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Abstract

Reversing the decline in adolescents’ mental health has been identified as a priority,
especially considering its links to quality of life (QoL). Given that physical activity
and exercise have been suggested as potential methods to ameliorate poor mental
health and QoL, high-intensity interval training (HIIT) has been suggested as a time-
effective means to improve conditions such as anxiety and depression, as well as QoL.
Therefore, in collaboration with Commando Joe’s®, the aim of this thesis was to
design, conduct and evaluate the impact of a HIIT intervention on adolescents’ mental
health and QoL.

Prior to the design element of this thesis, Study 1 investigated and confirmed a
significant relationship between vigorous physical activity, the unstructured form of
HIIT, physiological and psychological health and QoL. Subsequently, utilising
amalgamated findings from previous formative research and the systematic review
included within Chapter 3, a HIIT intervention was designed and conducted. Study 2
therefore examined the effect of the 6-month HIIT intervention on body mass index,
physical activity, cardiorespiratory fitness, anxiety, depression and QoL in
adolescents, however, no significant changes to mental well-being, physiological
health or QoL were exhibited. Consequently, to identify areas for improvement for
future research, Study 3 evaluated the HIIT intervention using thematically analysed
focus-groups presented by pen profiles. Results indicated that HIIT was an enjoyable
form of exercise for adolescents, however, to maximise participation, factors related
to session timing, exercise activities, group composition, instructor and exercise
progression and protocol should be accounted for.

Overall, while HIIT did not improve mental health or QoL, no detrimental effects were
noted. Advancing previous research, the present thesis provides support that HIIT is
an enjoyable, feasible and time-efficient form of exercise, although further research is
warranted to establish whether it can elicit improvements to mental health or QoL.
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Definitions, Abbreviations and Units

Definitions

Adolescents

Children

High-intensity

exercise

Moderate physical
activity

Moderate-to-vigorous

physical activity

Physical activity

A transitional stage of physical and psychological
development that generally occurs between the

chronological age range of 12 to 17 years

The developmental stage prior to the onset of puberty
that generally occurs between the chronological ages of

410 11 years

Intense exercise that is greater than or equal to a peak
oxygen uptake of 90%, an intensity that is equal to or
greater than 100% maximal aerobic speed and/or an
exercise induced peak heart rate equal to or greater than
90%

Habitual activity corresponding to an energy

expenditure between 3 and 6 metabolic equivalents

Habitual activity corresponding to an expenditure equal
to or greater than 3 metabolic equivalents

“Any bodily movement produced by skeletal muscles
resulting in energy expenditure above resting”

(Caspersen, Powell, & Christenson, 1985)
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Vigorous physical Habitual activity corresponding to an energy
activity expenditure between 6 and 9 metabolic equivalents

Exercise A sub-component of physical activity that is carried out

to sustain or improve health
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Abbreviations

ANOVA analysis of variance

BF% body fat percentage

BMI body mass index

BP blood pressure

CES-DC Center for Epidemiologic Studies Depression Scale for Children
ClI confidence intervals

CON control group

CVD cardiovascular disease

DBP diastolic blood pressure

EM expectation maximisation

FFM fat free mass

GAD-7 Generalized Anxiety Disorder 7
HDL high-density lipoprotein

HIIT high-intensity interval training

HPA hypothalamic—pituitary—adrenal axis
HR heart rate

ISAK International Society for the Advancement of Kinanthropometry
LDL low-density lipoprotein

MAS maximal aerobic speed

MSFT multi-stage fitness test

PedsQL Pediatric Quality of Life Inventory
QoL quality of life

SBP systolic blood pressure
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SEM structural equation modelling
TC total cholesterol

TG triglycerides

UK United Kingdom

V02 oxygen uptake

VPA vigorous physical activity
WC waist circumference

WHO World Health Organisation
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Units

cm centimetres

Hz hertz

IU-mltinternational unit per millilitre

kg kilogram

kg-m2kilogram per metre squared

I-min-t litre per minute

mg-dIt milligram per decilitre

mg-100mI-* milligram per one-hundred millilitres
ml-kg-min-t millilitre per kilogram per minute
ml-kg?7>-min-t millilitre per kilogram to the power of 0.75 per minute
mmHg millimetre of mercury

mmol-It millimoles per litre

pmol-I-* picomole per litre
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Chapter 1 — Introduction

Health is fundamental in allowing an individual to adapt to changing situations and
self-manage (Huber et al., 2011) and is defined as "a state of complete physical,
mental, and social well-being and not merely the absence of disease or infirmity"
(World Health Organization, WHO, 2006, p. 1). Despite an increased awareness of the
factors that can influence health, in recent years the prevalence of poor mental and
physical health has increased in both child and adult populations (A. J. Cohen et al.,
2017; Ng et al., 2014; Vos et al., 2015).

Mental health is defined as “a state of well-being in which every individual realizes
his or her own potential, can cope with the normal stresses of life, can work
productively and fruitfully, and is able to make a contribution to her or his community”
(WHO, 2004, p. 1). Whilst often overlooked in comparison to physical health, a recent
report has suggested that mental health problems, such as anxiety and mood disorders,
account for a large proportion of the overall global disease burden (Vos et al., 2015).
Indeed, within younger populations, according to the WHO (2003) 20% of adolescents
will experience a mental health problem. Furthermore, adolescents reporting recurrent
sensations of anxiety or depression have doubled between the mid 1980°s and mid
2000’s (Collishaw, Maughan, Natarajan, & Pickles, 2010), with one-in-ten 5-16 year
olds in the UK diagnosed with a clinical mental health disorder (Green, McGinnity,
Meltzer, Ford, & Goodman, 2004). Specifically in Wales, a recent report stated that
that the total number of referrals to the Child and Adolescent Mental Health Service
has doubled between 2010 and 2014 (National Assembly for Wales Children Young
People and Education Committee, 2014). Whilst mental health illnesses have
conventionally only been associated with further mental health issues, there is growing
evidence that they can also significantly contribute to physical ailments. For example,
depression, the most prevalent mental health issue (National Collaborating Centre for
Mental Health, 2011), has been directly linked to heart disease (Ferrari et al., 2013).
Conversely, it has also been suggested that physical diseases, such as obesity, are also
positively associated with mental health issues (Luppino et al., 2010; Scott et al.,
2008).

In recent years, multiple studies have suggested that obesity in children has reached
unparalleled levels (Abarca-Gomez et al., 2017; Lobstein et al., 2015; Ng et al., 2014),
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with statistics purporting that ~30% of children are overweight or obese (Ng et al.,
2014; Ryley, 2013; Townsend et al., 2013). Furthermore, whilst reports have indicated
a plateau in paediatric obesity over the last decade (Abarca-Gomez et al., 2017,
Rokholm, Baker, & Sgrensen, 2010), this obesity epidemic still represents a significant
burden on the National Health Service (NHS). Specifically, current estimates indicate
that overweight and obesity, and their deleterious health consequences such as cancer
(Calle & Thun, 2004), type 2 diabetes mellitus (American Diabetes Association, 2000)
and coronary heart disease (American Heart Association, 1997), cost the NHS £5.1

billion per year (Scarborough et al., 2011).

Impaired physical and mental health can significantly affect quality of life (QoL),
which is a fundamental measure in the evaluation of population health (Helseth &
Misveer, 2010), defined by the WHO (2006) to include a person’s perception of their
own physical, mental and social well-being. Cardiorespiratory fitness and body mass
index (BMI) have both been shown to influence QoL, as those with a greater level of
cardiorespiratory fitness experience a better QoL (J. R. Andersen et al., 2017; Morales
et al., 2013; Sloan, Sawada, Martin, Church, & Blair, 2009) and overweight or obesity
often indicative of a poorer QoL (Swallen, Reither, Haas, & Meier, 2005; J. Williams,
Wake, Hesketh, Maher, & Waters, 2005). Additionally, mental well-being has also
been shown to partially determine QoL., with those suffering from mental health issues
at greater risk of a poor QoL (Sharpe et al., 2016; Wafa et al., 2016). Accordingly, in
line with mental and physical health, recent findings have suggested that self-reported
QoL has significantly declined in a number of populations over the last decade (Cui &
Zack, 2013; Zack, 2013).

Causes of poor mental and physical health are multifaceted; in addition to factors such
as diet (Kuzbicka & Rachon, 2013; Sahoo et al., 2015) and daily stresses (Schonfeld,
Brailovskaia, Bieda, Zhang, & Margraf, 2016), physical activity, or lack thereof, and
poor cardiorespiratory fitness have been extensively linked to adverse health (Bize,
Johnson, & Plotnikoff, 2007; Freedman, Mei, Srinivasan, Berenson, & Dietz, 2007,
Janssen et al., 2005; Kopelman, 2000; Monyeki, Neetens, Moss, & Twisk, 2012;
Penedo & Dahn, 2005; Ruggero, Petrie, Sheinbein, Greenleaf, & Martin, 2015; Trost,
Kerr, Ward, & Pate, 2001). Although the importance of physical activity is apparent,
research has shown that large proportions of children are not physically active.

Specifically, for children aged between 5 and 15 years in England, only 23% of boys
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and 20% of girls meet UK physical activity guidelines of at least 60 min of moderate-
to-vigorous physical activity every day (Scholes, 2016). Furthermore, research has
suggested that adolescent cardiorespiratory fitness, albeit within England, is in decline
(Sandercock, Ogunleye, & Voss, 2015; Sandercock, Voss, McConnell, & Rayner,
2010; Stratton et al., 2007), with the cardiorespiratory fitness of young people in Wales
among the lowest in Europe (Tomkinson & Olds, 2007), though, this is likely related
to low physical activity (Parikh & Stratton, 2011), Considering that adolescence is a
key stage for the development of health-related behaviours (Dumith, Gigante,
Domingues, & Kohl, 2011), with poor health tracking into later life (Freedman et al.,
2007), the design, implementation and evaluation of effective interventions targeted at

increasing youth physical activity levels and cardiorespiratory fitness are imperative.

Given that children and adolescents spend a considerable proportion of their waking
hours in school (Fox, Cooper, & McKenna, 2004), schools been extensively utilised
as a foundation for the implementation of physical activity and exercise interventions
(Christian et al., 2016; Mackintosh, Niezen, & Eslambolchilar, 2016; K. L. Weston et
al., 2016). Additionally, interventions within schools have the ability to reach a large
number of children from diverse socio-economic backgrounds (Fox et al., 2004).
Moreover, given that schools have the personnel, such as physical education teachers,
that can deliver effective physical activity and exercise interventions, the possible
sustainability of such interventions is increased (Hoelscher et al., 2004; Saunders et
al., 2012). Indeed, the design of interventions that can be implemented within a “real
world” setting are recommended (De Bourdeaudhuij et al., 2011) as they are less costly
(Warren, Henry, Lightowler, Bradshaw, & Perwaiz, 2003), can be integrated within
the curriculum and are have a greater chance of being maintained. However, whilst
traditional school-based physical activity, such as physical education lessons, should
be encouraged, it has been suggested that these alone are unlikely to afford adequate
physical activity to elicit health benefits (Biddle, Gorely, & Stensel, 2004). Indeed,
given the decreasing hours devoted to physical education within the school curriculum
(Rumsby, 2015), it could be postulated that additional complementary exercise, the

structured form of physical activity, is required.

Whilst traditional exercise interventions have primarily used high-volume moderate-
intensity continuous exercise (Hansen, Froberg, Hyldebrandt, & Nielsen, 1991,
McMurray et al., 2002; Meyer, Kundt, Lenschow, Schuff-Werner, & Kienast, 2006),
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the relevance of such exercise to the sporadic high-intensity nature of children’s
habitual play patterns has been challenged (Bailey et al., 1995). Additionally, high-
volume moderate-intensity continuous exercise can often be time-consuming, a key
factor commonly cited as a barrier to exercise (Donahue, Mielenz, Sloane, Callahan,
& Devellis, 2006; Lovell, Ansari, & Parker, 2010; Reichert, Barros, Domingues, &
Hallal, 2007; Welch, McNaughton, Hunter, Hume, & Crawford, 2009). Consequently,
high-intensity interval-based exercise or high-intensity interval training (HIIT) has
recently been identified as a potentially effective and time-efficient form of exercise
and health promotion (Costigan, Eather, Plotnikoff, Hillman, & Lubans, 2016; Gibala,
2007). Indeed, given that vigorous physical activity has been associated with improved
health (Braithwaite et al., 2017; Drenowatz, Prasad, Hand, Shook, & Blair, 2016;
Gerber et al., 2014; Kenchaiah, Sesso, & Gaziano, 2009; Parfitt, Pavey, & Rowlands,
2009), exercise, could provide a necessary mediatory step to engender positive long-
term behavioural change.

Whilst there has been substantial development regarding the assessment of high-
intensity interval-based exercise on physiological health in adolescents (Boddy,
Stratton, Hackett, & George, 2010; Lambrick, Westrupp, Kaufmann, Stoner, &
Faulkner, 2016; Tjgnna et al., 2009; K. L. Weston et al., 2016). This could, at least in
part, be attributed to the varied success at eliciting significant improvements (Baquet
et al., 2002; Lau et al., 2014; Rosenkranz, Rosenkranz, Hastmann, & Harms, 2012),
potentially owing to ineffective protocols. Indeed, to date, there has been no research
that has provided information as to the most effective HIIT protocol for adolescents.
More pressing, however, given the considerable progress regarding the effect of HIIT
on adolescent physiological health, there is a stark paucity of research focusing on
mental well-being and/or QoL (Logan, Harris, Duncan, & Schofield, 2014; McCrone,
Dhanasiri, Patel, Knapp, & Lawton-Smith, 2008). With the exception of Shepherd et
al. (2015) in adults, and Costigan, Eather, Plotnikoff, Hillman and Lubans (2016) in
adolescents, little research is available regarding the influence of HIIT on mental
health and/or QoL. Furthermore, although some effort has been made to ascertain
adolescents’ post-intervention perceptions of HIIT (Buchan et al., 2013; Costigan et
al., 2017), the findings of both studies were embedded alongside physiological
measures within main trial papers and, therefore, are limited in detail and indeed

interpretation. As such, not only is there a need for further investigation, but a need for
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an in-depth evaluation as to participant’s perceptions of HIIT, specifically regarding
barriers and facilitators to participation. Therefore, the aim of this thesis was to design,

conduct and evaluate a long-term HIIT intervention for on adolescents.

Thesis structure

This thesis contains seven chapters with the central theme addressing the effect of HIIT
on mental well-being and QoL. An initial introduction detailing the justification for
and the specific aims of this research are outlined within Chapter 1. A review of
previous relevant literature is summarised within Chapter 2, primarily addressing the
effects of physical activity, exercise and HIIT on mental health in children and
adolescents. Within Chapter 3, a systematic review synthesising literature examining
the effects of HIIT on physiological health in children and adolescents is presented, as
well as recommendations concerning a HIIT protocol with regard to session structure,
intensity, frequency and duration. Three experimental chapters are presented in
Chapters 4 to 6. A synthesis (Chapter 7) discussing the main findings of the results
from the three experimental chapters concludes the thesis. The aims of the studies

within the experimental chapters (Chapters 4 to 6) are outlined in Table 1.1.

Table 1.1 Aims of the experimental chapter studies within this thesis
Study Aims

1 To investigate the mediatory effects between vigorous physical
activity, body mass index and cardiorespiratory fitness on
depression, and their subsequent direct and indirect effects on QoL

in children and adolescents.

2 To assess the effects of a school-based HIIT intervention on anxiety,

depression and QoL, in adolescents.

3 Explore adolescent perceptions of a 6-month school-based HIIT
intervention, addressing participants’ perceived barriers and

facilitators to extra-curricular exercise participation.
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Chapter 2 — Literature review

The first sections within this literature review provide an overview of quality of life
(QoL) and mental health, the primary outcome measures within this thesis.
Subsequently there is a discussion regarding the issues inherent to measuring mental
health and QoL in children and adolescents, followed by a brief overview of measures
of mental health and QoL. Also included within this literature review is a synopsis and
critical analysis of key research relevant to physical activity, exercise and high-
intensity interval training (HIIT) and their influence on mental health and QoL.
Furthermore, the dose-response effect of physical activity and exercise interventions
on mental health as well as the mechanistic basis supporting the effects of physical

activity and exercise on mental health are deliberated.

Quality of life

Since its introduction as a key term within medical literature midway through the
twentieth century (Post, 2014), there has been a considerable number of attempts to
define QoL, with varying outcomes (Cummins, 1997; de Wit & Hajos, 2013; Kosher,
Jiang, Ben-Arieh, & Huebner, 2014; Ravens-Sieberer et al., 2006; Testa & Simonson,
1996; World Health Organization, WHO; 2006). Given the lack of consensus,
researchers have moved towards viewing QoL “as an organising concept that can be
used for a number of purposes” (Schalock, 1996, p. 123). Indeed, it is now widely
recognised that QoL is conceptualised and measured using three defined approaches,
namely health-related QoL, social indicators and subjective well-being (Cummins,
Lau, & Stokes, 2004; Diener & Suh, 1997; Michalos, 2004). However, whilst all the
approaches are perhaps equally valid within their own purpose, health-related QoL,
the concept used within this thesis, has become the most commonly utilised approach
within in epidemiological and clinical health research (Wallander & Koot, 2016). This
approach measures an individual’s subjective perceptions of their own health, disease,
disability and impairment and is frequently used to capture the effects of health

treatments and interventions (De Civita et al., 2005).

Since the WHO defined health as "a state of complete physical, mental, and social
well-being and not merely the absence of disease or infirmity" (WHO, 2006, p. 1),
QoL has been recognised as an integral component in the evaluation of a person’s

health status (Helseth & Misver, 2010) and as the fundamental target for health
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interventions (Ravens-Sieberer, Herdman, et al., 2014). Specifically, interventions or
treatments implemented for the benefit of a person’s health should ultimately improve
QoL, or, at the very least, not be detrimental (Testa & Simonson, 1996). As such, the
utilisation of QoL as an outcome measure in clinical settings has substantially
increased in recent years, particularly in children (S. A. Clarke & Eiser, 2004).
Specifically, there have been numerous comprehensive studies that have evaluated the
QoL of children suffering from chronic illnesses, such as cancer (Vlachioti et al.,
2016), asthma (Miadich, Everhart, Borschuk, Winter, & Fiese, 2015) and cystic
fibrosis (Koscik et al., 2005). Within these populations, independent of objective
medical outcomes, QoL has emerged as an effective measure for the evaluation of

treatments or interventions (Koot, 2001).

Despite the importance of QoL as a tool to measure a person’s health (Helseth &
Misveer, 2010) and its emergence as an outcome measure within clinical populations,
QoL’s application as an intervention evaluation tool within the general population has
been less extensive. Further, recent findings have suggested that QoL has significantly
declined in adolescents over the last decade (Cui & Zack, 2013), highlighting the need
for interventions to specifically measure, and target, QoL. It could be postulated that
such a paucity of research may be due to the potential difficulty in eliciting
improvements given the subjective nature of QoL and the inability to directly enhance
it (Zack, 2013). However, previous research has demonstrated that by modifying
health behaviours associated with QoL, such as physical health and mental well-being,
improvements can be indirectly elicited. For example, cardiorespiratory fitness and
body mass index (BMI) have both been identified as predictors of QoL, with a higher
cardiorespiratory fitness level associated with a better QoL (J. R. Andersen et al., 2017,
Morales et al., 2013; Sloan et al., 2009), and those that are overweight or obese
typically experiencing a poorer QoL (Swallen et al., 2005; J. Williams et al., 2005).
Additionally, those suffering from mental health issues or not meeting physical activity
guidelines have also been identified as being at greater risk of a poor QoL (Sharpe et
al., 2016; Wafa et al., 2016). Despite some evidence supporting increased physical
activity as a means to indirectly improve QoL (Gill etal., 2013), the paucity of research
is stark, with no quality research in the general child and adolescent population

available. Consequently, the influence of physical activity and/or exercise on health
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behaviours warrant further attention as potential mediators through which to enhance
QoL.

Mental health

Mental health is an important, but often forgotten, aspect of health that encompasses a
person’s emotional, psychological and social well-being, and is included within the
WHO constitutional definition of health (WHO, 2006). Despite this, mental health
problems remain one of the leading causes of disease globally (Vos et al., 2015).
Depression and anxiety, the most common mental health issues (National
Collaborating Centre for Mental Health, 2011) can significantly contribute to
deleterious health consequences such as cardiovascular disease and poor QoL (Ferrari
et al., 2013). Previously, mental health treatments have included potentially harmful
techniques, such as electroconvulsive therapy and lobotomies, however, medicine has
since progressed towards treatments such as psychotherapy and pharmaceuticals.
Nonetheless, such treatments are often expensive (McCrone et al., 2008) and time-
consuming (Gladstone, Beardslee, & O’Connor, 2011), with the safety of
pharmacological interventions remaining questionable (Giraldi, 2017). Furthermore,
preventing mental health issues rather than treating the symptoms should be a priority,
not least given the greater long-term effectiveness (Fisak, Richard, & Mann, 2011).
Therefore, although the sources of poor mental and physical health are multifaceted,
low physical activity has been extensively associated with poor health (Bize et al.,
2007; Freedman et al., 2007; Janssen et al., 2005; Kopelman, 2000; Penedo & Dahn,
2005; Trost et al., 2001). Consequently, increasing physical activity levels has been
suggested as a time-efficient and low-cost means to ameliorate poor mental health and
QoL (J. R. Andersen et al., 2017; Biddle & Asare, 2011; Wafa et al., 2016).

Measuring QoL and mental health in children and adolescents

Possibly due the inherent high cost of a health professional administering mental health
instruments (Curtis, 2012), despite their limitations (Paulhus & Vazire, 2005), self-
report questionnaires are perhaps the most commonly utilised method of collecting
mental health and QoL data. In addition to concerns relating to the validity and
reliability of self-reporting, issues pertaining to response reliability also exist. For
example, within some research, especially in studies involving younger children,

questionnaires are often completed externally via parental proxy-report. Subsequently,
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the reliability of the data collected is questionable given that it is unknown whether a
child or adolescent and their parent share the same concepts (Ravens-Sieberer, Karow,
Barthel, & Klasen, 2014). Furthermore, it has been suggested that a tendency for
children to base their responses to questions on their state of mind at that moment,
rather than their general levels, may decrease the reliability of their answers (Costello,
Dulcan, & Kalas, 1985; Marsh, Debus, & Bornholt, 2008)..

Given their importance, the number of tools that measure QoL and mental health issues
are vast, with over a thousand methods of assessment available for QoL alone (Ubel,
Loewenstein, & Jepson, 2003). Although new and relatively sparse in comparison to
adult measures (Ravens-Sieberer, Karow, et al., 2014), validated measures of children
and adolescent mental health and QoL have rapidly multiplied in recent years (Solans
et al., 2008; Zima et al., 2013). Prior to this, measuring mental health and/or QoL in
children and adolescents was largely restricted. Specifically in relation to QoL, it has
been suggested that both children and adolescents develop their own concept of the
meaning of QoL, such as an increased appreciation for its social function (Drotar,
2004). Despite this, questionnaires were initially transferred from adult to child
populations ad hoc, and without adequate validation (Ravens-Sieberer, Karow, et al.,
2014). Whilst also applicable to mental health measures, given that QoL measures
within younger populations should recognise cognitive development, reading ability
and emotional maturity (Eiser, Mohay, & Morse, 2000; M. Hill, 1997; Matza,
Swensen, Flood, Secnik, & Leidy, 2004), early ad hoc measures possibly confounded
such issues. However, despite these limitations, it has been suggested that if participant
maturity and cognitive development is accounted for with respect to question
presentation and reading level, self-reporting questionnaires can yield valid and
reliable results (Riley, 2004; Schmidt, Garratt, & Fitzpatrick, 2000; Truman et al.,
2003).

Measures of anxiety

Commonly used measures of anxiety symptoms within clinical practice and research
include the Beck Anxiety Inventory (BAI; Beck, Epstein, Brown, & Steer, 1988), the
Generalised Anxiety Disorder 7 (GAD-7) assessment (Spitzer, Kroenke, Williams, &
Lowe, 2006) and the State Trait Anxiety Inventory — Children (STAI-C; Spielberger
& Edwards, 1973). The BAI is a 21-item self-reporting measure of anxiety symptoms

that focuses on somatic symptoms, such as dizziness or increased heart rate (HR).
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Specifically, the BAI is easily administered and scored, has strong validity and
reliability within adult populations (Julian, 2011) and has acceptable psychometric
properties in adolescents (Osman et al., 2002). Despite this, however, like the BDI, the
BAI is copyrighted and therefore also requires a user fee. Furthermore, the BAI does
not assess additional leading symptoms of anxiety (i.e., worry) and other cognitive
aspects of anxiety and, therefore, subsequently limits its interpretation.

Identified as the best performing measure of generalised anxiety disorder when
compared to other measures (Herr, Williams, Benjamin, & McDuffie, 2014), the
GAD-7 is a 7-item self-reporting questionnaire that is often used within a primary care
setting (L6we et al., 2008). Whilst short in length, the GAD-7 has been validated in
adult (Lowe et al., 2008) and adolescent populations (Mossman et al., 2017) and,
therefore, is an extremely quick, easy and efficient tool to assess symptoms of anxiety.
However, although the GAD-7 may be used as a screening tool as part of an initial
diagnostic evaluation, further evaluation by a trained mental health professional is
required to fully diagnose anxiety. Furthermore, despite validation (Mossman et al.,
2017) and some limited use (Wong, Kady, Mewton, Sunderland, & Andrews, 2014),
the GAD-7 has not been widely utilised within adolescent populations, and therefore,

inter-study comparisons are limited.

In addition to the BAI and GAD-7, the STAI-C, the revised child-specific version of
the State-Trait Anxiety Inventory (Spielberger, Gorsuch, & Lushene, 1970), has been
used to gauge symptoms of anxiety. The STAI-C is a 40-item self-reporting measure
that assesses both state (20-items) and trait anxiety (20-items). However, although one
of the most commonly used measures of anxiety (Julian, 2011) that is specific to
children and adolescents (Thabrew, Mcdowell, Given, & Murrell, 2017), it has not
been validated against a gold-standard measure. Moreover, in accord with the lack of
validating research, as with the BAI, the STAI-C requires a usage fee, thereby limiting

its usability, particularly within studies with small budgets.

Regarding the experimental chapters within the current thesis, the limitations of the
BAI and STAI-C, most notably the cost of their reproduction for use within research,
make their utilisation unfeasible. Taken together, given the supporting research (Herr
etal., 2014; Mossman et al., 2017), coupled with the short nature, it could be suggested

that the GAD-7 is the most appropriate tool to measure symptoms of anxiety.
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Measures of depression

For depression, some of the most popular and commonly utilised tools include the
Beck Depression Inventory (BDI; Beck, Ward, Mendelson, Mock, & Erbaugh, 1961),
the Hamilton Rating Scale for Depression (HAM-D; Hamilton, 1960) and the Center
for Epidemiologic Studies Depression Scale for Children (CES-DC; Weissman,
Orvaschel, & Padian, 1980). The BDI, considered the gold standard self-rating scale
(Cusin, Yang, Yeung, & Fava, 2010), consists of 21 items and is widely used within
adult and adolescent populations (K. Myers & Winters, 2002). Specifically, the BDI
has been shown to be an easy (Thabrew et al., 2017) and reliable (Stockings et al.,
2015) measure of depressive symptoms in adolescents. Despite this, the applicability
of the BDI to young people has been criticised, with some research suggesting that a
lack of items concerning school functioning may limit its use among young people
(Kovacs & Beck, 1977). Copyright restrictions and associated costs may also limit the
use of the BDI.

One of the earliest scales to be developed, the HAM-D, consisting of 17-items is the
most frequently used depression scale within clinical trials (Cusin et al., 2010). With
high and adequate reliability and validity within the general (Simmons, Wilkinson, &
Dubicka, 2015) and adolescent population (Brooks & Kutcher, 2001), respectively, the
HAM-D is quick and easy tool to use (Brooks & Kutcher, 2001). However, given that
the HAM-D is clinician measured, in order to administer this tool a considerable level
of training is required (Brooks & Kutcher, 2001). Furthermore, although the reliability
and validity is acceptable, the scale is not youth specific with little data youth data
available (K. Myers & Winters, 2002).

Another scale that has been frequently used within paediatric depression research is
the CES-DC, a modified child version of the Center for Epidemiologic Studies
Depression Scale (Radloff, 1977). Like the BDI, the CES-DC is a 20-item self-
reported scale, but is not copyrighted and, therefore, is freely available to use. Further
advantages of the CES-DC for use within research in adolescents is that the measure
is sensitive to treatment effects (Simmons et al., 2015) with research suggesting that it
is a valid and reliable measure in adolescents (K. Myers & Winters, 2002).
Notwithstanding its advantages, the CES-DC does have its limitations. It has been
suggested that the scale measures general psychopathology rather than depression
(Brooks & Kutcher, 2001; K. Myers & Winters, 2002). Additionally, there have been
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criticisms of its reliability for children, with boys’ reliability values particularly poorer
than girls’ (K. Myers & Winters, 2002).

Given these findings, in the context of the experimental chapters within this thesis,
considering the need for a valid, reliable, inexpensive and self-reported depression
assessment tool for young people, the CES-DC is an appropriate scale for use within

prospective studies.

Measures of quality of life

Measurement tools that assess QoL in young people are vast (Drotar, 2004; Eiser &
Jenney, 2007), however, two of the most widely used and validated measures of
generic QoL include the KIDSCREEN (Ravens-Sieberer et al., 2005) and the Pediatric
Quality of Life Inventory (PedsQL; Varni, Seid, & Rode, 1999). Promoted by the
European Union, the KIDSCREEN is a relatively new multi-version (57-, 27- and 10-
item) and multi-language self-reporting tool. Although reported by those who
developed the measurement tool, the KIDSCREEN has been shown to be a sensitive,
valid and reliable measure of QoL (Ravens-Sieberer, Herdman, et al., 2014) and has
been recommended in a review of QoL measures (Janssens, Gorter, Ketelaar, Kramer,
& Holtslag, 2008). Although a valid and reliable QoL measurement tool, the 57-item
version is relatively time-intensive, with an estimated completion time of 15-20
minutes. As such, the KIDSCREEN may not be a feasible tool in time-pressed

environments.

Akin to the KIDSCREEN, the PedsQL is also a self-reported inventory commonly
used and widely validated within adolescent populations (Varni, Burwinkle, & Seid,
2006; Varni, Burwinkle, Seid, & Skarr, 2003; Varni, Seid, & Kurtin, 2001).
Specifically, the PedsQL is a 23-item self-reporting measure of QoL that has multiple
versions for specifically-aged populations. Indeed, the PedsQL has been recommended
by a number of reviews as the leading measure of QoL in young people (Eiser &
Morse, 2001; Janssens et al., 2008) and, when compared to other tools, has few, if any,

limitations.

Pertaining to the utilisation of a QoL measurement tool within the experimental
chapters of this thesis, whilst both the PedsQL and KIDSCREEN are both been equally

commended (Janssens et al., 2008), since it has fewer items and has smaller estimated
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completion time, it could be suggested that the PedsQL is the most appropriate tool to
measure QoL.

Physical activity

Physical activity, defined as any bodily movement produced by the skeletal muscles
that requires energy, is universally endorsed as a leading preventative measure for a
range of physiological health risks (Ekelund et al., 2016; Kyu et al., 2016; J. Myers et
al., 2015). Within child and adolescent populations, a number of studies have
established a strong inverse relationships between physical activity and physical
health, with those that regularly achieve children’s physical activity targets set by the
Department of Health (2011) at lesser risk of poor physical health. Specifically,
children and adolescents that complete 60 minutes of moderate-to-vigorous physical
activity per day and undertake vigorous-intensity activities that strengthen muscle and
bone three days a week are more likely to obtain significant health benefits (Janssen
& LeBlanc, 2010; Keséniemi, Riddoch, Reeder, Blair, & Sgrensen, 2010). However,
despite research by Martinez-Gomez et al. (2010) suggesting that 60 minutes
moderate-to-vigorous physical activity per day adequately prevents increases in
adolescents body composition, there have been criticisms and concerns that these
guidelines have been established on limited evidence (Donovan et al., 2010). Indeed,
current guidelines are based on self-reported physical activity data (Flssenich et al.,
2016), which has a number of limitations (Paulhus & Vazire, 2005). Furthermore,
research by L. B. Andersen et al. (2006) exploring the effects of physical activity and
cardiovascular risk in children has suggested that 116 minutes of physical activity,

approximately double the recommended guidelines, is required to benefit health,.

In addition to criticisms of physical activity guidelines, there has also been a debate
regarding the quantity of physical activity. For example, numerous large studies within
adult populations have shown that ~150 minutes of moderate physical activity per
week, which is proportionate to 10 metabolic equivalent hours per week, is associated
with a lower risk of cardiovascular disease and premature mortality. To accumulate 10
metabolic equivalent hours per week, partaking in only ~75 minutes of vigorous
physical activity (VPA) is required (Manson et al., 2002; Tanasescu et al., 2002). As
such, some have argued that researchers should be more concerned with the type of

physical activity rather than the volume (A. H. Laursen, Kristiansen, Marott, Schnohr,
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& Prescott, 2012; Saint-Maurice, Troiano, Berrigan, Kraus, & Matthews, 2018).
Indeed, within child and adolescent populations it has been recommend that vigorous
intensity activity should be included when possible as it may provide additional health
benefits beyond moderate-intensity physical activity (Janssen & LeBlanc, 2010).
Regardless of these findings, the adage, “some is good; more is better”, should still be
applied. Indeed, according to a recent systematic review, compared with highly active
individuals, those that do not meet the recommended guidelines are 26% and 21%
more likely to suffer from a stroke or coronary heart disease, respectively (Kyu et al.,
2016). Furthermore, as evidenced by Tan et al. (2017), similar outcomes were also
noted between physical activity and dementia, the leading cause of death in the UK
(Office for National Statistics, 2017).

In addition to physiological or cognitive ailments, increased physical activity has also
been shown to significantly enhance mental well-being (Biddle & Asare, 2011; Fox,
1999; Penedo & Dahn, 2005). Moreover, considering the financial pressures being
faced by the National Health Service (Robertson, Wenzel, Thompson, & Charles,
2017), physical activity has been recommended as cost-effective approach to rectify
such poor health (Hagger, Chatzisarantis, & Biddle, 2001; Larun, Nordheim, Ekeland,
Hagen, & Heian, 2006).

Effects of physical activity on mental health

Although the benefits of physical activity on mental health are now widely accepted
(Biddle & Asare, 2011), early reports suggested that its effectiveness was ambiguous,

with a report by the Surgeon General stating that:

“The mental health benefits of physical activity for individuals of relatively good
physical and mental health were not as evident, but the studies did not have sufficient
rigour from which to draw unequivocal conclusions” (US Department of Health and

Human Services, 1999).

Furthermore, even more recently it has been reported that there is a limited awareness
among clinical psychology professionals as to the effects of physical activity on mental
health (Faulkner & Biddle, 2001). Regardless, however, the effects of increased
physical activity are promising (Biddle & Asare, 2011). Indeed, given the minimal

cost, dearth of negative side effects and the adjunct physiological benefits compared
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to alternative pharmacological and non-pharmacological treatments, physical activity
Is ideally positioned to improve mental well-being (Phillips, Kiernan, & King, 2003).

Effects of physical activity on anxiety

Anxiety is an emotion in which a person experiences recurring feelings of tension and
intrusive thoughts or concerns (Kowalski, 2000). Studies advocating the association
between physical activity and anxiety within the general adult population are vast.
Indeed, a recent meta-meta-analysis that identified 306 study effects across 10,755
participants indicated a significant small effect (Rebar et al., 2015). Additionally,
although dated, in a large study of US and Canadian participants aged 10 to 74 years,
physical activity was shown to be associated with anxiety, irrespective of education
and socio-economic status (Stephens, 1988). Despite the evidence suggesting that
elevated levels of physical activity can be beneficial for symptoms of anxiety within
the general population, there remains a dearth of research focusing specifically on
children and adolescents.

