

 DXA whole body scan 

This machine scans the whole body, providing a picture of the skeleton and measuring bone, 
fat and muscle tissue. The scan takes four minutes, and participants will receive a picture of 
their skeleton in their results pack. 

Safety  

Although the scanner uses x-ray technology, the radiation dose is minimal and the scanning 
technician can safely stay in the room with the subject.  The dose we receive from natural 
background radiation during one day is approximately 10 μSv. For a typical DXA 
examination, the patient dose will be comparable to this daily background dose. 
 
Additional precautions have been implemented to ensure the safety of participants;  
 

 The scanning unit is operated by trained personnel only   

 Scanning equipment is calibrated for quality assurance on a daily basis 
 

Preparation 

Prior to the scan, the researcher will give a simple explanation of how the procedure will be 
performed.  Participants will be advised of the following; 

 Scanning requires the child to lie on their back on the scanner  

 The child will wear their normal clothes but may be asked to remove their shoes 

 The scanning arm passes from head to toe above the child’s body.  This takes 
approximately four minutes in total. 

 The scanning arm will not come into contact with any part of the body during scanning 

 The child will not feel anything during the scan.  The procedure is entirely painless 
 

DXA Scanning  

 The researcher will accompany the participant into the scanning room.  If required, a 
parent, teacher or classroom assistant may also accompany the child 

 The child will be asked to lie on the scanner bed  
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 The researcher will direct the participant to place the palms of their hands flat on the 
scanner bed and slightly separate the arms and legs from the body to allow accurate 
scanning 

 The child will be required to lie still during the scan (this takes approx. 4 minutes) 

 The scan is complete when measurements have been checked by the researcher  
 
Benefits 
 

 Your child will receive their results in a sealed pack at the end of the project. 
Researchers will explain what these results mean, and you may contact researchers 
to discuss your child’s results if you wish. 

 

 Children usually find the laboratory visit interesting, enjoyable, and educational.  
Teachers may use the visit to stimulate discussion about health and the body. 

 
 
Confidentiality 
 
All information about your child and their results will be treated with the strictest 
confidence. No identifiable information will be released by the project, and all data is 
securely stored by project staff, and may be accessed by approved persons only. 
 
 

For any further information regarding the project please don’t hesitate to contact Professor 
Marie Murphy on (028)90366669 or by email at the following address: 
mh.murphy@ulster.ac.uk or Mr. Conor Cunningham on (028)90610932 or by email at the 
following address: Cunningham-C15@email.ulster.ac.uk   
 
For information 
 
The DXA scan will be analysed for body composition, bone mineral content and bone 
mineral density.  We are interested in the links between these markers and levels of 
physical activity and fitness.  We are recruiting healthy children in this study and we are not 
scanning for anything related to illness or immediate health problems.  As such, it is unlikely 
that this project will generate any information which would have a clinical implication.  
However, in the unlikely event that a health concern is detected, parents/guardians will be 
informed and advised to contact their health practitioner. 
 
Kind Regards, 
 
 
Conor Cunningham  

 

 

mailto:mh.murphy@ulster.ac.uk
mailto:Cunningham-C15@email.ulster.ac.uk
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10. DXA Scanning  
Participant Information Sheet 

 
 

Title of Project: The REACH Y6 Follow-up study 
 
Researchers:  

 
University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 

John Moores University, Liverpool -  

 Professor Gareth Stratton, Dr. Lynne Boddy 
Research into Exercise, Activity and Children’s Health Group (REACH) 

  Research Institute for Sport and Exercise Sciences 
 
 
 
 
 
  
5. What will happen if my child takes part? 

 Test details 

 DXA whole body scan 

This machine scans the whole body, providing a picture of the skeleton and measuring bone, 
fat and muscle tissue. The scan takes four minutes, and participants will receive a picture of 
their skeleton in their results pack. 

Safety  
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Although the scanner uses x-ray technology, the radiation dose is minimal and the scanning 
technician can safely stay in the room with the subject.  The dose we receive from natural 
background radiation during one day is approximately 10 μSv. For a typical DXA 
examination, the patient dose will be comparable to this daily background dose. 
 
Additional precautions have been implemented to ensure the safety of participants;  
 

 The scanning unit is operated by trained personnel only   

 Scanning equipment is calibrated for quality assurance on a daily basis 
 

Preparation 

Prior to the scan, the researcher will give a simple explanation of how the procedure will be 
performed.  Participants will be advised of the following; 

 Scanning requires the child to lie on their back on the scanner  

 The child will wear their normal clothes but may be asked to remove their shoes 

 The scanning arm passes from head to toe above the child’s body.  This takes 
approximately four minutes in total. 

 The scanning arm will not come into contact with any part of the body during scanning 

 The child will not feel anything during the scan.  The procedure is entirely painless 
 

DXA Scanning  

 The researcher will accompany the participant into the scanning room.  If required, a 
parent, teacher or classroom assistant may also accompany the child 

 The child will be asked to lie on the scanner bed  

 The researcher will direct the participant to place the palms of their hands flat on the 
scanner bed and slightly separate the arms and legs from the body to allow accurate 
scanning 

 The child will be required to lie still during the scan (this takes approx. 4 minutes) 

 The scan is complete when measurements have been checked by the researcher  
 
Benefits 
 

 Your child will receive their results in a sealed pack at the end of the project. 
Researchers will explain what these results mean, and you may contact researchers 
to discuss your child’s results if you wish. 

 

 Children usually find the laboratory visit interesting, enjoyable, and educational.  
Teachers may use the visit to stimulate discussion about health and the body. 

 
 
Confidentiality 
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All information about your child and their results will be treated with the strictest 
confidence. No identifiable information will be released by the project, and all data is 
securely stored by project staff, and may be accessed by approved persons only. 
 
 

For any further information regarding the project please don’t hesitate to contact Professor 
Marie Murphy on (028)90366669 or by email at the following address: 
mh.murphy@ulster.ac.uk or Mr. Conor Cunningham on (028)90610932 or by email at the 
following address: Cunningham-C15@email.ulster.ac.uk   
 
For information 
 
The DXA scan will be analysed for body composition, bone mineral content and bone 
mineral density.  We are interested in the links between these markers and levels of 
physical activity and fitness.  We are recruiting healthy children in this study and we are not 
scanning for anything related to illness or immediate health problems.  As such, it is unlikely 
that this project will generate any information which would have a clinical implication.  
However, in the unlikely event that a health concern is detected, parents/guardians will be 
informed and advised to contact their health practitioner. 
 
Kind Regards, 
 
 
Conor Cunningham  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:mh.murphy@ulster.ac.uk
mailto:Cunningham-C15@email.ulster.ac.uk
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10. DXA Scanning  
Participant Information Sheet 

 
 

Title of Project: The REACH Y6 Follow-up study 
 
Researchers:  

 
University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 

 
John Moores University, Liverpool -  

 Professor Gareth Stratton, Dr. Lynne Boddy 
Research into Exercise, Activity and Children’s Health Group (REACH) 

  Research Institute for Sport and Exercise Sciences 
 
 
We would like you to take part in a research study. Before you decide whether you would 
like to take part it is important that you understand what we are doing and why. Please take 
time to read the following information. Ask us if there is anything that you don’t understand 
or if you want to know any more.  
 
 
1. Why are we doing this project? 

 
In this Study we are looking at the health and fitness of children in Primary schools. 
 
2. Do I have to take part? 
 
No. It is up to you to decide whether or not you would like to take part. If you decide to take 
part you’ll need to sign your ‘Children’s Assent Form’. Even if you have signed the form you 
can pull out of the project at any time without giving a reason.  
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3. What will happen if I take part? 
 
 
DXA whole body scan 
 
 

 

 
 
This machine will scan your body, giving us a picture of your skeleton.  You will wear your 
normal clothes (school PE kit) but you will have to remove your shoes during the scan.  You 
will be asked to lie down on the scanner and stay as still as still as you can for about four 
minutes.  The arm of the scanner will pass over your body but will not touch you.  You won’t 
feel anything during the scan.  The researcher will talk to you about the scan when you are 
in the room and answer any questions you have.  When it is your turn to be scanned, a 
classroom assistant or teacher can come into the room with you if you want. 
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11. DXA Scanning 
Parent/Guardian/Carer  

Consent 
 

 
Title of Project: The REACH Y6 Follow-up study 
 
Researchers:  

University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 

John Moores University, Liverpool -  

 Professor Gareth Stratton, Dr. Lynne Boddy 
Research into Exercise, Activity and Children’s Health Group (REACH)  
Research Institute for Sport and Exercise Sciences, LJMU 

 
 
Only give consent to the DXA Scan if you intend to give consent for your child to participate 
in all aspects of the study.  
 
 
The above project has been fully explained to me. I have had the opportunity to ask 
questions and these have been answered to my satisfaction.  If my child wishes to 
participate in this study, I agree that they may take part. 
 