Despite the paucity of research, however, there is some evidence to support increased
physical activity as a means of improving symptoms of anxiety. Although much of the
cohort falls outside of what is considered the upper age limit of an adolescent or child,
from a cohort of 2,458, Stréhle et al. (2007) found that those who were regularly active
were less likely to suffer from anxiety disorders. Furthermore, those who engaged in
regular physical activity had a lower incident rate of anxiety disorders compared to
inactive individuals. In addition to issues relating to the relevance of the cohort, these
findings are also limited by the lack of objectively measured physical activity.
Nonetheless, congruent with Strohle et al. (2007), a recent study of 481 adolescents
(McDowell, MacDonncha, & Herring, 2017) also supports physical activity as a means
to improve anxiety. Indeed, it was reported that moderate and high physical activity
were inversely related to anxiety. Again, however, the validity of the recorded physical
activity is questionable given that a modified version of the self-reporting Patient-
Centred Assessment and Counselling for Exercise Plus Nutrition (Prochaska, Sallis, &
Long, 2001) was used to measure physical activity.

Consistent with McDowell et al. (2017) and Strohle et al. (2007), a study examining
the association between self-reported physical activity and anxiety in 1,747 Malay

adolescents also found that the level of physical activity was significantly associated

31



with symptoms of anxiety (Tajik et al., 2017). Though, it should be noted that in
addition to using a self-reported physical activity, anxiety was measured using the 21-
item Depression, Anxiety and Stress Scale (Lovibond & Lovibond, 1995), which has
provided mixed findings regarding its validity for use within adolescents (Le et al.,
2017; Patrick, Dyck, & Bramston, 2010).

Contrary to McDowell et al. (2017), Strohle et al. (2007) and Tajik et al. (2017), earlier
research (Norris, Carroll, & Cochrane, 1992; Strauss, Rodzilsky, Burack, & Colin,
2001) has suggested that physical activity levels are not related to symptoms of
anxiety. Norris and colleagues (1992), who collected self-reports of exercise and
psychological stress and well-being from 147 adolescents, suggested that anxiety,
measured using the Multiple Affect Adjective Check List (MAACL; Zuckerman &
Lubin, 1990), shared no significant correlation with physical activity, or exercise as
they have described it. However, whilst physical activity measured using self-reported
methods is already questionable, these results were further limited given that the
selected physical activity questionnaire (J. D. Brown & Lawton, 1986) failed to

account for habitual physical activity outside of exercise.

Regardless of methodological shortcomings relating to self-reported measures (Norris
et al., 1992), using objectively measured physical activity, Strauss et al. (2001) also
found that, within a cohort of 95 10-16 year olds, anxiety, irrespective of if it was
measured using the Revised Children’s Manifest Anxiety Scale (C. R. Reynolds &
Richmond, 1985) or the Piers-Harris inventory (Piers & Harris, 1969), was related to
physical activity. Although rigorous in terms of its physical activity measurement, this
study is, however, limited by the relatively small sample size when compared to other
studies (McDowell et al., 2017; Norris et al., 1992; Strohle et al., 2007; Tajik et al.,
2017), and is perhaps underpowered.

In summary, whilst the interpretation of each of the studies within this section is
limited, given the considerably greater total sample size when combining McDowell
et al. (2017), Strohle et al. (2007) and Tajik et al. (2017), compared to Norris et al.
(1992) and Strauss et al. (2001), it could be postulated that physical activity can
ameliorate anxiety in adolescents. Nonetheless, future research is needed to provide

greater clarification as to physical activity’s effects on anxiety in children.
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Effects of physical activity on depression

Depression is a mental illness whereby a person experiences a lack of interest and
pleasure in daily activities, experiences weight loss or gain, and/or suffers from
insomnia or excessive sleeping. Additional symptoms include feeling lethargic, an
inability to concentrate, experiencing feelings of worthlessness, excessive guilt or
recurrent thoughts of death or suicide (Beckham, 2000). Within adults, research has
shown that higher levels of physical activity are often indicative of improved mental
health (Rebar et al., 2015). The relationship between physical activity and mental
health has also been established within children and adolescents (Kremer et al., 2014;
McMahon et al., 2017).

Following a large-scale study (n = 8,256, 10-16 years) that examined the associations
between self-reported physical activity levels and depressive symptoms, measured via
the Short Mood and Feelings Questionnaire (Angold et al., 1995), Kremer and
associates (2014) reported that those who participated in physical activity were less
likely to suffer from depressive symptoms. Furthermore, those participants that were
more frequently physically active at school, both within and outside of class, and/or
met moderate-to-vigorous physical activity guidelines, reported fewer symptoms of
depression. These findings therefore suggest that future research should heavily
consider school-based physical activity interventions if aiming to ameliorate
symptoms of depression in adolescents. However, it should be noted that the
differences between the low and moderately active participants was small and may not
have been clinically significant.

In a more recent large-scale (n = 11,110) cross-sectional study in adolescents (mean
age = 14.8 years) across Europe, findings suggested that the frequency of self-reported
physical activity was also correlated with depression (McMahon et al., 2017).
McMahon and colleagues (2017) found that depressive symptoms, measured using the
Beck Depression Inventory 1l (Beck, Steer, Ball, & Ranieri, 1996), were negatively
correlated with the frequency of physical activity. Interestingly, whilst lower levels of
physical activity were associated with depression, an upper threshold was also
detected. Indeed, among girls, exceeding 60 minutes of physical activity on more than
11 days within a 2-week period was associated with higher levels of depression.
Consequently, it could be postulated that these findings support the use of short intense

exercise, such as HIIT, as a means of improving health given the lesser total exercise
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time and associated benefits (Costigan, Eather, Plotnikoff, Taaffe, & Lubans, 2015;
Logan et al., 2014). However, this is perhaps speculative given that physical activity
was self-reported with no information as to the intensity of that exercise. Also, it is
possible that the upper threshold may well be associated with energy expenditure,
which is comparative when considering the exercise intensity and time ratio.
Furthermore, as suggested within McMahon et al. (2017), this may be a result of the
sub-group that reported a high frequency of physical activity over-exercising and/or

suffering from eating disorders or additional mental health disorders.

Partially in support of McMahon et al. (2017), research has shown that within children,
for each additional hour of physical activity undertaken per week, the odds of
experiencing depressive symptoms are decreased by 8% (Rothon et al., 2010).
However, despite these positive findings (Kremer et al., 2014; McMahon et al., 2017,
Rothon etal., 2010), it should be noted that all of the studies measured physical activity
using self-report methods, thus bringing into question the validity and subsequent

underestimation of physical activity levels and overall findings.

In contrast to Kremer et al. (2014) and McMahon et al. (2017), within a large sample
of adolescent girls (n = 1,397), Johnson et al. (2008) did not observe any significant
relationship between physical activity and self-reported depression. These findings are
especially compelling given that physical activity was measured objectively via
accelerometery. Furthermore, although the depression measure, the Center for
Epidemiological Studies Depression Scale (Radloff, 1977), is not child-specific, a later
study (Radloff, 1991) validated its use in children. However, unfortunately this study
only included girls and, therefore, may not be representative of the wider population.
Furthermore, the data within this study was from a wider school-based intervention
aimed at increasing physical activity (Stevens et al., 2005), therefore, the effects of
self-selection bias (i.e., only those that were fit and healthy volunteered to take part)

may also limit these findings.

Whilst Johnson et al. (2008) were perhaps more rigorous in terms of measurement
validity, when comparing the level of evidence in terms of sample size, Kremer et al.
(2014) and McMahon et al. (2017) provided a strong argument that increased physical

activity can improve symptoms of depression. As such, although it could be tentatively
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summarised that physical activity levels are indicative of depressive symptoms in
children and adolescents, more research is required substantiate this.

Given the relationship between physical activity and anxiety and depression in
children and adolescents (Kremer et al., 2014; McDowell et al., 2017; McMahon et
al., 2017; Strohle et al., 2007; Tajik et al., 2017), it is possible that the poor state of
child and adolescent mental health (Collishaw et al., 2010; Green et al., 2004) is
symptomatic of current physical activity levels. Indeed, reports suggest that in England
less than 23% of children and adolescents meet UK physical activity guidelines
(Ryley, 2013; Scholes, 2016). This is especially worrying considering that physical
activity during a person’s formative years has been shown to influence physical
activity habits and health in later life (Blair, Clark, Cureton, & Powell, 1989; Dumith
et al., 2011). Consequently, although few effective mental health prevention strategies
have been established (McCrone et al., 2008), exercise, the structured form of physical
activity, has been proposed as a means that can increase physical activity levels and

subsequently improve health and well-being.

Exercise

Exercise, asub-component of physical activity that is carried out to sustain or improve
health, has frequently been utilised to improve physical health (Anderson et al., 2016;
Farina, Rusted, & Tabet, 2014; Haskell, Lee, Pate, Powell, & Blair, 2007; Janssen &
LeBlanc, 2010). Within children and adolescents, research has shown that prescribing
exercise, such as resistance or interval training, can significantly improve physical
activity levels and mitigate the risk of health issues such as type 2 diabetes mellitus,
cardiovascular disease and obesity (Dias et al., 2017; Shiroma et al., 2017; K. L.
Weston et al., 2016). However, whilst there has been a considerable interest in physical
health, mental health and QoL have garnered significantly less attention within child
and adolescent populations. Indeed, the psychological effects of fitness training were
originally viewed by some physiologists and psychiatrists as having been
“propagandized by the popular press” (Folkins & Sime, 1981). However, more
recently, exercise has been supported as a treatment for mental health issues by a
number of national bodies (Gelenberg et al., 2010; National Collaborating Centre for
Mental Health and The National Institute for Health and Care Excellence, 2010).

35



Effects of exercise on mental health

The beneficial effect of exercise on mental health and well-being is evident across a
wealth of populations. Exercise has been demonstrated to improve psychological
health and well-being in older adults (Netz, Wu, Becker, & Tenenbaum, 2005), those
suffering from chronic illness or disability (Graham, Kremer, & Wheeler, 2008),
pregnant women (Da Costa, Rippen, Dritsa, & Ring, 2003) and the general population
(Hassmen, Koivula, & Uutela, 2000). However, despite research suggesting that
physical activity can positively influence mental well-being (Kremer et al., 2014;
McMahon et al., 2017; Rothon et al., 2010), the effect of exercise on psychological
health and well-being in children and adolescents has accumulated less attention
(Whitelaw, Teuton, Swift, & Scobie, 2010). However, regardless of the paucity of
research, whilst dated, several studies have explored the effect of physical activity and

exercise on anxiety and depression in child and adolescent populations.

Effects of exercise on anxiety

Research within child and adolescent populations is sparse, however, evidence
suggests that exercise may elicit a reduction in anxiety. Early research using youth
offenders (n = 60, 15-18 years) concluded that, in addition to physiological measures,
self-reported anxiety, measured via the State-Trait Anxiety Inventory for Children
(Spielberger, 1973), improved as a result of a 20-week intervention consisting of three
90-minute exercise sessions per week (Hilyer et al., 1982). Hilyer et al. (1982) noted
that whilst the intervention group (n = 30) scored less favourably than the control group
(n = 30) at baseline, post-intervention scores were reversed, highlighting the
magnitude of the improvement. However, the generalisation of these findings to the

wider population may not be appropriate given the circumstances of the participants.

Similar to Hilyer et al. (1982), Norris, Carroll and Cochrane (1992) who, when
analysing participants from the general adolescent population (n = 80), found that after
a 10-week intervention, anxiety, measured using the MAACL (Zuckerman & Lubin,
1990), improved in the exercise groups. Furthermore, while significant improvements
in anxiety were manifest in both exercise intensity groups, Norris and colleagues
(1992) suggest that the high-intensity group elicited the greatest improvement. Caution
should, however, be taken when interpreting these findings given that the specified
exercise intensity does not meet the standards considered to be high-intensity by recent
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research (Hood, Little, Tarnopolsky, Myslik, & Gibala, 2011; Little et al., 2011). In
support of Hilyer et al. (1982) and Norris et al. (1992), a more recent and longitudinal
study, that included 197 adolescents, suggested that anxiety, measured using the
Hospital Anxiety and Depression Scale (HADS; Bjelland, Dahl, Haug, &
Neckelmann, 2002), significantly improved relative to the control (-2.8%, p < 0.01;
Bonhauser et al. 2005). However, given that Bonhauser et al. (2005) focused on
participants of lower socioeconomic status in Chile, these findings may not represent

the general global adolescent population.

In contrast to the previous positive findings (Bonhauser et al., 2005; Hilyer et al., 1982;
Norris et al., 1992), despite eliciting significant physiological improvements, Lau, Yu,
Lee and Sung (2004) found no significant differences in anxiety measured using the
HADS (Bjelland et al., 2002). In this study 36 obese adolescents (24 boys) aged 10-17
years were recruited and assigned to either an intervention or control group. For the
intervention group, participants were required to complete 3 resistance training
sessions per week for 6 weeks in conjunction with a hypocaloric diet, whilst the control
group followed dietary intervention only. Such mixed findings may, in part, be due to
the poor quality of the study (Larun et al., 2006). Lau et al. (2004) acknowledged that
their sample size was not adequate and, therefore, may not have been suitably powered
to detect significant differences. Furthermore, it could be postulated that the lack of
significant findings may have been attributed to the relatively healthy state of anxiety
in both the intervention and control groups which, consequently, negated the potential

for anxiety to improve as a result of exercise.

In summary, possibly due to publication bias, to the authors knowledge, there are no
other studies in children or adolescents that have reported no significant changes.
Therefore, in summary, given the minimal evidence in opposition, it is possible to
suggest that exercise an effective means of reducing symptoms of anxiety, however,

further research is required.

Effects of exercise on depression

Although sensations of depression have increased two-fold within adolescents
(Collishaw et al., 2010), research exploring the effects of exercise on depression is
sparse (Biddle & Asare, 2011). As with anxiety, Hilyer et al. (1982) conducted one of

the earliest studies in children and adolescents. Following 20 weeks of flexibility,
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resistance or aerobic training 3 times per week, Hilyer and associates (1982) reported
that symptoms of depression significantly improved between pre- and post-test in the
intervention group, despite a significant increase in the control group. Congruent with
Hilyer et al. (1982), a more recent study in the general population found similar results
(Hughes et al., 2013). In Hughes et al. (2013), a small sample of adolescents (n = 30,
12-18 years) completed either a 12-week thrice weekly exercise or stretching
intervention. Although symptoms of depression, measured using the Children's
Depression Rating Scale-Revised (Poznanski & Mokros, 1996), significantly
decreased in both groups and the depressions scores between the exercise group and
stretching control group not being significantly different at post-intervention, these
results still advocate exercise as a means to improve exercise since both interventions
groups induced some form of energy expenditure. Furthermore, although similar
benefits were manifest in both groups, for the exercise group, such improvements were

evident at a greater magnitude.

Significant changes to depression were also reported by Jeong et al. (2005). In this
study, matched by an equal number of control participants, 20 adolescents suffering
from mild depression completed 3 x 45-minute dance therapy sessions over 12 weeks.
Results suggested that depression scores, measured via the Symptom Check List-90-
Revision (Derogatis, 1992), significantly deteriorated in the control group, while mean
depression scores significantly improved in the exercise group. However, these
findings are limited given the small sample size and the absence of an equivalent
exercise control group to estimate an expectation effect. Despite these positive
outcomes (Hilyer et al., 1982; Hughes et al., 2013; Jeong et al., 2005), it should be
noted that, although commonly utilised due to their time- and cost-effectiveness, all
psychological outcome measures were self-reported. As such, the validity of these
findings should be questioned given the inherent issues, such as social desirability

(Paulhus & Vazire, 2005), associated with self-report measures.

Converse to previous studies (Hilyer et al., 1982; Hughes et al., 2013; Jeong et al.,
2005), some research has suggested that exercise has no effect on depression in
children or adolescents (Bonhauser et al., 2005; S. W. Brown, Welsh, Labbé, Vitulli,
& Kulkarni, 1992). Despite reporting significant reductions in anxiety, Bonhauser et
al. (2005) suggest that exercise does not elicit any beneficial effects to symptoms of

depression measured using the HADS (Bjelland et al., 2002). However, in addition to
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the previously stated limitations, given that physical activity was not tracked
throughout this study, such findings may, in part, be due to a compensation effect
whereby increased physical activity during one part of the day may result in a
compensatory decrease during another part (Ridgers, Timperio, Cerin, & Salmon,
2014). Whilst limited, the findings from Bonhauser and colleagues (2005) are
supported by additional literature (S. W. Brown et al., 1992). In S. W. Brown et al.
(1992), following 3 exercise sessions per week over 9 weeks, when baseline was
compared to post-intervention and follow-up scores, no significant differences to
depression, measured using the BDI (Beck et al., 1961), were observed. The quality of
these findings should, however, be questioned given the numerous limitations of the
study. Due to poor adherence, from 27, the final participant cohort of 11 participants
did not provide adequate statistical power to detect significant changes. Furthermore,
whilst not diagnosed with depression, all the participants included within this study
were inpatients at a psychiatric institution. As such, their underlying mental health
issues, primarily dysthymia and conduct disorder, could have had some bearing on the
outcome of this study and, subsequently, restrict the application of these findings

within the general population.

Given these findings, taking in the large body of evidence (Hilyer et al., 1982; Hughes
et al., 2013; Jeong et al., 2005), it could be postulated that exercise is an effective
means of improving symptoms of depression in children and adolescents. However,
given the various limitations of studies included within this section, the effect of

exercise on depression is still ambiguous, and therefore more research is needed.

Dose-response of physical activity and exercise interventions on mental health

Physical activity and exercise dose-response typically refers to three discrete variables;
duration, frequency and intensity. Duration concerns the amount of time accrued in a
single exercise session or an intervention as a whole, with frequency reflecting the
number of exercise sessions over a specified period, for example a week. Whilst
duration and frequency are basic concepts that concern the total time spent in exercise,
intensity is perhaps slightly more convoluted. Intensity is “typically quantified in
absolute terms as the metabolic cost of an exercise session or in relative terms as the
performance of a given activity as a function of some percentage of measurable

maximal capacity” (Wasfy & Baggish, 2016, p. 2298). In addition to duration,
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frequency and intensity, another variable that is commonly included is the modality,
or type of exercise, for example, the activity within an exercise intervention (i.e.

running, resistance training or swimming).
Anxiety

With the exception of a limited number of studies that have explored the effects of
intensity (Norris et al., 1992; Parfitt et al., 2009), research exploring the dose-response
of physical activity and exercise interventions with regard to duration and frequency
on anxiety in children and/or adolescents is limited. From a cohort of 82 children (32
boys) aged between 9-10 years, utilising objectively measured physical activity and
symptoms of anxiety scored using the STAI-C (Spielberger & Edwards, 1973), Parfitt
et al. (2009) suggested that different intensities of physical activity were associated
with children’s psychological health. Indeed, those children that accumulated high
levels of lighter-intensity physical activity reported greater symptoms of anxiety in
comparison to those who accrued more VPA. Furthermore, these results remained
when body fatness, a factor that has been positively associated with anxiety within this
population (Esposito et al., 2014), was controlled for. Similarly, Norris et al. (1992)
found that exercise intensity was associated with adolescent anxiety. Within this study,
44 participants with a mean age of 16.7 years were allocated to either a 10-week high-
intensity (n = 14), moderate-intensity (n = 15) or flexibility (n = 15) school-based
intervention. The exercise sessions for each protocol lasted between 25-30 minutes
and were completed twice per week. It was reported that, compared to the moderate-
intensity group, those in the high-intensity group experienced significant reductions to
anxiety post-intervention. However, although both these studies (Norris et al., 1992;
Parfitt et al., 2009) advocate VPA and high-intensity exercise, the results should be
interpreted with caution due to their small sample sizes. Additionally, within Norris et
al. (1992), whilst referred to as high-intensity, the information relating to participant
HR is limited. As such, it is difficult to ascertain whether the exercise intensity met
modern high-intensity criteria (Hood et al., 2011; Little et al., 2011).

Despite a paucity of information within children and adolescents, in adults there has
been considerably more attention as to the influence of dose-response of physical
activity and/or exercise on anxiety. Whilst studies are yet to examine the combined

effect of intensity, duration and frequency of exercise or physical activity on anxiety,
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some information is available via numerous studies that have analysed components
individually. With reference to the influence of intervention duration, in a meta-
analysis, Petruzzello, Landers, Hatfield, Kubitz and Salazar (1991) concluded that the
length of the intervention was significantly associated with effectiveness. Their
findings suggested that those who trained for 16 weeks or longer benefited from
greater improvements to anxiety than those who trained for 9 weeks or less. Petruzzello
and colleagues (1991) also suggested that, for improvements to anxiety to be manifest,
a minimum of 21 minutes of exercise is required. The interpretation of these findings,
however, are restricted by confounding factors related to the design or exercise
variables within the included studies.

AKkin to exercise duration, the frequency of physical activity or exercise sessions was
also shown to influence symptoms of anxiety. Indeed, as suggested in their meta-
analysis, Wipfli, Rethorst and Landers (2008) concluded that participating in exercise
3-4 times per week elicits greater benefits to anxiety than exercising 1-2 times a week.
Interestingly, Wipfli et al. (2008) also indicated that there may be a maximum
threshold to exercise frequency, in that those that engage in exercise more than 4 times
a week yield fewer benefits than those who exercise 3-4 times per week.

In contrast to the findings within children and adolescents, an optimal intensity within
the adult population was more ambiguous. Specifically, although there are no studies
that have specifically examined differing intensities, there is support for both aerobic
and anaerobic exercise as means to improve anxiety. Furthermore, the effect of
differing intensities of long-term or chronic physical activity or exercise are
comparable. Indeed, aerobic training consisting of moderate-intensity exercise
(Blumenthal, Williams, Needels, & Wallace, 1982; DiLorenzo et al., 1999) and
anaerobic training consisting of high-intensity resistance training (Cassilhas, Antunes,
Tufik, & de Mello, 2010; Tsutsumi, Don, Zaichkowsky, & Delizonna, 1997) have both

been found to elicit similar significant benefits to anxiety.

With reference to the most beneficial exercise type or modality, whilst direct
comparisons are not available due to limited research, according to a recent systematic
review (Stonerock, Hoffman, Smith, & Blumenthal, 2015), aerobic type exercises such
as running are the most common form of exercise to treat anxiety. However, as alluded

to previously, the effects of both aerobic and resistant type exercises on anxiety are
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comparable (Cassilhas et al., 2010; Tsutsumi et al., 1997). Whilst these findings
provide a useful insight into the dose-response of physical activity and exercise on
anxiety, it should be noted that their findings are limited in the context of paediatric
research given that children are not mini-adults. As such, further research is required
exploring the effects of different doses of physical activity and/or exercise on anxiety
in children and adolescents.

Depression

In comparison to anxiety, with the exception of physical activity and/or exercise
modality, for which there is a paucity of information, there is a relative wealth of
research exploring the dose-response of physical activity and/or exercise and its effects
on depression in children and adolescents. Using a large adolescent sample (n = 1,396),
based on the WHO Composite International Diagnostic Interview (CIDI, R. C. Kessler
& Ustiin, 2004) depression scores and subjectively measured physical activity,
Stavrakakis et al. (2013) suggested that a dose-response does not exist. Specifically,
Stavrakakis and colleagues (2013) reported that the nature, frequency, duration and
intensity of physical activity were not significantly indicative of depression. Despite
these findings (Stavrakakis et al., 2013), several methodological issues limit such an
interpretation. Indeed, physical activity was measured using self-report, which can
overestimate the amount of time engaged in, and the intensity of physical activity
(Hussey, Bell, & Gormley, 2007). Furthermore, although the CIDI uses an interview
to evaluate a person’s level of depression, its format replicates a questionnaire that can
be administered by a non-health professional and, therefore, may not be any more valid
or reliable than a self-reporting questionnaire. Regardless of these limitations, Norris
et al. (1992) also concluded that exercise intensity had no effect on depressive
symptoms. In this randomised control trial, participants were allocated to either a 30-
minute bi-weekly 10-week high-intensity (n = 14), moderate-intensity (n = 15) or
flexibility (n = 15) intervention. Results suggested that none of the intensities had any
effect on depression, which also suggests that exercise in general does not elicit
improvements to depression in adolescents. However, the interpretation of these
findings are perhaps limited given the small sample size of the overall study, and
especially when analysed in their separate groups. Additionally, insufficient
information relating to participants’ HR during exercise makes it difficult to ascertain

the true exercise intensity.
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Whilst both Norris et al. (1992) and Stavrakakis et al. (2013) found that the intensity
of physical activity and exercise had no effect on depression, Goldfield et al. (2011)
and Tao et al. (2007) found that differing intensities of physical activity did elicit
contrasting effects on depression. In a study of 1,259 adolescents (Goldfield et al.,
2011), physical activity and depression, measured via self-reporting methods and the
Child Depression Inventory (Kovacs, 1992), respectively, were correlated. A clear
dose-response was reported in relation to physical activity intensity, whereby VPA
exhibited greater effects to depressive symptoms compared to mild- and moderate-
intensity physical activity. Although, when dichotomised by sex, VPA was only
significantly associated with depression in boys. Alternatively, as part of a large-scale
study (n = 5,453), Tao et al. (2007) reported that whilst light-to-moderate intensity
physical activity protected against the development of depressive symptoms, measured
using the Symptoms Checklist 90 (Z. Y. Wang, 1999), high-intensity physical activity
was shown to significantly increase the risk of general mental health problems in
school children. However, the difference in findings compared to Goldfield and
colleagues (2011) may be explained by cultural discrepancies, in that Tao et al. (2007)
focused exclusively on Chinese adolescents. In addition to the disparity between
studies (Goldfield et al., 2011; Tao et al., 2007), physical activity was again reported
using self-reported measures, casting doubt over the validity of the true intensities of

physical activity.

In relation to physical activity duration, in a sample of 2,093 participants aged between
11 and 14, Rothon et al. (2010) found that depression, measured using the Short Moods
and Feelings Questionnaire (Angold et al., 1995), was associated with the duration of
physical activity. Interestingly, Rothon et al. (2010) also reported that for each
additional hour of physical activity or exercise recorded per week, depressive
symptoms reduced by 8%. These findings therefore suggest that a greater duration of
physical activity is more beneficial. Though, it should be stated that physical activity
was measured using self-report methods that did not take in to account physical
activity within school, during physical education classes or at school break times, and
as such is likely unreliable. In terms of exercise intervention duration, in a meta-
analysis which evaluated 9 studies encompassing a sample size of 581 children and

adolescents (H. E. Brown, Pearson, Braithwaite, Brown, & Biddle, 2013), it was
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suggested that shorter duration interventions were more effective. Indeed, the largest
effects that were noted were for interventions lasting less than 3 months.

Within H. E. Brown et al. (2013) the frequency of exercise sessions and their effect on
depression was also assessed, however, there was no significant difference between
less than three, or more than four, sessions per week. In contrast to H. E. Brown et al.
(2013), McMahon et al. (2017) suggested that physical activity frequency can effect
symptoms of depression. From a sample of 6,566 adolescents, McMahon et al. (2017)
found that exceeding 60 minutes of physical activity on more than 11 days within a 2-
week period was associated with higher levels of depression. These findings indicate
the existence of an upper threshold, and as such, it could be suggested that achieving
the governmental guidelines of 60 minutes moderate-to-vigorous physical activity may
be detrimental to depressive symptoms. However, these findings may be a result of
over-exercising and/or participants suffering from eating disorders or additional

mental health disorders.

Further considerations of a dose-response in relation to physical activity and

exercise

Whilst it could be postulated that moderate- and high-intensity exercise are perhaps
equally as effective in improving anxiety and depression, it has been suggested that
there are distinct differences between exercise intensity and affective responses
(Ekkekakis, 2003). Referred to as the dual-mode theory (Ekkekakis, 2003), this
theoretical framework proposes that affective responses to exercise are jointly
influenced by cognitive factors and interoceptive cues, the balance between which
fluctuate in relation to exercise intensity. For example, during and for a limited period
after moderate-intensity exercise, the majority of people respond positively. This
theory further posits that, during exercise performed at or near ventilatory threshold,
individuals’ response can vary significantly, with some reacting negatively and some
positively. This framework further postulates that when exercise is performed beyond
the ventilatory threshold, there is a significant decline in the valence of affective
responses. Essentially, Ekkekakis (2003) asserts that as exercise intensity increases,
pleasure decreases. Whilst such findings should be considered with regards to the
effects of dose-response, it should be noted that the majority of the research on the

dual-mode model has involved healthy, relatively active adults, with some of the
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relationships yet to be tested within people of varying ages (D. M. Williams, 2008).
Consequently, such findings may not be applicable to the to the paediatric population

within this thesis.

Mechanistic basis of physical activity and exercise on mental health

The beneficial effects of physical activity and exercise on psychological health and
well-being in children and adolescents are evident (Bonhauser et al., 2005; Hilyer et
al., 1982; Hughes et al., 2013; Jeong et al., 2005; Norris et al., 1992) and several
mechanisms have subsequently been proposed that may facilitate such improvements.
One physiological adaptation of physical activity and exercise, widely considered to
be a primary mechanism of improved mental health is increased cerebral blood flow,
which can subsequently affect the hypothalamic-pituitary-adrenal axis. Indeed,
physical activity and exercise have been shown to alter the concentration of numerous
biologically-active molecules, such as adrenocorticotrophic hormones, cortisol,
catecholamines, opioid peptides and cytokines, which have been reported to effect
mood (McArdle, Katch, & Katch, 1996). Further to increased cerebral blood flow, it
has been hypothesised that participation in physical activity and/or exercise can serve
as a distraction from negative thoughts (Craft, 2005; Craft & Perna, 2004; Leith, 1994)
and improve a person’s mood during and after exercise. During exercise, and
especially within a competitive environment, a person’s thoughts are focused on
specific goals related to the chosen activity, reducing the time spent reflecting on
negative thoughts. It has also been postulated that exercise can increase self-efficacy,
via its ability to provide effective mastery experience (Bandura, 1997), which has been
associated with improvements in depressive symptoms (Craft, 2005). The benefit of
social interactions during physical activity or exercise, especially the social
relationships formed within team sports, have also been shown to improve mental
health (Peluso & de Andrade, 2005; Ransford, 1982). Finally, physiological
improvements attributed to physical activity and exercise, such as an improved body
composition (Drenowatz et al., 2016; Gutin et al., 2002), have been shown to induce
improvements to a person’s self-image and self-esteem (C. E. Ross, 1994), both of
which have been associated with mental health (Lubans et al., 2016; Markowitz,
Friedman, & Arent, 2008). Whilst the benefits of exercise and physical activity on
mental health is evident (Bonhauser et al., 2005; Hilyer et al., 1982; Hughes et al.,

2013; Jeong et al., 2005; Norris et al., 1992), most exercise interventions have
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traditionally focused on high-volume, moderate-intensity exercises, which are often
time-consuming, a frequently cited barrier to exercise (Donahue et al., 2006; Lovell et
al., 2010; Reichert et al., 2007; Welch et al., 2009). Subsequently, in order to
ameliorate such issues, HIIT has been identified as a potentially potent and time-

efficient form of exercise (Gibala, 2007).
High-intensity interval training

The beneficial effects of moderate or endurance exercise to both physical and mental
health are have been widely evidenced (Bonhauser et al., 2005; Cornelissen & Fagard,
2005; Donges, Duffield, & Drinkwater, 2010; Hughes et al., 2013; Sigal et al., 2014),
however, such exercise may not be congruous with the time-restricted society of today
(Palmer, 2010). Specifically, perceived lack of time is commonly indicted as a barrier
to physical activity (Dwyer et al., 2006; Lovell et al., 2010; Reichert et al., 2007; Welch
etal., 2009). Furthermore, the relevance of such exercise to the sporadic high-intensity
nature of children’s habitual play patterns has been questioned (Bailey et al., 1995),
and may not be appealing to adolescent populations (Buchan et al., 2011). In an
attempt to ameliorate such barriers, research has proposed that individuals may be able
to achieve the benefits accrued from meeting governmental physical activity
guidelines more time-efficiently by substituting moderate-intensity physical activity
with VPA (1.-M. Lee & Paffenbarger, 2000; Yu, Yarnell, Sweetnam, & Murray, 2003).
Moreover, it has also been suggested that more intense physical activity may elicit
greater benefits given the subsequent increased energy expenditure accrued compared
to moderate-intensity physical activity of a similar duration (Billat, 2001; Christensen,
Hedman, & Saltin, 1960).

Given the health and time benefits of increased VPA, the implementation of HIIT
exercise, a structured form of VPA, has been proposed. Significantly associated with
elevated VPA levels (Costigan et al., 2017), there has recently been an upsurge in
interest in the potential health-related benefits of HIIT as a time-effective method of
exercise (Gibala, Little, Macdonald, & Hawley, 2012; H. S. Kessler, Sisson, & Short,
2012; Warburton et al., 2005; M. Weston, Taylor, Batterham, & Hopkins, 2014).
Extensively used by athletes and coaches to improve cardiorespiratory and metabolic
function with the aim of maximising performance within elite sport (Fernandez-
Fernandez, Zimek, Wiewelhove, & Ferrauti, 2012; Gibala & McGee, 2008; P. B.
Laursen, Shing, Peake, Coombes, & Jenkins, 2002; Westgarth-Taylor et al., 1997; A.
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R. Weston et al., 1997; Wislgff, Ellingsen, & Kemi, 2009), HIIT, also known as high-
intensity intermittent exercise, can be defined as short and intense repeated bouts of
exercise (Buchheit & Laursen, 2013; P. B. Laursen & Jenkins, 2002) at “maximum
effort” (Buchheit & Laursen, 2013). Exercise durations range from a few seconds to
several minutes (Gibala & McGee, 2008), interspersed with passive or active recovery
intervals (Buchheit & Laursen, 2013), which ordinarily last a duration equal to that of
the exercise bout (L. M. Ross, Porter, & Durstine, 2016). Exercise interval intensity
can be measured using a variety of methods: HR, oxygen uptake (VO2), rating of
perceived exertion and maximal aerobic speed (MAS). High-intensity exercise is
usually greater than or equal to 90% VOgpeak (Gibala & McGee, 2008), an intensity
equal to or greater than 100% MAS (Baker, 2011) and/or an exercise induced HR equal
to or greater than 90% maximum HR (Hood et al., 2011; Little et al., 2011).

Whilst the primary appeal of HIIT was that it could be completed in a shorter period
of time compared to traditional aerobic training for equal effect, recent systematic
reviews and meta-analyses have suggested that HIIT may also stimulate more
beneficial changes to health (Costigan, Eather, Plotnikoff, Taaffe, & Lubans, 2015;
Logan et al., 2014). In a recent meta-analysis (Costigan, Eather, Plotnikoff, Taaffe, &
Lubans, 2015), data revealed that HIIT significantly improved cardiorespiratory
fitness, BMI and body fat percentage when compared to moderate-intensity training.
Similarly, Logan et al. (2014) reported that cardiovascular disease biomarkers and
cardiorespiratory fitness were improved to a greater extent with HIIT than moderate-
intensity exercise. However, despite the widespread use within elite sport and the
growing interest of HIIT within public health, the use of HIIT in non-athlete
populations was initially considered to be unsafe (MacDonald & Currie, 2009).
Concerns have been raised regarding the feasibility of implementing HIIT in
sedentary, overweight or clinical populations, with perceived barriers including risk of
injury (Donahue et al., 2006) and participant ability to participate in such high-
intensity exercise (Korkiakangas, Alahuhta, & Laitinen, 2009). Specifically, the
cardiac strain induced by the high HR naturally elicited by HIIT. However, growing
evidence has alleviated these concerns, with recent reviews demonstrating the
beneficial effects and safety of HIIT in clinical and general populations (Guiraud et
al., 2012; Hwang, Wu, & Chou, 2011; H. S. Kessler et al., 2012; L. M. Ross et al.,
2016; K. S. Weston, Wislgff, & Coombes, 2014). For example, research has suggested
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that the stop-start exercise pattern allows less fit individuals a greater capacity to
perform vigorous exercise given that there are rest periods naturally built in (Francois
& Little, 2015). It is also poignant to note that within the exercise phase of HIIT, the
intensity at which an individual exercises is relative to their own cardiorespiratory
fitness and is not standardised. Furthermore, a meta-analysis by K. S. Weston et al.
(2014) reported that clinical populations suffering from cardiometabolic disease
performing HIT exhibited a greater increase in cardiorespiratory fitness when

compared to a moderate-intensity exercise group.