 
 
Name of Participant           
 
Parent/Guardian/Carer Signature     Date___ __ 
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12. DXA Scanning 
Participant Assent 

 

 
To be completed by the child participant - Please circle your answer to the questions 
below. 
 
 

 Have you read (or had read to you) information about this project?  

 Yes/No  

 Do you understand what this project is about?     

 Yes/No  

 Have you asked all the questions you want?      

 Yes/No  

 Have you had your questions answered in a way you understand?  

Yes/No  

 Do you understand it’s OK to stop taking part at any time?    

Yes/No  

 Are you happy to take part?         

 Yes/No  

 

If any answers are ‘no’ or you don’t want to take part, don’t sign your name!  

 

If you do want to take part, please write your name below  

 

Your name ___________________________  

 

Date      ___________________________  
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Appendix B 

 

 

Study 2: The PATCH Study 

 

 Ethical approval 

 Parent/Guardian Information Sheet 

 Participant Information Sheet 

 Parent/Guardian Project Consent Form 

 Participant Assent Form  

 Medical Screening Form 

 Parent/Guardian Blood Sampling Information Sheet 

 Participant Blood Sampling Information Sheet 

 Parent/Guardian Blood Sampling Consent Form  

 DXA Parent/Guardian Information Sheet  

 DXA Participant Information Sheet  

 DXA Parent/Guardian Consent Form 

 DXA Participant Assent Form 
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Title of Project: The P.A.T.C.H Study  
(Physical Activities To improve Children’s Health)  
 
We would like to invite your child to take part in a research study. Before you decide whether 
you would like your child to participate, it is important we give you some background 
information as to why the study is being carried out and what it involves. Please take time to 
read the following information and if there is anything that is not clear, or if you would like 
additional information, do not hesitate to contact us.  

For any further information regarding the project please don’t hesitate to contact Professor 
Marie Murphy on (028)90366669 or by email at the following address: 
mh.murphy@ulster.ac.uk or Mr. Conor Cunningham on (028)90610932 or by email at the 
following address: Cunningham-C15@email.ulster.ac.uk   
 
1. What is the purpose of the project? 
 
This project will investigate the effects of a school-based physical activity programme on 
your child’s health, fitness and wellbeing. We would like your child to take part in both School 
and University based tests.  
 
2. Does my child have to take part? 
 
No. It is up to you to decide whether or not your child may take part. If you decide to 
allow your child to take part you will be asked to sign a consent form. Your child will also 
receive information about the project and an assent form to sign if they would like to take 
part. Even after giving consent your child is still free to withdraw from the study or certain 
tests at any time without giving a reason.  
 
3. What will happen if your child takes part? 

 School-based tests:- 

 Physical Activity Monitoring 

Your child will be issued with a physical activity monitor (similar in size to a pedometer) at 
the start of the test process, which is worn around the waist for seven days, and measures 
the amount and intensity of physical activity your child participates in on a day-to-day basis. 
The monitor is handed back at the end of the monitoring period to the researchers. 
Monitoring takes place over a number of days in order to gain a realistic overview of the 
amount of activity your child participates in. At the same time as the physical activity 
monitoring, your child will be asked to complete a diary recording physical activity and some 
tick lists of foods. Researchers will explain how children should wear the monitors and 
when the children are given the monitors you will receive further information about physical 
activity monitoring. 
 
 

1. PARENTAL/GUARDIAN/CARER 

 INFORMATION SHEET 

mailto:mh.murphy@ulster.ac.uk
mailto:Cunningham-C15@email.ulster.ac.uk
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Markers of blood vessel health  
 
This test will be completed at your child’s school.  As part of this test, a small blood sample 
will be taken by NHS qualified Nurses.  Research staff will be present on all testing days and 
parents/guardians/carers are also invited to be present.  The sample will provide very useful 
information on the health of children, and results will be fed back to you and your child 
after analysis. 
 
A fully trained and experienced nurse will explain the procedure to your child and ensure that 
they are fully aware of what is happening.  A small amount of anaesthetic cream will be 
placed on your child’s arm prior to the sample.  Your child may feel a slight ‘scratch’ 
sensation when the blood sample is taken. After the sample is taken, your child will be 
provided with breakfast and will be looked after by researchers to make sure they are OK. 
They will then return to lessons and carry on with the school day as normal. Remember, 
your child can withdraw from tests at any point, and if they choose not to give a blood 
sample that is fine.  
 
University based tests – (University of Ulster - Jordanstown) 

 Anthropometry 

Simple height, weight, waist circumference and hip circumference measurements will be 
taken.  

 DXA whole body scan 

This machine scans the whole body, providing a picture of the skeleton and measuring bone, 
fat and muscle tissue. The scan takes four minutes, and participants will receive a picture of 
their skeleton in their results pack. 
 
Questionnaires 
Children will be asked to fill out a series of questionnaires whilst at the laboratories; these 
questionnaires examine things like participation in sport and self-perceptions.  
 
 
Benefits of testing: 
 

 Your child will receive a results pack at the end of the project.  Researchers will 
explain what these results mean, and you may contact researchers to discuss your 
child’s results if you wish. 
 

 These results will help you understand how healthy and fit your child is at the time of 
testing. 

 

 Children usually find the laboratory visit interesting, enjoyable, and educational. 
 
 
Confidentiality 
 
All information about your child and their results will be treated with the strictest 
confidence. No identifiable information will be released by the project, and all data is 
securely stored by project staff, and may be accessed by approved persons only. 

 What to wear 

Children should wear clean lightweight kit and trainers for the testing.  
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 Duration of testing  

Physical activity monitoring will be conducted at your child’s school, and the distribution and 
collection of the monitors should take no longer than a few minutes.  Children will wear the 
physical activity monitors daily for one week and complete an activity diary and simple food 
checklist during this time. The small blood sample (taken by NHS Nurses) should take no 
longer than a few minutes including explanations of the procedures to your child.  The 
University based testing will require your child to visit the University of Ulster (Jordanstown).  
They will be picked up from school at the start of the day and will be accompanied at all 
times by a member of staff from the school.  Testing will take a full school day. After the visit, 
your child will be returned to school for the end of the school day. You are welcome to 
accompany your child to the University based testing.  

 Eating 

Children should not consume food on the morning of the school testing (one morning) and 
should only drink water. We will provide breakfast on this day, but your child will need to 
bring a packed lunch and drinks to the University testing session. 

 Illness 

Participants should postpone their testing if they are feeling unwell. 
 
Kind Regards, 
 
 
Professor Marie Murphy  
 

 
Researchers:  
 

University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 

 

For any further information regarding the project please don’t hesitate to contact Professor 
Marie Murphy on (028)90366669 or by email at the following address: 
mh.murphy@ulster.ac.uk or Mr. Conor Cunningham on (028)90610932 or by email at the 
following address: Cunningham-C15@email.ulster.ac.uk   

 

 

 

 

 

 

 

mailto:mh.murphy@ulster.ac.uk
mailto:Cunningham-C15@email.ulster.ac.uk
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Title of Project: The P.A.T.C.H Study  
(Physical Activities To improve Children’s Health) 
 
We would like you to take part in a research study. Before you decide whether you would 
like to take part it is important that you understand what we are doing and why. Please take 
time to read the following information. Ask us if there is anything that you don’t understand or 
if you want to know any more.  
 
5. Why are we doing this project? 
 
This project will investigate the effects of a school-based physical activity programme on 
your  health, fitness and wellbeing. We would like you to take part in both School and 
University based tests.  
 
 
6. Do I have to take part? 
 
No. It is up to you to decide whether or not you would like to take part. If you decide to take 
part you’ll need to sign your ‘Participant Assent Form’. Even if you have signed the form you 
can pull out of the project at any time without giving a reason.  
 
7. What will happen if you take part? 

 You will take part in these activities and tests:- 

 Physical Activity Monitoring 

You will be given an activity monitor to wear around your waist for seven days - it looks at 
how active you are. It is important that you wear your monitor every day. The researchers 
will teach you how to put on your monitor, and let you know when you should wear it. At the 
same time as the physical activity monitoring, we will ask to fill out a small diary to tell us 
what activities you have been doing each day, and tick boxes about foods. 
 
Markers of blood vessel health 
 
Make sure you haven’t eaten anything on the morning of the sample, you can drink water 
though. We will give you some breakfast afterwards.  We will do this test at your school in an 
area we have set up. During this test a nurse will take some blood from a vein in your arm. 
The nurse will explain to you what will happen and how you will feel. You can ask them 
questions whenever you like.  After the sample, researchers will make sure you are feeling 
OK, and when you have had your breakfast you will go back to lessons as normal. 
Remember, you don’t have to do this test, if you choose not to that is fine. 
 
 
 
 

 

2. PARTICIPANT INFORMATION SHEET 



 

279 
 

Lab measures – (University of Ulster – Human Performance Labs): 
 
Body Size Measurements 
We will measure your height, weight, and around your waist and hips. 

 DXA whole body scan 

This machine scans the whole body, providing a picture of the skeleton and measuring bone, 
fat and muscle tissue. The scan takes four minutes, and you will receive a picture of your 
skeleton in your results pack. 
 
 
Questionnaires 
We will also ask you to fill out some questionnaires whilst at the labs.  These will ask about 
taking part in physical activities and how physical activity makes you feel.  
 

8. Other Details: 

 Sports Kit 

You should wear clean lightweight kit and trainers for the testing.  

 Time 

Physical activity monitoring will be done at your school, and giving out the monitors should 
take no longer than a few minutes. Blood tests will also be done at your school and taking 
the blood will only take a few seconds, then you will eat your breakfast and return to lessons. 
The lab based testing will take up one school day. Your parents/guardians are welcome to 
come with you to the lab based testing. 
   
Eating 
 
Make sure you don’t eat on the morning of the blood test, but you can drink water. We will 
give you some breakfast after your blood test but you should bring a packed lunch and 
drinks to lab testing sessions. 
 
 
Finally, we hope you will enjoy the lab visit if you decide to take part, and you will be given a 
pack containing your results when the project is finished. 
 
 
Kind Regards, 
 
 
Conor Cunningham 
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Title of Project: The P.A.T.C.H Study  
(Physical Activities To improve Children’s Health) 

 
Researchers:  
University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 

 
 
7. I confirm that I have read and understand the information provided for the above 

study. I have had the opportunity to consider the information, ask questions and 
if I have asked questions these have been answered satisfactorily. 

 
8. I understand that my child’s participation is voluntary and that my child is free to 

withdraw at any time, without giving a reason and that this will not affect mine or 
my child’s legal rights. 

 
9. I understand that any personal information collected during the study will remain 

anonymous and confidential. 
 
10. I give permission for the research team to transport my child with other children 

(and a member of school staff) to UUJ. 
 

11. I give permission for a qualified NHS nurse to take a small blood sample from 
my child if my child is happy for them to do so. 

 
12. I agree my child can take part in the above study 
 

 
 
 
 
 
Name of Participant           
 
Parent/Guardian/Carer Signature       Date ________ 

 

 

 

 

2 

 

3 

 

1 

 

4 

5 

6 

3. PARENT/GUARDIAN/CARER 

PROJECT CONSENT FORM 
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Title of Project: The P.A.T.C.H Study  
(Physical Activities To improve Children’s Health) 

 
Researchers:  
University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 
 

 
To be completed by the child participant: Please circle your answer to the 
questions below. 
 

 Have you read (or had read to you) information about this project?  

 Yes/No  

 Do you understand what this project is about?     

 Yes/No  

 Have you asked all the questions you want?      

 Yes/No  

 Have you had your questions answered in a way you understand?  

 Yes/No  

 Do you understand it’s OK to stop taking part at any time?   

 Yes/No  

 Are you happy to take part?                    

 Yes/No 

 

If any answers are ‘no’ or you don’t want to take part, don’t sign your name!  

If you do want to take part, please write your name below  

 

Your name ___________________________    Date ________________  

 

 

4. PARTICIPANT ASSENT FORM 
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Title of Project: The P.A.T.C.H Study  
(Physical Activities To improve Children’s Health) 
 
This form should be completed as accurately as possible by the parent/guardian/carer.  All 
information will remain confidential.  The form is designed to ensure that your child has no 
medical condition/illness that might compromise their safety to take part in the project.  It will 
also be available in case of emergency. 
 
Name of child ________________________________ Male/Female 

Address  ___________________________________________ 

  ______________________________  ___ 

Doctors Address ___________________________________________ 

  ___________________________________________ 

Home Tel No. ___________________________________________ 

 YES NO 

Has your child ever had any surgery?   
Has your child ever suffered from any injuries?   
Has your child recently suffered from any illness?   
Has your child been involved in any major accidents?   
Is your child currently being treated by your doctor?   
Does your child have problems with:   

 Hearing   

 Vision   

 bones/joints   

 co-ordination   

 diabetes   

 epilepsy   

 respiratory problems   

 heart problems   
Is your child allergic to any medication?   
Does your child carry any medication in case of emergency?   
If you have answered yes to ANY questions please provide relevant details 
 
 
 
 
 
 
 

 

5. MEDICAL SCREENING FORM 
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Title of Project: The P.A.T.C.H Study  
(Physical Activities To improve Children’s Health) 

 
Researchers:  
University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 

 

 

This sheet is to give you a bit more information about how the sample will be taken, how your 
child will feel and how the testing morning will run. 
 
Highly trained staff (qualified NHS nurses) will take a small blood sample and will treat your 
child with the utmost care 
 
When and where? 

 Sampling will take place between 8.30 and 10.30am at your child’s school on: 
 
            

 Please make sure your child doesn’t eat breakfast and only consumes water on the morning of 
testing.  

 We will be on site for the duration of testing.  

 Your child will be led to a room to relax- we may have a DVD or TV for them to watch.  

 We will then take children one at a time through to a room where the phlebotomist will take a 
small sample from your child.  

 Your child will then be taken to eat breakfast. Breakfast will be supplied by the project at your 
child’s school. 

 After breakfast your child will return to class and carry on with the school day. 
How will my child feel? 

 

 Before a sample is taken, your child may feel a bit apprehensive. The project team will reassure 
your child and explain fully what will be happening. 

 If your child would like someone to accompany them whilst the sample is being taken they can let 
us know and that would be fine. 

 When your child is sitting with the Phlebotomist they will be able to ask questions and will have 
the procedure explained to them.  

 The Phlebotomist will put some cream on your child’s arm. This is a pain-killer cream that helps to 
numb the area where the sample will be taken.  

6. UNIVERSTIY OF ULSTER  

PARENTAL/GUARDIAN/ CARER 

 BLOOD  

SAMPLING INFORMATION SHEET  
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 The sample will be taken once the cream has numbed the area. Your child may still feel a ‘scratch’ 
or ‘pinch’ where the needle goes into the skin.  

 Once the sample has been taken your child may be left with a small mark where the needle went 
into the skin and some children may have a small bruise. Some children may feel faint after or 
before the blood sample. We will keep a close eye on your child before, during and after the 
sample to make sure they are feeling ok. 

 Remember, if your child decides not to give a blood sample then that is fine. 

 We will store the blood sample so that we can analyse it. Once we have finished the analysis we 
will destroy the sample.  
 

 

For information: 

This blood sample will be analysed for levels of cholesterol and fats, and to see if any 
markers of inflammation are present. We are interested in the links between these markers 
and levels of physical activity, fitness and body composition. We are recruiting healthy 
children in this study and are not screening the blood for anything related to illness or 
immediate health problems.  As such, it is unlikely that this project will generate any 
information which would have a clinical implication.  However, in the unlikely event that a 
health concern is detected, parents/guardians will be informed and advised to contact their 
health practitioner. 
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Title of Project: The P.A.T.C.H Study  

(Physical Activities To improve Children’s Health) 

When and where? 

 We will be at school to do the blood sampling on:____________________________ 

 Make sure you don’t eat on the morning of the blood sample, but you can drink water. 

 When you get to school we’ll take you to a room to relax- we may have a DVD or TV set 

up for you to watch.  

 We will walk with you through to the blood sampling area where the specialist will take 

a blood sample from your arm.  

 You can then have some breakfast that we will have ready for you. 

 Once you’ve had your breakfast you can go back to class as normal. 

How will you feel? 

 You might feel a bit nervous before the blood test- don’t worry, you can talk to us and 
ask us any questions you like about it. 

 If you would like someone to go with you for the blood sample that’s fine, just let us 
know. 

 You can ask the person taking the sample any questions you like and they will tell you 

what will happen. 

 We will put some cream on your arm so it goes a bit numb and it should stop the needle 

hurting. 

 Once your arm is a bit numb the specialist will take some blood out of a vein in your arm 

using a needle. You might still feel a bit of a ‘scratch’ or ‘pinch’.  

 One you have given your sample you may have a little mark or bruise on your arm- this 

will go away quickly. We will stay with you to make sure you are feeling OK, and we will 

take you round to have your breakfast. 

 If you really don’t want to give a blood sample on the day don’t worry, no one will force 

you to do anything.  

 

 

 

7. PARTICIPANT BLOOD SAMPLING 

INFORMATION SHEET 
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Title of Project: The P.A.T.C.H Study  
(Physical Activities To improve Children’s Health) 

 
Researchers:  
University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 

 
 
(Please tick the appropriate box and fill in the gaps) 
 
 
13. I give permission for qualified NHS nurses (blood sampling specialists) to take a 

blood sample from my child if my child is happy for them to do so. 
 