Effects of high-intensity interval training on mental health

Moderate physical activity is commonly cited as the recommended mode of physical
activity in order to elicit improvements in health (Pate et al., 1995). However, work in
children and adolescents by Parfitt et al. (2009) found that, although low and moderate
physical activity were correlated with negative psychological profiles, VPA was
associated with a positive psychological profile. More specifically, Gerber et al. (2014)
found that, in adults, VPA was not only associated with less stress, but also that those
that met the recommended VPA targets, as set by the American College of Sports
Medicine (Haskell et al., 2007), and similar to UK guidelines (Department of Health,
2011), reported fewer mental health issues when exposed to high-stress situations.
Furthermore, those that reached VPA targets achieved mental health benefits beyond
those experienced with just moderate physical activity. One method of exercise that
was identified to increase VPA was HIIT. Although limited, early research found that
HIIT did not significantly increase physical activity (Boddy et al., 2010), however,
more recent rigorous research has shown that, despite the prospect of the “activitystat”
hypothesis (Gomersall, Rowlands, English, Maher, & Olds, 2013), not only was HIIT
able to significantly increase moderate-to-vigorous physical activity (Lonsdale et al.,
2013), but also moderately increased VPA levels (Costigan et al., 2017). However, in
spite of evidence supporting HIIT as an efficient method to increase VPA, which is as
an effective means of improving mental well-being (Gerber et al., 2014, Parfitt et al.,
2009), there remains a paucity of research investigating HIIT within a healthy
population; with the majority of research exploring the effects HIIT on mental health
has been in those suffering from mental illness, such as schizophrenia (Wu, Lee, Hsu,
Chang, & Chen, 2015) or depression (Singh et al., 2005), or those diagnosed with a

cognitive impairment, such as dementia (Telenius, Engedal, & Bergland, 2015).
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Despite the apparent translation of HIT into VPA and the scarcity of research
available, to date, only two studies have examined the effect of HIIT on mental health
in healthy adults (Shepherd et al., 2015) and adolescents (Costigan et al., 2016).

In Shepherd et al. (2015), ninety healthy but inactive adults (18-60 years) were
randomly assigned to either a HIIT or moderate-intensity continuous training group.
Exercise sessions were instructor-led in a gym and were conducted in groups of 10-15
using mechanically-braked spinning bikes. For the HIIT group, participants were
asked to attend three 18 to 20-minute sessions per week for 10 weeks. Within these
sessions, in addition to a 5-minute warm-up and cool-down, participants performed
multiple repeated high-intensity sprints (>90% HR maximum) lasting between 15 and
60 seconds, interspersed with active rest lasting 45 to 120 seconds. For the moderate-
intensity continuous training group, each session also began and ended with a warm-
up and cool-down. Over 10 weeks participants were asked to attend 3 training sessions
per week, with each training session consisting of continuous cycling at an intensity
of ~70% HR maximum and lasting between 30-40 minutes. In addition to attending
three supervised sessions per week, participants within the moderate-intensity
continuous training group were also asked to perform two unsupervised moderate-
intensity sessions per week. Whilst it should be noted that this study primarily focused
on and assessed cardiometabolic health, various questionnaires assessing
psychological health were also completed at baseline and post-intervention (Bostic,
McGartland, & Hood, 2000; Diener, Emmons, Larsen, & Griffin, 1985; Gauvin &
Rejeski, 1993; Ware & Sherbourne, 2015; Watson, Clark, & Tellegen, 1988).
Shepherd et al. (2015) found that, in addition to improving cardiometabolic risk
factors, HIIT significantly enhanced psychological well-being, with benefits similar to
those achieved in the moderate-intensity comparison group. These findings were
irrespective of the HIIT group participating in fewer exercise sessions and therefore
completing a markedly smaller total exercise time. However, the interpretation of these
psychological findings are perhaps limited given that the measures adopted (Bostic et
al., 2000; Diener et al., 1985; Gauvin & Rejeski, 1993; Ware & Sherbourne, 2015;
Watson et al., 1988) do not directly measure anxiety or depression and are not

commonly used within research.

In contrast to Shepherd et al. (2015), research within adolescents has suggested that

HIIT does not appear to be an effective means of improving mental well-being
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(Costigan et al., 2016). In Costigan et al. (2016), sixty-five adolescents (mean age =
15.8 = 0.6 years) were randomly allocated to either a HIIT aerobic exercise program,
a HIIT resistance and aerobic exercise program or control group. The school-based
exercise sessions were completed during participants’ physical education lessons or
during a lunch break and were led by the research team. These sessions consisted of
8-10 minutes of either cardiorespiratory-based exercises or a combination of
cardiorespiratory and body weight resistance exercises, with a work to rest ratio of
30:30 seconds and were completed 3 times per week for 8 weeks. Using magnitude-
based inferences to assess the effects of the intervention, whilst difference were
reported for other psychological measures, Costigan et al. (2016) did not detect any
clinically important difference to markers of depression or anxiety, measured via the
Kessler Psychological Distress Scale (Andrews & Slade, 2001). However, these
findings are limited given the small sample size that was further reduced in size once

the participants were allocated to their respective groups.

Despite the limitations, the lack of clinically important differences in Costigan et al.
(2016) are somewhat surprising given the neurological benefits of HIIT on
psychological well-being (Saanijoki et al., 2017). Nonetheless, considering research
has shown that HIIT is able to acutely reduce distress and state anxiety in a healthy
population (Helgadottir, Forsell, & Ekblom, 2015), the length of the intervention may
have affected the variation between the studies (Costigan et al., 2016; Shepherd et al.,
2015). Indeed, it could be hypothesised that an 8-week HIIT intervention in Costigan
et al. (2016) may have been insufficient to elicit enhancements to mental well-being,
whereas, the longer intervention duration (10 weeks) utilised in Shepherd et al. (2015)
may have been adequate to enhance mental health parameters. Given the abundance
of literature supporting the effectiveness of HIIT in eliciting significant improvements
in physiological health (Costigan, Eather, Plotnikoff, Taaffe, & Lubans, 2015; Logan
et al., 2014), the dearth of studies that have examined its effect on mental well-being
is stark and warrants further research, especially considering the contradictory findings
between both studies to date (Costigan et al., 2016; Shepherd et al., 2015).

Overall summary

Considering the importance of a healthy mental state and a good QoL, in conjunction
with the reported decline of such health and relative paucity of studies in the general

child and adolescent population, further research is critical. Within this youth
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population, methods to ameliorate such poor health are especially important given that
mental health issues can track into later life. Therefore, studies should aim to prevent
mental health issues rather than treating the symptoms, especially considering the
purported greater long-term effectiveness. Given the large body of evidence supportive
of increased physical activity and/or exercise as means to improve mental health and
QoL, the effectiveness of HIIT is promising. Indeed, although previous research has
suggested that HIIT does not improve mental health, methodological restrictions
perhaps confounded these findings. Therefore, further research is needed to elucidate

the effect of HIIT on mental health and QoL.
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Chapter 3 — Effects of high-intensity interval training on physiological health in
children and adolescents

Whilst vigorous physical activity (VPA) has been shown to significantly improve
mental health (Gerber et al., 2014; Parfitt et al., 2009), there remains a paucity of
research exploring the effects of HIIT, the structured form of VPA, on mental well-
being and QoL. Indeed, only two studies to date have assessed whether HIIT can effect
mental health (Costigan et al., 2016; Shepherd et al., 2015). Consequently, conducting
a systematic review and establishing an optimal protocol based on psychological
literature was not possible and, therefore, an alternative approach to forming a suitable
exercise protocol was required. As such, given the wealth of literature looking at
physiological health (Rosenkranz et al., 2012; Tjenna et al., 2009; K. L. Weston et al.,
2016), a systematic review was conducted to examine HIIT as a means of influencing
key physiological health parameters. The identification of the most effective HIIT

protocol was utilised for the intervention (Chapter 5).

The following chapter has been published as an original article in a peer-reviewed
journal (Eddolls, W. T. B., McNarry, M. A., Stratton, G., Winn, C. O. N., &
Mackintosh, K. A. (2017). High-intensity interval training interventions in children
and adolescents: a systematic review. Sports Medicine, 47(11), 2363-2374). With the
exception of some minor amendments, it has been presented in its published form. The
fully published version of this systematic review can be found in Appendix A (p. 178-
189).

Introduction

Worldwide, the prevalence of childhood and adolescent obesity have reached
unparalleled levels (Lobstein et al., 2015; Ng et al., 2014). Specifically, in the UK,
approximately 28% of children are classified as overweight or obese (Ng et al., 2014;
Ryley, 2013), representing a significant burden on health services. Current estimates
suggest that obesity and its deleterious health consequences, such as diabetes mellitus
type Il (American Diabetes Association, 2000) and coronary heart disease (American
Heart Association, 1997), cost the National Health Service £5.1 billion per year
(Scarborough et al., 2011). Despite some reports suggest a plateau in paediatric obesity
over the last decade (Rokholm et al., 2010), others suggest that UK obesity levels have
increased between 1980 and 2014 by 48% and 39% in boys and girls, respectively (Ng
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et al., 2014). Of concern, paediatric obesity has been associated with an increased
prevalence of cardiometabolic risk factors (Skinner, Perrin, Moss, & Skelton, 2015),
which have been shown to track into later life (Freedman et al., 2007) and increase the
risk of premature mortality (Franks et al., 2010; Freedman et al., 2007). While the
causes of obesity and cardiometabolic risk are multifaceted, low physical activity
levels, as well as high engagement in sedentary pursuits, have been identified as key
contributory factors (Freedman et al., 2007; Janssen et al., 2005; Kopelman, 2000;
Trost et al., 2001). Specifically, according to the latest statistics, in England, only 21%
of boys and 16% of girls, meet UK physical activity guidelines of at least 60 minutes
of moderate-to-vigorous physical activity every day (Ryley, 2013), with physical
activity levels further declining with age (Heitzler et al., 2011; Sallis, Prochaska, &
Taylor, 2000; Troiano et al., 2008). Effective interventions targeted at increasing youth

physical activity levels are therefore imperative.

While traditional interventions designed to increase physical activity and improve
health have principally utilised moderate-intensity, continuous exercise (Hansen et al.,
1991; McMurray et al., 2002; Meyer et al., 2006), the relevance of such programmes
to the sporadic, high-intensity nature of children’s habitual play patterns has been
questioned (Bailey et al., 1995). Consequently, high-intensity interval-based
programmes have recently been investigated as a potentially effective and time-
efficient form of physical activity and health promotion (Gibala, 2007). Whilst
exercise, a sub-component of physical activity, is structured and conducted for the
health-associated benefits, it could provide a necessary mediatory step in order to
provoke positive long-term behaviour change. However, to date, studies have
demonstrated varied success at eliciting significant improvements (Baquet et al., 2002;
Baquet, Berthoin, Gerbeaux, & van Praagh, 2001; Lau et al., 2014; Tjgnna et al.,
2009), potentially due to a lack of consensus regarding an optimum HIIT intervention
protocol with regard to exercise intensity, frequency and duration. Nonetheless, recent
systematic reviews (Costigan, Eather, Plotnikoff, Taaffe, & Lubans, 2015; Logan et
al., 2014) highlighted that HIIT can elicit greater improvements in health-related
parameters (i.e., cardiometabolic health and body composition) in adolescents,
compared to traditional programmes (Racil et al., 2016; Rosenkranz et al., 2012;
Tjenna et al., 2009; K. L. Weston et al., 2016). However, no systematic reviews have

investigated the effects of HIIT on primary school-aged children, the identified
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potential differences between pre-pubertal and pubertal youth in the adaptations
elicited or provided optimal HIIT protocol recommendations. Therefore, the purpose
of this review was to systematically synthesise the scientific literature regarding HIIT
on improving body composition, cardiometabolic health and cardiovascular health in
children and adolescents and to establish an optimal HIT protocol with regard to

session structure, intensity, frequency and duration.

Methodology

In line with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) (Liberati et al., 2009), the following methodology details the review’s
inclusion criteria, search strategy, data collection and study analysis protocols.

Inclusion criteria
Types of study

The present review included studies involving interventions targeted at reducing
obesity-related physiological parameters with a principal focus on one of the
following: high-intensity physical activity, high-intensity exercise/training or high-

intensity intermittent/interval exercise/training interventions.

Types of participant

Studies incorporating children and adolescents between the ages of 5 and 18 years
were included. These age constraints were applied to all children and adolescents
without disability, irrespective of whether they were a healthy weight, overweight or
obese. Studies that utilised physical activity interventions as part of a treatment for

specific illnesses were excluded.

Intervention variables and outcome measures

To be included in the review, studies were required to report a minimum of one
intervention exercise session intensity variable and one outcome measure, measured
at baseline and post-intervention and compared to either a moderate-intensity exercise

intervention or control group.

Intervention intensity variables

Interventions were defined as high-intensity if: i) the intensity was greater than or

equal to 90% peak oxygen uptake (VOgzpeac; Gibala & McGee, 2008); ii) had an
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intensity that was equal to or greater than 100% maximal aerobic speed (MAS; Baker,
2011); and/or iii) ensured that the participant’s HR was equal to or greater than 90%
of their peak HR (Hood et al., 2011; Little et al., 2011). There were no restrictions

applied regarding the duration of the intervention.

Primary outcomes

Primary outcomes included cardiometabolic health markers, namely mean SBP and
DBP, body composition in the form BMI, BF% and fat-free mass (FFM), and
cardiovascular disease biomarker analysis that include at least one of the following:
glucose, insulin, triglyceride and total cholesterol, as well as its sub-fractions, LDL-
cholesterol and HDL-cholesterol.

Search strategy

Electronic databases were searched until September 2016, with no restriction set on
the publication year. The PubMed and SCOPUS databases were explored using the
following key word search strategy, devised by the research team and verified by a
subject librarian: (high intensity training OR high intensity exercise* OR high intensity
activit* OR high intensity intermittent training OR intensity intermittent exercise* OR
high intensity intermittent activit* or high intensity interval training OR high intensity
interval exercise* OR high intensity interval activit*) AND (child* OR children OR
pediatric OR paediatric OR adolescen* OR juvenile*) AND (health OR healthy).
Inclusion of at least one of the key words was required in the study title for it to be
considered. Studies were excluded based on language; only studies written in English
were included. Additional studies were identified by searching the reference lists of
included studies. Google Scholar and ResearchGate were also searched to identify

studies that were potentially overlooked by the database searches.

Data collection and analysis

Pertinent study abstracts from the stated search strategies were downloaded and
independently screened. Studies that were deemed to meet the criteria were
downloaded in their entirety and independently assessed for relevance by two authors
using the pre-determined criteria. When study information was missing, the research
team attempted to contact the primary author of the incomplete study. If the author
failed to respond, the study was excluded.
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Effect Size

Cohen’s d was used to determine the standardised mean effect of HIIT on the
previously outlined health-related outcome measures compared to a control group or
a moderate- or light-intensity group (J. Cohen, 1988). Confidence intervals (CI) were
calculated by applying an equation recommended by Nakagawa and Cuthill (2007),
employing standard error calculations (Hunter & Schmidt, 2004). For studies that
provided values for both moderate and control groups, moderate group values were
included as the comparison. Additionally, effect size was not calculated for studies

that failed to disclose post-intervention mean values.

Risk of bias assessment

Risk of bias was assessed independently by two reviewers using the Cochrane risk of
bias tool (RoB 2.0; Higgins et al., 2016). Using the RoB 2.0 tool, studies were awarded
an overall risk of bias grade of either high, some or low risk of bias. This overall grade
was calculated by assessing five domains: (A) bias arising from the randomisation
process; (B) bias due to deviations from intended interventions; (C) bias due to missing
outcome data; (D) bias in measurement of the outcome; and (E) bias in selection of the

reported result.

Heterogeneity assessment

Due to the variation of the study characteristics in this review, for example between
interventions, outcome measures and cohort populations, it was deemed unsuitable to
amalgamate the results for a meta-analysis. Therefore, the results in this review were

analysed narratively.

Results

The database search generated 2092 studies. Once duplicates were removed, 54
title/abstracts were screened for eligibility, with the reference list search producing 3
further studies. From this, 13 studies were deemed suitable. The screening process is
shown in Figure 3.1. In total, 7 of the 13 studies included in this review examined the
effects of HIIT interventions on pre-pubertal participants, the characteristics of which
are summarised in Table 3.1, with the remaining 6 studies examining the effects of

HIIT interventions on pubertal participants (Table 3.2).
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Figure 3.1 Phases of study selection during data collection
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Table 3.1 Characteristics of studies examining pre-pubertal participants

Study Sample Maturation  Intervention Intervention Group Modality/ Repeated bouts/  Exercise bout/
population duration type size intensity  frequency recovery duration
Baquet etal. Pre-pubertal Maturation 7 weeks HIIT protocol n=33 Shuttle Bouts: 5-10 10-20s/10-20 s
(2002) primary measured, runs (100-  Sets: 1-4
school but not 130 % 3 min rest
children; reported MAS) between set
N =53 (2 times weekly)
(23 boys; 8 - Control n=20
11
years)
Baquetetal. Primary Stage 1 =40 7 weeks HIIT protocol n=22 Shuttle Bouts: 5-10 10-30s/10-30's
(2010) school boys, 29 runs (100-  Sets: 1-4
children; N girls 130 % 3 min rest
=77 (43 MAS) between set
boys; 9.6 £ Stage 3=3 (3 times weekly)
1.0 years) boys, 5 girls
combined Moderate n=22 Shuttle Bouts: 1-4
<3 runs (80- (3 times weekly) 6-18 min /5 min
85 %
MAS)
Control n=19
Baquetetal. Pre-pubertal Stagel =46 7 weeks HIIT protocol n =47 Shuttle Bouts: 5-10 10-20s/
(2004) children; N boys, 25 runs (100-  Sets: 1-4 10-20 s
=100 (46 girls 130 % 3 min rest
boys; 9.7 £ MAS) between set
0.8 years) Stage 3 =29 (2 times weekly)
girls
combined Control n=>53
<3
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Lambrick et al.
(2016)

Lau et al. (2014)

Nourry et al.
(2005)

Rosenkranz et al.

(2012)

Obese and
normal
weight
children; N
=55(32
boys)

Overweight
primary
school
children; N
=48 (36
boys; 10.4 +
0.9 years)

Pre-pubertal
children; N
=18(11
boys; 10.0 +
0.8 years)

Pre-pubertal
children; N
=16 (2
boys; 7 - 12
years)

Peak height
velocity at
baseline:

INT=2.7+
0.1

CON =2.65
+0.05

Maturation
not reported

Stage 1 =18

Stage 1 =16

6 weeks

6 weeks

8 weeks

8 weeks

HIIT Protocol

Control

HIIT protocol

Light

Control

HIIT protocol

Control

HIIT protocol

Control

n=28

n=27

n=15

n=21

n=12

Child
specific
games
(93%
mean
HRmax)

Shuttle
runs (120
% MAS)

Shuttle
runs (100
% MAS)

Shuttle
runs (100-
130 %
MAS)

Shuttle
runs (100-
130 %
MAS)

Bouts: 7
(2 times weekly)

Bouts: 12
(3 times weekly)

Bouts: 16
(3 times weekly)

Bouts: 10
Sets: 4 times
(2 times weekly)

Bouts: 5-10
Sets: 4 times
(2 times weekly)

6 min/2 min

15s/15s

15s/15s

10-20s/10-20 s

10-20s/10-20 s

HIIT high-intensity interval training, MAS maximal aerobic speed, INT intervention group, HRmax heart rate
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Table 3.2 Characteristics of studies examining pubertal participants

Study Sample Maturation Intervention Intervention  Group Modality/ Repeated bouts/ Exercise bout/
population duration type size intensity frequency recovery duration
Baquetetal. Secondary Not reported 10 weeks HIIT protocol n=503  Shuttleruns  Bouts: 10 10s/10s
(2001) school (100-120 %  Sets: 3
children; N MAS) 3 min rest
=551 (290 between set
boys; 11-16 (1 times weekly)
years)
Control n=48
Boddy etal.  Secondary Peak height 3 weeks HIIT protocol n=8 Dance class  Bouts: 6 30s/45s
(2010) school girls;  velocity at (>93.4 mean (4 times weekly)
N =16 baseline: % HRmax)
(11.8+0.3
years) INT =0.187 Control n=8
+0.37
CON =
0.028 £
0.427
Racil et al. Obese Not reported 12 weeks HIIT Protocol n=17 Various Bouts: 8-16 15s/15s
(2016) female types of (3 times weekly)
adolescents; interval
N =47 training
(142+1.2 (100%
years) MAS)
Moderate n=16 Various Bouts: 8-16 15s/15s
types of (3 times weekly)
interval
training
(80% MAS)
Control n=14
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Sperlich et al. Male soccer

(2011)

players; N =
19 (135«
0.4 years)

Tjonna et al. (2009)  Overweight

and obese
adolescents;
N =54 (26
boys; 14.0 +
0.3 years)

K. L. Weston et al. Adolescent

(2016)

secondary
school
children; N
=101 (62
boys; 14.0 +
0.3 years)

Maturation 5 weeks
not reported

Maturation 3 months
not reported

Peak height 10 weeks
velocity at
baseline:

INT=0.3%
1.0

Control =
05+13

HIIT protocol

Moderate

HIIT protocol

Control

HIIT Protocol

Control

n=9 Various
types of
interval
training
(90-95 %
HRmax)

n=8 Various
types of
interval
training
(50-70 %
HRmax)

n=28 Treadmill
walking/r
unning
(90-95 %
HRmax)

n=26

n=41 Games
based
(>90%
mean
HRmax)

n =60

Bouts: 4-12
(3-4 times
weekly)

Bouts: 1-5
(3-4 times
weekly)

Bouts: 4
(2 times weekly)

Bouts: 4-7
(3 times weekly)

30s-4min/30

3 min

10-30 min/ 1-3

4 min/ 3 min

45s5/90s

INT intervention, HIIT high-intensity interval training, MAS maximal aerobic speed, INT intervention grouy
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Risk of bias

The methodological rigour of studies included in this review, according to the risk of
bias assessment, is presented in Table 3.3. Seven studies were considered to have a
high risk of bias (Baquet et al., 2002, 2010, 2001, 2004; Lau et al., 2014; Sperlich et
al.,, 2011; K. L. Weston et al., 2016), whereas only two (Nourry et al., 2005;
Rosenkranz et al., 2012) and four (Boddy et al., 2010; Lambrick et al., 2016; Racil et
al., 2016; Tjenna et al., 2009) studies were considered to have some or low risk of bias,
respectively. In studies deemed to have a high or some risk of bias (Baquet et al., 2002,
2010, 2001, 2004; Lau et al., 2014; Nourry et al., 2005; Rosenkranz et al., 2012;
Sperlich et al., 2011; K. L. Weston et al., 2016), the bias arose from the randomisation

process (Domain A).

Table 3.3 Risk of bias assessment

Domain Domain Domain Domain Domain Total
A B C D E

Study

Baquet et al. (2002)

High Low Low Low Low High

Baquet et al. (2001) High Low Low Low Low High
Baquet et al. (2010) High Low Low Low Low High
Baquet et al. (2004) High Low Low Low Low High
Boddy et al. (2010) Low Low Low Low Low Low
Lambrick et al. (2016) Low Low Low Low Low Low
Lau et al. (2014) High Low Low Low Low High
Nourry et al. (2005) Some Low Low Low Low  Some
Racil et al. (2016) Low Low Low Low Low Low
Rosenkranz et al. (2012) Some Low Low Low Low  Some
Sperlich et al. (2011) High Low Low Low Low High
Tjegnna et al. (2009) Low Low Low Low Low Low
K. L. Weston et al. (2016) High Low Low Low Low High

Domain: (A) bias arising from the randomisation process, (B) bias due to deviations

from intended interventions, (C) bias due to missing outcome data, (D) bias in
measurement of the outcome, (E) bias in selection of the reported result, Total
overall risk of bias grade calculated by assessing the five domains [A-E]

Body mass and composition

All 13 included studies reported the effect of HIIT compared to moderate-intensity
exercise or a control group on BMI (n =9), BF% (n = 9) or FFM (n = 1). The results
revealed little evidence to suggest that HIIT can elicit significant changes in body

composition (Table 3.4), although, Tjgnna et al. (2009) and Racil et al. (2016), both of
which were assessed to be at low risk of bias, reported significant improvements in
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Table 3.4 Baseline and post-intervention changes to body mass/composition and effect size between HII°

Study Outcome HIIT (mean Control/moderate  Effect s

measure change from (mean change (Cohen’

baseline) from baseline)

Baquet et al. (2001) BMI (kg-m) 0.40** 0.60** -0.14
Baquet et al. (2010) BMI (kg-m) 0.10 -0.30/0.20 -0.1C
Boddy et al. (2010) BMI (kg-m) -0.50 0.20 0.93
Lambrick et al. (2016) BMI (kg-m) 0.00 0.00 0.23
Lau et al. (2014) BMI (kg-m) 0.20 0.10/0.40* 0.42
Racil et al. (2016) BMI (kg-m) -3.20* 0.30/-1.70* -1.41
Rosenkranz et al. (2012) BMI (kg-m) -1.40 0.00 -0.0€
Tjgnna et al. (2009) BMI (kg-m) -0.70** -0.20 -1.5C
K. L. Weston et al. (2016) BMI (kg-m™) -0.60? 0.80? N/A
Baguet et al. (2001) Body fat (%) 1.60* 1.30* -0.31
Baquet et al. (2002) Body fat (%) -0.90 -0.70 0.10
Baquet et al. (2004) Body fat (%) 0.10 0.10 0.02
Boddy et al. (2010) Body fat (%) 0.22 0.46 0.61
Lambrick et al. (2016) Body fat (%) -0.10 0.40 0.08
Nourry et al. (2005) Body fat (%) 1.50 0.50 0.14
Racil et al. (2016) Body fat (%) -3.90* -0.50/-3.40* -0.5¢
Rosenkranz et al. (2012) Body fat (%) -2.20 -1.00 -0.17
Tjenna et al. (2009) Body fat (%) -0.90** -0.30 3.00
Sperlich et al. (2011) FFM (kg) 1.00 0.90 0.71

Significantly different from baseline (*p<0.05, **p<0.01), values adjusted for sex, baseline value and maturi
calculated due to no reported post-intervention means, HIIT high-intensity interval training group, CI confide

FFM fat-free mass
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BMI and BF% associated with a medium-to-large effect sizes following a 3-month

intervention.

It is pertinent to note that while other studies failed to find a significant improvement
in measures of body mass or composition, there was a general trend for greater change
in body mass and composition in the HIIT group (Baquet et al., 2002; Nourry et al.,
2005; Rosenkranz et al., 2012; Sperlich et al., 2011; K. L. Weston et al., 2016). The
exception to this was Baquet et al. (2001), who saw significant increases to BMI and
BF% for both the HIIT protocol and the control group, however, this study was deemed
to have a high risk of bias. While no significant benefits were reported in pre-pubertal
children, significant improvements in body mass and composition have been
demonstrated in pubertal children (Racil et al., 2016; Tjgnna et al., 2009), suggesting
a potential maturational effect. There were insufficient data to examine potential sex
differences regarding the efficacy of HIIT in eliciting significant changes in body

composition.

Cardiovascular health
Blood pressure

Five studies investigated the effect of HIIT on SBP and DBP, with the majority
concluding significant benefits were obtained (Table 3.5). Specifically, two studies
that were assessed to be of low risk of bias, Tjgnna et al. (2009) and Racil et al. (2016),
reported significant improvements in both SBP and DBP following the intervention,
although it is pertinent to note the low effect sizes associated with the improvements
reported for SBP and DBP in Racil et al. (2016; Table 3.5). Whilst the remaining
studies (Boddy et al., 2010; Rosenkranz et al., 2012; K. L. Weston et al., 2016) reported
no significant differences, they demonstrated a trend towards a lower SBP and DBP.
Interestingly, Boddy et al. (2010), demonstrating methodological rigour through a low
risk of bias, found an increase in both DBP and SBP in the HIIT group and reductions
in the control group, though not significant. Regarding maturation differences, no
studies examining pre-pubertal children reported significant changes, whereas
significant improvements were reported in pubertal populations (Racil et al., 2016;

Tjenna et al., 2009). Sex differences could not be investigated due to insufficient data.
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Table 3.5 Baseline to post-intervention changes in SBP/DBP and effect size between HIIT and cc

Study Outcome HIIT (mean Control/moderate  Effect

measure change from (mean change (Cohen

baseline) from baseline)

Boddy et al. (2010) SBP (mmHg) 10.10 -1.40 0.3
Racil et al. (2016) SBP (mmHg) -0.60* 0.00/-0.40* 0.0(
Rosenkranz et al. (2012) SBP (mmHg) -2.20 -2.50 -0.5
Tjegnna et al. (2009) SBP (mmHg) -9.40** -2.50* -2.0
K. L. Weston et al. (2016)  SBP (mmHg) -5.00? -1.002 N/A
Boddy et al. (2010) DBP (mmHg) 5.90 -4.10 1.1
Racil et al. (2016) DBP (mmHg) -6.00* -1.00/-4.00* -0.3
Rosenkranz et al. (2012) DBP (mmHg) -2.50 -1.70 -0.8
Tjgnna et al. (2009) DBP (mmHg) -5.50** 1.80 -1.5
K. L. Weston et al. (2016) DBP (mmHQg) -6.00? -4.00? N/A

Significantly different from baseline (*p<0.05, **p<0.01), ®values adjusted for sex, baseline value and maturi
calculated due to no reported post-intervention means, HIIT high-intensity interval training group, Cl confide
pressure, DBP diastolic blood pressure
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Cardiovascular disease biomarker health

Four studies examined the effect of HIIT on cardiovascular disease biomarkers,
specifically blood glucose (n = 4), total cholesterol (n = 2), HDL-cholesterol (n = 3),
LDL-cholesterol (n = 1), blood triglyceride (n = 3) and insulin (n = 2), concluding that
HIIT is an effective strategy for such improvements (Table 3.6). All of the studies
demonstrated significant (Racil et al., 2016; Rosenkranz et al., 2012; Tjegnna et al.,
2009) or clinically substantial (K. L. Weston et al., 2016) improvements in multiple
cardiovascular disease biomarker outcome measures. Tjgnna et al. (2009) reported
significant improvements for blood glucose in favour of the HIT group (p < 0.01)
compared to the control group (p < 0.05), with an effect size indicating large, clinically
important differences (d = -1.43, 95% CI -3.01 to 0.16). Additionally, results from
Rosenkranz et al. (2012) suggest large significant reductions in total cholesterol
compared to the control group. Further, the associated effect size (d = -0.93, 95% CI -
1.16 to -0.70) suggested highly clinically important differences. Rosenkranz et al.
(2012) saw significant reductions (p < 0.05) in LDL-cholesterol as a result of HIIT,
with a large and clinically important difference (d = -1.67, 95% CI -2.03 to -1.31)
compared to a small, non-significant increase in the control group. Examining blood
insulin results in Tjgnna et al. (2009), larger significant reductions in the HIIT group
were found compared to the control group, with further significant reductions after a
12-month follow-up. In addition, HDL-cholesterol significantly improved in the HIIT
group compared to a non-significant increase in the control group. Furthermore, Racil
et al. (2016) reported significant reductions in blood glucose and insulin in both HIIT
and moderate-intensity protocols compared to a control group, with a greater
improvement reported in the HIIT group for both measures. Effect sizes for both blood
glucose and insulin were low-to-moderate (d = 0.32, 95% CI -0.44 to 0.13) and large
(d = -0.82, 95% CI -1.55 to -0.10), respectively. Notwithstanding the finite
improvement in blood triglycerides, K. L. Weston et al. (2016) reported clinically
substantial beneficial effects as a result of HIIT despite increased triglyceride levels
reported in the control group. Despite these encouraging findings, it is pertinent to note
that the studies by Rosenkranz et al. (2012) and K. L. Weston et al. (2016) were
assessed to have ‘some’ and a ‘high’ risk of bias, respectively, therefore, caution
should be taken when interpreting these studies as methodological limitations may

have confounded the results. There was no effect due to maturation on cardiovascular
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disease biomarkers, with significant or clinically substantial improvements found in
both pre-pubertal (Rosenkranz et al., 2012) and pubertal (Racil et al., 2016; Tjgnna et
al., 2009; K. L. Weston et al., 2016) children. Sex differences were not reported and,

therefore, their effect is unknown.

HIIT protocol

All studies included in this review provided a detailed description of their intervention
protocol in terms of session structure, duration, intensity and frequency, in addition to
intervention duration; key details of these are summarised in Table 3.1 and Table 3.2.
Based on the four studies that demonstrated significant health improvements (Racil et
al., 2016; Rosenkranz et al., 2012; Tjgnna et al., 2009; K. L. Weston et al., 2016), a
running-based HIIT intervention at an intensity of >90% maximum HR/100-130 %
maximal aerobic velocity, 2-3 times a week with a minimum intervention duration
lasting 7 weeks could be considered the suggested practice. However, suggested
exercise session duration and rest intervals remain ambiguous due to the variance

across the studies, a notion also supported by Baquet, van Praagh and Berthoin (2003).
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Table 3.6 Baseline and post-intervention changes in cardiovascular disease biomarkers and effect size betwe

protocols.

Study Outcome measure HIIT (mean Control/moderate |

change from (mean change (
baseline) from baseline)

Racil et al. (2016) Glucose (mmol-I%) -0.20* 0.00/-0.20*

Rosenkranz et al. (2012) Glucose (mg-dI't) 5.20 0.40

Tjgnna et al. (2009) Glucose (mmol-I71) -0.30** -0.10

K. L. Weston et al. (2016) Glucose (mmol-11) -0.10° -0.03?

Rosenkranz et al. (2012) Total cholesterol (mg-dI™) -22.00* 2.40

K. L. Weston et al. (2016)  Total cholesterol (mmol-I?) -0.242 0.00?

Rosenkranz et al. (2012) HDL-cholesterol (mg-dI™?) 9.90 3.60

Tjgnna et al. (2009) HDL-cholesterol (mmol-1 1) 0.11* 0.09

K. L. Weston et al. (2016)  HDL-cholesterol (mmol-I?) -0.142 -0.242

Rosenkranz et al. (2012) LDL-cholesterol (mg-di) -34.80* -5.60

Rosenkranz et al. (2012) Triglycerides (mg-dI™) 23.50 3.50

Tjenna et al. (2009) Triglycerides (mmol-1 1) -0.50 -0.10

K. L. Weston et al. (2016) Triglycerides (mmol-17) -0.05% 0.18%

Racil et al. (2016) Insulin (1U-ml?) -5.70* -0.80/-4.30*

Tjgnna et al. (2009) Insulin (pmol-I1) -54.30* -33.00*

Significantly different from baseline (*p<0.05, **p<0.01), 2values adjusted for sex, baseline value and matur
calculated due to no reported post-intervention means, HIIT high-intensity interval training group, CI confide
lipoprotein cholesterol, LDL low-density lipoprotein cholesterol
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Discussion

The aim of the current review was to synthesise previous literature that examined HIT
in children and adolescents and establish its potential effect on body composition,
cardiometabolic and cardiovascular health. In addition, this review aimed to identify
an optimal HIT protocol with regard to session structure, intensity, frequency and
duration. In accord with this aim, 13 studies were evaluated providing evidence
suggesting that HIIT can significantly improve certain health parameters in children
and adolescents. However, evidence supporting the overall effectiveness of HIIT as a
means of eliciting improvements to all the specified health outcomes remains unclear.
Some guidelines for a HIIT protocol were established, though recommendations for
certain protocol details remain unidentified.

Advancing previous reviews (Costigan, Eather, Plotnikoff, Taaffe, & Lubans, 2015;
Logan et al., 2014), the findings of the current review suggest that pubertal children
may achieve a greater benefit as a result of HIIT when compared to pre-pubertal
children, a topic that has been widely debated (McNarry, Mackintosh, & Stoedefalke,
2014; McNarry, Welsman, & Jones, 2011; Mirwald, 1981; Ostojic, Stojanovic, Jukic,
Pasalic, & Jourkesh, 2009). However, it is pertinent to note that this may be a
consequence of several methodological factors that restrict the interpretation of
previous studies. Firstly, the duration of the HIIT interventions examining pubertal
participants tended to be longer than those in pre-pubertal children. Given the present
findings suggesting that a minimum of 7 weeks is required for significant adaptations
to be manifest, this shorter intervention duration may lead to erroneous conclusions
regarding the efficacy of HIIT in this population. Furthermore, differences in the
participant characteristics between pre-pubertal and pubertal studies with regard to
baseline body mass or body composition and health status may confound interpretation
of inter-study differences and their attribution to maturity per se. Specifically, the
majority of studies in pre-pubertal children utilised those of a normal weight compared
to the inclusion of overweight or obese participants in pubertal studies, which may
predispose these latter studies to demonstrating greater health benefits, irrespective of
their biological age. Moreover, both Tjgnna et al. (2009) and Racil et al. (2016) did
not report maturation stages, subsequently casting ambiguity over the cohort’s true
maturational stage. Despite this, when focusing on the additional study involving

pubertal children (K. L. Weston et al., 2016), it generally elicited greater
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improvements in outcome measures when compared to the study involving pre-
pubertal children (Rosenkranz et al., 2012). Moreover, only two of the studies
involving pubertal children that demonstrated positive significant results (Racil et al.,
2016; Tjegnna et al., 2009) considered dietary intake; a failure to account for changes
in dietary intake, which is strongly associated with cardiometabolic health (Funtikova,
Navarro, Bawaked, Fito, & Schroder, 2015) and obesity (Gillis, Kennedy, Gillis, &
Bar-Or, 2002) in children and adolescents, confounds the interpretation of the results
and their attribution to the exercise per se. Finally, in addition to the aforementioned
methodological limitations, the interpretation of the overall findings of this study may
also be limited by mixed risk of bias between the significant studies.

An additional factor that may contribute to the collective ambiguity regarding the
overall effectiveness of HIIT is the “compensation effect”. Specifically, a recent study
has suggested that school children appear to compensate for increased physical activity
levels, with a reduction in physical activity undertaken the following day (Ridgers et
al., 2014). Additionally, the “activitystat” hypothesis suggests that increased levels of
physical activity during one part of the day may result in a compensatory decrease in
physical activity in another part (Rowland, 1998). Therefore, there is scope to suggest
that prescribing exercise that reflects the characteristics of children’s comparatively
elevated levels of habitual play (Brodersen, Steptoe, Boniface, & Wardle, 2007) may
result in a decrease in habitual physical activity levels that day or the subsequent day.
This therefore highlights the need to measure habitual physical activity, as was the
case for only four of the studies included within this review (Boddy et al., 2010;
Rosenkranz et al., 2012; Tjgnna et al., 2009; K. L. Weston et al., 2016), alongside the
previously outlined study outcomes. Regarding the effect of HIIT between sexes, no
conclusions could be drawn as none of the studies included in this review provided a
breakdown of between sex differences. This could have implications for future
research, given the possibility that effects of exercise interventions on body size
(Lazaar et al., 2007; Martinez-Vizcaino et al., 2014), cardiorespiratory (Obert et al.,
2003) and cardiometabolic health (Martinez-Vizcaino et al., 2014) may be sex-
dependent in children. Therefore, future studies should endeavour to report a more
expansive breakdown of results, thus providing clarification as to possible sex and

maturational differences associated with HIIT.
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Whilst the studies within this review have advanced our understanding regarding the
influence of HIT in children under laboratory-based conditions, the relatively small
sample sizes and intervention delivery methods highlight potential issues regarding
larger scale implementation of HIIT. Schools have frequently been used as a
foundation in the implementation of physical activity interventions (Christian et al.,
2016; Mackintosh et al., 2016) due to their access to a greater population of children,
who spend 40% of their waking hours there (Fox et al., 2004), and are widely accepted
as one of the most effective locations to promote physical activity and health.
Furthermore, previous studies have demonstrated how short-term HIIT interventions
have been successfully embedded within the school timetable (Boddy et al., 2010;
Costigan, Eather, Plotnikoff, Taaffe, Pollock, et al., 2015). It has been suggested that
HIIT can allow for greater class control compared to conventional physical education
lessons, and can be adapted to include specific movements related to different sports
(Ratel et al., 2004). Therefore, given the promising findings regarding the
effectiveness of HIIT, future research may wish to consider how long-term HIIT
interventions could be incorporated within the school environment. A key
consideration in the development of future interventions, and participants’ engagement
in and adherence to the devised program, is a participant’s perceived enjoyment.
Whilst HIIT has been suggested to be a preferable exercise modality to more
conventional, aerobic exercise (Logan et al., 2014), further research is required, with
only one study in the present review considering this aspect of intervention
development and implementation (Lambrick et al., 2016). Finally, the sustained post-
intervention efficacy of HIIT interventions that reported significant improvements to
body composition, cardiometabolic and cardiovascular health in children and
adolescents remains indeterminate owing to a predominant scarcity of studies
reporting a post-intervention follow-up. Therefore, future studies should incorporate a
follow-up period within their study design to assess the long-term post-intervention

sustainability of positive HIIT elicited benefits.

Conclusion

High-intensity interval training is a time-effective method of improving cardiovascular
disease biomarker health in children and adolescents. However, evidence supporting
its effectiveness in additional health measures remains equivocal. This review suggests

that running-based sessions, at an intensity of >90% maximum HR/100-130%
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maximal aerobic velocity, 2-3 times a week and with a minimum intervention duration
lasting >7 weeks, elicit improvements in health markers; however, these findings are
limited by the mixed risk of bias between the significant studies. Further
recommendations as to exercise duration and rest intervals remain ambiguous due to

the paucity and methodological limitations of studies presently available.
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Chapter 4 — The association between physical activity, fitness and body size and
their effect on mental well-being and quality of life in children and adolescents
(Study 1)

The following chapter has been published as an original article in a peer-reviewed
journal (Eddolls, W. T. B., McNarry, M. A., Lester, L., Winn, C. O. N., Stratton, G.,
& Mackintosh, K. A. (2018). The association between physical activity, fitness and
body mass index on mental well-being and quality of life in adolescents. Quality of
Life Research). With the exception of some minor amendments, it has been presented
in its published form. The fully published version of this study can be found in
Appendix B (p. 190-197).

Introduction

Quality of life (QoL), a subset of health defined by the World Health Organisation to
include the physical, mental and social well-being of a person (World Health
Organization, 2006), is widely recognised as a fundamental element in the evaluation
of population health (Helseth & Misver, 2010) and should be considered the
underlying target for health interventions (Ravens-Sieberer, Herdman, et al., 2014).
Nonetheless, despite its widely accepted importance, recent findings have suggested
that self-reported QoL has significantly declined in adolescents over the last decade
(Cui & Zack, 2013), highlighting the need for interventions that specifically target
QoL in this population. However, due to the subjective nature of QoL, it cannot be
directly enhanced (Zack, 2013). Therefore, the influence of health-related parameters
warrants further attention as potential mediators through which to enhance QoL.

Previous research has shown that interventions that modify certain health behaviours
associated with QoL, such as physical health and mental well-being, can indirectly
elicit improvements in QoL. Cardiorespiratory fitness and body mass index (BMI),
which are important indicators of health (Ortega et al., 2008; Ruiz et al., 2009) that
predict one another (Monyeki et al., 2012), also predict QoL; those with a higher
cardiorespiratory fitness experience a better QoL (J. R. Andersen et al., 2017; Morales
et al., 2013; Sloan et al., 2009), and overweight or obese individuals typically
experience a poorer QoL (Swallen et al., 2005; J. Williams et al., 2005). Moreover,
mental well-being and low physical activity levels, further prominent indicators of
health (Warburton, Nicol, & Bredin, 2006; World Health Organization, 2006), have
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also been shown to influence QoL, with those suffering from mental health issues, or
not meeting physical activity guidelines of 60 minutes of moderate-to-vigorous
physical activity per day, at greater risk of a poor QoL (Sharpe et al., 2016; Wafa et
al., 2016). However, despite these predictors being identified, the interaction between
them and the influence of mental health on QoL remains to be elucidated. Indeed, little
research has explored the potential indirect relationships between health behaviours
and their mediating and interactive influence on QoL. For example, when compared
to moderate physical activity (MPA), vigorous physical activity (VPA) has been
associated with fewer symptoms of depression (Gerber et al., 2014), the most common
form of mental illness in the UK (National Collaborating Centre for Mental Health,
2011) and has also been shown to predict cardiorespiratory fitness and adiposity
(Parikh & Stratton, 2011) more time-efficiently (I.-M. Lee & Paffenbarger, 2000; Yu,
Yarnell, Sweetnam, & Murray, 2003). Thus, VPA levels have the potential to
indirectly, yet substantially, affect QoL through symptoms of depression, adiposity

and cardiovascular fitness.

In addition to providing a more comprehensive oversight of the mediating factors
affecting QoL, establishing a link between body composition, cardiorespiratory
fitness, symptoms of depression, QoL and VPA, specifically, may also help to inform
future research. Indeed, research has suggested that individuals may be able to achieve
the benefits accrued from achieving physical activity guidelines more time-efficiently
by substituting moderate physical activity with VPA (1.-M. Lee & Paffenbarger, 2000;
Yu, Yarnell, Sweetnam, & Murray, 2003). Furthermore, Parfitt et al. (2009) found that,
compared to light and moderate physical activity, VPA was associated with a positive
psychological profile. Moreover, given the association between VPA and high-
intensity interval training (HIIT; Costigan et al., 2017), determining the relationship
between VPA, physical health, mental well-being and QoL may also substantiate
previously outlined physiological HIIT protocol guidelines (Eddolls, McNarry,
Stratton, Winn, & Mackintosh, 2017) within a psychological and QoL setting.

Therefore, the purpose of the current study was to investigate the relationships between
VPA, BMI and cardiorespiratory fitness on symptoms of depression, and their
subsequent direct and indirect effects on QoL in children and adolescents using

structural equation modelling (SEM).
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Methods
Participants

Five comprehensive schools located in South Wales (UK) were randomly stratified
from fifteen who were initially invited to participate in a wider randomised control
trial (the X4A trial: eXercise for Asthma with Commando Joe’s) and included within
this study. Based on the most recent Estyn reports and the Welsh Index of Multiple
Deprivation, the participating schools ranged in size from 625-1,119 pupils, with
deprivation ranging between the second and fifth quintiles. Given that participating
schools were unwilling to allow their year 11 pupils to participate due to the academic
pressures of examinations, only years 7-10 were invited to participate and provided
information sheets. Following headteacher and parental consent and child/adolescent
assent (Appendix C-K; p. 198-219), five hundred and seventy-six children and
adolescents (314 boys, 12.5 + 1.1 years) participated. Within the intervention school
and largest control school, from an estimated 1,500 pupils, 28% returned parental
consent and child assent forms. For the 3 additional schools, however, only specific
physical education lessons could be targeted with total number of children eligible not
known. As such, information as to the participation rate for these schools is not
available. Measures were taken over approximately 6 weeks at the beginning of the
academic year (September-October). Participants that were included within Studies 2
and 3 were also included within this study. Approval to conduct this research was
granted by the institutional ethical advisory committee (ethics number: PG/2014/29)
and performed in accordance with the Declaration of Helsinki.

Measures
Anthropometric and maturity assessment

Stature and body mass were measured, to the nearest 0.1 cm and 0.1 kg, respectively,
using a stadiometer (Seca 213, Seca Ltd, Birmingham, UK) and body mass scales
(Seca 899, Seca Ltd, Birmingham, UK). From these measures, BMI was calculated.
Given the ease of data collection and analysis in addition to the risk of multi-
collinearity with BMI by using peak height velocity (Mirwald, Baxter-Jones, Bailey,
& Beunen, 2002), maturational status was assessed using self-reported indices of pubic
hair, as described by Tanner (1962; Appendices L & M; p. 220-221). Considered the
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gold-standard for measuring pubertal stage (Schmitz et al., 2004), self-reported Tanner
stage pubertal assessment is considered sufficiently accurate for large epidemiological

studies (Rasmussen et al., 2015).

Physical activity levels

Measures of physical activity are vast with a wide array of both objective and
subjective tools available. Whilst subjective measures such as questionnaires have
previously been utilised in large scale studies, these methods have several limitations
(Shephard, 2003). Consequently, only objective measures, such as heart rate (HR)
telemetry and accelerometery, were considered. Although Actihearts (CamNTech,
Cambridge, UK) are perhaps considered the leading field instrument for measuring
energy expenditure (Butte et al., 2010), their cost was prohibitive. As such the GT3X+
(ActiGraph, Pensacola, FL, USA) was used to measure and record the quantity,
intensity and frequency of body movement. Although other accelerometer devices
such as the GENEActiv (Activinsights, Kimbolton, UK) are available, the GT3X+ is
widely considered as the leading valid and reliable objective measure of physical
activity (Trost, 2007), which is relatively inexpensive compared to objectively
assessed energy expenditure. Furthermore, given the abundance of accelerometers
available to the study, using the GT3X+ was identified as a much more pragmatic
approach. As such, participants were asked to wear the GT3X+ accelerometer, set at
100 Hz, on their right mid-axilla line at the level of the iliac crest for seven full days,
only removing it if they undertook contact or water-based activities. Wear-time diaries
were used to log why the accelerometers were taken off and for how long. Data was
analysed using KineSoft (version 3.3.67; KineSoft, Saskatchewan, Canada) employing
1 second epochs with sustained periods of at least 20 minutes at zero counts considered
non-wear-time (Catellier et al., 2005). A minimum daily wear-time of 10 hours for 3
days, including 1 weekend day, was selected in order to provide a more accurate
overview of participants habitual physical activity levels (Rich et al., 2013). Of the
576 participants who received an accelerometer, 323 (56%) met this criteria. Evenson,
Catellier, Gill, Ondrak and McMurray (2008) cut-points, shown to be valid and reliable
determinants of activity intensity in children and adolescents (Trost, Loprinzi, Moore,
& Pfeiffer, 2011), were used to calculate time spent in vigorous physical activity

(>4012 counts per minute).
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Depression

Although there are other questionnaires available that perhaps have greater validity,
for example the Hamilton Rating Scale for Depression (HAM-D; Hamilton, 1960) and
the Beck Depression Inventory (BDI; Beck et al., 1961), these scales were not
pragmatic nor feasible. Indeed, the HAM-D requires a trained clinician to administer
the test on an individual basis and the BDI is copyrighted and requires a fee for each
copy used. As such, symptoms of depression were measured using the Center for
Epidemiologic Studies Depression Scale for Children (CES-DC) questionnaire
(Weissman et al., 1980; Appendix N; p. 222). Validated for use within the child and
adolescent population (Binagwaho, Stulac, & Beardslee, 2012; Fendrich, Weissman,
& Warner, 1990; Stockings et al., 2015), the CES-DC is a 20-item scale with overall
scores ranging from 0-60 with higher scores representing a greater level of depressive
symptoms. In order to assess the reliability or internal consistency of the test items,
Cronbach’s Alpha (Cronbach, 1951) was used. This method correlates each scale item
with the total score for each observation, then compares it to the variance for all
individual item scores. Scores can range between 0-1 with an o> 0.7 often deemed the
minimum acceptable threshold. Internal reliability for the CES-DC, was deemed good
(x=0.911).

Quality of life

Perceived QoL was assessed using the Pediatric Quality of Life Inventory (PedsQL)
Teenager Report, Version 4.0 (Varni et al., 1999; Appendix O; p. 223), a widely
validated 23-item scale designed for use with participants aged between 13-18 years
(Varni et al., 2006, 2003, 2001). Within the construct of the 23-item questionnaire, the
measure is broken down into four scales: physical (n = 8), emotional (n =5), social (n
= 5) and school functioning (n = 5). From these scales, physical (n = 8) and
psychological (n = 15) summary scores were calculated. Scores ranged between 0-100,
with higher scores indicative of a better QoL. In line with Chapter 2, whilst the 57-
item KIDSCREEN (Ravens-Sieberer et al., 2005) has shown comparative validity
(Janssens et al., 2008), given the fewer number of items and smaller estimated
completion time, the PedsQL was deemed the most pragmatic choice. Internal
reliabilities, for physical QoL (o = 0.759) and psychological QoL (a = 0.875) deemed
acceptable (Cronbach, 1951).
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Cardiorespiratory fitness

Cardiorespiratory fitness was estimated using the multi-stage fitness test (MSFT), a
previously validated field measure in children (Boreham, Paliczka, & Nichols, 1990;
Mayorga-Vega, Aguilar-Soto, & Viciana, 2015). The MSFT was conducted over a 20-
metre space, in a hard-floor indoor sports hall, with the total number of shuttles

completed used as a score marker.

Statistical analysis

Analysis was guided by Ferrans, Zerwic, Wilbur and Larson's (2005) updated Wilson
and Cleary (1995) conceptual model, which hypothesised that measured health
outcomes can predict QoL. Data were analysed using IBM SPSS Statistics for
Windows, Version 22.0 (IBM Corp, Armonk, NY, 2013) and IBM SPSS AMOS for
Windows, Version 22.0 (IBM Corp, Armonk, NY, 2013). Missing data (n = 903,
17.4%) were imputed using an expectation-maximisation (EM) algorithm. For BMI,
cardiorespiratory fitness, anxiety, depression and QoL, the reasons for missing data
was as a result of participants being absent from school or unavailable when data
collection took place. For physical activity, there was poor wear-time compliance and
therefore the physical activity data of all participants not meeting the wear-time criteria
were excluded. Structural equation modelling was used to evaluate the difference in
linear structural associations between variables. Direct effects were estimated using
direct path coefficients between two measured variables and indirect associations were
estimated as a product of two direct effects between three measured variables. This
second-generation multivariate technique is used to analyse structural relations using
a combination of factor analysis and multiple regression. In contrast to first-generation
statistical techniques such as multiple regression, using structural equation modelling
allows for multiple dependent variables and can simultaneously evaluate model
construct relationships. Given the potential confounding effects in children and
adolescents (Baxter-Jones, Eisenmann, & Sherar, 2005), sex and maturation were
accounted for within the model. All data are presented as mean = SD, with a
statistically significant criterion set at p < 0.05. For analysis, unless otherwise stated,

data were standardised (B).
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Results

Dichotomised by sex, the means and SD of maturation, BMI, cardiorespiratory fitness,

depression, physical and psychological QoL and VVPA are presented in Table 4.1.

Table 4.1 Means and SD among of the measured variables of the study participants,
dichotomised by sex.

Boys Girls
(n=314) (n =262)
Maturation 3410 30+10
BMI 209+4.1 20.7 £ 3.7
MSFT 46.9 + 23.1 33.2+14.7
CES-DC 14.3+£10.0 20.3+11.6
PedsQL (Physical) 81.1+14.9 77.1+14.38
PedsQL (Psychological)  78.6 +15.8 73.3+17.0
VPA 26 + 10 22+7

SD standard deviation, MSFT multi-stage fitness test, BMI body mass index, CES-
DC Center for Epidemiologic Studies Depression Scale, PedsQL Pediatric Quality of
Life Inventory, VPA vigorous physical activity

Confirmatory factor analysis

Inspection of the model fit indices (NFI = 0.981, TLI = 0.982, CFl = 0.991, RMSEA
< 0.05) suggested that the model was acceptable. Standardised parameter estimates for

the measurement model are provided in Figure 4.1.

Structural equation model

Standardised and unstandardised regression weights with standard errors between

variables included within the model are provided within Table 4.2.

Vigorous physical activity

The model (Figure 4.1) revealed that VPA was directly related to BMI (B = -0.293, p
< 0.001) and cardiorespiratory fitness (p = 0.242, p < 0.05), and indirectly related to
depressive symptoms scores (B = -0.034, p < 0.001) and physical QoL ( =-0.038, p
< 0.001), mediated by BMI and cardiorespiratory fitness, respectively.

Body mass index

Body mass index was directly related to cardiorespiratory fitness (B = -0.331, p <

0.001) and depressive symptoms scores (f = 0.117, p < 0.05). Indirect relationships
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were found between BMI and physical QoL, mediated by cardiorespiratory fitness (j3
=0.053, p <0.001) and symptoms of depression ( = -0.061, p < 0.001). Additionally,
an indirect relationship was found between BMI and psychological QoL (B = -0.092,
p < 0.001), mediated by symptoms of depression.

Cardiorespiratory fitness

Cardiorespiratory fitness had direct relationship with physical QoL (B = 0.159, p <
0.001).

Depression

There was a direct relationship between symptoms of depression and psychological
QoL (p =-0.788, p <0.01) and physical QoL (B =-0.519, p <0.001).

Maturation and sex

Maturation directly affected BMI (B = 0.147, p < 0.001) and cardiorespiratory fitness
scores (B =0.255, p <0.001), whilst sex was found to directly affect VPA (p =-0.179,
p <0.01), cardiorespiratory fitness (B = -0.237, p < 0.001) and depressive symptoms
(B =0.270, p < 0.001).

Table 4.2 Standardised and unstandardised regression weights with standard errors

Paths B B SE
Sex — VPA -0.18 -3.34 0.76
Maturation — BMI 0.15 055 0.15
VPA — BMI -0.29 -0.13 0.02
Maturation — MSFT 026 053 0.07
BMI — MSFT -0.33 -0.18 0.02
BMI — CESDC 012 033 0.11
VPA — MSFT 0.24 0.06 0.01
Sex — CESDC 027 6.04 0.89
Sex — MSFT -0.24 -1.04 0.15
CESDC — PedsQL (Psychological) -0.79 -1.17 0.04
MSFT — PedsQL (Physical) 0.13 0.89 0.20
CESDC — PedsQL (Physical) -0.53 -0.70 0.05

B standardised regression weight, B unstandardised regression weight, SE standard
error, MSFT multi-stage fitness test, BMI body mass index, CES-DC Center for
Epidemiologic Studies Depression Scale, PedsQL Pediatric Quality of Life
Inventory, VPA vigorous physical activity
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Figure 4.1 Structural equation model (SEM) of physical activity levels, physiological health and their effect

life in children and adolescents with standardised beta coefficients (*p < 0.05, **p < 0.01)
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Discussion

This study investigated the relationship and mediatory effects between physical
activity levels, BMI, cardiorespiratory fitness and symptoms of depression, and their
subsequent effect on physical and psychological QoL. Models suggested that VPA,
cardiorespiratory fitness and BMI were associated, both directly and indirectly, with
mental well-being and physical and psychological QoL. It could therefore be
postulated that enhancing cardiorespiratory fitness and BMI through increasing VPA

may be beneficial to both mental well-being and QoL in children and adolescents.

The current results show that, in accord with previous literature (Luppino et al., 2010;
Roberts, Deleger, Strawbridge, & Kaplan, 2003), a healthier BMI is associated with
fewer symptoms of depression. It is possible that this association, at least in part, may
be due to psychosocial factors associated with BMI. For example, stigmatisation
towards those that have a higher BMI may cause lower self-esteem, induce negative
self-images and lead to perceptions of social isolation, thus eliciting depressive
symptoms (C. E. Ross, 1994). A review by Markowitz et al. (2008) also proposes that
the association between obesity and depression is related to concerns regarding self-
perceived health and appearance, whereby those with higher BMI experience, or are
more vulnerable to, depression. Physiologically, overweight and obesity may lead to
hypothalamic-pituitary-adrenal (HPA) axis dysregulation (Pasquali & Vicennati,
2000) and the onset of comorbidities, such as insulin resistance and consequent type
Il diabetes (Bastard et al., 2006), both of which are associated with alterations to the
brain and increase the likelihood of depressive symptoms (Ajilore et al., 2007;
Belanoff, Kalehzan, Sund, Fleming Ficek, & Schatzberg, 2001; Holsboer, 2000).

Congruent with previous research (Sharpe et al., 2016), findings from the present study
suggest that lower levels of depressive symptoms were associated with higher levels
of psychological and physical QoL, highlighting the link between mental well-being
and QoL. In addition to the direct associations with depressive symptoms, the model
also proposes that a healthier BMI is indirectly associated with a greater psychological
and physical QoL, mediated by levels of depressive symptoms and cardiorespiratory
fitness, respectively. As outlined in previous literature (Kearns, Ara, Young, & Relton,
2013; Mclaughlin & Hinyard, 2014; Sach et al., 2007), these findings, therefore,

identify BMI as a key influential factor that can significantly affect an individual’s
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QoL. Indeed, interventions designed to improve QoL via a reduction in BMI have
reported positive results (Rippe et al., 1998; Rothberg et al., 2015).

Beyond depressive symptoms and BMI, participants with a higher cardiorespiratory
fitness also experienced a better physical QoL (J. R. Andersen et al., 2017). Given the
link between cardiorespiratory fitness and BMI observed in this study and elsewhere
(Stratton et al., 2007), the association between cardiorespiratory fitness and physical
QoL (Lowery et al., 2005) may also be related to a negative self-image and self-esteem
(C. E. Ross, 1994), or body-image (Nayir, Uskun, Yrekli, Celick, & Okyay, 2016),
components that are encompassed within the physical QoL measurement. In addition
to psychosocial issues, given that disease impairs QoL (Hékkinen et al., 2010), it could
be postulated that the effect of cardiorespiratory fitness on QoL may be related to its
association with an increased risk of physical morbidities (D. Lee, Artero, Sui, & Blair,
2010). However, the physiological mechanisms explaining the connection between
cardiorespiratory fitness and QoL are not entirely understood (Clennin et al., 2015)
and therefore warrant further research. Nevertheless, given the relationship between
cardiorespiratory fitness and exercise (Garber et al., 2011), it could be postulated that
exercise may be an effective means of improving QoL. More specifically, given that
recent research has suggested that HIIT is a more potent and time-efficient method of
inducing improvements to cardiorespiratory fitness (Tjgnna et al., 2009; K. L. Weston

et al., 2016), it could be proposed that HIIT could significantly promote QoL.

In support of HIIT as an effective and time-efficient form of exercise, given its
association with increased VPA (Costigan et al., 2017), a further interesting finding
was that, whilst higher levels of VPA were directly associated with lower BMI and
increased cardiorespiratory fitness (Drenowatz et al., 2016; Kenchaiah et al., 2009),
higher levels of VPA were also indirectly associated with fewer symptoms of
depression, mediated by BMI. It is postulated that, similar to the mechanisms proposed
previously (Ajilore et al., 2007; Belanoff et al., 2001; Holsboer, 2000; Markowitz et
al., 2008; C. E. Ross, 1994), the negative correlation between VPA and BMI may be
associated with improvements in symptoms of depression, due to greater regulation of
the HPA axis and insulin control, as well as improved self-perceptions in both
appearance and health. Consequently, increasing VPA may elicit improvements to not
only a person’s physical health, but also may improve mental well-being. Indeed, Fox

(1999) found that healthy adults should consider vigorous exercise as a means of
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improving mental well-being. However, with the exception of Parfitt et al. (2009) and
Gerber et al. (2014), who found VPA elicited mental health benefits beyond those
engendered through low physical activity and moderate physical activity, there is
limited research that focuses on the effects of VPA on mental well-being, especially
in children and adolescents. Regardless of the limited research and lack of consensus
(Costigan et al., 2016; Shepherd et al., 2015), the identification of VPA as a moderator
of mental health in the current study, Gerber et al. (2014) and Parfitt et al. (2009) is
promising. Indeed, it potentially presents a newfound advocacy for the potential of
HIIT, to directly and indirectly improve symptoms of depression and both physical
and psychological QoL, mediated through the well-documented physiological health
benefits (Racil et al., 2016; Rosenkranz et al., 2012; Tjgnna et al., 2009; K. L. Weston
etal., 2016).

Congruent with previous research (Pate, Wang, Dowda, Farrell, & O’Neill, 2006;
Piccinelli & Wilkinson, 1999), the present study demonstrated that sex had a
significant relationship with both cardiorespiratory fitness and symptoms of
depression; girls were more likely to experience poorer fitness and mental well-being.
These differences may, in part, be related to environmental considerations, for
example, sociocultural roles and psychological attributes (Piccinelli & Wilkinson,
1999) or hormonal factors (Nolen-Hoeksema, 2001). However, it is also important to
consider the importance of the divergence in physical development during puberty,
such as changes to lean muscle and fat (Pate et al., 2006) relating to psychosocial
factors associated with overweight or obesity (Markowitz et al., 2008; C. E. Ross,
1994), therefore, further highlighting the need for health interventions to primarily

focus on improving BMI in order to enhance overall health.

This is the first study to use SEM to determine both direct and indirect associations
between physiological health, physical activity levels, mental well-being and QoL.
Furthermore, the present study accounted for maturational status and sex, both of
which are often overlooked in child and adolescent studies, as well as using robust,
previously validated, measures of physical activity (Mattocks et al., 2008; Mayorga-
Vega et al., 2015; Varni et al., 2006). Nonetheless, whilst this study is associated with
numerous strengths, there are inevitably some limitations. It is anticipated that the
omission of socio-economic status (SES) within the model, given its well-established

relationship with the measured variables (Houben-van Herten, Bai, Hafkamp,
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Landgraf, & Raat, 2015; Olson, Lara, & Frintner, 2004), may limit the interpretation
of the findings. Despite its frequent utilisation within clinical research, the application
of BMI is commonly subject to scepticism due to the measure’s inability to
differentiate between lean and fat body mass (Nevill, Stewart, Olds, & Holder, 2006).
Additional limitations include the self-reporting of mental well-being and the
associated disadvantages, such as social desirability (Paulhus & Vazire, 2005).
However, all of the questionnaires used were previously validated (Binagwaho et al.,
2012; Fendrich et al., 1990; Stockings et al., 2015; Varni et al., 2006, 2003, 2001) and
demonstrated acceptable reliability. Finally, primarily due to participants failing to
meet accelerometer wear-time, expectation-maximisation was utilised to impute
missing data and, whilst it has previously been reported as a valid method (Catellier et
al., 2005; Nelwamondo, Mohamed, & Marwala, 2007), it is important to acknowledge
the influence the absence of a complete data set may have had on the findings within
this study.

Conclusion

In conclusion, the present study found that VVPA, cardiorespiratory fitness and BMI
were associated, both directly and indirectly, with mental well-being and physical and
psychological QoL. As such, it could be suggested that improving cardiorespiratory
fitness and BMI by increasing VPA may be beneficial to both mental well-being and
QoL in children and adolescents. Specifically, given the paucity of information and its
relationship with VPA and cardiorespiratory fitness, future research should explore the
effects of HIIT as a means to improve mental well-being and QoL. Furthermore, these
findings suggest that, to elicit improvements to QoL, exercise or physical activity
interventions should remain multi-faceted, simultaneously focusing on
cardiorespiratory fitness, BMI and symptoms of depression. Consequently, the next
chapter will assess the effects of a HIIT intervention on body mass index (BMI),
cardiorespiratory fitness, physical activity levels, depression, anxiety and QoL in

adolescents.
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Chapter 5 — The effect of high-intensity interval training on mental well-being
and quality of life in adolescents: the eXercise for Asthma with Commando Joe’s®
(X4ACJ) trial (Study 2)

Introduction

According to the World Health Organisation, 20% of adolescents will experience a
mental health problem (World Health Organization, 2003). Indeed, adolescents
reporting recurrent sensations of anxiety or depression doubled between the mid
1980’s and mid 2000’s (Collishaw et al., 2010), with one-in-ten 5-16 years olds in the
UK clinically diagnosed with a mental health disorder (Green et al., 2004).
Furthermore, such mental illnesses have been associated with poorer quality of life
(QoL; Sharpe et al., 2016), a fundamental element in the evaluation of adolescent
health (Helseth & Misveer, 2010), which has also declined during the last decade (Cui
& Zack, 2013). However, traditional methods for treating mental health issues, such
as psychotherapy and pharmacological treatments, are expensive (McCrone et al.,
2008), time-consuming (Gladstone et al., 2011) with doubts remaining over their
effectiveness. Thus, preventing depression and anxiety themselves, rather than treating
the symptoms, should be a priority, not least given the greater long-term effectiveness

associated with improving depression and anxiety on QoL (Fisak et al., 2011).

Few effective mental health prevention strategies have been established (McCrone et
al., 2008). Exercise, the structured form of physical activity, has been recognised to be
associated with improved mental health and QoL (J. R. Andersen et al., 2017; Biddle
& Asare, 2011; Wafa et al., 2016), and has been recommended as a cost-effective
approach for adolescents (Hagger et al., 2001; Larun et al., 2006). While the benefits
of vigorous-intensity physical activity for mental well-being have been evidenced
(Gerber et al., 2014; Parfitt et al., 2009), most exercise interventions have traditionally
focused on high-volume, moderate-intensity or resistance-based exercise (Lau et al.,
2004; Rees & Sabia, 2010). However, such exercise interventions do not accurately
resemble the habitual play patterns of adolescents (Brodersen et al., 2007) and are
often time-consuming, a frequently cited barrier to exercise (Donahue et al., 2006;
Lovell et al., 2010; Reichert et al., 2007; Welch et al., 2009). High-intensity interval
training (HIIT) may, therefore, represent a time-efficient and cost-effective tool in

eliciting improvements to mental health and QoL, in addition to the well documented
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physiological benefits (Costigan, Eather, Plotnikoff, Taaffe, & Lubans, 2015; Eddolls
etal., 2017; Chapter 3; Logan et al., 2014).

Whilst the effects of HIIT are promising, little research is currently available regarding
its influence on mental health and QoL, with the limited evidence available largely
contradictory. Whilst Costigan et al. (2016) reported that HIIT did not elicit significant
improvements in mental well-being or QoL, Shepherd et al. (2015) found that HIIT
significantly enhanced psychological well-being, with benefits similar to those
achieved in the moderate-intensity comparison group. These discrepancies may be
related to the relatively short intervention duration (8 weeks) utilised by Costigan et
al. (2016), which may have been insufficient for beneficial effects to be manifest.
Specifically, although H. E. Brown et al. (2013) suggested that the largest effects to
depression were manifest in interventions lasting less than 3 months, a meta-analysis
suggested that greater benefits were manifest in those who trained for 16 weeks or
longer compared to those who trained for 9 weeks or less (Petruzzello et al., 1991).
Given these contradictory findings, elucidation of possible minimum and maximal
intervention duration thresholds in relation to the effects of HIIT on mental health are
required. Furthermore, although previous research has explored the effect of short-
term HIIT (Boddy et al., 2010), there is a stark paucity of research examining the

longer-term effects of HIIT on both physical and mental health.

Therefore, the purpose of the present study was to assess the short-term and longer-
term effects of a school-based HIIT intervention on body mass index (BMI),
cardiorespiratory fitness, physical activity levels, depression, anxiety and QoL in

adolescents.

Methods
Participants

Eighty-one adolescents (45 boys; 12.8 £ 1.1 years; 1.58 + 0.01 m; 51.8 + 14.1 kg) from
two comprehensive schools involved within the eXercise for Asthma with Commando
Joe’s® (X4ACJ) project were included within this study. As part of two Doctoral and
one Masters by Research programmes, the X4ACJ project (616 adolescents; 334 boys)
was a wider trial that investigated the effects of physical activity and exercise on

physical health, mental well-being and QoL in both the general adolescent population
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and adolescent populations with asthma. In the context of this thesis, however,
participants were not stratified according to condition, with the percentage of

participants with asthma (15%) similar to the Welsh national average.