14. Sometimes NHS regulatory authorities randomly pick studies to check up on.  The 
authorities check that studies are being run properly and safely. As we are working with 
Craigavon Area Hospital for the blood samples there is a chance that they may want to 
check out this study, so the sentence below covers them checking the study should they 
need too: 

 
‘I understand that relevant sections of my child’s health records and data 

collected during the study, may be looked at by individuals from regulatory 
authorities or from the NHS Trust, where it is relevant to them taking part in this 
research. I give permission for these individuals to have access to my child’s 
records’ 

 

 
Name of Participant           
 
 
 
Parent/Guardian/Carer Signature    Date                 
 
Note: When completed 1 copy for parent/guardian/carer and 1 copy for researcher 

 

 

 

 

8. BLOOD SAMPLING 

PARENT/GUARDIAN/CARER 

 CONSENT FORM 
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Title of Project: The P.A.T.C.H Study  
(Physical Activities To improve Children’s Health) 

 Test details 

 DXA whole body scan 

This machine scans the whole body, providing a picture of the skeleton and measuring bone, 
fat and muscle tissue. The scan takes four minutes, and participants will receive a picture of 
their skeleton in their results pack. 

 

 

Safety  

Although the scanner uses x-ray technology, the radiation dose is minimal and the scanning 
technician can safely stay in the room with the subject.  The dose we receive from natural 
background radiation during one day is approximately 10μSv. For a typical DXA examination, 
the patient dose will be comparable to this daily background dose. 
 
Additional precautions have been implemented to ensure the safety of participants;  
 

 The scanning unit is operated by trained personnel only   

 Scanning equipment is calibrated for quality assurance on a daily basis 

Preparation 

Prior to the scan, the researcher will give a simple explanation of how the procedure will be 
performed.  Participants will be advised of the following; 

 Scanning requires the child to lie on their back on the scanner  

 The child will wear their normal clothes but may be asked to remove their shoes 

9. DXA SCANNING  

PARENT/GUARDIAN/CARER 

INFORMATION SHEET 
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 The scanning arm passes from head to toe above the child’s body.  This takes 
approximately four minutes in total. 

 The scanning arm will not come into contact with any part of the body during scanning 

 The child will not feel anything during the scan.  The procedure is entirely painless 
DXA Scanning  

 The researcher will accompany the participant into the scanning room.  If required, a 
parent, teacher or classroom assistant may also accompany the child 

 The child will be asked to lie on the scanner bed  

 The researcher will direct the participant to place the palms of their hands flat on the 
scanner bed and slightly separate the arms and legs from the body to allow accurate 
scanning 

 The child will be required to lie still during the scan (this takes approx. 4 minutes) 

 The scan is complete when measurements have been checked by the researcher  
Benefits 
 

 Your child will receive their results in a sealed pack at the end of the project. 
Researchers will explain what these results mean, and you may contact researchers 
to discuss your child’s results if you wish. 

 

 Children usually find the laboratory visit interesting, enjoyable, and educational.  
Teachers may use the visit to stimulate discussion about health and the body. 

 
Confidentiality 
 
All information about your child and their results will be treated with the strictest 
confidence. No identifiable information will be released by the project, and all data is 
securely stored by project staff, and may be accessed by approved persons only. 

For any further information regarding the project please don’t hesitate to contact Professor 
Marie Murphy on (028)90366669 or by email at the following address: 
mh.murphy@ulster.ac.uk or Mr. Conor Cunningham on (028)90610932 or by email at the 
following address: Cunningham-C15@email.ulster.ac.uk   
 
For information 
 
The DXA scan will be analysed for body composition, bone mineral content and bone 
mineral density.  We are interested in the links between these markers and levels of 
physical activity and fitness.  We are recruiting healthy children in this study and we are not 
scanning for anything related to illness or immediate health problems.  As such, it is unlikely 
that this project will generate any information which would have a clinical implication.  
However, in the unlikely event that a health concern is detected, parents/guardians will be 
informed and advised to contact their health practitioner. 
 
 

 

mailto:mh.murphy@ulster.ac.uk
mailto:Cunningham-C15@email.ulster.ac.uk
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Title of Project: The P.A.T.C.H Study  

(Physical Activities To improve Children’s Health) 

 

 
DXA whole body scan 
 
 

 

 
 
This machine will scan your body, giving us a picture of your skeleton.  You will wear your 
normal clothes (school PE kit) but you will have to remove your shoes during the scan.  You 
will be asked to lie down on the scanner and stay as still as still as you can for about four 
minutes.  The arm of the scanner will pass over your body but will not touch you.  You won’t 
feel anything during the scan.  The researcher will talk to you about the scan when you are 
in the room and answer any questions you have.  When it is your turn to be scanned, a 
classroom assistant or teacher can come into the room with you if you want. 
 

 

 

 

 

10. DXA SCANNING  

PARTICIPANT 

INFORMATION SHEET 
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Title of Project: The P.A.T.C.H Study  
(Physical Activities To improve Children’s Health) 

 
Researchers:  
University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 
 

 

 
Only give consent to the DXA Scan if you intend to give consent for your child to participate 
in all aspects of the study.  
 
 
The above project has been fully explained to me. I have had the opportunity to ask 
questions and these have been answered to my satisfaction.  If my child wishes to 
participate in this study, I agree that they may take part. 
 
 
 
Name of Participant           
 
Parent/Guardian/Carer Signature     Date___ __ 
 

 

 

 

 

 

 

 

11. DXA SCANNING 

PARENT/GUARDIAN/CARER 

CONSENT FORM 
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Title of Project: The P.A.T.C.H Study  
(Physical Activities To improve Children’s Health) 

 
Researchers:  
University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 

 

 
To be completed by the child participant - Please circle your answer to the questions 
below. 
 

 Have you read (or had read to you) information about this project?  

 Yes/No  

 Do you understand what this project is about?     

 Yes/No  

 Have you asked all the questions you want?      

 Yes/No  

 Have you had your questions answered in a way you understand?  

Yes/No  

 Do you understand it’s OK to stop taking part at any time?    

Yes/No  

 Are you happy to take part?         

 Yes/No  

If any answers are ‘no’ or you don’t want to take part, don’t sign your name!  

 

If you do want to take part, please write your name below  

Your name ___________________________  

 

Date      ___________________________  

12. DXA SCANNING 

PARTICIPANT ASSENT FORM 
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Appendix C 

 

 

Study 3:  The effect of child and parental feedback on promoting physical 

activity levels in primary school children 

 

 Parent/Guardian Information Sheet 

 Participant Information Sheet 

 Parent/Guardian Project Consent Form 

 Participant Assent Form  

 Control Group Consent Form 

 Parental Consent Form 
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Title of Project:  The effect of feedback on physical activity levels in 
primary school children 

 
 
Background: 
 
We would like to invite your child to take part in a research study. Before you decide whether 
you would like your child to participate, it is important we give you some background 
information as to why the study is being carried out and what it involves. Please take time to 
read the following information and if there is anything that is not clear, or if you would like 
additional information, do not hesitate to contact us.  

For any further information regarding the project please don’t hesitate to contact 
Professor Marie Murphy on (028)90366669 or by email at the following address: 
mh.murphy@ulster.ac.uk or Mr. Conor Cunningham on (028)90610932 or by email at 
the following address: Cunningham-C15@email.ulster.ac.uk   
 
9. What is the purpose of the project? 
 
Children and young people aged 5-18 years should engage in at least 60 minutes of 
physical activity every day (Department of Health, 2011).  This study proposes to measure 
the physical activity levels of primary aged school children and investigate the effects of 
physical activity feedback on the physical activity levels of primary school children in 
Northern Ireland.  As this research intends to investigate the effect(s) of physical activity 
feedback on the physical activity levels of primary school children, the specific details of the 
physical activity feedback component of the research have been omitted from this 
information sheet. 
 
10. Does my child have to take part? 
 
No. It is up to you to decide whether or not your child may take part. If you decide to 
allow your child to take part you will be asked to sign a consent form. Your child will also 
receive information about the project and an assent form to sign if they would like to take 
part. Even after you give consent your child is still free to withdraw from the study at any time 
without giving a reason.  
 
11. What will happen if your child takes part? 

 Physical Activity Monitoring (3 x 1 week periods - 3 weeks in total) 

 
Your child will be issued with a physical activity monitor at the start of the test process, which 
is worn around the waist on an elasticised belt for seven days.  This measures the amount of 
physical activity that your child participates in on a day-to-day basis across the seven day 
period.  This research will require your child to wear the monitor on three separate 
occasions, for one week at a time.  Your child will be asked to wear the monitor during 
waking hours and only remove this when sleeping and when swimming, bathing or 

PARENTAL/GUARDIAN/CARER 

 INFORMATION SHEET 

mailto:mh.murphy@ulster.ac.uk
mailto:Cunningham-C15@email.ulster.ac.uk
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showering (as the monitor is not waterproof).  The minimum required wear time for inclusion 
in this study is - 3 days where the monitor is worn for 10 hrs per day, with one of these days 
at the weekend.  The monitor is handed back at the end of the monitoring period to the 
researchers. Monitoring takes place over a number of days in order to gain a realistic 
overview of the amount of activity your child participates in. At the same time as the physical 
activity monitoring, your child will be asked to complete a diary recording wear time. 
Researchers will explain how children should wear the monitors and when the children are 
given the monitors you will receive further information about physical activity monitoring. 
 