Recruited via email, telephone and face—to-face meetings, five schools matched for
free school meal status were selected via random stratification from fifteen schools.
Subsequently, using cluster randomisation, one school was allocated as the
intervention school, with the remaining four allocated as the control schools. Within
the intervention school, following recruitment assemblies and the return of
parental/guardian consent and participant assent, two-hundred and twenty-three
participants (116 boys) were recruited. However, despite power calculations
suggesting that 47 intervention participants were required (Rosner, 2011), only 27
participants (23%; 15 boys) attended an adequate number of sessions (>70%) to
warrant inclusion within this study. To increase statistical power, for the control group
following recruitment assemblies, two participants were matched to each intervention
participant based on sex, maturation and baseline scores. A flow-chart outlining the
school recruitment process, group allocation and intervention completion rate is
included within Figure 5.1. Consistent with Chapter 1, a school was chosen as the
setting for the intervention due to the ability to reach a large number of young people
from diverse socio-economic backgrounds (Fox et al.,, 2004). Furthermore,
interventions that can be implemented within a “real world” setting are recommended
(De Bourdeaudhuij et al., 2011) as they are less costly (Warren et al., 2003), have a
greater chance of being maintained and, although not in this study, can be integrated
within the curriculum. Approval to conduct this research was granted by the
institutional ethical advisory committee (ethics number: PG/2014/29) and performed

in accordance with the Declaration of Helsinki.

90



Schools myvited
(n=13)

v

Schools includad
(n=73)

_________ |

1
1
1
1
1
L

1
Allocated via cluster |
randomisation !
.

A 4 v v 4
Intervention school Control school 1 Control school 2 Control school 3
(n=223; 29%) (n=197; 28%) (n=83) (n=134)

v

v

Attendance =70%
(n=27; 12%)

Matched control
(n=54; 27%)

v

Included in study
(n=81)

Figure 5.1 Flow chart outlining the school recruitment process, group allocation including the number and pe
within the school and intervention completion rate and matched controls as number and percentage of pupils

91



Intervention protocol

Design

The exercise programme was designed following formative research which explored
adolescents’ perceptions of the proposed design, content and delivery of a school-
based HIIT intervention, the X4A trial: eXercise for Asthma with Commando Joe’s
(Winn et al., 2017; Appendix P; p. 224-232) in addition to using HIT guidelines
presented within a systematic review (Eddolls et al., 2017). As such, the intervention
group followed a 6-month HIIT programme, involving 3 x 30-minute sessions per
week consisted of multiple bouts of intense exercise lasting between 10-30 seconds,
followed by an equal period of rest. In line with Winn et al. (2017) and following the
protocol guidelines, with significant input from the research team, Commando Joe’s
designed the content of the individual sessions and facilitated their delivery within the
school. Exercise sessions, the progression of exercise and rest intervals are displayed
in Table 5.1.

Table 5.1 Examples of exercise/rest intervals and activities undertaken during those
sessions

Exercise/Rest Time (s)
10/10
Week 1-3 10/10
10/10
15/15
Week 4-6 15/15
15/15
30/30
Week 7+ 30/30
30/30

Session structure and content

To provide as many opportunities for participants to attend as possible, exercise
sessions were held both prior to and after school 3 days a week. A Commando Joe’s
instructor, a fully qualified personal trainer led the sessions. The instructor also had
considerable input into the content of the individual sessions, which consisted of
sprinting and bodyweight resistance exercises. Detailed examples of exercise sessions

completed are displayed in Table 5.2.
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Table 5.2 Detailed examples of exercises

Activity Example exercises

Static exercises Participants stood in front of a designated cone where they
conducted exercises such as:

. Jumping jacks
. Squats

. Press-ups

. Burpees

Obstacle course An improvised obstacle course, created using various resources
such as camouflage nets, ladders, tyres and hurdles. The courses
incorporated sections that included:

. Crawling
. Rolling
. Agility
. Jumping

Speed, agility Activities included fast paced agility exercises such as:

and quickness :
d Slalom sprints

. Shuttles

. Fast feet ladder drills
. Zig-zag sprints

. Hurdles

Linear sprints  Participants moved between cones. Movement between cones
was varied i.e. forward, backwards and sideways. Variations to
the sprints included:

. Bear crawls
. Gorilla walks
. Crab walks

Throughout each exercise bout, participants were asked to exercise maximally with a
view to their HR exceeding 90% age-predicted maximum HR during each exercise
bout, according to the formula developed in Tanaka, Monahan and Seals (2001).
Although incremental ramps tests are perhaps the leading and most common method
to establish a person’s maximum HR (Lanzi et al., 2015; Machado & Denadai, 2011),
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given the number of consenting participants this method of calculating participants’
maximum HR was deemed unfeasible. Consequently, although the formula by Tanaka
et al. (2001) can often over- or under-estimate maximum HR, possibly jeopardising
the benefits of HIIT given that an individual may not be exercising at 90% of their true
maximum HR, it has been previously validated for use in adolescents (Machado &
Denadai, 2011; Mahon, Marjerrison, Lee, Woodruff, & Hanna, 2010) and was
considered the most pragmatic method available. If it became apparent that an activity
did not induce the required HR across a number of participants, that activity was not

repeated.

To gauge the intensity of specific activities within the exercise session, prior to the
start of the session, participants were fitted with Activio Sport (Activio AB,
Stockholm, SWE) HR monitors. Participants’ HRs were continuously monitored
throughout the session with participants encouraged to increase their exercise intensity
if they did not achieve the 90% maximum HR threshold during each exercise bout.
Heart rate data for the participants included within this study was analysed using
Activio Sport System (Activio AB, Stockholm, SWE). Following the exclusion of the
warm-up and cool-down, average HR was calculated as the HR across the whole
session. The mean maximum HR was determined using the averaged maximum HRs
achieved from each participant from each session. Participants HR’s were expressed

and recorded as a percentage of the participant’s predicted maximal HR.

Measures

As part of a wider randomised control trial, all participants conducted a battery of
assessments with a smaller sub-sample completing additional measures such as blood
lipid analysis, blood pressure, pulse wave velocity and incremental ramps tests
measuring peak oxygen uptake. However, since these measures were collected as part
of a coinciding but separate PhD project, these measures were not included within this
study or within a separate sub-study. Measurements were taken at four-time points
(baseline, mid-intervention, post-intervention and follow-up), approximately 3 months
apart, across one academic year (September-July). An outline of when testing at the
respective schools took place and how the intervention coincided with testing is
provided in Table 5.3.
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Table 5.3 Overview of trial timeline

Term1 Term 2
Time scale September October-December January March April
Testing Intervention Control school Intervention school | Christmas | Control school Control school Easter Inte
school testing (4 weeks) mid-intervention holidays mid-intervention post-intervention holidays | sch
baseline testing testing (3 weeks) testing (4 weeks) testing (4 weeks) pos
(3 weeks) test
Intervention Pre-intervention HIIT Intervention
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Anthropometrics and maturation

Participant stature was measured using a potable stadiometer (Seca 213, Seca Ltd,
Birmingham, UK), with body mass measured using calibrated body mass scales (Seca
899, Seca Ltd, Birmingham, UK) to the nearest 1.0 cm and 0.1 kg, respectively. In
compliance with the International Standards for Anthropometric Assessment (ISAK)
guidelines (Stewart, Marfell-Jones, Olds, & de Ridder, 2011), during these
assessments participants were barefoot and wore light clothing. From these measures,
BMI was calculated. Maturational status was assessed using self-reporting indices of
pubic hair, as described by Tanner (1962; Table 5.4).

Table 5.4 Anthropometric and maturational data at baseline

Intervention Control
(n=27) (n=54)
Height (m) 1.56 +0.10 1.58 +0.10
Body mass (kg) 50.4 +13.3 52.4+14.1
Tanner stage 33+x1.1 32+x1.1

Cardiorespiratory fitness

Cardiorespiratory fitness was estimated using the multi-stage fitness test (MSFT), a
previously validated field measure in youth (Boreham et al., 1990; Mayorga-Vega et
al., 2015). The MSFT was conducted over a 20-metre space, in a hard-floor indoor
sports hall, with the total number of shuttles completed used as a score marker.

Physical activity levels

The GT3X+ (ActiGraph, Pensacola, FL, USA), a valid and reliable objective measure
of physical activity (Trost, 2007), was used to measure and record the quantity,
intensity and frequency of body movement. Participants were asked to wear the
GT3X+ accelerometer, set at 100 Hz, on their right mid-axilla line at the level of the
iliac crest for seven full days, only removing it if they undertook contact or water-
based activities. Wear-time diaries were used to log the reason why the accelerometers
were taken off, when, and for how long. Data was analysed using KineSoft (version
3.3.67; KineSoft, Saskatchewan, Canada) employing 1 second epochs, with sustained
periods of at least 20 minutes of zero counts considered non-wear-time (Catellier et

al., 2005). In order to capture an accurate representation of daily, weekday and
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weekend day physical activity, a minimum daily wear-time of 10 hours for 3 days,
including 1 weekend day, was set (Rich et al., 2013). Of the 81 participants who
received an accelerometer over 4 time points, the wear-time criteria was met 106 times
(25%). Evenson, Catellier, Gill, Ondrak and McMurray (2008) cut-points, shown to
be valid and reliable determinants of activity intensity in adolescents (Trost et al.,
2011), were used to calculate the intensity of physical activity.

Questionnaires

Questionnaire internal consistency and scale reliability were measured using
Cronbach’s Alpha (Cronbach, 1951) and assessed for quality using previously
specified criteria (Field, 2013).

Anxiety

The 7-item Generalised Anxiety Disorder 7 (GAD-7) assessment (Spitzer et al., 2006;
Appendix Q; p. 233), was utilised to measure symptoms of anxiety. Although other
questionnaires are potentially more valid and have been used more commonly these
alternative questionnaires, such as the State Trait Anxiety Inventory — Children (STAI-
C; Spielberger & Edwards, 1973), the Beck Anxiety Inventory (BAI; Beck et al.,
1988), were not considered time or cost efficient for the present study. In contrast, the
GAD-7, which has previously been used (Wong et al., 2014) and validated in the
general population (Lowe et al., 2008) and in adolescents (Mossman et al., 2017)
represented a time-efficient and practical measure of anxiety. Participants responded
to questions related to general anxiety (e.g., Over the past 2 weeks have you been...
feeling afraid as if something awful might happen?) using a 4-point scale (0 = Not at
all; 3 = Nearly every day). The overall summed scores of the seven items ranged from
0-21, with higher scores indicating a greater severity of general anxiety. Internal

consistency for this measure was deemed to be good (a = 0.88-0.89).

Depression

The Center for Epidemiologic Studies Depression Scale for Children (CES-DC;
Weissman et al., 1980) was used to assess levels of depression. Whilst the Hamilton
Rating Scale for Depression (HAM-D; Hamilton, 1960) and the Beck Depression
Inventory (BDI; Beck et al., 1961), are perhaps more valid measures of depressive

symptoms these scales were not practical. Given that HAM-D requires a trained
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clinician to administer the test on an individual basis and the BDI is copyrighted and
requires a fee for each copy used these scales were deemed unfeasible. In comparison,
the CES-DC is self-reporting and free to use, and has been validated for use within the
adolescent population (Binagwaho et al., 2012; Fendrich et al., 1990; Stockings et al.,
2015). The CES-DC is a 20-item scale in which participants respond to statements
relating to indicators of depression (e.g., During the past week... I have felt down and
unhappy). Overall scores range from 0-60 based on a 4-point scale (0 = Not at all, 3 =
A lot), with higher scores representing a greater level of depression. Cronbach’s Alpha
coefficient scores for CES-DC (o = 0.88-0.94) were good.

Quality of life

The Pediatric Quality of Life Inventory (PedsQL) Teenager Report (Version 4.0) was
used to measure QoL, and is a widely validated measure in adolescents (Varni et al.,
2006, 2003, 2001). Although the 57-item KIDSCREEN (Ravens-Sieberer et al., 2005)
has been shown to provide similar validity and reliability (Janssens et al., 2008), given
time-constraints and the fewer number of items and smaller estimated completion time,
the PedsQL was deemed the most pragmatic choice. Indeed, the PedsQL is a 23-item
scale in which participants were asked to respond, using a 5-point scale (0 = Never, 4
= Almost always), to statements relating to 4 sub-scales: physical (n = 8), emotional
(n = 5), social (n = 5) and school functioning (n = 5; e.g., | have trouble sleeping).
Scores can range between 0-100, with higher scores indicating a better QoL. Scale
reliability for this measure (o = 0.88-0.92) was deemed acceptable.

Statistical analysis

Using SPSS version 22 (IBM Corp, USA), data were analysed using a mixed measures
analysis of variance (ANOVA) with groups as the between- and time as the within-
subject effects. Partial eta-squared (,?) effect size was calculated from baseline to
follow-up and classified in line with J. Cohen (1988, 1992) guidelines for effect sizes
(small = 0.2, medium = 0.5, large = 0.8). All data is presented as mean + standard
deviations, with significance accepted at p < 0.05.

Results

Presented as percentages, data regarding the number of participants for which data was

obtained at each time point are presented in Table 5.5. For all parameters, except
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physical activity, the main reason for missing data was participants being absent from
school or unavailable when data collection was taking place. Specifically, for physical
activity, there was poor wear-time compliance and therefore the physical activity data

of all participants not meeting the wear-time criteria were excluded.

There were no significant differences in sex, maturation, anthropometric measures,
cardiorespiratory fitness, physical activity, symptoms of anxiety or depression or QoL
between groups at baseline (Table 5.6). For the intervention group, mean scores over
time suggest that BMI, cardiorespiratory fitness, anxiety, depression and QoL
improved post-intervention, before subsequently demonstrating increased symptoms
of depression and anxiety and a decline in QoL at follow-up. Conversely, mean
moderate-to-vigorous physical activity levels decreased over time. However, for all
parameters, these changes failed to reach statistical significance. There were no
significant differences in depression, anxiety or QoL between sexes or according to
maturity (p > 0.05).

Body mass index

The classification of body composition based on terminology by Barlow and the
Expert Committee (2007) suggested that, within the intervention group, 78% were
normal weight (5-85" percentile), 15% overweight (85-95" percentile) and 7% also
classified as obese (>95™ percentile). Within the control group, 68% were classed as
normal weight, 23% as overweight with a further 9% classed as obese. Although no
significant interaction was detected between the intervention and control groups and
time for BMI (F (2.08, 162.16) = 1.80, p = 0.17, np? = 0.02), a main effect for time (F
(2.08, 162.16) = 15.17, p = p < 0.001, np?> = 0.16) was detected. Specifically, a
significant difference was noted between baseline and follow-up (-0.42, 95% CI, -0.70
to -0.14, p < 0.05). However, the main effect for group showed no statistically
significant difference (F (1, 78) = 0.08), p = 0.80, np? < 0.01).
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Table 5.5 The number of participants for which data was obtained at each time point

Intervention

i Mid- Post- . Mic
Baseline . : : . Follow-up  Baseline .

intervention intervention interve

BMI 27 (100%) 27 (100%) 27 (100%) 27 (100%) 54 (100%) 54 (1C
Cardiorespiratory fitness 27 (100%) 27 (100%) 27 (100%) 26 (96.3%) 54 (100%) 46 (85
MVPA 17 (63.0%) 15(55.6%) 11 (40.7%) 11 (40.7%) 25 (46.3%) 14 (25
GAD-7 27 (100%) 27 (100%) 27 (100%) 27 (100%) 54 (100%) 54 (1C
CES-DC 27 (100%) 27 (100%) 27 (100%) 27 (100%) 54 (100%) 54 (1C
PedsQL 27 (100%) 27 (100%) 27 (100%) 27 (100%) 54 (100%) 54 (AC

BMI body mass index, MVPA moderate-to-vigorous physical activity, GAD-7 Generalised Anxiety Disorder
Center for Epidemiologic Studies Depression Scale for Children, PedsQL Pediatric Quality of Life Inventory
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Cardiorespiratory fitness

According to the thresholds proposed by Boddy, Thomas, et al. (2012), 8 participants
from the intervention group and 9 participants from the control were potentially at risk
of cardiometabolic disease at baseline. There was no significant interaction between
group and time for cardiorespiratory fitness (F (3, 147) = 2.60, p > 0.05, n? = 0.05),
with no main effect for time (F (3, 147) = 1.61, p = 0.19, 0> = 0.03). Additionally,
there was no significant difference between groups at baseline (F (1, 49) =0.02), p =
0.89, np® < 0.01).

Moderate-to-vigorous physical activity

At baseline, within the intervention group only 6 of the 17 (35.3%) that met the wear-
time criteria also achieved the government guidelines of 60 minutes of moderate-to-
vigorous physical activity (Department of Health, 2011). In the control group, 8 of the
25 (32%) that met the wear-time criteria accumulated greater than 60 minutes
moderate-to-vigorous physical activity. No significant interaction between group and
time for moderate-to-vigorous physical activity was detected (F (3, 12) = 1.34, p >
0.05, np? = 0.25). Additionally, there was no main effect of time (F (3, 12) = 2.50, p =
0.11, np? = 0.38) or group (F (1, 4) =0.17, p=0.71, np? = 0.04).

Anxiety

There was no significant interaction between group and time for anxiety (F (2.43,
189.78) = 1.12, p > 0.05, np? < 0.01). Additionally, there was no main effect of time
(F (2.43, 189.78) = 0.43, p = 0.73, 1% < 0.01) or group (F (1, 78) = 1.79, p=0.17, np?
=0.02).

Depression

For depression, there was no significant interaction between group and time (F (3, 234)
=0.29, p=0.83, np? < 0.01), also there was no main effects for time (F (3, 234) = 0.36,
p=0.78, np> < 0.01) or group (F (1, 78) = 3.20, p = 0.08, > = 0.04).

Quality of life

There was no significant interaction between group and time for QoL (F (3, 231) =
1.17, p > 0.05, np? = 0.02). However, there was a main effect for time (F (3, 231) =
2.73, p < 0.05, np? = 0.03) and group (F (1, 77) = 4.12), p < 0.05, np? < 0.05). Despite
this, for time the reported significant differences were not in relation to group.
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Table 5.6 Intervention and control group BMI, cardiorespiratory fitness, MVVPA, anxiety, depression and qua
deviation over time

Intervention

. Mid- Post- . \
Baseline . . . . Follow-up Baseline i

intervention intervention inter

BMI 20.3+3.4 20.1+35 205+ 3.6 20.8£3.5 20.6 £ 3.6 20."
MSFT shuttles 48.4+24.6 58.8+227 56.7+20.6 53.8+246 523%+258 513
MVPA (mins) 56 + 14 46 + 10 47+ 11 46 + 21 56 + 25 40
GAD-7 42+49 3.6+34 39+36 44+43 52149 4.9
CES-DC 15.0+9.6 14.7+9.2 142 £8.7 147+83 195+111 195
PedsQL 827+121 81.6+116 84.7 +10.7 844+98 76.8+140 746

BMI body mass index, MVPA moderate-to-vigorous physical activity, GAD-7 Generalised Anxiety Disorder
Center for Epidemiologic Studies Depression Scale for Children, PedsQL Pediatric Quality of Life Inventory
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Additionally, although significant differences were noted for group, they were

between the same intervention protocol.

Heart rate data

Excluding the warm-up and cool-down periods, participants’ mean HR (155 + 18
beats per minute (bpm), 78 = 9 % maximum HR) and mean maximum HR (188 + 18
bpm, 95 £ 6 % maximum HR) were calculated for each session. During the main
body of the session, inclusive of both the exercise and rest intervals due to the
inability to definitively identify individual exercise bouts, participants’ HR exceeded
the threshold of >90% maximum HR 24 + 24% of the time.

Discussion

The present study investigated the effect of a 6-month school-based HIIT intervention
on BMI, cardiorespiratory fitness, physical activity levels, depression, anxiety and
QoL in adolescents. The main findings were that HIIT did not significantly improve
BMI, cardiorespiratory fitness, physical activity levels, depression, anxiety or QoL.
The lack of adaptation suggests that HIIT exercise was not associated with a positive
effect on physical or mental health in adolescents.

Associated to HIIT (Costigan et al., 2017), VPA has previously been shown to improve
mental health and QoL (Eddolls et al., 2018), however, contrary to this, the present
study indicated that HIIT did not improve anxiety, depression or QoL in adolescents.
Whilst the lack of significant findings are likely a result of the small sample size and
the subsequent implications on statistical power, additional factors may also have
attributed to such findings. Specifically, it could be postulated that such results are
attributable to the homogeneity of the population within this study. At baseline, the
intervention group’s mean scores for the depression and anxiety measurements were
relatively low in relation to their respective scales. Equally, for the QoL measurement,
the cohort’s mean baseline score was also relatively high. Consequently, there may
have been a ceiling effect, whereby significant results may not have been attainable
due to the already healthy state of mental health and QoL. Indeed, recent research that
explored the effects of CrossFit™ on mental health in adolescents found that, although
no significant improvements were manifest as a result of the high-intensity exercise in
the full study sample, participants categorised as ‘at risk’ of psychological distress

demonstrated significant improvements (Eather, Morgan, & Lubans, 2016).
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Specifically, despite not directly aligning with the measures within the present study,
those ‘at risk’ reported improvements in self-esteem, perceived body fat, perceived
appearance and physical self-concept. It is therefore suggested that future research
explore the effects of HIIT in those considered to be at risk of developing mental health

issues.

Similar to the recent findings of Costigan et al. (2016), who also found that HIIT does
not improve mental health, these findings may also be attributable to factors relating
to the exercise protocol. Specifically, whilst this study followed the protocol guidelines
developed in a recent systematic review (Eddolls et al., 2017), these guidelines were
based on the intervention design associated with the greatest physiological benefit;
exercise protocols for psychosocial variables may therefore differ. Given that previous
research has demonstrated vigorous physical activity (VPA) and HIIT can
significantly improve mental health (Eddolls et al., 2018; Gerber et al., 2014; Parfitt et
al., 2009; Shepherd et al., 2015), in line with past recommendations (Costigan et al.,
2016), future research should establish a HIIT intervention protocol based on
psychological outcomes. Indeed, it has been suggested that social interactions inherent
to exercise may induce psychological improvements (Biddle & Asare, 2011; Helseth
& Misvar, 2010). Therefore, although running-based exercises may benefit
physiological measures (Eddolls et al., 2017), the individual nature of this type of
exercise may not be conducive to peer interaction. Conversely, team-based games,
such as those in K. L. Weston et al. (2016), may be more appropriate for improvements
to mental health and QoL.

In conjunction with factors relating to the exercise protocol, the lack of significant
improvements in anxiety, depression and QoL across all time-points, may be related
to the intervention components. Whilst previous research has demonstrated that HIIT,
as a singular intervention component, elicits improvements in the mental health of
adults (Shepherd et al., 2015), such an approach may not be applicable for adolescents.
Indeed, the apparent age-related discrepancies between the findings may, in part, be
due to differing levels of experience in coping with symptoms of poor mental health
and QoL, with adults better prepared to manage such feelings (Aldwin, 1991). As such,
developing an intervention in which HIT is supplemented by multiple components,
such as psychological or educational elements (S. Reynolds, Wilson, Austin, &

Hooper, 2012; Weisz, McCarty, & Valeri, 2006), that can also engender improvements
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in the mental well-being and QoL of adolescents should be considered. Indeed,
psychological or educational interventions combined with exercise have been shown
to significantly improve both depression and anxiety (Coventry et al., 2013; Parker et
al., 2016). It has been proposed that exercise may afford a person meaningful mastery
experience, allowing the opportunity to practice techniques learned via psychological
therapy to boost their perceived ability to cope with depression (Craft, 2005).
Consequently, HIIT may provide a time-effective platform, when compared to high-

volume moderate-intensity exercise, from which to develop coping abilities.

Whilst several methodological and statistical explanations for the lack of significant
findings have been hypothesised, such findings may simply be attributable to the lack
of increase or maintenance in total physical activity. Although speculative, given that
the poor wear-time compliance of the accelerometers and subsequent questionable
reliability, it could be postulated that whilst the present study sought to enhance VPA,
the HIIT intervention did not increase adolescents’ total physical activity. Indeed, in
accord with previous literature, total physical activity has been associated with a
greater QoL (Wafa et al., 2016) and fewer symptoms of depression and anxiety (J. R.
Andersen et al., 2017; Kremer et al., 2014; McMahon et al., 2017). It is therefore
possible that the current findings may reflect a “compensation effect” (Ridgers et al.,
2014), whereby intervention participants compensate for an elevated level of physical
activity on one day with a reduction in physical activity levels the following day.
Consequently, increases accrued during the HIIT session were potentially negated by
reduced physical activity outside of the exercise sessions. Accordingly, to detect and
account for possible alterations in habitual physical activity that may confound any
beneficial effects to mental well-being or QoL, future research should ensure that

physical activity is tracked throughout any prospective interventions.

It could be speculated that the lack of intervention effect was attributable to the HIIT
intervention, which did not elicit improvements to BMI or cardiorespiratory fitness,
both of which have been shown to significantly impact depression, anxiety and QoL.
Indeed, increased cardiorespiratory fitness has been associated with higher levels of
QoL (J. R. Andersen et al., 2017) and has also been shown to protect against the
development of mental health issues (Ruggero et al., 2015). Moreover, improved body
composition can elicit improvements to self-image and self-esteem (C. E. Ross, 1994),

which have both been associated with mental health (Lubans et al., 2016; Markowitz
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et al., 2008). Potential explanations for the lack of significant improvements may,
however, be a result of the measures used. For example, given the inherent problems
associated with the MSFT, such as motivating adolescents to perform at maximally
(Hamlin et al., 2014), it is unclear if the results collected were a true reflection of their
cardiorespiratory fitness. Regarding the lack of improvements to BMI, it should be
noted that, at baseline, the majority of intervention participants were already
considered to be of normal weight. Consequently, reducing BMI may not have been
possible given the possibility of a ceiling effect. Furthermore, given that many of the
sessions were based around body weight resistance exercises, an increase in muscle
mass and subsequent healthy increase in body mass and BMI cannot be dismissed.
Regardless, without significantly improving such physiological outcomes, it is

unlikely that an exercise intervention will improve mental health or QoL.

Further to the psychological and physical outcomes of the study, considering that the
HIIT intervention was largely implemented as planned, it is somewhat surprising that
there were no significant intervention effects for anxiety, depression or QoL.
Subsequently, it is possible that the lack of significance, at least in part, may be due to
the relatively small sample size and thus decreased statistical power. Moreover, it is
important to acknowledge that 223 participants initially agreed to take part. Therefore,
despite formative research (Winn et al., 2017), this suggests that HIIT or indeed the
way this specific HIIT intervention was delivered was not appealing to the target
population. It is therefore important to consider capturing the views of participants on
the barriers and facilitators to initial and continued participation, consequently

providing a useful insight into the efficacy of HIIT.

Although this study has various strengths, there are several limitations. Despite the HR
results being comparable to those recently reported (Costigan et al., 2016), it is
important to acknowledge that, exclusive of the warm-up and cool-down, this was
measured as an average across the whole session. Consequently, the ability to identify
the maximum HR achieved during each exercise bout was impeded, though, due to
synchronisation issues during the intervention phase, distinguishing between the
exercise and rest bouts was not possible. As such, in conjunction with the large
standard deviation, it is possible that the participants within this study may not have
adhered to the required intensity, which may, at least in part, explain the lack of

intervention effect. Beyond the HR results, other measurement tools utilised within

106



this thesis are also possibly limited. Specifically, gold standard rating scales (Cusin et
al., 2010), such as the HAM-D (Hamilton, 1960) and the BDI (Beck et al., 1961), were
not used due to licensing costs and the requirement for a qualified clinician to
administer them. However, it should be acknowledged that all mental health
measurement tools were validated in the target population (Binagwaho et al., 2012;
Fendrich et al., 1990; Loéwe et al., 2008; Stockings et al., 2015; Varni et al., 2006,
2003, 2001; Wong et al., 2014). Nonetheless, the self-reported nature of the
questionnaires have inherent disadvantages, such as social desirability, which can
potentially lead to a participants undervaluing measurement variables (Paulhus &
Vazire, 2005). Despite this, all questionnaires provided acceptable internal
consistency, and were therefore deemed reliable. Additional methodological issues,
such as of the heterogeneity of the study population may have also compounded the
results. Given that the intervention group demonstrated low symptoms of depression
and high QoL in comparison to the control group, it could be postulated that
intervention effects may have been masked. Consequently, controlling for the baseline
values may have ameliorated such issues. However, this type of analysis was deemed
unsuitable given that this study utilised repeated measures and would assume that all

error terms were independent, which was not the case.

Conclusion

In conclusion, despite the well-documented physiological and psychological benefits
elicited by HIIT in previous studies, the present findings do not support HIIT as a tool
to enhance adolescent BMI, cardiorespiratory fitness, physical activity, depression,
anxiety or QoL. Whilst there are several limitations that may have confounded these
results, poor intervention adherence and subsequent small sample size may have
limited the statistical power. As such, to gain an appreciation of participants views,
Chapter 6 will explore adolescents’ perceptions of the X4ACJ HIIT intervention and
elicit their understanding of the barriers and facilitators to initial and continued

participation.
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Thesis study map

Study Outcomes

The association Aim To investigate the relationships between
between physical VPA, BMI and cardiorespiratory fitness on
activity, fitness and symptoms of depression, and their
body size and their subsequent direct and indirect effects on QoL
effect on mental in children and adolescents

well-being and Key Findings  Vigorous physical activity, cardiorespiratory
quality of life in fitness and BMI are associated, both directly
children and and indirectly, with mental well-being and
adolescents QoL in children and adolescents.

The effect of high- Aim To assess the short-term and longer-term
intensity interval effects of a school-based HIIT intervention
training on mental on body mass index, cardiorespiratory
well-being and fitness, physical activity levels, depression,
quality of life in anxiety and QoL in adolescents.

adolescents: the Key Findings  HIT does not significantly improve BMI,
eXercise for Asthma cardiorespiratory fitness, physical activity,
with Commando depression, anxiety or QoL in adolescents.
Joe’s® (X4AC)) trial

Exploring adolescent  Aim To explore adolescents’ perceptions of the
perceptions of a eXercise for Asthma with Commando Joe’s®
high-intensity (X4ACJ) HIIT intervention and to elicit their
interval training views on the barriers and facilitators to initial
intervention: and continued participation.

evaluating the Key Findings

eXercise for Asthma
with Commando
Joe’s™ (X4AC)) trial
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Chapter 6 — Exploring adolescent perceptions of a high-intensity interval training
intervention: evaluating the eXercise for Asthma with Commando Joe’s®
(X4AC)) trial (Study 3)

Introduction

The prevalence of poor health in adolescents has reached unprecedented levels
(Collishaw et al., 2010; Lobstein et al., 2015; Ng et al., 2014). Common limitations to
conventional methods for treating such low health are that they are often expensive
(McCrone et al., 2008) and time-consuming (Gladstone et al., 2011). Whilst exercise
has been identified as a cost-effective tool for health promotion, traditional strategies
have principally utilised moderate-intensity continuous exercise (Hansen et al., 1991;
McMurray et al., 2002; Meyer et al., 2006). However, questions have been raised
regarding the relevance to the sporadic, high-intensity nature of adolescent’s habitual

play patterns (Brodersen et al., 2007).

High-intensity interval training (HIIT) has been identified as a time-efficient form of
exercise that could improve physical (Costigan, Eather, Plotnikoff, Taaffe, & Lubans,
2015; Eddolls et al., 2017; Logan et al., 2014) and mental health (Shepherd et al.,
2015). Despite numerous studies conducting HIIT interventions in adolescents, they
have been conducted with varied success (Costigan et al., 2016; Lambrick et al., 2016;
Lau et al., 2014; Racil et al., 2016; Tjonna et al., 2009; K. L. Weston et al., 2016).
Research to date has attributed this to a low final sample size and its associated
implications on statistical power (Moher, Dulberg, & Wells, 1994), yet few studies
have sought to ascertain why there was such poor adherence with regard to attending
the sessions, despite being a fundamental aspect of all interventions (Sluijs, Kok, &
van der Zee, 1993).

Given that enjoyment during exercise exhibits a greater affective response (Raedeke,
2007), it could be postulated that such variance was manifest due to differing
perceptions of HIIT between studies. Indeed, although there is some evidence that is
supportive of the health benefits of HIIT, if participants are unlikely to adhere to
interventions in terms of participation, the efficacy of such exercise should be
questioned. For example, within Study 2 (p. 86-106) despite 223 participants initially
agreeing to take part, only 27 participants attended a sufficient number of sessions
(>70%) to warrant inclusion in this study. This suggests that HIIT, or the way the
eXercise for Asthma with Commando Joe’s® (X4ACJ) HIIT intervention was
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delivered, was not appealing. Therefore, the importance of addressing such adherence
issues to inform future interventions and identify whether HIIT is an efficient form of

health-promotion in adolescents is clear.

Qualitative process evaluation has previously been suggested as a method to explain
unexpected quantitative results, such as those in Study 2 (Abildgaard, Saksvik, &
Nielsen, 2016). However, whilst the importance of capturing participants’ post-
intervention attitudes is evident (Hoffmann et al., 2014), to date, there remains a dearth
of evaluative research, possibly due to the time-consuming nature of qualitative data
collection and analysis. Indeed, whilst two studies have previously explored the
feasibility of HIIT through post-intervention focus-groups (Buchan et al., 2013) and
questionnaires (Costigan, Eather, Plotnikoff, Taaffe, Pollock, et al., 2015), these
process evaluations were limited. Specifically, the questionnaire and focus-group were
only included as small secondary measures embedded within wider papers primarily
aiming to access the physiological effectiveness of HIIT. Consequently, to maximise
the health benefits and participation to exercise, further investigation into participants’

perceptions with regard to reasons they enjoy or dislike HIIT is warranted.

Therefore, the aim of this study was to explore adolescents’ perceptions of the eXercise
for Asthma with Commando Joe’s® (X4ACJ) HIIT intervention and to elicit their
views on the barriers and facilitators to initial and continued participation.

Methods

This research was underpinned by ontological relativism and epistemological
constructionism. Accordingly, it is assumed that reality is multiple, created and mind
dependent, with knowledge being constructed and subjective. A qualitative approach
was adopted so that participants were not limited in what they could express, enabling
them, in their own words, to communicate their thoughts and perceptions in a more in-

depth and complex manner.

Participants

Eighty adolescents (13.3 = 1.0 years; 45 boys), from the X4AC]J trial, participated in
this study. The X4ACJ trial involved a HIIT intervention delivered by a qualified
personal trainer from Commando Joe’s with previous experience leading group

exercise sessions. Participants were asked to attend 3 x 30-minute sessions per week
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prior to or after school for 6 months, with the aim of promoting physiological health
and mental well-being. The exercise sessions consisted of multiple bouts of intense
exercise lasting between 10-30 seconds, followed by an equal period of rest. During
the exercise phase, the exercises were designed to induce a heart rate (HR) exceeding
90% participants’ maximum HR. Participants were either classified as an attendee (n
= 36; 13.2 + 1.0 years; 23 boys) or a non-attendee (n = 44; 13.5 + 1.1 years; 22 boys)
if they were actively engaged with the intervention for a sustained period, or attended
less than 5%, of the intervention sessions, respectively. Ethical approval was granted
by the institutional research ethics committee (PG/2014/29).

Procedure

Eighteen semi-structured focus-groups were conducted in groups sizes of 3-6 (Gibson,
2007; Mackintosh, Knowles, Ridgers, & Fairclough, 2011; Morgan, Gibbs, Maxwell,
& Britten, 2002), except for one interview consisting of only two participants due to
pragmatic reasons; no difference between emergent themes were detected and
therefore it was deemed appropriate for inclusion. Although there are some
disadvantages to using focus-groups with adolescents, such as difficulty in controlling
and managing the groups, irrelevant discussions distracting from the main focus and
dominant voices (Leung & Savithiri, 2009; Smithson, 2000), ensuring that the group
sizes were small, and subsequently easily controllable, obviated such issues. Indeed,
if small with regard to participants numbers, focus-groups with adolescents have been
shown to be viable methods by which to explore perspectives (Porcellato, Dughill, &
Springett, 2002). Furthermore, small focus-groups have been recommended for
research with young people in order to generate good-quality data (Morgan et al.,
2002). Nonetheless, it is important to note that certain participants in focus-groups may
be hesitant to express their thoughts, especially when those thoughts oppose the views
of others. To circumvent this concern, in addition to being grouped according to
attendance, groups were also stratified by academic year group (years 7-10), so that

younger participants did not feel intimidated by those in older year groups.

The interviews, facilitated by the lead researcher who had previous experience in
conducting focus-groups, were conducted in a quiet space within the school
environment (Kennedy, Kools, & Krueger, 2001) and lasted 45 = 7 minutes. To enable
social interaction and observer involvement, participants were positioned around a

circular table with WTBE seated amongst the participants (Dilorio, Hockenberry-
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Eaton, Maibach, & Rivero, 1994; Gibson, 2007). The focus-group questions were
structured around eliciting an understanding of the participants’ impression of the
X4ACJ HIIT intervention, with questions appropriately aligned in accordance with the
participants age (Table 6.1). Full interview question scripts for both the attendee and
non-attendee groups can be found in Appendices R and S (p. 233-238). All focus-
groups were digitally recorded (Samsung Galaxy S7 Edge, Suwon, South Korea).

Table 6.1 Example interview questions

Section Examples

Session Content What was your least favourite session and why?

What could we have changed about the sessions to make them
more enjoyable?

Attendance What made you want to keep coming to sessions?

How did your impression of the sessions change over time?

HIIT What did you most enjoy about HIIT?
What did you least enjoy about HIIT?

Benefits What do you feel the benefits of attending are?
Do you think you have had any personal benefits from the
sessions?

Instructor What did you think of the Commando Joe’s instructor?

How do you think he delivered the sessions?

Data analysis

Data was transcribed verbatim and thematically analysed following V. Clarke and
Braun's (2015) process. Analysis began with the lead researcher immersing themself
within and familiarising themself with the transcribed data. Following this, using two
of the primary methods to identify patterns in thematic analysis (Braun & Clarke,
2006), the data was both inductively and deductively analysed. Driven by the lead
researcher’s theoretical interests and epistemological standpoint, data was initially
coded deductively or from ‘the top down’, categorising the data based on broader pre-
hypothesised concepts (instructor, sessions and benefits). Thereafter, however, the
broader categorised data was coded inductively from ‘the bottom up’, based on

smaller, but more specific observations that emerged from the data (motivation,
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competition, group size and competing interests etc.). Once all the relevant data had
been coded, similar significant broader patterns were clustered into overarching
themes. All themes were then reviewed to ensure they were consistent with the
narrative of the transcribed data, but also aligned with the aims of the study. Following
further refinement of the themes, succinct but informative theme names were defined

and then presented using pen profiling.
Data presentation

Given the need for alternative methodologies within qualitative research to further
advance this method within the field of sport and exercise psychology (Biddle,
Markland, Gilbourne, Chatzisarantis, & Sparkes, 2001), key emergent themes were
presented as pen profiles. Whilst pen profiling is possibly a less detailed method than
standard qualitative research techniques (Ridgers, Knowles, & Sayers, 2012), it also
has its advantages. Indeed, pen profiling is a relatively new method of presenting data
that has been shown to be appropriate for representing findings in an intelligible
manner for both quantitative and qualitative researchers (Mackintosh et al., 2011;
Ridgers et al., 2012).

Trustworthiness of data

Whilst there is some evidence to support member checking (Lincoln & Guba, 1985)
and the universal criteria, such as those set out by Tracy (2010), given that this research
is underpinned by ontological relativism and epistemological constructionism, such
measures of trustworthiness were rejected. Indeed, in line with the relativist approach
of this study and contradiction to the notion of universal criteria, researchers are unable
to make non-socially constructed judgements (J. K. Smith & Hodkinson, 2009).
Furthermore, there is no evidence that member checking can enhance the credibility
or trustworthiness of qualitative research (Thomas, 2017). Therefore, consistent with
recent qualitative research (D. M. Hill, Carvell, Matthews, Weston, & Thelwell, 2017),
methodological rigour was ensured via the ‘critical friends’ approach (B. Smith &
McGannon, 2017), whereby the pen profiles, constructed by the lead researcher, were
presented to both supervisors who acted as a theoretical sounding board. During this
process both supervisors challenged the lead researcher’s analytical decisions,

encouraging reflection upon the interpretation of the data.
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Results

In total, four pen profiles were constructed to represent attendees’ (Figure 6.1 & Figure
6.2) and non-attendees’ (Figure 6.3Figure 6.4) facilitators and barriers. For narrative

analysis, facilitators and barriers for both attendees and non-attendees were combined.

Attendees

Key emergent themes were structured around the Commando Joe’s instructor, the
exercise sessions and the benefits of the intervention. Data revealed that participants
understood that increased exercise was associated with several benefits, which
subsequently facilitated participation in the intervention. Specifically, the attendees
identified physiological (n = 29) and social benefits (n = 29) of the HIIT intervention

as leading reasons to attend the sessions:

“For me it was to get fitter ... and just to know loads of my friends were going as well”.

(B21)

Furthermore, attendees (n = 12) also suggested that they experienced psychological
benefits whilst participating in the X4AC]J trial, which, perhaps also related to the

increased sense of achievement suggested by nearly half (n = 17) of the adolescents:
“It made me feel better about myself because it felt like I'd achieved something”. (B23)

Adolescents who attended felt that the exercise sessions also benefited them in school,
as it helped them “get ready for work™ (G7) during lessons. Indeed, participants also
believed that the X4ACJ intervention improved their vitality (n = 19) and

concentration spans (n = 6):

“I would take part again to keep fit... I just feel much better when I'm more fit and

more energetic”. (B14)

Aspects of the HIIT sessions themselves emerged as primary facilitators to attendance.
The gamification features of the sessions were a leading facilitating factor, with
participants suggesting that games motivated their participation (n = 29). Furthermore,
the games were often competition-based, which the majority (n = 19) also believed
encouraged further participation:

“The games mainly, because like they were fun and competitive”. (B12)
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Figure 6.1 Attendee facilitators - pen profile of perceptions of a 6-month high-intensity interval training inte
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Additionally, whilst likely linked to games and competition, a large proportion of
attendees (n = 26) suggested that a reason they attended the exercise sessions was

because they enjoyed them:
“I enjoyed it, ‘cause it was exercise put into a fun session”. (B8)

An additional aspect of the sessions that encouraged adherence in the X4AC]J trial was
the challenge of the HIIT exercise. A third of attendees (n = 12) expressed that the they

enjoyed the challenge of some of the exercises, and that they liked to push themselves:

“It was good to like get pushed, but it was hard as well, so it was good to like reach

your limit, so you benefit”. (B22)

Alternatively, however, over half of the attendees (n = 21) thought that the sessions

were too challenging, indicating that they were being pushed too hard:
“It was pushing us over our limits, so it was too hard”. (B21)

Also, whilst 11 participants suggested that the variation of the session, especially when
compared to conventional physical education (PE) lessons, was a facilitating factor, a
greater proportion of participants held opposing views, with seventeen participants

suggesting that the sessions and exercises were overly repetitive and lacked variation:

“For me it started off good, but then it started going down because it was getting
repetitive”. (B14)

Further barriers, such as group sizes were highlighted, with a quarter of participants
commenting that overcrowding during the session was an inhibiting factor due to the

lack of space:

“I preferred it in the afternoon... the groups were a bit smaller, so you enjoyed it a bit

more”. (B13)

The type of exercises within the sessions also had a considerable influence on the
participants’ perceptions of the intervention. Indeed, sprinting- or running-based
sessions were described as “boring”, with twelve of the attendees perceiving those

sessions negatively:

“Constantly running... it was just boring as well, you're not looking forward to just

running up and down a sports hall”. (G3)
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Interestingly, peers emerged as a key influential factor to the X4ACJ exercise sessions.
Three-quarters of the attendees commented that disruptive or negative behaviour by

other participants within the exercise sessions discouraged further participation:

“I didn’t enjoy the messing about because people have actually chosen to do it and if

you have people messing around its really annoying ”. (G3)

However, peer isolation, the removal from your peer group during the sessions due to
disruptive behaviour, was also perceived negatively by 12 attendee participants,
despite being used as a strategy to control poor behaviour. Close peers’ attendance was
also proposed as a potential barrier to participation, with a small proportion of
attendees (n = 4) stating that they were unlikely to participate if their friends were not
attending:

“The only thing I didn’t like was getting separated from my friends”. (B23)

The Commando Joe’s instructor emerged as both a facilitating and inhibitory factor.
Specifically, positive (n = 12) and negative (n = 18) perceptions of the instructor’s
demeanour were viewed as a facilitator and barrier, respectively. However, whilst most
participants viewed the instructor’s demeanour negatively, their motivational abilities
were regarded as a dominant facilitator (n = 12), with the discipline kept within the

session also acknowledged (n = 11):

“I liked him for being strict sometimes because otherwise I wouldn’t have done

anything”. (G7)

Conversely, some participants perceived the instructor as a barrier, with a minority of
participants (n = 7) expressing their belief that the instructor favoured the older year
groups, thereby causing resentment. Moreover, although the instructor’s motivational
abilities were portrayed positively, 13 attendees identified the instructor’s coaching

ability, or perceived lack of, as a barrier:
“He would just focus on like the older kids and how good they would be doing”. (B20)

The timings of the sessions were highlighted as an additional barrier to long-term
adherence. Indeed, 18 attendees felt the morning sessions were too early and
adolescents were too exhausted to attend after school, with 15 identifying competing

interests, such as paper rounds, school work or music lessons, prevented attendance:
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“I just couldn’t handle the school work and the exercise”. (B17)
Non-attendees

For the non-attendees, key emergent themes were also primarily structured around the
Commando Joe’s instructor, the exercise sessions and the benefits of the intervention.
Whilst the attendee group were able to identify several benefits of attending the HIT
sessions, the non-attendee group were only able to recognise the physiological (n =
29) and social (n = 16) benefits:

“I liked the exercising part to keep fit and it was nice to like do stuff with my friends
as well”. (G35)

However, congruent with attendees, over half (n = 23) of the non-attendees suggested
that games during the sessions facilitated further participation. Whilst distinctly lower
than the attendees’ group, competitiveness during the sessions was viewed as an
encouraging factor by some participants (n = 8). However, despite not attending, a

large proportion (n = 21) of non-attendees indicated that they enjoyed the sessions:
“I like the competitive side of stuff so any competition you get right into it . (B43)

However, converse to the attendees, fourteen of the non-attendees did not find the
sessions enjoyable, and whilst six of the non-attendees enjoyed the variation of the
sessions, nine implied that the sessions were repetitive and that these contributed to

their non-participation:
“It got boring and because the same stuff was being done all the time”. (G20)

Akin to attendees, non-attendees (n = 6) also attributed poor adherence to
overcrowding in sessions, suggesting that it prevented them from carrying out the
exercises properly, with the variation and the challenge of the sessions also viewed as
both a barrier and facilitator. Indeed, although a small proportion (n = 5) relished the
challenge of the HIIT sessions, a similar amount (n = 7) also indicated that the sessions

were excessively difficult:

“I found it quite hard because if we pushed like for the full thing and it took a lot of
our breath away like if we only had like a 15 second break for example, were still

tired when we go back to doing it”. (B34)
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Figure 6.3 Non-attendee facilitators - pen profile of perceptions of a 6-month high-intensity interval training
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Like the attendees, peers were identified as a key influential factor, with a similar
proportion of participants (n = 6) stating that their close friends’ non-attendance was a
barrier. However, non-attendees also raised an aversion to exercising with other year
groups; over a quarter (n = 12) did not want to exercise with either the older or younger

year groups:
“It was intimidating [older year groups]”. (G23)

Whilst the attendees expressed mixed perceptions of the instructor, non-attendees were

generally more positive. Although seven participants viewed the instructor negatively:
"...very intimidating when he’s trying to encourage you to get on with it”. (B44)

More than double (n = 15) suggested that they enjoyed the instructor’s positive
demeanour. Despite this, although still a facilitating factor, a lower proportion of
participants (n = 5) complimented the instructor’s disciplinary approach and
motivational capabilities (n = 10) when compared to the attendee group:

“I like him because when everyone else was in pairs I was on my own, so he got up
and went to be my partner... I felt like I worked harder because I had to beat him”.
(G27)

Although non-attendees expressed numerous facilitators, consistent with attendees,
time of the sessions (n = 18) and competing interests (n = 21) were also raised as key

barriers:

“I didn’t have time because before school I have to do a paper round... well I have

football training and rugby training, so I just can't fit it in really”. (B40)

However, an additional factor that was not suggested within the attendee group was a
lack of motivation. Indeed, 12 of non-attendees indicated that they simply could not
be bothered:

“I purely couldn’t be bothered... it’s too early in the morning... and I just couldn’t be
bothered to go after school”. (G28)
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Discussion

The aim of this study was to explore participant perceptions of the X4ACJ HIT
intervention. Data revealed that HIIT may be an enjoyable and engaging form of
exercise providing certain factors are considered. The findings suggest that a range of
facilitators and barriers to HIIT relating to session timing, exercise activities, group
composition, instructor characteristics, exercise difficulty and exercise session

protocol should be considered to maximise adherence.

The personal benefits of exercise emerged as the primary facilitator to participation in
HIIT, particularly the perceived physiological improvements accrued via the
intervention. Indeed, contrary to previous research, albeit in girls only (S. Whitehead
& Biddle, 2008), the majority of the participants in the present study identified health
benefits, such as fitness, rather than weight management, as the main physiological
benefit:

“It improved fitness which helped with other sports like football... just like I felt like [
could run more in football”. (B12)

Aligning with past literature (Mackintosh et al., 2011; McGuire, Neumark-Sztainer, &
Story, 2002; Weinberg et al., 2000), this is encouraging as it indicates that adolescents
can conceptualise the association between exercise, health and fitness. However, for
the non-attendee group, this awareness of the benefits of exercise did not translate into
participation (Withall, Jago, & Fox, 2011). This highlights that alternative forms of
motivation are required to improve participation. For example, in line with the self-
determination theory (Ryan & Deci, 2000), although feedback from the health
measures may facilitate greater participation for the extrinsically motivated (Proper,
van der Beek, Hildebrandt, Twisk, & Van, 2003; J. R. Whitehead & Corbin, 1991), for
the intrinsically motivated, factors concerning competence and enjoyment are rated
higher as reasons for participation (Ryan, Frederick, Lepes, Rubio, & Sheldon, 1997;
Weinberg et al., 2000). Contrastingly, it could be postulated that more immediate
motivations such as material rewards were required to increase participation, and
although this study did aim to cater for this in a limited capacity, given that the prizes
were mainly activity-based, these may not have appealed to the more sedentary non-
attendees. Upon reflection, however, encouraging participants to attend an exercise

intervention purely for material rewards may not be appropriate in that it somewhat
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defeats the object in terms of developing an appealing exercise intervention that can
improve health and instil long-term behaviour change.

In accordance with previous studies that also focused on youths’ perceptions of
exercise (Allender, Cowburn, & Foster, 2006; Dishman et al., 2005; Fairclough &
Stratton, 2005), certain aspects of the HIIT sessions themselves also influenced
attendance, irrespective of attendance rates. Of intrigue, enjoyment, previously
questioned in HIIT due to insufficient evidence (Logan et al., 2014), was identified as
a primary facilitator for both groups. However, a lack of enjoyment also emerged as a
dominating barrier within the non-attendee group. It could be postulated that such
divergence in opinion from the attendees was related to the time at which they ceased
to attend. Indeed, as put forward by Varey and Kahneman (1992), final experiences
can bear a strong influence on a person’s overall judgement. As such, given that the
session content was progressively enhanced throughout the intervention, for those
participants that only attended at the initial sessions, their judgement was based on
possibly the least enjoyable sessions, whereas for the attendees, their judgement was
based on the most enjoyable. Regardless, consistent with Mackintosh et al. (2011),
Winn et al. (2017) and Logan et al. (2014) these findings further accentuate the need
for exercise sessions to be enjoyable. Linked to enjoyment (Mandigo, Holt, Anderson,
& Sheppard, 2008), games within the sessions were also viewed as a key facilitator.
Indeed, research that conducted games-based HIIT interventions in adolescents
reported exceptionally high adherence rates (K. L. Weston et al., 2016). Furthermore,
taking part in team games has been associated with numerous social benefits (Gray,
Sproule, & Wang, 2008), also identified as a key facilitator to exercise participation
(Passer, 1981).

Whilst the challenging nature of HIIT was identified as a facilitator by some despite
the exercise intensity being relative to individuals, particularly within the non-
attendees group, some participants felt that the sessions were too challenging,
representing a significant barrier to participation (Slater & Tiggemann, 2010; S.
Whitehead & Biddle, 2008). In conjunction with a lack of enjoyment, such findings
are perhaps also related to the dual-mode theory given that participants were required
to exercise above their ventilatory threshold (Ekkekakis, 2003). As posited by Parfitt
and Hughes (2009), cognitive displeasure and strong interoceptive cues as a result of

high-intensity exercise (Ekkekakis, 2003) can result in a high negative peak in
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affective valence, which could subsequently deter future participation. However, given
that a number of participants both enjoyed the sessions and relished the challenge, this
theory may be limited, though, such contradictory findings may be explained by the
acute nature of Ekkekakis’ research compared to the long-term nature of the present
study. Furthermore, the dual-mode theory was based primarily on adults whereas the
present findings are children’s perceptions. Alternatively, therefore, it could be
postulated that the non-attendees were potentially less physically fit and able to
complete the exercise and, therefore, less inclined to exercise and participate in the
intervention (Boyle, Jones, & Walters, 2008). Regardless, given these findings, it
could be proposed that future research should carefully consider participant
capabilities and the associated exercise difficulty within the sessions, facilitating
personalisation via intra-exercise variability. For example, knee press-ups instead of
full press-ups could be suggested as an alternative. Furthermore, although from the
facilitators perspective the exercises were easily adaptable to individuals’ relative
intensity, perhaps greater attention should be taken to ensure that tailoring the exercise
to the appropriate intensity is manageable for all participants. Failing to do so may
limit the fidelity of the intervention as participants may not be able to achieve the
required HR. Alternatively, it could also be postulated that HIIT is possibly too
challenging for adolescents and that other modes of exercise should be pursued. This
being said, although accentuating poor physical competence can negatively influence
participation (Sallis et al., 2000), adolescents suggested the integration of ability-
specific groups alleviate issues relating to exercise difficulty:

“It could sort of be you have different sessions depending on what ability group you're
in... on a Monday it could be the higher and Tuesday it could be the lower...”. (G11)

Adolescents’ perceptions of the intervention instructor also determined intervention
adherence. Research has shown that positive instructor role models can significantly
increase youth’s physical activity levels and subsequent intention to exercise (Eddolls,
McNarry, Stratton, & Mackintosh, 2016; Humbert et al., 2008; Olivares, Cossio-
Bolafios, Gomez-Campos, Almonacid-Fierro, & Garcia-Rubio, 2015). Equally,
however, it has been suggested that poor role models can be detrimental to exercise
participation (Slater & Tiggemann, 2010). Interestingly, a possible reason for the
disparity between participants’ perceptions is due to the instructor often having to

discipline misbehaving participants. This may, therefore, have given the impression of
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a negative demeanour and favouritism towards certain groups (C. A. Williams &
Stevens, 2013) and consequently a negative perception. As such, this suggests that
health practitioners should be aware of the prominent role instructors can have on

future intervention success.

Analogous with Juvancic-Heltzel, Glickman and Barkley (2013) who found that
increased exercise choice, participation and enjoyment improved performance,
variation emerged as a key facilitator. Despite this, however, a greater number of
participants felt that the variation, or lack thereof, in the sessions was a barrier,
irrespective of group. It is possible that such discrepancies in opinion are related to
inter-participant differences and, indeed, self-determination (Ryan & Deci, 2000). For
example, those that found the sessions repetitive participated because they were
extrinsically motivated by the potential benefits, whereas, those that felt that the
variety was adequate may have participated because they were intrinsically motivated
by the inherent satisfaction (i.e., enjoyment) of the exercise (Frederick & Ryan, 1993;
Ryan et al., 1997). Therefore, whilst it is difficult to facilitate given the naturally
repetitive nature of HIIT, it could be recommended that future research should focus
on integrating a wider range of exercises or, as per the self-determination theory (Ryan

& Deci, 2000), provide participants with some autonomy over the session design.

Despite offering opportunities to attend either before or after school, or indeed a
variety of both, the time of the intervention sessions were identified as a major barrier
to participation. This is somewhat surprising given that the intervention was developed
utilising formative research which suggested that, for the majority for participants,
delivering sessions outside of school hours was a viable option (Winn et al., 2017). As
such, and in combination with the intervention school being unwilling to allocate time
to the intervention during the school day, the intervention was implemented outside of
school hours. As informed by formative research (Winn et al., 2017), whereby some
participants indicated that they would prefer sessions before school and others
suggesting that they would prefer sessions after school, both were offered to maximise
participation. Nonetheless, ultimately participants either disliked waking up early to
attend morning sessions, with some also stating that they would feel too tired at the

end of school to go to the session:
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“It was too early in the morning and when it was after school, | was just tired from
school”. (G29)

Several participants, especially within the non-attendee groups, also identified barriers
such as competing interests, for example, extracurricular sports, jobs or other
commitments (Winn et al., 2017). Consequently, given HIIT’s previously
demonstrated feasibility (Costigan, Eather, Plotnikoff, Taaffe, Pollock, et al., 2015), it
could be suggested that future research should consider embedding a HIIT intervention
within the school day. Indeed, previous research has successfully demonstrated that
incorporating HIT within a PE lesson can facilitate participation and elicit significant
health improvements (K. L. Weston et al., 2016).

Perhaps due to the greater level of exposure given the time spent at the sessions, poor
peer behaviour was established as a predominant barrier within the attendees group.
These findings are in line with research that suggests that negative experiences during
exercise with peers can adversely influence participation (Ries et al., 2008; Slater &
Tiggemann, 2010). Furthermore, in addition to its negative influence on participation,
such poor behaviour may have also adversely affected the intervention’s fidelity, an
integral component of a trial’s validity (Bellg et al., 2004; Horner, Rew, & Torres,
2006; Taylor, Weston, & Batterham, 2015), for example:

“We stopped all the time because there was people who were messing about, whereas
we wanted to start the exercises off, but they kept on mucking about, so we never got

to do what we should have done”. (B8)

Linked to poor behaviour, peer isolation was a technique utilised by the instructor to
control adverse behaviour, a factor that negatively influenced the participants
perceptions of the intervention (Knowles, Niven, & Fawkner, 2011). Although such
opinions are likely to be from the perspective of the participants who got removed, it
is possible that such situations were also compounded by overcrowding during the
sessions, a factor also viewed by the participants as a barrier. Indeed, when a greater
number of participants attended a single session, the probability of detecting adverse
behaviour was increased and, subsequently, increased the likelihood of peer isolation.
Consequently, given that positive social experiences can foster adherence (Kelleher et
al., 2017), to ameliorate such barriers, it could be proposed that future interventions

should consider alternative disciplinary techniques (Blatchford, Bassett, & Brown,
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2011) and also ensure groups remain with a manageable size in order to allow for

greater control.

Whilst many of barriers to the intervention cited were somewhat unsurprising, the
identification of sprinting/running exercises as a barrier was unexpected given that
these were specifically incorporated based on formative research (Winn et al., 2017).
These findings therefore question the reliability of adolescents’ preconceived
perceptions of exercise and traditional qualitative formative research methods. It is
therefore suggested that future research should align “taster” sessions with traditional
formative research methods, to obtain more informed perceptions. Specifically, the
integration of iterative user-engaged intervention development could lead to more

enjoyable and sustainable interventions.

Although the present study has various strengths, certain limitations should be
acknowledged. It is important to consider the potential influence of self-selection bias
on the present findings due to the voluntary nature of the intervention (Ganguli, Lytle,
Reynolds, & Dodge, 1998). Whilst the present study engaged with participants that
had signed up to the intervention but did not regularly attend, it could be argued that
these participants were still biased, given they still contemplated participation. An
additional limitation is that peer pressure may have influenced focus-group discussions
and therefore outcomes. In order to conform with perceived socially-desirable
responses, participants may have modelled their answers accordingly (Paulhus &
Vazire, 2005). Participants may also have felt pressured not to oppose, or alternatively,
to agree with dominant members of the group (Leung & Savithiri, 2009). It could also
be postulated that some participants may have found focus-groups an intimidating
environment and could have therefore withheld their opinions. Whilst the author
conducting the focus-groups had attended the exercise sessions and built a rapport with
some of the participants, it is noteworthy that participants may not have felt
comfortable being critical of the intervention. Nonetheless, the authors felt the
experience and rapport would have extracted more insightful information. An
additional limitation to the study was the lack of interviews with other people involved
with the intervention, such as the Commando Joe’s instructor. Eliciting the opinions
of the X4ACJ project from a facilitator’s standpoint may have provided an alternative,
yet valuable, insight into some of the themes extracted from the attendee and non-

attendee participants.
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Conclusion

This study was the first to explore adolescents’ perceptions of HIIT and elicit their
views on the barriers and facilitators to continued adherence. These findings, in
combination with evidence advocating HIIT as a means to improve health in
adolescents, provide support for the efficacy of HIIT as a population-based health
intervention strategy. Findings suggest that researchers should employ a fun and varied
games-based intervention within physical education lessons led by a well-qualified
and approachable instructor. Sessions should also be well planned and consider the
possible variation in ability between participants. Additionally, in conjunction with
running or sprinting-based activities, repetition within and between sessions should be

avoided.
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Thesis study map

Study Outcomes

The association Aim To investigate the relationships between
between physical VPA, BMI and cardiorespiratory fitness on
activity, fitness and symptoms of depression, and their
body size and their subsequent direct and indirect effects on QoL
effect on mental in children and adolescents

well-being and Key Findings  Vigorous physical activity, cardiorespiratory
quality of life in fitness and BMI are associated, both directly
children and and indirectly, with mental well-being and
adolescents QoL in children and adolescents.

The effect of high- Aim To assess the short-term and longer-term
intensity interval effects of a school-based HIIT intervention
training on mental on body mass index, cardiorespiratory
well-being and fitness, physical activity levels, depression,
quality of life in anxiety and QoL in adolescents.

adolescents: the Key Findings  HIT does not significantly improve BMI,
eXercise for Asthma cardiorespiratory fitness, physical activity,
with Commando depression, anxiety or QoL in adolescents.
Joe’s® (X4AC)) trial

Exploring adolescent  Aim To explore adolescents’ perceptions of the
perceptions of a eXercise for Asthma with Commando Joe’s®
high-intensity (X4ACJ) HIIT intervention and to elicit their
interval training views on the barriers and facilitators to initial
intervention: and continued participation.

evaluating the Key Findings  Incorporating a fun and varied games-based

eXercise for Asthma
with Commando
Joe’s™ (X4AC)) trial

HIIT intervention into physical education
lessons led by a well-qualified and

approachable instructor, whilst avoiding
running or sprinting-based activities, has the
potential to engage adolescents and could

enhance participation in HIIT.
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Chapter 7 — Synthesis
General Summary

This thesis presents three studies with the overarching aim of assessing the effects of
high-intensity interval training (HIIT) on mental well-being and quality of life (QoL)
in adolescents. This thesis includes a systematic review, which explored previous
adolescent HIIT interventions with the aim of establishing the optimal HIIT protocol.
Following the identification of an optimal protocol based on physiological measures,
to use the recommended guidelines within a psychological and QoL intervention,
associations between physiological and psychological health were established. Having
determined that physiological health was significantly associated with psychological
health and QoL, using the information from the systematic review in conjunction with
additional formative research (Winn et al., 2017), the second component of this thesis
was to implement and measure the effectiveness of the developed protocol. The third
and final study presented a post-intervention evaluation of the trial from the

participants’ perspectives.
Summary of individual study findings

Whilst there is a wealth of literature that has identified the beneficial effects of HIIT
on physiological health (Rosenkranz et al., 2012; Tjgnna et al., 2009; K. L. Weston et
al., 2016), there remains a paucity of research exploring the effects of HIIT on mental
well-being and QoL. Furthermore, the two studies (Costigan et al., 2016; Shepherd et
al., 2015) that previously explored HIIT and mental health reported contradictory
findings, though this could be attributed to the different exercise protocols. Given this
dearth of literature, conducting a systematic review and establishing an optimal
protocol based on psychological literature was not possible and, therefore, an
alternative approach to forming a suitable exercise protocol was required.
Subsequently, to elucidate the most effective HIIT protocol a systematic review was
conducted that examined HIIT as a means of influencing key physiological health
parameters (Eddolls et al., 2017; Chapter 3). In accord with this aim, thirteen studies
were evaluated, providing evidence that HIIT can significantly improve certain health
parameters in children and adolescents. Furthermore, optimal HIIT protocol guidelines
were established, with findings suggesting running-based sessions, at an intensity of

90% maximum heart rate (HR)/100-130% maximal aerobic velocity, 2-3 times a week
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and with a minimum intervention duration lasting 7 weeks, elicits the greatest

improvements to health.

Since the findings of the systematic review were based on physiological measures, to
use the recommended HIIT protocol guidelines within a psychological and QoL
intervention, associations between the subcomponents of physiological and
psychological health were required. Consequently, Study 1 aimed to investigate the
direct and indirect relationships between physiological health, psychological health
and QoL, using structural equation modelling (SEM). Within this cross-sectional
study, 576 adolescents’ physical activity, body mass index (BMI), cardiorespiratory
fitness, depression and QoL were assessed. The results indicated that vigorous physical
activity (VPA), cardiorespiratory fitness and BMI were associated, both directly and
indirectly, with depression and QoL. Furthermore, higher levels of VPA were
associated with a greater cardiorespiratory fitness, lower BMI and healthier state of
mental well-being. As such, it could be suggested that improving physiological health
via HIIT, the structured form of VPA, may elicit improvements to psychological health
and QoL.

Following protocol guidelines identified within the systematic review (Eddolls et al.,
2017; Chapter 3) in combination with formative research (Winn et al., 2017),
completed as part of the overall eXercise for asthma with Commando Joe’s (X4ACJ)
project, an intervention was developed and implemented in order to establish the effect
of HIIT on mental well-being and QoL. Study 2 examined the effect of the X4ACJ
HIIT intervention on BMI, cardiorespiratory fitness, physical activity, anxiety,
depression and QoL in adolescents. Participants were invited to 3 x 30-minute sessions
per week for 6 months. Within the sessions, participants completed multiple bouts of
maximal exercise with the aim of eliciting a HR greater than 90% age predicted
maximum HR. Bouts lasted between 10-30 seconds, followed by an equal rest. High-
intensity interval training did not significantly improve BMI, cardiorespiratory fitness,
physical activity, anxiety, depression or QoL in the intervention group. Consequently,
whilst a number of limitations within the study may have confounded the results, these
findings suggest that HIIT does not benefit certain physical health outcomes or mental
well-being or QoL. Nevertheless, no detrimental effects to mental health or QoL were

detected as a result of the HIIT intervention.
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Given the lack of intervention effect on adolescents’ mental health or QoL, the
importance of post-intervention evaluation was especially paramount in order to elicit
an understanding of the possible intervention shortfalls (Hoffmann et al., 2014).
Therefore, the aim of Study 3 was to explore adolescents’ perceptions of the X4ACJ
HIIT intervention and the barriers and facilitators to participation. Participants were
interviewed via semi-structured focus-groups, with data from two groups (attendee and
non-attendee) transcribed verbatim and thematically analysed deductively, with key
emergent themes represented using pen profiles. The findings indicated that HIIT is a
viable and enjoyable form of exercise for adolescents, however, to maximise
participation, factors related to session timing, exercise activities, group composition,
instructor and exercise progression and protocol should be accounted for. Specifically,
data suggested that embedding a HIIT intervention within the school day may improve
adherence. Furthermore, sessions should be split into manageable group sizes based
on year groups, with the exercise led by a well-qualified, motivational and
approachable instructor. Prior to conducting the intervention sessions, lessons should
be well planned and varied to avoid repetition and should allow for progression or
regression within exercises. Whilst running and sprinting exercises should be avoided,

competitive invasion games were deemed the most enjoyable.
General discussion

In line with the aims stated in Chapter 1, the present thesis developed, conducted and
evaluated a HIIT intervention aimed at enhancing adolescents’ mental health and QoL.
Considering the mixed findings within this thesis, in this section, issues related to the
intervention design will be discussed, in addition to the differences between Study 1
and Study 2. Furthermore, potential reasons for the variance in findings within all the

studies will be covered.

Intervention design

The X4ACJ HIIT intervention was developed following the guidance of formative
research (Winn et al., 2017) and a systematic review (Eddolls et al., 2017; Chapter 3)
while also abiding by the restrictions placed by the participating school. As part of the
six-month trial, adolescents were invited to attend 3 x 30-minute exercise sessions per
week held on alternative weekdays, either before or after the school day. The exercise

sessions, led by a Commando Joe’s® instructor, partly replicated previous HIIT
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interventions (Baquet et al., 2010; Boddy et al., 2010; Racil et al., 2016; Sperlich et
al., 2011), with participants asked to complete multiple bouts of various exercises,
each lasting between 10-30 seconds, followed by an equal period of rest. During the
exercise phase, to comply with previously outlined standards (Hood et al., 2011; Little
et al., 2011), the exercises were designed to induce a HR exceeding 90% maximum
HR.

Despite a paucity of comparative research, the intervention within Study 2 draws some
parallels with previous intervention designs. Similar to Costigan et al. (2016), Study
2 followed comparable exercise and rest interval timings, with the exercises completed
during the intervention also consisting of a combination of cardiorespiratory and body
weight resistance exercises. Furthermore, akin with Study 2, Costigan and colleagues
(2016) conducted their intervention within a school with adolescents. Despite stark
differences regarding session and intervention duration, the methodological
similarities regarding the intervention design between both studies may perhaps
explain the analogous findings. In contrast, however, Shepherd et al. (2015) reported
significant improvements to psychological health as a result of HIIT. It should be
noted, however, that these findings were a result of a laboratory-based mechanically-
braked spinning bike intervention, in which extraneous and independent variables
could be closely controlled, thus lowering the ecological validity of the findings.
Moreover, it could also be postulated that, despite comparable session durations and
exercise interval timings to Study 2, the disparity in results is perhaps due to Shepherd
et al. (2015) focusing exclusively on inactive adults. Consequently, future research
should perhaps consider the relationship between baseline fitness and the potential

magnitude of change over the course of a HIIT intervention.

Although the methodological differences between Study 2 and Shepherd et al. (2015)
may partly explain the contrasting findings, several other restrictions related to the
intervention design may also have confounded the results. A key factor that likely
effected the statistical outcomes of Study 2 was the low sample size, a consequence
of the barriers highlighted within Study 3. Indeed, many of those invited to attend the
X4ACJ HIIT intervention were either unable to participate due to competing interests
or did not want to relinquish their spare time. Furthermore, despite Buchan, Ollis,
Thomas, Malina and Baker (2012) recommending physical education lessons as the

ideal setting, integrating the entire HIIT intervention within physical education lessons
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within school day was unfeasible. Indeed, similar to issues faced in previous research
(Taylor, 2014), the limited proportion of the academic timetable allocated to physical
education, conducting 3 x 30-minute sessions within those lessons was not possible.
Moreover, similar to the issues described in Buchan et al. (2012), the participating
school were unwilling to allocate a portion of other parts of the school timetable
specifically for the intervention. Additionally, although previous interventions have
used physical education lessons to conduct HIIT (Costigan et al., 2016; K. L. Weston
et al., 2016), the intervention school in the present thesis stated the reason that they
were not willing to incorporate the intervention within the school day was that the
specific exercise activities did not align with the national curriculum. Therefore, to
ameliorate issues relating to competing interests or participant aversion to
relinquishing their own time, it is recommended that future studies consider the
requirements of the national curriculum prior to developing prospective school-based
exercise interventions to enable their implementation within physical education
lessons. This is especially relevant given the findings within Study 3 and previous
research (Donnelly et al., 2016), in which increased physical activity and exercise has

been associated with improved academic performance.