 

 Duration of testing  

 
The distribution and collection of the monitors will be conducted at your child’s school and 
should take no longer than a few minutes.  Children will wear the physical activity monitors 
daily for 3 one week periods over the course 4-6 weeks and complete a wear time diary 
during the time that they are wearing the monitor.  

 
Control Group  
 
In order to investigate the potential effects of accelerometer feedback on children’s physical 
activity levels a control group will be used.  Participants will be required to provide consent to 
participate in this group.  Participants in the control group will receive information on their 
physical activity patterns following the conclusion of the study. 
 
Confidentiality 
 
All information about your child and their results will be treated with the strictest 
confidence. No identifiable information will be released by the project, and all data is 
securely stored by project staff, and may be accessed by approved persons only. 
 
Kind Regards, 
 
Professor Marie Murphy  
 
Researchers:  

 
University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  

 Dr. Gavin Breslin 

 Conor Cunningham - PhD Student - Sport and Exercise Sciences Research Institute 

For any further information regarding the project please don’t hesitate to contact Professor 
Marie Murphy on (028)90366669 or by email at the following address: 
mh.murphy@ulster.ac.uk or Mr. Conor Cunningham on (028)90610932 or by email at the 
following address: Cunningham-C15@email.ulster.ac.uk   

mailto:mh.murphy@ulster.ac.uk
mailto:Cunningham-C15@email.ulster.ac.uk
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Title of Project:  The effect of feedback on physical activity levels in 
primary school children 

 
Background: 
 
We would like you to take part in a research study. Before you decide whether you would 
like to take part it is important that you understand what we are doing and why. Please take 
time to read the following information. Ask us if there is anything that you don’t understand or 
if you want to know any more.  
 
12. Why are we doing this project? 
 
Childhood has been identified as an important time to promote active lifestyle habits.  This 
study will look at whether telling you about how active you are will have an effect on your PA 
levels.  
 
13. Do I have to take part? 
 
No. It is up to you to decide whether or not you would like to take part. If you decide to take 
part you’ll need to sign your ‘Participant Assent Form’. Even if you have signed the form you 
can pull out of the project at any time without giving a reason.  
 
14. What will happen if you take part? 

 Physical Activity Monitoring (3 x 1 week periods - 3 weeks in total) 

This research will require you to wear the monitor on three separate occasions, for one week 
at a time. 

 
 
You will be given a physical activity monitor in school at the start of a week.  We will ask you 
to wear this around the waist on a belt for seven days.  The physical activity monitor 
measures the physical activity you participate in each day.  You will wear the monitor from 
the time you get up in the morning until you go to bed and only remove this when sleeping 
and when swimming, bathing or showering (as the monitor is not waterproof).  We need 
you to wear the monitor for 3 days (10 hrs per day, with one of these days at the weekend).  
But don’t worry - If you put it on first thing in the morning and take it off last thing at night 
then this should be easy!!  The monitor is handed back at the end of the monitoring period to 
the researchers. At the same time as the physical activity monitoring, you will be asked to 
complete a diary recording physical activity. Researchers will explain how you should wear 
the monitors and answer any questions that you may have. 
 
We hope you will enjoy the study if you decide to take part, and you will be given a pack 
containing your results when the project is finished.  

 

PUPIL INFORMATION SHEET 
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Title of Project:   
 

Accelerometer feedback and physical activity levels in primary school 
children 

 
 

Researchers:  
University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
 
Dr. Gavin Breslin  
 
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 

 
 
15. I confirm that I have read and understand the information provided for the above 

study. I have had the opportunity to consider the information, ask questions and 
if I have asked questions these have been answered satisfactorily. 

 
16. I understand that my child’s participation is voluntary and that my child is free to 

withdraw at any time, without giving a reason and that this will not affect mine or 
my child’s legal rights. 

 
17. I understand that any personal information collected during the study will remain 

anonymous and confidential. 
 
18. I agree my child can take part in the above study 
 

 
 
 
 
 
Name of Participant           
 
Parent/Guardian/Carer Signature       Date ________ 

 
 

 

 

2 

 

3 

 

1 

 

4 

PARENT/GUARDIAN/CARER 

PROJECT CONSENT FORM 
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Title of Project:   
 

Accelerometer feedback and physical activity levels in primary school 
children 

 
Researchers:  
University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies 
 
Dr. Gavin Breslin  
 
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 
 
 

 
To be completed by the child participant: Please circle your answer to the 
questions below. 
 
 

 Have you read (or had read to you) information about this project?  

 Yes/No  

 Do you understand what this project is about?     

 Yes/No  

 Have you asked all the questions you want?      

 Yes/No  

 Have you had your questions answered in a way you understand?  

 Yes/No  

 Do you understand it’s OK to stop taking part at any time?   

 Yes/No  

 

If any answers are ‘no’ or you don’t want to take part, don’t sign your name!  

If you do want to take part, please write your name below  

 

Your name ___________________________    Date ________________  

 

 PARTICIPANT ASSENT FORM 



 

299 
 

                                          
  

 

  
Title of Project: The effect of feedback on physical activity levels 

in primary school children 

 
Researchers:  
University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
 
Dr.Gavin Breslin 
 
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 

 
 
19. I confirm that I have read and understand the information provided for the above 

study. I have had the opportunity to consider the information, ask questions and 
if I have asked questions these have been answered satisfactorily. 

 
20. I understand that my child’s participation is voluntary and that my child is free to 

withdraw at any time, without giving a reason and that this will not affect mine or 
my child’s legal rights. 

 
21. I understand that any personal information collected during the study will remain 

anonymous and confidential. 
 
22. I agree my child can take part in the above study 
 

 
 
 
 
 
Name of Participant           
 
Parent/Guardian/Carer Signature       Date ________ 

 

 

 

 

 

2 

 

3 

 

1 

 

4 

PARENT/GUARDIAN/CARER 

CONTROL GROUP CONSENT FORM 
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Title of Project:   
 

Accelerometer feedback and physical activity levels in primary school 
children 

 
As a parent/guardian/carer who will receive information on your child’s 
physical activity levels, you are required to provide consent for your 
approval to be involved in this study.  If you intend to give consent to be 
involved in the research please complete this consent form (and return with 
your child’s consent form) 

 
Researchers:  
University of Ulster - 

 Professor Marie Murphy 
Head of School of Sports Studies  
 
Dr. Gavin Breslin  
 
Conor Cunningham 
PhD Student - Sport and Exercise Sciences Research Institute 

 
 
23. I confirm that I have read and understand the information provided for the above 

study. I have had the opportunity to consider the information, ask questions and 
if I have asked questions these have been answered satisfactorily. 

 
24. I understand that my participation is voluntary and that I am free to withdraw at 

any time, without giving a reason and that this will not affect mine or my child’s 
legal rights. 

 
25. I understand that any personal information collected during the study will remain 

anonymous and confidential. 
 
26. I agree to take part in the above study 
 

 
 
 
 
 
Name of Participant           
 
Parent/Guardian/Carer Signature       Date ________ 

 
 

2 

 

3 

 

1 

 

4 

PARENT/GUARDIAN/CARER 

PROJECT CONSENT FORM 
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Appendix D 

 

 

 Actigraph Instruction Sheet & Diary 

 Example of PATCH Curriculum Lesson & Lesson Resource 

 Example of Monthly Newsletter 

 Example of Pupil Feedback 

 Example of Parent Feedback  
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HOW TO WEAR THE ACTIVITY MONITOR 
 

As part of this study, we will be investigating how active you are during one week 
 (7 days).  This research will require you to wear the monitor on three separate 
occasions, for one week at a time (3 weeks in total).  To measure your activity you will 
wear an accelerometer.  It is a lightweight monitor that detects activity by sensing any 
human movement. It is similar to a pedometer (step counter). 
 

How do I wear it? 
 

 Wear the monitor attached to the belt around your waist, just above your right hipbone  
 

 
 

 You can wear it either underneath or on top of your clothing 

 Wear the monitor snug against your body. You can adjust the belt by pulling the 
end of the strap to make it tighter. Wear the belt tight enough so the monitor does 
not move when you are being active 

 

When do I wear it? 
 

 Put it on first thing in the morning  - either just after you get out of bed or just after 
you shower or take a bath in the morning  

 Do not wear it when you go swimming, when you do other water sports or when 
you have a shower or bath 

 Keep the monitor on all day (unless you are swimming or in water) 

 At night, take it off right before you go to bed. You should be wearing the 
monitor for at least 10 hours each day 

 

When and how do I give the monitor back? 
 