Another factor that possibly limited the design of the HIIT intervention was the use of
the systematic review (Eddolls et al., 2017; Chapter 3) to form the intervention
protocol. Despite Study 1 supporting the use of the physiological findings in the
systematic review (Eddolls et al., 2017; Chapter 3) for use within a psychological
intervention, it is highly possible that such protocol guidelines are not appropriate to
induce improvements to mental health. Consequently, to consolidate findings related
to the effect of HIIT on mental health and QoL, impending research should further
explore a range of differing protocols. Despite designing the exercise activities using
information collected from future participants during formative work (Winn et al.,
2017), once participants were reassessed as part of the post-intervention evaluation
(Study 3), many of the pre-conceived ideas had altered. For example, the finding of
the inclusion of sprinting/running exercises being a barrier within Study 3 was
somewhat surprising given that the formative review identified it as enjoyable (Winn
et al., 2017). Consequently, although widely used across research (Boddy, Knowles,
et al., 2012; Mackintosh et al., 2011), these findings bring into question the accuracy

of traditional qualitative formative research in exercise. Indeed, when comparing the
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formative research (Winn et al., 2017) and the post-intervention evaluation (Study 3)
it appears that adolescents’ perceptions can ultimately change once they have had the
opportunity to experience said exercise. Therefore, prior to future formative research,
to obtain a more informed response, researchers should endeavour to provide “taster”

sessions as part of a pilot study.

Effects of VPA and HIIT on mental health and QoL

The present thesis provides contrasting perspectives as to the effect of high-intensity
physical activity or exercise on mental health and QoL. Within Study 1, higher levels
of VPA, mediated by BMI, were shown to be indicative of fewer symptoms of
depression and greater QoL. Conversely, Study 2 reported that HIIT did not elicit any
significant improvements in symptoms of depression or QoL, with significant changes
in anxiety attributed to factors outside of the intervention. Since HIT is a structured
form of VPA, the variance in findings between Study 1 and Study 2 is intriguing.
Specifically, given that the physical activity accrued via HIIT is essentially VPA, the

results between Studies 2 and 3 should be similar.

It could be postulated that the primary reason for the variance between Study 1 and
Study 2 is that Study 2 did not significantly improve BMI or cardiorespiratory fitness.
Within Study 1, increased VPA was shown to only improve depression and QoL
indirectly, mediated by BMI and cardiorespiratory fitness, respectively. Subsequently,
it could be suggested that without eliciting significant improvements in BMI or
cardiorespiratory fitness, HIIT was unable to significantly improve depression, and
subsequently QoL. This is further supported by previous research in which
physiological improvements attributed to physical activity and exercise, for example,
improved body composition (Drenowatz et al., 2016; Gutin et al., 2002), can elicit
improvements in self-image and self-esteem (C. E. Ross, 1994), which have both been
associated with mental health (Lubans et al., 2016; Markowitz et al., 2008). This
suggests that interventions should be multifaceted and aim to improve both
physiological and psychological health rather than exclusively concentrating on just
one component of health.

Given the relationship between VPA and HIIT, it could also be theorised that the
difference in findings between Study 1 and Study 2 is a result of sample size issues.

Indeed, within the intervention group in Study 2, there is scope to suggest that the lack
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of significance, at least in part, may be due to the relatively small sample size and thus
decreased statistical power. An additional reason for the variance in findings is perhaps
that since Study 2 is cross-sectional in design, causality cannot be inferred and
therefore the study is unable to detect the direction of a relationship. Accordingly, it
could be proposed that lower symptoms of depression and good QoL are indicative of
higher levels of VPA, rather than the other way around. Nevertheless, it has been
suggested that if using appropriate and robust statistical analysis, such as SEM,
observational trials (Study 1) may better reflect the wider population compared to
randomised controlled trials performed in a homogenous sub-group such as in Study
2 (Faraoni & Schaefer, 2016).

In summary, since there are constraints to both cross-sectional (Study 1) and
randomised control trials (Study 2), neither study types should be considered in
isolation. Rather, researchers should form their interpretations of results based on
methodological rigour (Berger et al., 2012). Therefore, considering the limitations of
both studies, it should be assumed that neither study is conclusive. Subsequently,
further research is needed to determine the effects of VPA and HIIT on mental health
and QoL.

Thesis strengths

A major strength of this thesis was the documentation of the development,
implementation and evaluation of the X4ACJ project. Specifically, this thesis provided
a supporting evidence that VPA, the non-structured form of HIIT, could ameliorate
mental health and QoL (Study 1), tested the effectiveness of implementing a HIIT
intervention as a means of improving mental health and QoL (Study 2) and evaluated
the HIIT intervention in terms of participant perceptions (Study 3). Furthermore, this
thesis explored a relatively novel area of research, with only a limited number of
studies published to date (Costigan et al., 2016; Shepherd et al., 2015). An additional
strength that is worth noting is that the intervention was school-based and not
laboratory-based. This demonstrates that HIIT can be implemented within schools,
with limited equipment. Indeed, although more recent research has moved towards
implementing HIIT within a real-world setting (Costigan et al., 2016; K. L. Weston et

al., 2016), much of the research to date remains laboratory-based (Baquet et al., 2010;
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Rosenkranz et al., 2012; Tjgnna et al., 2009), therefore limiting the ecological validity

of their findings.

Thesis limitations

There are several limitations within this thesis, primarily related to study design. A
confounding factor that may have may have introduced bias was the non-blinding of
groups. Given that the leading researchers were responsible for both the data collection
and intervention implementation, conducting a blind assessment was not possible.
However, since the control group participants were not informed that there was an
additional group receiving an exercise intervention, it is unlikely such bias would have

impaired the results.

A further limitation to this thesis relates to the fidelity to the HIIT protocol, or the
degree to which the intervention followed the principles of HIIT. In accord with the
key principals of HIIT and in line with the thresholds set out (Hood et al., 2011; Little
et al., 2011), the target intensity of the intervention was set at >90% HR maximum.
However, although still above the threshold for physiological gain (Baquet et al.,
2003), HR data suggested that the intervention elicited an average of ~80% HR
maximum over the exercise sessions. Although, it is pertinent to note that, whilst both
the warm-up and cool-down periods were removed, this average includes between
exercise rest periods, with mean maximum HR exceeding 90%. It could also be
postulated that the short bout duration and quicker recovery of adolescents compared
to adults (Falk & Dotan, 2006) may have influenced participant HR outcomes.
Specifically, participants may have returned to nearer baseline values between each
bout, thereby requiring a greater subsequent intensity or duration to achieve a HR
maximum greater than 90%. Regardless, participants exceeded the threshold of >90%
HR maximum 24% of the time, which, when considering they were at rest for half of
the sessions, suggests that the intervention should be considered HIIT. An additional
limitation to this study related to HR validity was the reliability of the HR
measurement equipment. Although the HR data within the present thesis was in line
with previous HIIT research, in many cases, there was a “drop-out” in data, whereby,
for short periods, the HR monitors would fail to pick up participants HRs, possibly
related to being dislodged due to the vigorous exercise, reducing the overall average.

Furthermore, perhaps unavoidable when working with adolescents, poor participant
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behaviour during the sessions occasionally resulted in elongated rest periods to allow
the facilitator to discipline. Indeed, a key barrier to participation that was identified
within Study 3 was poor behaviour by peers. Considering the limitations related to
intervention fidelity and HR reliability, future studies should consider more accurate
methods to determine exercise intensity during each exercise session and indeed bouts,
which may also allow a dose-response relationship to be elucidated.

An additional limitation of this thesis in relation to work presented in Study 2 was the
small sample size. Although it was the intention to deliver the X4ACJ HIIT
intervention to a large sample, this was not achieved; possibly due to the various
barriers featured in Study 3. Indeed, despite the intervention largely being informed
by formative research that included participants from the intervention school (Winn et
al., 2017), adherence was poor. Therefore, considering the relatively small sample size
and subsequent decreased statistical power, it is possible to speculate that this may
have confounded any potential significant findings. Accordingly, the findings in Study
2 may not provide an accurate reflection of the effect of HIIT on mental health and
QoL. From a statistical analysis standpoint, it could be suggested that future research
should consider evaluating practical/clinical significance using the minimum clinically
important difference (Batterham & Hopkins, 2006). However, in terms of participant
recruitment and retention, from the findings within Study 3, the primary reason for the
lack of attendance was that the sessions took place either prior to or after school. Many
participants articulated that they had other commitments, ranging from school sport to
being young carers, or that they just did not want to get out of bed early to participate

or would rather play with their friends after school:

“I purely couldn’t be bothered... it’s too early in the morning... and I just couldn’t be

bothered to go after school”. (G28)

Consequently, to ameliorate this, the leading recommendation would be to ensure that
the intervention sessions were embedded within the school day, similar to previous
HIIT interventions (Boddy et al., 2010; Costigan, Eather, Plotnikoff, Taaffe, Pollock,
etal., 2015; K. L. Weston et al., 2016).

Finally, with respect to the mental health and QoL instruments utilised within this
thesis, in line with their instructions, all were measured using self-reporting

techniques. In addition to issues related to social desirability (Paulhus & Vazire, 2005),
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this type of measurement is limited as it relies on participants perceptions of health to
be equal, which may not have been the case. Furthermore, it could be postulated that
respondent interest may have confounded the results of this thesis. Indeed, given the
number of participants completing the measures at any one time, the ability to control
and focus every participant’s attention exclusively on the questionnaire was
unfeasible. Consequently, participants may have answered their questionnaire without
due care, potentially effecting the overall findings. Despite this, however, each
questionnaire had been previously validated for use within child and adolescent

populations and scored adequately with regard to Cronbach’s Alpha (Cronbach, 1951).

Implications for future research

From the work completed in this thesis, in order to further research in HIIT and mental
health, there are several recommendations that should be taken into consideration prior
to undertaking any future studies. Although some qualitative formative research was
conducted for this thesis (Winn etal., 2017), it was limited. As such, before prescribing
future HIT interventions, more comprehensive formative research is warranted.
Researchers should consider implementing short pilot studies prior to conducting any
long-term large-scale studies, not only to test the effectiveness of any newly designed
protocols, but also to gain an understanding of participant’s perceptions of the
intervention prior to conducting any main trial. Additionally, as highlighted within
Chapter 2, there is limited information regarding an “optimal” exercise protocol in
terms of exercise dose within adolescent mental health research. As such, more
comprehensive formative research may provide greater clarity as to the best frequency,

intensity, time and type of exercise to induce improvements to mental health.

Since research to date has only used relatively small samples, larger, more suitably-
powered trials are required to provide a more comprehensive assessment of the effects
of HIIT on mental well-being and QoL. Consequently, researchers should aim to
maximise participant recruitment and ensure participant retention remains high. Based
on the findings within Study 3, it is recommended that future research integrates
prospective HIIT interventions within the school day. It would therefore be beneficial
for future interventions to align the exercise activities incorporated within the
intervention with the national curriculum. Collaborating with physical education

teachers to ensure that future interventions fulfil the national curriculum requirements
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Is therefore recommended. Additionally, in line with the findings in Study 3, future
research should ensure that interventions employ a fun and varied games-based
intervention sessions led by a well-qualified and approachable instructor. Sessions
should also be well planned and consider the possible variation in ability between
participants and avoid running or sprinting-based activities and repetition within and

between sessions.

Given the findings within Study 1, which suggested that VPA was only indirectly
associated with depression and QoL, mediated by BMI and cardiorespiratory fitness,
future HIIT interventions aiming to improve mental health should remain multifaceted.
It is recommended that prospective interventions should primarily target increasing
VPA, improving cardiorespiratory fitness and reducing BMI, with the secondary target
being to improve mental health and QoL. As such, researchers should monitor
participants’” VPA levels, cardiorespiratory fitness and BMI throughout HIIT
interventions. Indeed, given the postulated minimum intervention duration threshold
(Eddolls et al., 2017), to improve mental health outcomes, it may be necessary to
amend the session content if the HIIT intervention does not deliver positive
physiological results after 7 weeks. Additionally, future research should aim to address
issues relating to physical activity accrued outside of interventions. Accordingly,
future studies should report objectively measured physical activity levels to assess the
potential ramifications of a “compensation effect” that may negate the beneficial

effects of HIIT.

Overall conclusion

Work within this thesis indicates that physiological health is associated with
psychological health and QoL, both directly and indirectly. Additionally, increased
VPA was correlated with improvements in BMI, symptoms of depression,
cardiorespiratory fitness and QoL. Regardless of this, for anxiety, depression and QoL,
such benefits did not translate when structured VPA was applied using a HIIT
intervention. However, given that the prescribed HIIT intervention was designed using
guidelines based on physiological outcomes, despite the association between
physiological health and psychological health and QoL, such a protocol may have been
unsuitable. Nonetheless, no detrimental effects were noted because of HIIT, therefore
this thesis suggests that it should be considered a feasible and time-efficient form of

exercise that can improve physical health. Furthermore, given that previous research
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has demonstrated that HIIT can significantly improve mental well-being in adults,
taking into consideration the present thesis’ limitations and taking forward the
implications for future research, there is scope to suggest that HIIT has the potential

to improve mental well-being and QoL in adolescents.
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1 Infroduoction

Worldwide, the prevalemce of childhood and sdodescent
obesity bas resched unparalleled levels |1, 2| Specifically,
im the UK, approximmiely 28% of childres sre classified o
overweight or ohese |2, 5|, representing & sigmificant bur-
den on heskh services, Indeed, cument estimates ssggest
that obesity and its del bealth comequences, such
o type 1 dinhetss mellims [4] sl coromary bean disense
[4). cost the Mational Heshth Service £5.1 billion per year
[6). Whilst some repors sugges a plaieau in pesdiairic
obesity over the loa decade [T, ohers suggest tha UK
obesity levels have inoressed berween 1980 and 2014 by 4%
and 5% in boys and girk, respectvely |2]. OF concerm,
pasdiaric obesity has been ssscciaied with an incrensed
prevalence of candicmenabolic rsk fecwrs |4], which have
been showm o mack inio later life [9) and incresse e sk
of premaiure momality [9, 10). Akhough the causes af
obesity and cordiometnbolic sk are mulifocsied, low
physical sctivity levels, s well as high sngagement in

/! VI hanve beem idennified s key comtribmory
faciors %, 11-13]. Specifically, according io she latest
statistics, in England, only 21% of boys mnd 16% of girs
meet UK physical activiey guidelimes of a1 lesst &0 min af
mecaderate-so-vignroes physicsl sctivity every day [3], with
physical setivity levels farther declising with age [14-16]
Effective imerventions targeied at incremsing vouth plivsi-
cal actvity levels are therefore smpenmive.

While traditional imtervemtions designed v imcrease
physical setiviry snd impeove healsh have priscipally used
mecderate-dniemsity continuous exercise [17-19], the rele-
wance of such prog to the sporadic high-i v
nature of children's habimual play patiems bas been ques-
tomed [, Comsequesaly, high-intensity imserval-based
programmes heve recently been investigated &5 & polEn-
vally posent and time-efficiess form of physicsl sevivicy
and keslh promotion |21). Indeed. whilss exercise, a sub-
companent of plysical sctvity, is stucured and conducied
for the bealth-gwocioied benefins, it could provide & nec-
cuMy medimory siep o provoke posilive long-ism
behawicesral chasge. Howewer, io date, sudies bave
demonsirsted  venied seccess = eliciong  sigmificent
o [22-25], iglly owing w0 a lack of
conseies regeding an optinsesm high-inpensity interval
raining (HIIT) imervention protocal with regard 10 exer-
cise ima=nsity, frequency end duration. Monetheless, recent
systematic reviews (26, 27 highlighted that HIOT can elicit
gremler improvemenis in heald-selsed pammesers (e
cardiomesiabolic health and body composition) in adoles-
cents, compared with madidomal programmes |23, 28-50]
However, no sysiematic reviews have imvestgaed the
effects of HIT on primery school-sged childres, the

] Springer

iderified potential differesces betwesn pre-pubernl s
pubemal vouh in the sdspsnions eliciied or provided
opumal HIT protocol recommensdations. Therefore, the
purpase of this review was o sysiematically synthesise the
sciemtific lincrssere regasding HUT on improving body
composition, cordicmetabolic healdy and cardiovascular
heath s childres snd sdolescests and o esmblish an
opuimal HIIT prosocol with regard 1o session sinacture,
imaensiny, frequency omd durstion.

2 Methodolugy

In line with the Preferred Reporting licms for Sysicmatic
Beviews md Mets-Anslyses [31), the following method-
ology details the review's inclusion crileria, sesrch sorm-
egy. dain collection and study ssalysis proiocols.

21 Imchusion Criteria
210 Types of Sraady

The presemt review included siudies invelving imerven-
teoas wargesed ol reducing ohesity-relmed phiysiological
pammeiers with o priscipal focus on one of the following:
high-intensity  phvsical acviviry, high-msessity  exer-
cisefiraming or high-inensity inpermisentinerval  exer-
cisefiraming mterventions.

212 Types of Paricipams

Saudies incorporsting chdldren and sdolescents berween the
ages of 3 and 18 yess were imcluded. These age con-
strminis were applied 1o &l children and sdolescents with-
out disahility, imespective of whether they were a healtbhy
wiekght, averweight or obhese. Smudies thar wed physical
activity imlervestions &s pan of o resiment for specific
illnesses were excbaded.

ZLF Ingervenrion Variatdes and Chircome Measires

To be incleded im she review, sindies were required o
report & minineem of one inlervenbon exenise session
imaensity varishle and one oulcome measure, messered &
baszling mnd posi-isservention and compared with sither &
moderate-iniesily exercise inlerveniiom or conin groep

X4 lngervennion feaveslty Variables
Inierventions were defimed as high imensity i (1) the
imeensity was =M% peal onygen upteke [32]0 (2) bad an

imaenzity that was =10% maximal serohic spead |33):
andor {3} ensured that the pamicipss’s hean rate wes
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=WFE of their peak hesr rae (34, 35)] There were mo
reswictims  applied  regarding  the deration of the
Imfervesaion,

215 Primary Ohtcosses

Frimary culcomes included cardiometsbolic kealth mark-
ers, mmely mesn sysiolic (SBF) and dissoolic {DBF) blood
pressare, body consperaticon m the form of body mass index
(B8l body far percentage (BF%) and fa-free mas, and
cardipvasoalar disease (CVIY) biomarker analysis imcludisg
al least one of the following: glucose, issalin, mighyceride
and ial chodesieral, m well o s sub-frecticss, low-
demsity lipoprotein cholesierol snd high-density Bpoprosein
cholesserol.

1.3 Search Strutegy

Elecarcmic dasal were hed until Sepeember 2006,
wiith niv resariction set om the publication yesr. The Puhbed
and SOOPLS daishases were explored wxing the following
keyword sesrch strmiegy, devised by the esesrch msm and
werified by & sebject librasian: (high inessity traiming (8L
hisgh sty exercise® (R high imensity activit® OR high
imtensiny inEmuinen reming OR inlesity  inermisent

* OR high Y activit® or high
imeensiny imierval traiming (8 bigh msessity inerval exer-
cise® OR bigh intensity interval sctivin®) AND (chald™® 080
childres OB pediaric OR pasdistnc OR adolescen® 08
Jervenile®y AND (healds OB heakhy i Inclusion of ot least
one af the keywords was required m the siudy uile for it o
be considersd. Smadies were excluded based om inguage:
only seadies wrinen im English were incloded. Addinionsl
sondies were identified by hing the refe lisas af
imcluded siudies. Google Scholar and Resesrchliale were
alsn searched 1o identfy swdies tha were potemtially
overlooked by the dsabace searrhes.

13 Data Collection and Analysis

Pertinent stady absocts from the smied search sirmiegies
were o ded and independenily screened. Spadies tha
were deemed 1 meel the crilesia were downloaded i their
entirety and independendly assessed for relevance by mwo
outhors wsing the pre-deiermined criera. When sosdy
imdformation wis missing, the research team miemped o
comact the primary sedor of the iscompleie sudy. 18 the
authar failed o respond. the sudy was excluded

214 Effect Slxe

Coben's d was wsed w0 deemine the siandardised mesn
efiect of HIT on the previously outlined beadtheneloied

outcome measures compared with a comral group or &
mecsderate- or light-intensity group [36). Confidence imser-
wals (Clsp were calculmied by applving an equalion pec-
ommended by Noksgaws and Cuthill [57), employing
standerd emor caloalsions [2E). Por soadies thai provided
walues for both moderate and comtrol growps, modeoe
group vakees were included as the comparison. Addision-
ally, effect size was not calowlsed for siedies that failed o
disclose pos-iniervention mesn values.

2.8 Risk of Blas Assessment

Risk of hiss was sessed independemaly by 1wo reviewers
usizg the Cochrane risk of biss wol (RoB 20} [39). Usisg
thee Rol 2.0 wol, sesdies were swerded an overall risk of
bias grade of cither high, some or low risk of bias. This
ovemall grade was caleolmed by @ five domai
(A} bas mnising from the rendonsisstion process; (B) b
owing o devimtions from imended interventions; (C) bias
owing 1o missing ouicome data; (I¥) bhiss in measurement
of the oulcome; &d {E) bins in szlection of the reponisd
resaal.

L Heteragemelty Assessment

Borause of the varistion of te study charsctenistics i this
review, for example between inlerventices, culcome mea-
sures and cohon popalations, it was deemed ensuiiahle oo
nmalgemate the ressbs for o mens-malysis. Therefore, the
resaalis in this review were analysed nomstively.

3 Results

The dembase search genemmied HEE siudies. Once depli-
caes were removed, 34 delefsbsracns wene screened For
eligibdlity, with the referemce list ssarch producing three
funder siudies. Prom s, 13 siudies wese deemed swiable.
The screeming process & shown i Fig. 1. In wotal, 7 of the
13 studies included in this review examined e effects of
HUT mservemions on pre-peferial pamicipans, the dhar-
acierisies of which are ssmmamized in Table |, with ihe
remaiming six sasdies exanuining the effects of HIT imser-

an pebertsl pamicipesss (Tabde 2).
3.1 Risk of Bios

The methodological rigour of spedies mcleded in this
review, acconding o she risk of blas ssessment, is pre-
semied in Tahle 3. Seven stadies were considered po bave &
high risk of bias [22, 24, 25, 29, 40, 41, 48], whereas only
rwe [ 2H, 43 amd foar [25, 30, 42, 44| soedies were con-
sidered o have some of low nisk of bias, respecively. In
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Fig. | Phascs of study
schocton demnp dats oulictio Becords identifisd through database Additioal records ideniefied
. ather sowees
{n= 20800 n=1)
Records sfier dupleates ressoved
(= 1546}
Recoeds screensd Records enchoded
(m = 54) i [m=32)
Full-tee arsicles assessed il b
for ebigibili n=%
in=17) * Dulmat apecify
l vanabls (n=4)
+  Dud mot specify
thhlmdl varable (n= 11
(n=13)

stadies deemed 1o have o high or some risk of biss
[22, 24, 25, 28, 29 40, 41, 45, 43, the bias arose from the
ramdomicstion process (doman Al

3.2 Bady Mass and Composition

All 13 included sudiss repomed the effecy of HIIT oom-
pared with moderaie-iniessity exercie of & control grosp
on BMI (& = 9, BPFE {fn = 9) or {mi-free mess 8 = 1L
The resulis revealed litthe evidence 1o suggest that HIIT can
elicit significant changes in body composition (Taeble 43,
ahhough Themma et al. [23] and Bacil et al. (50, boh of
which were assessed 1o be ot low nisk of bias, reporied
sigmificant impoovensents in BMI md BF%E associssed with
o medium-io-lerge sffert sizes following o 3-month
Imservession.

It is pertment o note tha whilst other stedies failed o
fimd a significant imgrovement in messares of body mass or
composition, there was a genersl trend for & grester change
im body mass and composiom in the HIT growp
[22, 2R, 24, 43, 45). The exception 1o this wos Bagques ezl
[25), whe saw significan increasss 1o BMI and BFE for
bt the LT prosocol snd the comtral group: however, this
stmdy was deemed w0 heve o high nisk of hiss While mo
sigmificant benefits were reporied m pre-pubenal childpen,
siymificant imgeovements in body mass and composidon

] Springer

have heen demomsarared in peberial children |23, 504,
suggesling o potential maturaticmal effect. There were
imonfficienmt dats to exsming potential sex differences
regarding the efficocy of HOT im eliciting sigmificant
hanges in body compositon

33 Cardisvasoulor Healh
A5} Bioond Pressure

Five sudies mnvestigaed the effert of HIIT on SBP and
DBP, with the majpoity concluding significam henefiss
were obtamed (Table 5). Specifically, two siudies that were
misessed o be of low nsk of bias, Thomna er &l [23) and
Bacil et all |309), repored significant improvements in botk
SEP sd DBP following the inerventom, although it is
peminemt 1o moae e Jow effect sizes msociated with the
improvements repomed for SBP and DHP in Bacil et sl
|50 ¢Table 51. Whalst the remaining sdies [I5, 29, 44)
reporied no significant differesces, they densoasaraied &
wened inwirds & lower SHP and DBP. Inieresingly, Boddy
etal [44], demossaratisg methodelogical rigoar throsgh &
Dorw risk of bias, foesd an increase @ both DBP and SBP in
ther HIT group mnd reductions im the conirol group, deoszh
not significam. Kegond can i [~

stadics  examining pm.:puhﬂ'u.l childeen  reponied
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Table 3 Rk of bms ssecowmeni

[R— Dormmin A Dorain B Denaiz £ [re— [ ™
Biaquct o al. [22] et Lows Lorw Larw Lrwe High
Biaquet cf al. [25] ot Loww Low Larw Lirwe High
Baquct o al. |4 et Laww Lorw Larw Lirwe High
Biaquct o al. [41] et Laws Low Larw Lirwe High
[ Larwe Lawa Lorw Larw Lirwe [
Lammbrick = al. [42] Larwe Loww Low Larw Lirwe Larwe
Lo ct al. [24] et Laww Low Larw Lirwe High
Momarry o al. [43] Somz Laws Low Larw Lirwe Some
Reacill f al. |30 Larwe Loww Low Larw Lirwe Laree
Roosczkrans o al [16] Some Laww Lorw Larw Lirwe Some
Sperlich o al. [45] et Laws Low Larw Lirwe High
T e al. [23] Larwe Lows Lorw Larw Lrwe [
Wi o al [24] gt Loww Low Larw Lirwe High
Dceain: () hias arising from the randomsation process, (B} s mvng 1o d nem istendzd 1T} lims wwing b missing

tmstcome daty (L) b in measeremest of the mtcome. (E) i i wloction of the nepeetod seal. Tostal overall visk of b prade won calelated
by assrssing the five domains [A-E]

Tablir 4 Ecline and pant-intcrventas chages o by masicomposition azd effect sies hotween bigh-intomity istereal traising (HIT) and

comrolimslenaic prsscols
Hedrerces [ HIIT {mcan change Costrobmoderate imean Effect s [ ]

from hascfine| hange Fom bascline) {Cohen's &1
Baguci oi 2l [15] EMI ikgim) [P Qe =ikl& =074 in 40
Bageei cf ol 4] EMI Ikg'rn‘_u [L3) =300 =&i0 =07TH o BL5E
Boddy cf sl [44] EMI Ikg'rn‘_u =150 [k LiLk] 030 i |55
Lambrick of al. 42| EMI ikgim®) [TE] i (k] ={La} i OET
Lau i ai. [24] EMI ikgim) %] LRI @42 =(LI3 io 101
Rl i al [30] EMI Ikp'rn‘_u =3 LRI R B =LAl =351 o B6R
Rosenkrane cf ol [28] EMI ikgim") =140 i =k =073 i
Tjenes ci al [13] EMI ikgim®) =) =020 =150 =106 in =004
Weston ot al. [ 2] EMI ikgim’) =l [ BiA B
Bageri cf al [15] Eculy fat {5 Ll [ =31 =00 o B33
Boperi of al [12] Ecxly i (%) =0 =070 ol =051 o @71
Baguci oi 2l [41] Baoxly = (%) [IAE] il Lilix] =(LE in 60
Bodely i all [44] By fa (% 1443 Q4 L] 14 o 107
Lambrick et al. [42] Escaly fat (%) =0 1 i i =089 1 DES
Nourry of al. [43] Ecxly i (%) 150 L) 4 ={L56 i R4
Racal et al [30] Baxly =t (%) =3 0 =50 =1 =50 = i o =0i2
Rosmkrane o =l [28] Eculy fat {5 =10 = L0 =®I7 =R i B45
Tienea ot al [13] Ecxly fat (%) = =30 1.0y 235 o AAS
Sperlich =i al. [45] FEM kg 100 LR Tl 028 B 113

M sy rons mdiex, CF confidesce imierval, FFM fai-free mons, 5604 effect sine ool caleulsied becsuse of no neporied posd-inicreesiion means
* g LS, ** o G, signifcanily different from bascln:
* Valuey adjmwied for scx, basine value and matburity oifsct

sigmificant chomges, wheress significesss  improvemens
were reponied in peberial popelstons (23, 50) Sex dif-
fesemces could not be investigaed because of insufficient

dala.

5452 Cardiovaseulor Diseae Binmarker Heafth

Four sudies examized the effea of HOT on CVD
blomarkers, specifically blood glecose (8 = 4), poal
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Table 5 Buschne to post-isicrrestion chasges in spsiolic hlood pressstSasiolic blosd pressre {SBRDBE) and cfiest sar beiween hagh

inicnsiy inicrval traininy (HIIT) and contmlimodernic proiocols

Rcforences icome moaserc HHT imean chazge I mmtrulmodorsic | mean Efficct siax 5% Ol
{mmg from baschinc) change fpom baschne fCohen's o
By ot al [44] SHP oo —l.a LE2] (R ko DLG1
Bacil i al. |34 SHP s LILE ) —03 o 26
Rosckrars of al 18] SEP ] =15 -4 —0E2 e —0I6
T ci al. [29] SHP L 15 — L =13 o 160
Wieshom of sl [29] SHP -5 =10 M A
Beoxddy ot al [44] DEF L2 1] —4. 1 L 75 ko 152
Beacill o al. |3 DEF —&= — O 4 D —0x: =i o Gl
Bosckrazs ot al [18] DEF —L50 -1 —LEY —LIE = —04R
Ty ot al. |23] DEF —E.5qs 150 — 150 —1.80 s —111
Wirstom of al [ DEF —fir —4.0r WA B

] comfrdenee isierval. A offect wise nol calonlicd beras of oo ropuricd posi- islcrvestion mes

b g DL, 5 g 0 sigmicmtly differemt Fuom hasckine
* Wakszs adjunied fir ws, buline valee nd materiy offuct

cholesaerol jm = 2}, high-dessity lipoproiein cholesienol
in = 3, low-densiny lipogeniein cholesterol (n = 1), blood
mriglycenides (i = 3) s insulim {m = 2). The results, in
Table ¢, suppom HIIT &= on effective sroiegy  for
imgrovisg CVD biomarker healdh All of the soadies
demonsirsted significarn [25, 28, 3] or clisscally sub-
stantial [2%) impe i muliple CVD b ek

outcome measures. Tionns e al 23] reporied greater
sigmificant improvensnts for bload glucoss in feveer of the
HUT group (p =< 01 compared widh the conool groep
ip oo 00d), with o effect size indicaring large climically
imnpcrtant differences {d = =145, 95% C1 =3.00 o .16
Addivcmally, results from Rosenkranz e sl [25] sspgest
large significant redections in ioial cholesieod comparsd

Tahle & Baschne and posi-isicreesiion chapes m candiovascubs docass bomarkens and offect sine heiween egb-micnsty iniorval rening

(HIT} mnd costrolmadenic prolocoks

[Er—— [hacure measae HUT {mcn chage Costrolmederais fmean Eifect sine #5% 1

Eom bascline: changr fren becline)  (Cohen's df
Racill =t al. |30 (s {rremsall " —30e DO 3 —012 0 o EE
Roescokrazs ot al [ 1] (s {mghdl 520 L 06 — LRk o 117
Ty o al. [23] T S 13y —iL1 —143 EETT T
Wt ot ol [24] e —in8i T B WA
Roosczkrazs ot al [ 1] Total chakesieral (gt ) —az00e a0 —0d — 116 bl —0T0
Wi o al [24] Total chulestend imma=l, ') —.38 g B WA
Roosczkrans ot al [ 1] HOLcholrsterd (mpidly 090 ET 42 00 4o 031
T ot al. [23] HDL-cholesiord immabel. ') 011% e 0 —050 i 120
Wit o ol [26] HDL-cholrsiord immotel. ') —0.14° -4 Y WA
Rooscekrazs ot al [ 1] LI chobesiend {mghdl ) —3aEP —550 -7 —2i0 b — 1.3
Rooncnkras ci al. (2013} [26]  Trighwoesdes (mgkdLs 2150 350 i —0L33 i 00
T ot al. [23] Trigherdes mambl " —0.50 —010 -t —157 mdis
Wi o al [24] Trighycercdes mamll " —05 g B WA
Reacill o al. |30 Tk (1L) el —5.70 — 43 —02 — 155 i~
Ty e al. [23] Il fprobiLy —54 — 310+ —id6 —0 b 32

1 cosfidencs micrval, ML bagh-dessity Bpopeoicia cholesicrol, L0 low-demsity lipoproion cholesternl, 8 effoct sice ool caloslyied bocans

of reporicd posi-micnienios mcans
* o LS p o O sigmibcmily differont from bascine
* Wakszs adjunied fir s, bulin valee nd materiy offuct

] sprimger
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1371

with e control groep. Funher, the sssocimed effect size
i = =093, 93% CI = 1.16 po =070} suggessed highly
clinically important differences. Rosenkranz et sl | 2£] saw
sigmificant reducsions (p < U0F) im low-density lpoprosein
cholesaerol m a result of HIFT, with o large and clisscally
impecatant difference {d = = L67, 93% Cl =206 w =1.51)
compared with a small non-significamt increase in the
comrol growp. Exansining Mood insulin resulis in Tjanna
et wl 23], larger sigmaficant redections in the HOT grosp
weere found conspared with the control group. with ferther
sigmificant redectioss alter a 12-month follow-up. In
ndditicm, high-density lipoprosem cholesterol significantdy
improwed in the HIIT group compared with & non-signifi-
cant increase in the control groep. Furthemsone, Rocil e sl
|50 reponed significam redections in blood glecose and
imalin in both HIOT snd moderste-intensiny prosocols
compared with & comral group. with & greser improvement
regonied in the HIIT growp for both measures. Effect sizes
for bosh hlood glucoss and insulin were bow w0 moderme
(af = 032, 99% CL =044 w0 0L13) and large i = =0&2
A% Cl =155 10 0100, respertively.

Motwitbcasndisg e limised imgeovemest in blood
miglyeenides, Westom e &l |2%] repomed clinically sub-
stamtial beneficisl effers as a resal of HIT despite increased
miglyeenide levels repamed in the comtrol groap Despite
these encowraging fmdings, il is penines o noie tha the
stdies by Rosenkrone et al. | 28] and Wesson et sl [29] were
assesmed 1o have some and a high risk of biss, respectively:
therefore, cantion should be mkem when intzrpreting these
somdies s misthodological bimitions may have confounded

4 Discussion

The aim of the curment review was b0 synibesise previows
beromure thal examinsd HIT in children ond adolescents
ond esiablish iis poemisl effec on body compositon,
cardiometabolic bealth and cardiovascular bealihe In sddi-
o, this neview aimed o identify an optinal HUT prosocod
with regerd w0 session sinecture, inensity, fregeency amd
duration. In accond with this ainy 13 ssdies were evalumied
providing evidemce suggessing tha HIIT can significandy
improve cemaim bealih paramesers in children md adoles-
cents. However, evidence supporting the overnll effer-
vveness of HIIT as & means of eliciteg improvemsnis o
all the specified healdh outcomes remaiss unclear. Some
guidelimes for & HIIT protoool were esablished, though
recommendstions  for cerain  probecol demik  remasin
unidenified
Advancing previous reviews [ 36, 27, the Gmdings of the
curmesa review saggest hat pubenal children may achieve &
greater benefit as & resali of HIIT when compared with pre-
children, a tople thai has been widely debaied
[47-50). However, it is pertinent s noie that tis may be &
3 of several methodological factors the limit
the imgespretation of previoes smdies. First, the duration of
the HUT interventions examiming puberial panicipants
tended 1o be longer than those im pre-pubemal childres
Given the presesa findings ssggesting that & mininvem of
7 werks is required for significent adspeations 1o be man-
ifea, this shoner intervention demticon mey lead o emo-

the resulis. There was no effect owing 1o maturation oo C¥I
bicenarkers, with significant or clmically substannial
improvements found in both pre-peberial [ 28] and pubensl
123, 29, 30 children. Sex differences were not repored smd
theretone, their effect is eninown.