 Your class teacher will collect the monitor on______________________ - wear the 
monitor on this day and hand it back at the end of the school day 

 A member of the research team will collect the monitor from school on this day 
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ACTIVITY MONITOR DIARY 
 

Wear the activity monitor for seven (7) consecutive days. In the table below write down 
the times that you put it on and take it off during each day. Below is an example entry: 

 
Day 

 
 Time on 

 

Time off 
 

Comments: 
 

Monday 
 

7:30 am 
5:15 pm 

5:00 pm 
10:45 pm 

Showered at 5 pm 

 

If you take the monitor off for more than 5 minutes, such as showering, please record 
when you take it off and put it back on 

 

My name is: ____________________________________________________________ 
 

Day 
 

 Time on 
 

Time off 
 

Comments: 
 

Monday 
 
 
 

   

Tuesday 
 
 
 

   

Wednesday 
 
 
 

   

Thursday 
 
 
 

   

Friday 
 
 
 

   

Saturday 
 
 
 

   

Sunday 
 
 
 

   

Return this sheet with your monitor to your class teacher on _____________________ 
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The PATCH Study 
 
 
 

 Lesson 1 – Exercise and Physical Activity  

PDMU – Personal Understanding and Health 

Date –  
Class – 
Teacher –  

Duration – 30 mins 

 
Lesson Title – Physical activity guidelines for children and young people (5-18 years) 
 

Lesson Aims –  
 

 To introduce pupils to the UK physical activity guidelines for children and young 
people (5-18 years) 

 

 To introduce pupils to examples of physical activities that meet the guidelines 
 

Learning Outcomes –  
By the end of this lesson, pupils should: 
 

 Know how much moderate and vigorous physical activity they should engage in 
on a daily basis 

 

 Understand the difference between moderate and vigorous physical activity 
 

 Understand that children should minimise the amount of time spent being 
sedentary (sitting) for extended periods  

 

 Understand the benefits of being active for at least 60 minutes each day  
 

Resources –  
 
‘Physical activity guidelines for children and young people (5-18 years)’ fact sheet -  
 
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/documents/digitalass
et/dh_128144.pdf 
 

Content –  
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Physical Activities To improve Childrens Health 

The PATCH Study has been designed to facilitate 

your child to meet physical activity and health 

guidelines  by incorporating classroom-based 

physical activity bouts throughout the course of 

the school day  

To  add to your child’s knowledge of the benefits 

of physical activity to health, their class teacher 

will deliver a weekly  30 minute lesson on the 

key themes of, ‘Exercise and Activity’, ‘Reducing 

Screen Time and Sedentary Behaviour’ and ‘ 

Healthy Eating and Nutrition’ 

 

Physical Activity Guidelines for children and 
young people (Start Active, Stay Active, 2011) 

 All children and young people should 
engage in moderate to vigorous intensity 
physical activity for at least 60 minutes and 
up to several hours every day 
 

 Vigorous intensity activities, including those 
that strengthen muscle and bone, should 
be incorporated at least three days a week 
 

 All children and young people should 
minimise the amount of time spent being 
sedentary (sitting) for extended periods  

 

What are the benefits of being active for at 

least 60 minutes each day?  

Improves cardiovascular health  

 Maintains a healthy weight  

 Improves bone health  

 Improves self-confidence  

Develops new social skills 

 

As a Parent/Guardian – What can I do to 

help my child be active? 

 Consider engaging in physical activities with 

your child   

 

 Reduce time spent watching TV, playing video 

games  and using the computer and 

encourage active pursuits  

 

 Your child can use the exercises that they 

have been learning as part of the PATCH 

programme to be active at home – perhaps 

you can get them to show you a few of these! 

 

            

The PATCH Study Newsletter # 1 
 

In school there are a number of physical 

activity/sports clubs that your child can 

participate in that will help them to be 

physically active –  

 Netball – Wednesday – After school 

 Hockey – Thursday –  3-4 pm 

 Orienteering – Friday – 2-3 pm 

 Quick Cricket – Friday – 2-3 pm 
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Thank you for supporting the project – Below are the current UK physical activity guidelines for 

children (aged 5-18 yrs): in addition to guidelines for minimising sedentary time in childhood.  Most 

importantly your child’s unique weekly physical activity profile (data collected from the 

actigraphs) is also displayed. 

Physical Activity Guidelines for children and young people 

 All children and young people should engage in moderate to vigorous intensity (MVPA) 

physical activity for at least 60 minutes and up to several hours every day 

 

 

 

 

 

 Vigorous intensity activities, including those that strengthen muscle and bone, should be 
incorporated at least three days a week 

 

 

 

 

 

 

 Limit your child’s time spent in sedentary transport, extended sitting and time spent indoors 

during the day, and reduce daily screen time to less than 2 hours. 

 

 

 

 

 

Physical Activity Feedback 

Parent/Guardian/Carer 

 Information Sheet 

 

Your Childs Moderate to Vigorous Physical Activity (MVPA) 

Below are your child’s results for one week’s physical activity measurement 
 

 

Your child is currently achieving_____mins of MVPA each day 

 

 

Your Childs Sedentary Time 

Periods of sitting/lying down or taking little exercise are described as sedentary 

Below are your child’s results for one week’s physical activity measurement 

 

On average, your child was sedentary for_____hrs_____mins during each day of PA measurement  

Your Childs Vigorous Physical Activity  

Below are your child’s results for one week’s physical activity measurement  

Your child is was engaged in Vigorous intensity PA on_____ day(s) of the week during PA recording 

These bouts of Vigorous intensity PA lasted on average _____ minutes on each day that                   

Vigorous intensity PA was recorded.  
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- All children and young people should take part in moderate to vigorous 
intensity physical activity for at least 60 minutes and up to several hours 
every day 

0-10 mins 
per day 

10-20 mins 
per day 

20-30 mins 
per day 

30-40 mins 
per day 

40-50 mins 
per day 

50-60 mins 
per day 

60 min + per 
day 

 
 

   
 
 

 
 

YOUR MODERATE TO VIGOROUS PHYSICAL ACTIVITY LEVEL 

 
- Vigorous intensity activities, including those that strengthen muscle and 

bone, should be incorporated at least three days a week 
YOUR VIGOROUS PHYSICAL ACTIVITY LEVEL 

  
You took part in Vigorous intensity PA on_____ day(s) of the 

week during PA recording 
 
 

This Vigorous intensity PA lasted on average _____ minutes 
on each day that Vigorous intensity PA was recorded.  

 

 

- You should limit the time you spend sitting for long periods and time spent 

indoors during the day, and reduce daily screen time to less than 2 hours.  
YOUR SEDENTARY TIME  

Periods of sitting/lying down or taking little 
exercise are described as sedentary 
 
 
 

 

 
On average, you were sedentary 

 
for_____hrs_____mins 

during each day  
of PA measurement  

 
 

 

 

Physical Activity Feedback 

Pupil 

 Information Sheet 
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Appendix E 

 

 

 Child and Youth Physical Self Perception Profile (CYPSPP) (Boys Version) 
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What I am like (boys) 
 

This questionnaire is all about you! The following questions 

ask you about your interests in physical activity. Please read 

the following instructions carefully before starting the 

questionnaire. 
 

 To answer each question you need to carefully read 

about each child.  

 Once you have read about both children you need to 

decide which of the children is most like you. 

  Next decide whether this child is “really like you” or 

“sort of like you” and mark or colour the picture above.   

 Please choose only one answer per question 
 

Here is an example of how you would answer a question: 
 
 

100.   Sam would rather play  
  outdoors in his spare time 

             Joe would rather watch T.V. 

 
 
 
 
 
 

 

                 X                         

 

 

         I am really like Sam     I am sort of like Sam 

  

              

 

                   

 

       
 

      I am really like Joe        I am sort of like Joe 

 

I don’t really watch much television in my spare time but I do play outside a lot. 

I would therefore be more like Sam than Joe. I am very similar to Sam because 

I often play football outside for hours so I have marked the picture above the 

statement that says “I am really like Sam”. 
 

 

 

W

h

o

 

a

r

e

 

y

o

u
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o

s

t

 

l
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k

e

?

?

? 

BUT 

YOUR NAME: 

 

SCHOOL: 
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Remember there are no right or wrong answers; 

simply choose the one that is best for you 
 

 

1.   Jack performs very well 
  at all kinds of sport 

         Paul doesn’t feel that he is very 
         good when it comes to sports 

 
 
 
 
 
 

 

                  

 

                      

 

 
 

      I am really like Jack     I am sort of like Jack 

  

                

 

                   

 

      
 

      I am sort of like Paul        I am really like Paul                     

 
 

2. Luke feels uncomfortable doing 
hard physical exercise   

             Adam feels confident when it comes  
             to doing hard physical exercise 

 
 
 
 
 
 

 

                   

 

                      

 

 
 

      I am really like Luke     I am sort of like 
Luke 

  

                

 

                   

 

   
 

      I am sort of like Adam        I am really like Adam 

 
 

3. Sean thinks that he has a good 
looking (fit-looking) body  
compared to other kids 

             Steve feels that compared to 
             most, his body doesn’t look so  
             good 

 
 
 
 
 
 

 

                   

 

                        

 

 
 

      I am really like Sean    I am sort of like Sean 

  

                   

 

                  

 

   
 

      I am sort of like Steve     I am really like Steve 

 
 

4. David feels that he has low strength 
compared to other kids his age 

                   Andy feels he is stronger than 
                   other kids his age 

 
 
 
 
 
 
 
 
 
 
 

 

                  

 

                      

 

 
 

      I am really like David  I am sort of like David 

  

                  

 

                 

 

    
 

        I am sort of like Andy    I am really like Andy 

BUT 

W
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o
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r
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5.   Ed is proud of himself  
  physically 

         John feels that he doesn’t have 
         much to be proud of physically 

 
 
 
 
 
 

 

                   

 

                      

 

 
 
      I am really like Ed           I am sort of like Ed 

  

                

 

                      

 

    
 
      I am sort of like John        I am really like John 

 

6.   Mark is often unhappy with  
  himself 

             Josh is pretty pleased with 
             himself 

 
 
 
 
 
 

 

                   

 

                       

 

 
 
      I am really like Mark     I am sort of like Mark 

  

                 

 

                     

 

    
 
      I am sort of like Josh        I am really like Josh 

 
 
 

7.   Nigel wishes he could be a lot  
  better at sports  

             Alan feels that he is good 
             enough at sports 

 
 
 
 
 
 

 

                   

 

                     

 

 
 
      I am really like Nigel    I am sort of like Nigel 

  

                

 

                     

 

    
 
      I am sort of like Alan        I am really like Alan 

 
 
 

8.   Carl has a lot of stamina for 
  hard physical exercise   

           Colin soon gets out of breath and 
           has to slow down or quit 

 
 
 
 
 
 

 

                  

 

                     

 

 
 
      I am really like Carl     I am sort of like Carl 

  

                 

 

                    

 

    
 
      I am sort of like Colin        I am really like Colin 

 
 
 

9.   Pete finds it difficult to keep  
  his body looking good  

             Alan finds it easy to keep his 
             body looking good physically 

 
 
 
 
 
 

 

                   

 

                      

 

 
 
      I am really like Pete      I am sort of like Pete 

  

                 

 

                    

 

    
 
      I am sort of like Alan        I am really like Alan 
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10. Paul thinks that he has stronger 
muscles than other kids his age 

              Simon feels that he has weaker 
              muscles than other kids their age   

 
 
 
 
 
 

 

                    

 

                       

 

 
 
      I am really like Paul     I am sort of like Paul 

  

                 

 

                  

 

    
 
      I am sort of like Simon    I am really like Simon 

 

11.   Mike doesn’t feel very confident 
  about himself physically 

              Harry feels really good about  
              himself physically 

 
 
 
 
 
 

 

                  

 

                     

 

 
 
      I am really like Mike     I am sort of like Mike 

  

                 

 

                    

 

    
 
      I am sort of like Harry       I am really like Harry 

 
 
 

12.   Alex is happy with himself as 
  a person  

             Chris is often not happy with 
             Himself 

 
 
 
 
 
 

 

                   

 

                   

 

 
 
      I am really like Alex     I am sort of like Alex 

  

                

 

                     

 

    
 
      I am sort of like Chris       I am really like Chris 

 
 
 

13.  Jake thinks that he could do well 
 at just about any new sports  
 activity he hasn’t tried before. 

                 Sid is afraid that he might not 
                 do well at sports he hasn’t ever 
                 tried  

 
 
 
 
 
 

 

                   

 

                    

 

 
 
      I am really like Jake     I am sort of like Jake 

  

               

 

                    

 

    
 
      I am sort of like Sid        I am really like Sid 

 
 
 

14.   Larry doesn’t have much  
  stamina or fitness  

             Jamie has lots of stamina and   
             fitness 

 
 
 
 
 
 

 

                   

 

                    

 

 
 
      I am really like Larry    I am sort of like Larry 

  

               

 

                    

 

    
 
      I am sort of like Jamie     I am really like Jamie 
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15.   Bert is pleased with the 
  appearance of his body 
     

           Dipesh wishes that his body 
           looked in better shape physically 

 
 
 
 
 
 

 

                  

 

                    

 

 
 
      I am really like Bert     I am sort of like Bert 

  

            

 

                        

 

    
 
  I am sort of like Dipesh   I am really of like Dipesh 

 

16.   Dan lacks confidence when 
  it comes to strength activities 

             Nathan is very confident when it  
             comes to strength activities  

 
 
 
 
 
 

 

                   

 

                      

 

 
 
      I am really like Dan       I am sort of like Dan 

  

              

 

                      

 

    
 
   I am sort of like Nathan     I am really like Nathan 

 
 
 

17.   Dean is very satisfied with 
  himself physically  

             Tony is often unsatisfied with  
             himself physically 

 
 
 
 
 
 

 

                  

 

                     

 

 
 
     I am really like Dean    I am sort of like Dean 

  

                

 

                      

 

    
 
      I am sort of like Tony        I am really like Tony 

 
 
 

18.   Karl doesn’t like the way he 
  is leading his life  

             Olly does like the way he is   
             leading his life 

 
 
 
 
 
 

 

                   

 

                     

 

 
 
      I am really like Karl     I am sort of like Karl 

  

                 

 

                    

 

    
 
      I am sort of like Olly        I am really like Olly 

 
 
 

19. In games and sports Don  
usually watches instead of plays 

               Ken usually plays rather than  
               watches 

 
 
 
 
 
 

 

                   

 

                     

 

 
 
      I am really like Don     I am sort of like Don 

  

                

 

                    

 

    
 
      I am sort of like Ken        I am really like Ken 
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20.  Barry tries to take part in Exercise 
 that uses a lot of energy  
 whenever he can 

             Jack tries to avoid doing             
             energetic exercise if they can 

 
 
 
 
 
 

 

                  

 

                    

 

 
 
     I am really like Barry     I am sort of like Barry 

  

                

 

                      

 

    
 
      I am sort of like Jack        I am really like Jack 

 

21. Clive feels that he is often  
admired for his good-looking  
body 

             Craig feels that he is not   
             admired for the way his body   
             looks very often 

 
 
 
 
 
 

 

                  

 

                    

 

 
 
      I am really like Clive     I am sort of like Clive 

  

                 

 

                     

 

    
 
      I am sort of like Craig        I am really like Craig 

 
 
 

22. When strong muscles are needed  
Ali is the first to step forward 

             Matt is the last to step forward 
             when strong muscles are needed 

 
 
 
 
 
 

 

                

 

                   

 

 
 
      I am really like Ali       I am sort of like Ali 

  

               

 

                     

 

    
 
      I am sort of like Matt        I am really like Matt 

 
 
 

23.  Ash is unhappy about how he is 
 and what he can do physically 

             Bruce is happy with how he is  
             and what he can do physically 

 
 
 
 
 
 

 

                 

 

                    

 

 
 
      I am really like Ash      I am sort of like Ash 

  

                

 

                      

 

    
 
      I am sort of like Bruce      I am really like Bruce 

 
 
 

24.   Jerry likes the kind of person 
  he is  

             Stuart often wishes he was  
             someone else 

 
 
 
 
 
 

 

                 

 

                     

 

 
 
      I am really like Jerry     I am sort of like Jerry 

  

               

 

                      

 

    
 
     I am sort of like Stuart      I am really like Stuart 
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25.   Sam feels that he is better than 
   other kids his age at sports 

               Joe doesn’t feel he can play as  
               well 

 
 
 
 
 
 

 

                

 

                     

 

 
 
      I am really like Sam     I am sort of like Sam 

  

              

 

                      

 

    
 
      I am sort of like Joe        I am really like Joe 

 

26.   Alan soon has to quit running 
  and exercising because he  
  gets tired 

           Chris can run and do exercises 
           for a long time without getting tired 

 
 
 
 
 
 

 

                 

 

                      

 

 
 
      I am really like Alan     I am sort of like Alan 

  

                

 

                     

 

    
 
      I am sort of like Chris        I am really like Chris 

 
 
 

27.  Pete is confident about how his 
 body looks physically  

             Gregg feels uneasy about how 
             his body looks physically 

 
 
 
 
 
 

 

                  

 

                     

 

 
 
      I am really like Pete     I am sort of like Pete 

  

                

 

                      

 

    
 
      I am sort of like Gregg     I am really like Gregg 

 
 
 

28.   Billy feels he is not as good as 
  others when physical strength 
  is needed 

             Paul feels he is among the best 
             when physical strength is needed 

 
 
 
 
 
 

 

                

 

                     

 

 
 
      I am really like Billy     I am sort of like Billy 

  

             

 

                        

 

    
 
      I am sort of like Paul        I am really like Paul 

 
 
 

29.   Ian has a positive feeling about 
  himself physically 

               John feels somewhat negative 
               about himself physically 

 
 
 
 
 
 

 

                 

 

                   

 

 
 
      I am really like Ian     I am sort of like Ian 

  

               

 

                      

 

    
 
      I am sort of like John        I am really like John 
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30.   Kurt is happy being the way  
  he is 

             Des wishes he was different  

 
 
 
 
 
 

 

                  

 

                     

 

 
 
      I am really like Kurt     I am sort of like Kurt 

  

             

 

                      

 

    
 
      I am sort of like Des        I am really like Des 

 
 

  

 

31.   Alex doesn’t do well at new 
  outdoor games 

             Jake is good at new games 
             right away 

 
 
 
 
 
 

 

                 

 

                     

 

 
 
      I am really like Alex     I am sort of like Alex 

  

              

 

                       

 

    
 
      I am sort of like Jake        I am really like Jake 

 
 

 

32.   When it comes to activities like 
  running Charlie is able to keep 
  on going  

             Harry soon has to quit to take a 
             rest 

 
 
 
 
 
 

 

                

 

                    

 

 
 
   I am really like Charlie I am sort of like Charlie 

  

               

 

                      

 

    
 
      I am sort of like Harry       I am really like Harry 

 
 

 

33.   Gus doesn’t like how his  
  body looks physically  

             David is pleased with how his 
             body looks physically 

 
 
 
 
 
 

 

                

 

                     

 

 
 
      I am really like Gus       I am sort of like Gus 

  

              

 

                      

 

    
 
      I am sort of like David      I am really like David 

 
 

 

34.   Graham thinks that he is strong, 
  and has good muscles compared 
  to other kids his age 

                  Terry thinks that he is weaker 
                  and doesn’t have as good 
                  muscles as other kids his age 

 
 
 
 
 
 

 

                 

 

                      

 

 
 
    I am really like Graham    Sort of like Graham 

  

              

 

                       

 

    
 
      I am sort of like Terry        I am really like Terry 
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35.   Jack wishes he could feel  
  better about himself physically 

             Fred always seems to feel good 
             about himself physically 

 
 
 
 
 
 

 

                  

 

                      

 

 
 
      I am really like Jack     I am sort of like Jack 

  

              

 

                       

 

    
 
      I am sort of like Fred        I am really like Fred 

 

36.   Henry is not very happy with  
  the way he does a lot of things 

             Ahmed thinks that the way he  
             does things is fine 

 
 
 
 
 
 

 

                 

 

                     

 

 
 
     I am really like Henry   I am sort of like Henry 

  

               

 

                     

 

    
 
     I am sort of like Ahmed   I am really like Ahmed 

 
 
 

37.   Brian thinks its important to be 
  good at sports 

             Keith doesn’t think its important 
             to be good at sports 

 
 
 
 
 
 

 

                 

 

                      

 

 
 
      I am really like Brian    I am sort of like Brian 

  

              

 

                     

 

    
 
      I am sort of like Keith       I am really like Keith 

 
 
 

38. Colin doesn’t think that having a lot of 
stamina for energetic exercises is very 
important to how he feels about himself 

              Dave thinks that having lots of 
              stamina for vigorous exercise is 
              very important  

 
 
 
 
 
 

 

                 

 

                      

 

 
 
      I am really like Colin    I am sort of like Colin 

  

               

 

                     

 

    
 
      I am sort of like Dave     I am really like Dave 

 
 
 

39.  Kris thinks it’s very important to  
 have a good-looking (fit-looking) 
 body in order to feel good about himself     

                 Pedro doesn’t think that having 
                 a good-looking body is   
                 important at all    

 
 
 
 
 
 

 

                

 

                     

 

 
 
      I am really like Kris     I am sort of like Kris 

  

              

 

                        

 

    
 
      I am sort of like Pedro      I am really like Pedro 
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40.  Hugo thinks that being physically     
 strong is not all that important to  
 how he feels about himself as a person 

              Gary feels that it’s very important  
               to be physically strong 

 
 
 
 
 
 

 

                

 

                     

 

 
 
      I am really like Hugo   I am sort of like Hugo 

  

             

 

                       

 

    
 
      I am sort of like Gary        I am really like Gary 

 

41.  Matt doesn’t think doing well at 
 athletics is that important to how  
 he feels about himself 

                 Den feels that doing well at 
                 athletics is important   

 
 
 
 
 
 

 

                

 

                     

 

 
 
      I am really like Matt     I am sort of like Matt 

  

             

 

                      

 

    
 
      I am sort of like Den        I am really like Den 

 
 
 

42. Gareth feels that having the ability 
to do a lot of running and exercising 
is very important to how he feels  
about himself as a person 

                Glen doesn’t feel it’s all that 
                important to have the ability to 
                do a lot of running & exercising 

 
 
 
 
 
 

 

               

 

                      

 

 
 
   I am really like Gareth  I am sort of like Gareth 

  

             

 

                      

 

    
 
      I am sort of like Glen        I am really like Glen 

 
 
 

43. Bryn doesn’t think that having a  
body that looks in good physical  
shape is important to how he feels 
about himself 

             Liam feels that it’s very important 
             to have a body that looks in good  
             physical shape 

 
 
 
 
 
 

 

                 

 

                        

 

 
 
      I am really like Bryn      I am sort of like Bryn 

  

              

 

                     

 

    
 
      I am sort of like Liam        I am really like Liam 
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44.   Nigel thinks that having strong 
  muscles is very important 
  to how he feels about himself  

             Mark feels that it’s not important 
             to have strong muscles 

 
 
 
 
 
 

 

                 

 

                        

 

 
 
      I am really like Nigel    I am sort of like Nigel 

  

               

 

                    

 

    
 
      I am sort of like Mark       I am really like Mark 

 
 
 
 

 

45.  Matt does well at games  
 that involve kicking balls 

            Den doesn’t feel he does well at 
 at        games that involve kicking balls   

 
 
 
 
 
 

 

                

 

                     

 

 
 
      I am really like Matt     I am sort of like Matt 

  

             

 

                      

 

    
 
      I am sort of like Den        I am really like Den 

 
 
 

46. Gareth does well at games that  
 involve catching balls 

                Glen doesn’t feel he does well 
                at games that involve catching  
                balls 

 
 
 
 
 
 

 

               

 

                      

 

 
 
   I am really like Gareth  I am sort of like Gareth 

  

             

 

                      

 

    
 
      I am sort of like Glen        I am really like Glen 

 
 
 

47. Bryn wishes he was able to  
run fast 

             Liam feels that he is able to run 
             fast enough 

 
 
 
 
 
 

 

                 

 

                        

 

 
 
      I am really like Bryn      I am sort of like Bryn 

  

              

 

                     

 

    
 
      I am sort of like Liam        I am really like Liam 
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48.   Nigel feels he can jump really 
  high 

             Mark feels he can’t jump as high 
             as other kids his age   

 
 
 
 
 
 

 

                 

 

                        

 

 
 
      I am really like Nigel    I am sort of like Nigel 

  

               

 

                    

 

    
 
      I am sort of like Mark       I am really like Mark 

 
 

49.  Matt doesn’t feel he does well at  
 games that involve overhand  
 throwing 

                Den thinks he does well at 
games     games that involve overhand  
                throwing 

 
 
 
 
 
 

 

                

 

                     

 

 
 
      I am really like Matt     I am sort of like Matt 

  

             

 

                      

 

    
 
      I am sort of like Den        I am really like Den 

 

50. Gareth feels that he does well at games 
that involve striking (hitting) a ball  

                Glen doesn’t feel he does well   
                 at games that involve striking  
                 (hitting) a ball  

 
 
 
 
 
 

 

               

 

                      

 

 
 
   I am really like Gareth  I am sort of like Gareth 

  

             

 

                      

 

    
 
      I am sort of like Glen        I am really like Glen 

 
 
 

51. Bryn doesn’t think he is very good 
at games that involve dodging  
people or cones 

             Liam feels that he’s good enough 
             at games that involve dodging 

 
 
 
 
 
 

 

                 

 

                        

 

 
 
      I am really like Bryn      I am sort of like Bryn 

  

              

 

                     

 

    
 
      I am sort of like Liam        I am really like Liam 

 
 
 

52. Nigel thinks he is able to hop 
well enough  

             Mark doesn’t feel he is able to          
             hop well 

 
 
 
 
 
 

 

                 

 

                        

 

 
 
      I am really like Nigel    I am sort of like Nigel 

  

               

 

                    

 

    
 
      I am sort of like Mark       I am really like Mark 
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