3.4 High-Intemsity Intervad Tradning Intervention
Praincal

All smdies included in this review provided a detailed
description of their imerventom proiooal in serms of session
strucosse, duration, istensity and frequency, in sddition o
imtervention duration: key details of these ase ised m

neEs s garding the efficacy of HIIT im this
pepulation.

Fanbermaore, differences im the panticipant charscienis-
tics hetwesn pre-pubenal and pebensl sssdies with regard
o baseling body mss or body compesition and health
stalus may confound interpeetsion of imer-siudy differ-
ences and their astiribution o msunty per sz, Specifically,
e misperiny of studies in pre-paberial childes sad those
of & ool weight compared with the inchesion of over-
wiekght or ohese partcipants in pebertal siudies, which may
predispose these latier smdies o demonsirating greater
health bengfits, mespective of their biologicsl age. Morne-
over, both Thomsa et al [23] and Racl et al. [30] did not

Takides | and 2. Based on the four stadles thal demonstraied
significont health impovemems (25, 28-50). o munning-
besed HIIT imservention st an inessay of % heart raie
maximum/ L0150 % maximal serobic velooity, o o
theze times a week wih & minimum sservention deration
lasting 7 weelks oould he comsidered the ssggesed pocice.
However, sugpesed exercise session duration and ress
imtervals remain smiba geces owing i the varisnce acooss the

studies, a poton alsn seppomed by Baguet et al [46).

reper Iy castisg ambiguiy
over the cobont's wnee mabsrmicnal smage. Despiie this,
when focising on the sdditional smedy involving pubenal
childres |29]. & generally elicited grester imgrovements in
outcome measures when compared with the ssady mvoly-
img pre-pubemal children |24]. Moreover, caly reo of the
stmdies involving pubensl children thar demonsirated pos-
inive significens resules (X3, 30] concddered dietsry intake; &
failure o account for changes in diewary inmke, which is
strongly associaled with cardiometabolic healsh [51] and

m stages, ssb bi
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obesity [52] in children med adolescents, confounds the
imserprewmtion of the resulis and thewr amibetion o the
exeroise per se. Finally, in addition 1o the aforemestioned
methodological limimions the mserpretation of e overall
fmdings of this siudy may also be linsisd by & mixed nsk
off bias berween the significant siudies.

An addnional facvor ghat may comtribule to the collecive
ambiguiry regasding the overall effectiveness of HIIT is the
‘compensation effect’. Specifically, & recess sindy has
suggesied that schood children appear o oompensate for
imcreased physical activity levels, with a redection in
physical sctivity undemakem the following day [53)
Addicsally, the “sctivitysial® bvpoathesis suggests that
imerensed levels of physical activiey during ome part of the
day may resull im a compessabcay decrease in physical
activity in smother pan |34, Therefore, there & stope o
suggesl Sl prescribing sxercise that reflecs the charse-
teristics of children’s comparatively elevmied levels of
habiiual play [25] may cesult in o decresse m habisusl
physical sctivity levels that day or the ssbeequems day. This
therefore highlighes the nsed 10 measure habimal physicsl
nctivity, &% wes the cme for only foer of the sesdies
imcluded within s review |13, 248, 3‘5,44| nhu.gade'dt
previomsly ouilined sy [ g the effect
off HIT beween sexis, B0 oo lesions could he drawn &
none of the sudies incloded in this review provided =
bzl of | sex diff This cosld bave
implications for feure research, givem the possibaliy thar
efiects of exercise inerventions om body size (56, S7).
cardiorespiraiory health [$8) md cerdiomsiabolic health
|57) may be sex dependem in children. Therefore, fumre
stadies emdeavou B0 TEpOrl O MOE expasive
breakdown of resulis, thus providisg clarificsion as o
possible s=x and wal differences sssocised with
HIIT.

Wh.l.lsl:'lh: studies within this review have advanced our

d riding the infl af HIT im childres
under llbuulnq'\-hued. conditoss, the relatively small
sample sizes amd i.|11=n.'e|11.|.|:\- delivery methods highlight

| issues g larger scale impl o of
HIIT. S:hnnkm:l’muul}'hu kel o5 o foundation in
the  implementation of physical sctiviny  imervenioss
|54, &0] hecasse of their access o & greaier population of
children, who spesd #(0% of their wakisg hours there [61),
and ore widely sccepied as one of te moa effecive
locstions w0 promole physical souvity ssd health. Pur-
thenmare, previoes siudies bave demwasaraied how shomn-
tenm HIIT interventions bave been successhally embedded
withim the school timemble [44, 62 h bas been suggesied
i IllJ'I‘mu.n]Ium Fﬂ'gnumrchu comtrol conpared with
lessons, and can he
adapted 1o inchade specific movements relsted o different

] springer

sporis [63) Therefore, given ithe promising findisgs
reganding the effectiveness of HIIT, fulre research may
wish 1o consider bow loag-term HIIT inerventions could
bemupﬂ'mai'mn-du:n:hndmmmuﬂn A key
J in ke of fuiure imervenibons,
and participass’ engag in amd adh e i the
devised progmm, is 4 pamicipam’s perceived enjovment.
Whilst HIIT has been sugpesed 1o be & prefersble exercise
meoedaliny 8o more | aewku: 28], fur-
theer research is required, with only coe siudy in the present
review comsidesing this aspect of imservention development
ond implementation [42). Finally, the sustmined posi-in-
m‘em el'ﬁ.ucy af HIT imtervemtions that reponed
10 body comp and car-
d.l.nn-:mbullc n.nd cardiovasoaler bhealth in children snd
ndolescents emais indelemuinate owisg 10 8 predominant
searcity of studies repoming o post-imervention follow.mp
Therefore, funme audies should meorporae & follow-sp
pericd within sheir siudy design o assess e long-lem
post-inervention sustainabilimy of positive HIT eliciied
benefis.

5 Condusion

High-imensity imtervel trainisg is o tme-effective method
of improving CVD beomerker health in children snd ado-
lescents. However, evidence supporting its effectiveness in
ndditicmal bealth measures remains equivocsl. This review
suggess thal nenming-hased ses<ods, at an iniensity of
=M% maximem hean o 10-130% maximal sepobic
welocity, two 1o twee dmes o week med with & minimum
imervension duration lastmg =7 wedks, elicit mprove-
meniis in heslth msrkers: bowever, these findings are lim-
ined by the mived nsk of biss besween the sigmificant
stmdies. Further d & o duratics
and rest intervals remain ambipeoes owing o the pascity
ond mehodological bmimices of smdies  pressady
availahle.
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The association between physical activity, fitness and body mass index
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Abstract

Parposa The perpose of the curment sudy was io imvestigaie the medisiory role between vigomus phvsical activity, body
mass index (B M), and card v finess an symy ol def on and their subsequent die ol and indiredt effects
om quality of like (ol

Mathods Five hundmd and sewnty-sis adolescents” (314 bows, 12,5 + 1.1 years) phvsical activity lewe s, candsom sparmiory
trinazz, B M, levals of deme ssive sympiome, and Ool. wem messured. Structural aquation modelling was e (0 ovalmie
the diffierence &n Eneer structunl esocizons between varishies.

Rasults The model suggesied that cardiomspimiory finess (f=0.16, @ <0.001) and symptoms of depression (#= — 032,
s 000 were both directly xecciaie d with physical Qol., with depressive symptoms akee direcly infaencing pevchologi-
ol Chall. [ m — OUTY, oo OUON). Bennchy mimes imcle® wans indieci by assncaied with phvsical Qol., mediaied by both sympioms
off deprsson [ = — 006, g 000 1) mnd canliormspiraiory fimess {0 05, go 0001 mmd paychological Qel. medisd by
sympioms of depression (§f = — 000, pc 0001k ¥ igoroes physiml aciivity was indimc#y associaied with Qol., mediaied
bw camdiomspirsiory hiness (F = — 004, e Q0015

Comeclusions Models suggesied that vigoroes physical activity, candiorespirsiory fiiness and BMI wem associsted, both
damcity and indimectly, with mental welk being and Q.. 1t cowld, thewe fore, be posmiaied thal enhancing candsom spimtory
titnesx amd BMI thmugh incressing vigoroes physical activity may be bemeficial o both menia) well-being md Qol. in
adalescenis.

Kaywords Physical activity - Candsomespiraiory fitness - Body mes index . Menial well-being - Quakity of like -
Adolescens

Introduction

Chaality of ke (Qol.), o subset of bealth detined By dhe World
Heaith Organisation o inciode the piysical, mental and
social well-hesng of @ pereon | 1], iswedety recognised 2z 2

Willen T.B. Eddolln
B35 G amey ue o

A pplicd Sporis Technokoy, Fuarcae wd Medicine
[ STEM) Fow et Conire, Collep: of Engisering, Bay
Campea, Swaroes Usiverity, Seazes, UK

Scbonl of Humas Scicacs, sty of Teomm Azsindia,
Perit, Azwirsiia

Swaroeea Uriverricy Medical Savac, Sinrke o Camtpu,
ﬁm.t&:na;m..ux

Sebonl of Sport Health and Fxereie Scizsee, University
i Wenem A esrais, Perid, A sgraiin

Fuhlshid anlise: |2 June 200K

fundamenial al i im the evaluaison of popal healit
12) and should be consideed the underiying taget for health
amterventions |3]. Mometheless, despate s widely socepied
imporiance, et indings heve sigpesied ol sef-neporied
Dol has significandty dackned in adod=srenis over the last
decade [ 4] highlighting the need for inernvenisons that spe-
cifically trpet Qol. im this population. Howe wr, due io the
subective mature of Qol., it cannot be directly enhanced [5].
Them dare, the infena of health- e lated parameiers war-
ranix Furiber amenlion &= polential medistors through which
o enbance Qol

€| Spranger
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Previous mssarch bos showm thai inlerwe niSons that mod-
ifw cerimin heatth-mlated paremeiees scsocinied with Qol.,
sachy s phwsical bealth and memtal well-being, can andimecity
elicil improvemenis in ol Cardsor spimiory Hiness and
body mass inde (BMI), inter-reiied indicators of health
|, predict Dol ; those wilh o higher crdsom spirstary hi-
mess ex perience 2 beer Qol. [7], and overweight or obes
imcivadiumls typacally experencing 2 pooer Qol. [£]. Cand-
orespiraiory ainess and BEM bene also been associaled with
additional health rolated paametens that @n also infe oo
Qol., namety, mental well heang and physical activiey |9,
0] Indred, mararch haes sypae sied o overseight or oches
imcivadiumls and those with low canfionespimiony fitness am
less plovsically active and ofiem bene poomr menial bealth
Specifcally relating to Qo thos suifering from mental
e alth imam s, or not maeling physical actaviy guidelines ol
&0 min of moderaie - ooy igomaes phvsical activigy per day,
are ol greater risk ol a poor Qol. [ 11, 12] However, despiie
these prediciors being adenlitied, the inleraction Between
them and the influence of menial healih on Dol mmains
to he alucsdated. Indead, litte mesesrch has svplored the
poleniial indinect mlatonships beiwern heatih behaviours
and their mediating and snteractive imfluence on Qral. For
example, when compared 1o moderaie physical activity,
vigorous physical acEvity Bas been mssociaied with fewer
svmptoms of depression: |13], the most commaon form ol
meenial illmess in dhe UK [14], and has alsn been shows i
pedict c T ¥ hiness and adipasity [ 10 Thus,
vigorms physical activity levels ke the poiential o ind-
mity afiect Gol. through sympioms of de pressson, adiposity
and cardicvascular ftness.

Therefone, the purposs of the curmni sudy wes o i mes-
Epie the minionships betwesn vigorous physical acswvaty,
EMI and cardiom fitness on symploms of depres-
saom, and their subsequent dimcl and imdimt effects on Gl
uming struchural edualion mode1ling.

Methods
Participants

Fiw bundred and seventy-six adokescents (314 bovs,
125+ 1.1 years} ok pn in the sudy. Following paren-
2l conseni and child asseni, messures were taken owver
approk imalely & weaks al the heginning of the academs:
wear [ Seplember-Oeicker). All pariicipanis wem fom muol-
e, andomily strtitied, compe bensive schools located i
South Wales, UK. Approval to conduct this research was
granicd by e isEnsomml ethiml advisory committee {eth-
s mmmber: PG00 4790 and performed in accordance with
the Declaration of Helsinki.

& Sying

Anthropometnc and mabarity assessmant

Beature znd body mass were mesmmid, io the mwamest 0.1 om
and 0.1 kg, respeciwly, uwsing a sabiomeler {5aca 213, Seca
Lid, Birmingkbam, UK} and body mass scales (Seca 399,
Seca Lid, Birmangbam, UK). From these measures, BMI
wis calculated. Matmatiomsl sianes was asessed wsing self-
mporied indices of pubic hair, 2= described by Tanner [ 15)

Physcal activity lovels

The GTIX & {Actilraph, Pensacola, FL, USA) was used
o mewae and record e quaniity and imguency of body
mavement, providing 2 valid and relable ohjective meame
of phwsical activity | 16]. Paricipames were asked o wear
the screleromeier, st ot 100 Hz, on their right mid-axilla
Ene ai the level of the ilisc crest for sewm (ol days, onty
mmaoving & if they undericok contact or waler-hased actvi-
s, Wear-lime daries wer wed 1o o why Ue acoelerom-
ciems were ken off and for how long, Deim wene ambvsed
iy KineSodt (werssom 3.3,67; KineSalt, Saskatchewan,
Canuda} emploving | s epochs with sustsined prriods of 2t
Beasi 30 mim af 2ero counis comsadersd non-wear tme [ 17]
A mimimum deily wear lime of 10h for 3 days, including
one weckend day, was sel, fbove a recommended crilerion
18] Everson et al. | 1%] ot points, shows to e valid and
mliable delermimnis of activity inemsity @@ childen and
adolescents [ 2], wem wsed 10 caloulate vigonaes physical
activity £ 4012 counts per minuke

I tall

Symproms of depression wem measured using the Cenier
tor Epademicloga Studies Depresson Scale for Children
ACES-DC) e stionmaire | 21], which has heen validated for
e wikhin the adolesceni population [22]. The CES-DC is
a Xbilem scale with overall scoes ranging from O o &0
with hipher scones repmsenting a greaker level of depressive
sympioms. |niemal mEshility for this seale, bassd on Cron-
Bach's Alpha [ 23], was deemed good (= =091

Cuality of | measuramsnt

Perceswed Qol. wis assesmed wsing, the Pediatric Quakity ol
Litie Imee mtioey PO Teenager Reporl, Vemsion 4.0 [24),
awidely validated 73 m scale designed dor use with par-
tcipanis aged between 13 and 18 wears [ 35) Witkin the con-
sirct of the Filem questsommaie, the measure & boken
dirwm inlo fowr scales: physical (= B), emotional (=50,
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social (= 5 and school funclioning (x=5). Pavsical (n=E)
and peychological (=151 Qol. summary scones wene calcn-
laied. Soores ranged between O and W60, with bigher scoms
imdicaEve of 2 bemer Qol.. Iniemal elizhilaties for physical
Qo (erm 0.TH) amd perychalogical Qol. (e= 0LETS) were
dramed scoeplable [13].

Cardsorespirtony fitnass

Cardioraspiratony i s ws e stmaked using the mulli-stage
tiiness iest, 2 pevicsy valsdaied feld memomr in calden
[26]. The multi-stage fimess sl wes conducied overz Xm
space, im & hawd-Bioor indoor sports hall, with the total oum-
Eer of shuties compieted used 25 a sooe marker.

Statistical analysks

Acnzhvsis was guided by Fermmset al [27] ooncepiml model,
which hypothesised thet measumed bralth owcomes can pre-
dict Qhol. Dain wene anahvsed wsing |BM SPES Sisisdses for
Windows, Wersion 270 {(IEM Corp, Armonk, NY, 20155
and IEM SPSS AMOS for Windows, Yersion 22.0 (IBM
Corp, Armonk, MY, 2013), Missing data (n= 903, [7.4%}
wene impeied Using, am ek pec o - makimisaon dlgordhm
Stnuctural aquaton made lling ws wed o ovaluate the dit-
ference im Enear struciursl aseor s betwern variahles
Direct eflects werne estimated using direct path coeficenis
Beteeen two mezsuned viriables and indimcl associalions
wom estimated & @ product of two dimct effiects between
thma measurad varishies. Gnen the polensal conloumding
elfecis in children and adolesor nis, =23 and meturtion wem
accounied for within the model. All datz am pesenied =
means + sandand de viation {31)) with o staledscally sagmat-
cant orierion so o g 005, For anaty sis, uniess olhere is:
saied, dats wiere standardised (0.

Results

The means axd 5D of e e dverisbies of e childen
and adolesonis that partscipaied in this study, dicholomised
b sex, ane presemied in Tebie 1.

Confirmatory factor analysls

Inspection of the model i indices (NF1 = 00081, TL =008,
CH =0.991, RMSEA «0U05) sugpe sied that e mod:1 was
acoepinhie. Sandordiced prameter sstimates for the meas-
ummeni mod ] are provided in Fig. L.

Tatie] Morn md S of i s varsbios of e dudy par
icmanke, st by s with syl malipic somcatioe sl
Scient 7

Bayain=114] Grhis=23) &
aMI W41l MEELIT M
MEFT 4692731 IsMT 3@
CEROC 32100 Wizl 0E
Frdsl L. {phymical) H00=1486  TL4:ME 38
Fedoll. fprpchologicall  TESE137%  T33eleW 6N
VRh E9=1021 TMsIS 0

B sirdurd dovintos, BT muls- sispe i i, B bady mass

ey, CEFIM Conier bor Epseminlogc Stadua s Scale,

Fedo(. Pokairic gudity of b iveriory, VL vigoross physiss
ety

Structural equation model

Stmmcardised and unstandardised regre s weights with
standard errors between varizbies included within the
mode] are prowidasd within Table 3.

Vigorous physical activity

The madel (Fig. 1) revealed that vigonoms physical activ-
ity was direcily related io BM] (F = — 0029, g 00000
and cardiorespirstory ftness (=024, p.c005), and -
recily relaed 1o depressive symploms scomes (§ = — 003,
e 0D 1 and physical Qo (= — 004, g 000 T), med-
mied by BM1 and cardiom spirstory finess, respectively.

Body mass Index

Body mass index was dimctly miated io candsom spiratony
titness (= — 033, oc0001) and depmssive symploms
sooms (fem .12, gl 050 Indrect elationships wene
found between BMI] and al Qul., mediaied by car-
dicm spirabory fitness (=003, g« (U001} and sympioms
o depmssion (F = — 006, poc 00010 Additionally, an
imdract miasonship was lound hetween BMI and peycha-
logcal Qul. (= — 00, pec 00010, mediated by symp-
loamss ol de pression.

Cardiorespiratory fitness

Cardsom sparmiory fiiness bad direct and indimect o Hecis on
Q. measures; cardiomspiralory finess sooms bad a doect
miationship with physical Qol. (= 0,16, g <000 1}, ad o

amcdimil e latsonship with overall Ciol. (= 006, ez Q00T
mechiaied by physical Qal

] Sprnper
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Fig. 1 Seaciznl aymén
masde] v pirpical activi
v e pipEaiagieal wmait wrl
ther efies on menial well
iryy el iy o fite
:Er.nhriﬂm:ni
bim oo ficicats Fp 003,
a1}
ST —— ; weigtts with QUL (§ = — 0.20, po0.001% and prychotogical Qel.
andard e (= — 00l 00010,
Faita ] B 3
Maturation and sex
Sew o VRAPE —1E -3M 03
Matzradion — BM 0I5 08 LY ypermion dimcely aecked BMI (5=0.15, p <0001} md
VA BN -0 -0E MR iy Bimess soores = 026, g < 00001, whilst
- i ons o nm smn wans found o dimctly affedt vigonos piwsical aclivity
::-';5_‘;:1:"_ -313: -g-: g*:’:— {f = — OUIE, 00T, cordiorasperatony Hiness (0= — 0.24,
i . - - 0001 Y and de symploms (@m0 3T, @0 0601
VRA o T 0 o om OC P in L
Sen e (HE LN [ BT TR
Sex o T -0 1M 0B Discusskon
(ESOC —Poielll ipaychological?™  —079 - L7 004
MEFT — Pautef L. (phyricald™ D6 08 03 Th gy jsestipaied (e eltonskp asd med
(S — PodellL. iphy sieal]™ —02 00 08 ey hetwern piysical activily levels, BMI, cidsomsp-

] d 4 woghd,
SE sarcieni MYFT mulfatae oo icd, 84

Peial. pafatric quality of B ey, VM viporos physical
sciivity

#peills, *pe 01

Depression
ship between al

There was a direct relals VI

depression and paychological Qol. (@ = — 079, @001}
and physical Qol. {8 = — 052, p«< 0001} and an inds-
mct relatsonship with overall Qol. mediated by phyzical

&) Speings

miary filness and symptoms ol depression, and their sub-
saquent efiect on physical and peychologscal Q.. Models
sugpestiad that vigorous physical acsvity, candsom spemtory
timiess amcd BM wem ssncisied, both direcity and indireciby,
wilh menl well-heing and physical and psychological Qal..
It could, them fom, be poslaied that enhancing cardi onesps-
miory feness and B M1 theongh incremsing viposows physical
wEvily may be benetcial to both menial well heing and
ol im adolescenis.

The current msulis show that, in accord with previces
Eieraiure [2E], a healthier BEMI i asocisied with ewer
sympinms ol depression. 1t is possibie that this esociston,
al st in pari, may ke doe o peychosncial facions -
aied with BMIL. For ipmatisaion s those
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il hone 3 Bigher BMI may cause lower it sem, indoos
mepative sl imeges and lead o percepions of social is-
latiom, thus eliciling depe:ssive symptoms [19]. A review
by Markowitz et al. [30] also proposes thal the associa-
on hetwern cbesity and depression is relaied o cono ms
mgandng wif-peroesvad health and appearance, whenehy
thome with higher BMI experience. or s mom vsinerahis
o, e swion.

As aliuded 1o previously, symploms of depmsion wem
also essocizied with physical and psachological Qol.
Indeed, comgruent with previos reseaech [ 11, tindings trom
the preseni sindy sugpest that lower levels of depossive
sympioms were associaled with higher levels of psychologi-
cal and physscal Dol highlighting the sk betwesn menal
well-being mnd Gol.. In addition o the dircl assnciatoms
wilh depe ssive sympioms, the mode| 2l proposes el a
Ebralthier BMI is indimrcily associsied with a geaier pevcho-
logacal and phsical Qol., mediaied by lewis of depressive

il cardiom sy v hiness, mspecEwe iy, As oul-
Inn:d. N previous e |J-l'| tbrse findings, thenefone,
adentil'y BMI o key influential factor thal com significanthy
alfect an individuals Dol Indeed, inlerventions designed to
imprme Qol. via s mduction inB M ke mrporied positive
w12

Beyund depressive symploms and BM], perticipants with
2 higher cardiom fitness alsn experienced a hetier
phwsical Qcl. [T]. Given the lisk between casdi
titness and BM1 observed in this sudy and elsewhens [33]
the assncialion between cardiorespirmiony ftmess and physi-
cal Dol [34) may also be miaed lo 2 negative self-imape
and seif-esieem [19], componenis that are encompassed
wilkin the Qol. measurement. In additson io pevchoscial
anes, ginem that disesse: impeirs Qol. [35], it coutd be pos-
mlaied that the eflect of cardiorespimiory filness on phys-
cad Dol may be mialed io its axscciton with mn inoeased
risk of phwsscal morbidities | 35). However, the phwsiological
machamsams sxplEming the commecton betwarn candsome s
praiory finess and Qol. sw nol entiely undersiood [37]
and, therelone, warmmt Soriher msearch. Subsequentdy, i
imterventions secking to enfana Chol. should remain mals-
taceied, simulimreously improving mrdion spnory e,
EM1 znd sympioms of deprossion.

A firiber inleresing tmding was thai, whilst higher levels
of vigorous physical aclivity wem directly associaied wilh
tower BMI and increased candiorespirsiony fitness | 38, 30,
g tevels af viporous physical acsvity wene alsy ind-
mcily asencisied with fewer sympioms ol depression, -ad.n-
aled by BML 11 is g d thai, the negative ¢
hmeuﬂmﬁﬂlm-ﬂﬁﬂ] may he mwoci-
aiedwith imy i sy mp poten-
tinlly due o geaieT guilion of the hnn}n.l.l.m.u:-ﬁm-
tary—mdmenal axis and imsulin contral, = well 2s improved
seli-permeplions in both appearance and heatth |9, 30, 400

Commequently, inCTeasing vigorous phvsacal activity may
elicil imprmements o mot only a person’s phwsical bealiby
But alsr may improe menial well being. Indeed, Fx [£1]
ozl that bealtby adults should consider vigorms e semise
s 8 means of improving mental well-being. However, with
the exceplion od Parniet ot al. [42] and Gerher at 2l [13],
who foumd vigorous physical activity elcited meniad healibh
Eemetits beyond those engendered through low and moder-
ale piysical activily, tere is limited research thal focuses
on the effedts of vigonous phvsical acEvity on mental wel-
Ering, aspecially in children and adolescents. G ven thes
tmaings [13, 42], in addton fo e idalshcaion of vigorms
phwsical acEvity as 2 moderaior of menial bealty within the
curmnt study, whilsl exemise inlerentions have focwsed on
bigh wolume, modemie. iniensity or resistnoe-boed esemise
43, aliermative oo or iniemsiles of oe e mry he mom
beneficial. Subsequenily, despiie previous mised findings
24, 45, the cunenl sudy presents 2 newfound acvoocy for
the polential of high-intensity exercise, a stactumd form of
vigomous phwsical activity, io directhy and mdirectly improse
symptoms of depression and physical and psychological
Dol medisied rouph the well-doowme nied physiclogical
Eealth beme his [44].

Congnene with e vious research [£7], the pesent sudy
demonstraied that sex had a signitcant relalicnshap with
both cardiomr spiratory filness and symploms of depression;
girts wem moe ety bom perience poorer teness and men-
tal well-heing. These differences may. in part, be mised
o emwirommenial coreide ralions, for , =ocinculiural
rales and paytiological atiributes [28] or hormonal faciors
|49 However, it is also imporiant io consider the impor-
tance of the diverpenae in phwsical development durimg
puberiy, such o chamges to lean muscie smd fag [47 | retat-
ing 0 psychosncial lactors assnciated with overweight or
ohesiy [29, 30, thereliore, further bighlshting the need jor
bralth inenvensoms io primarily focus on impeoving M1
o ankance overall Fralth,

Ths is the frst siwdy fo use siructural squaiion mode g
o determise both direct and indirect associalions betworn
pivsialogical health, phwsical actavity lewels, menial well-
bring and Dol Furthermaore, the present sindy accounied
dor matureizonal siabes and sex, both of which are often
overiooked in child and adolesreni sindies, wxwell 2s uxing
robusi, previoushy validaied, measmmws of piwsical activ-
ay [ 18] Nonetheless, whilst this sudy is associzled with
mumerous smeagibes, there ane inevitzhiy some limittions.
1t is anticipaied thai the omission of socio-cronomic st
within the madel, given iis well-esiablished miationship
with the measued variables |30, may limit e inierprets-
son of the amdings. Despile ils fequent wilistion within
clinical msrarch, the application of BMI is commaoniy
suhject b0 sceplicism duoe i the mesame s inshilay 1o dif-
fereniiaie Ertween iean o fai body mass |51 Addsiional

) Sprange
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lmitations inchede the seli-mporiing of menial well-heing
and the associated disacvaninges. such as social desimbility
152). Furthermore, for the Dol messmmeni a number af
participanis dell below the minimum age thoeshold for the
Teenzger Report (13-18 tears), however, given that them
are only small diferences beteraen Chald Report and Teen-
age Repor fie., mplacing the word child with ieenagery,
although it cammol be ruled cat, il was dremed wlikely 1o
benve imfluenoed the msolts. However, 2l of the guesson-
maires used wene previomsty validsted |22, 25) and demon-
siraied sccepiable relability. Fimally, primarily due jo par-
ticipants faling o meet aocelermeler wear-lime crilerin,
R CEALN- MK imisaEon was uliksed o impule missing
diatn, and whilst it has previously been reporied as a valad
method [53], it is important io acknowiedge the influenae te
ahsanee of a compicle dats sl may heve Bad on the findings
wilkim this study_

Conclusions

In conchesion, the present sindy ound that vigomes phys-
cal activity, cardiomspiratory filess and BMI wene assoc-
aied, both dimctly and indirectly, with mental well being
and phvsscal and peychodogscal Qral. As sach, it could be
s pestad thal improving candomspiratony hiness and EMI
b imcressing vigorows physical activity may be bemeficial
i ety n!u]:l]'lﬂl.-hiq and Qol. in sdodescenis. Subsa.
quenlly, our indings supgest that, 1o elicil improae ments
o Qol, exercise or physical activity interventions shoald
mmin multi-faceted, simulianesuly Inoming om carndiores-
parmioey himess, BMI and sympioms of depression.
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Appendix C — Headteacher information sheet (intervention)

?i Applied Sports Technology Exercise and Medicine Research Centre (A-STEM)
= Sport and Health Portfolio, College of Engineering

Swansea University
Prifysgol Abertawe

HEADTEACHER INFORMATION SHEET (Intervention)
(Version 1.2, Date: 01/06/2015)

Project Title:
The x4a trial: eXercise for Asthma with Commando Joes.

Contact Details:

William Eddolls Phone: Email:
Charles Winn
Dr Kelly Mackintosh

Dr Melitta McNarry

1. Invitation Paragraph

Thank you for taking the time to read this information sheet, it will provide you with the details of our
study and hopefully provide you with the information you require to help you decide if you want your
school to participate. It is important to say at this point that the decision to take part is entirely up to
you and that your school will not be at a disadvantage for future studies should you decide not to
participate.

2. What is the purpose of the study?

A strong relationship has been shown between physical inactivity and obesity. Worryingly only a small
portion of children meet the government guidelines of 60 minutes of exercise. This, in a lot of cases,
is because time constraints do not allow children to get the exercise they need. Short bouts of high
intensity exercise have previously been shown to be an effective and useful way of meeting exercise
requirements. Therefore, the purpose of this study is to assess whether high intensity training can be
used as an effective method of improving numerous physical and mental health factors including
asthma symptoms and quality of life.

3. Why has your school been chosen?

Your school has been selected via random assignment after being selected as a potentially suitable
school. The results from the initial questionnaire will help us identify pupils with asthma and we would
therefore like to involve them within the study.

However this does not mean your schools has to take part in the study. This is voluntary and you have
the right to withdraw your school from the study at any time. If you wish to withdraw from the study
you will not be hassled, get in trouble, and you will not have to give a reason for your withdrawal. All
participants will be able to withdraw themselves from the study at any point without fear of penalty
on withdrawal.
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4. What will happen to your pupils if they take part?

Once consent/assent is returned students will be invited to attend our exercise programme. This is a
45 minute exercise session that includes 30 minutes of high intensity exercise, conducted 3 times a
week before or after school. These sessions will alter weekly and last for 6 months. Over the course
of the intervention this totals approximately 54 hours. An example session would be planned as
follows:

Warm-up — This will last approximately 5 minutes. In the warm-up the students will take part in light
jogging and stretches to ensure their body is ready to exercise.

High intensity exercise — This will consist of numerous bouts of 30 second exercises followed by 30
seconds rest. Exercises will include numerous military style games. This section of the programme will
last 30 minutes.

Warm-down — This will be conducted to ensure that the children experience minimal muscle soreness
following exercise. This will last 10 minutes to allow for possible asthma related issues.

All pupils will also be invited to an assessment day where a number of tests will be conducted. These
assessment days will occur at 5 time points across approximately 12 months but should only require
the students to miss half a day of lessons per time point. This will total approximately 25 hours. These
tests will include:

Questionnaires — These will include quality of life, mental well-being, asthma health utilization,
asthma control and an anxiety questionnaire.

Lung function test and fractional exhaled nitric oxide — Participants will be asked to blow hard into one
device and gently into a tube connected to a monitor, these will be taken 5 times throughout the year.

Maturation assessments — The children will be asked to complete a questionnaire. It consists of
showing line drawings of different pubertal stages. A box next to each picture is then ticked by the
child to identify which pubertal stage resembles them. This will be done in complete privacy and
only looked at by researchers on completion of the study. Please see attached sheet for line
drawings.

Multi-stage fitness test — The children will be asked to complete a bleep test to assess their fitness at
different points throughout the year. It will require the children to run 20m shuttle runs to the sound
of beeps which increase in speed until the child no longer reaches the line before the beep sounds.

Focus groups — In this the children will be interview in groups of 4-6 and asked questions related to
exercise and asthma. These sessions will be either videoed or voice recorded. Those that are randomly
selected to attend will be asked to provide us with 1 hour of their time.

Physical activity measurement — Children will be asked to wear a physical activity monitor for 7
consecutive days. They will also be asked to keep an activity log to record when they remove the
accelerometer. Handing out and collecting the accelerometers will take approximately 1 hour at 5
time points over 12 months, totaling 5 hours.
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A smaller group of children will also be selected for the laboratory testing (roughly 16 per school [8
asthmatic and 8 non-asthmatic]). They will be asked to attend a laboratory session over 4 days (this
will be a maximum of 40 mins each session) at 5 time points. These also can be run in your school.
During this laboratory testing students will be asked to complete tests that will include:

Functional fitness test — In this test they will practice using the static bicycle until they are happy with
it. It will start off easy and get harder until your child says they can’t keep going. During this, they will
breath into a mask to allow us to measure the air that they breathe in and out. This mask does not
make breathing any harder and you can talk through it and remove it at any time they feel
uncomfortable about wearing it. The exercise will last approximately 15 minutes.

Blood analysis — A small pin prick will be administered to the children’s finger where an extremely
small drop of blood will be taken, if the children do not feel comfortable doing this test then they will
be able to decline without any question.

Blood pressure and heart rate — Participants will be asked to place an inflatable cuff around their arm.
This will inflate to momentarily slow the blood flow to the arm to measure blood pressure. Once the
measurement is collected the cuff will be removed. To measure heart rate, a monitor will be worn
around the student’s chest. This is an elastic belt that fits all. An area will be designated to allow the
student’s to attach this in private.

Pulse Wave Velocity — in order to measure the health of the children’s arteries we will measure the
speed at which blood pressure waves flow. In order to measure this we will need to apply a cuff
around the neck and upper leg of the children. This measurement should only last 5 minutes.

5. What are the possible disadvantages of taking part?

There aren’t any significant risks or discomforts within the study. If your pupils follow our instructions
which will ensure that you are appropriately warm for the activity then the risks will be minimised.
There is a small risk of injury from the activity (as in any Physical Education class); however there will
be trained first aiders on hand to deal with any injuries which may occur. Asthmatics taking partin the
study may succumb to exercise induced asthma after the exercise is complete; this is the main reason
for the warm down as if this does occur it will be roughly 7 minutes after the main part of the
programme. If this does occur we have personnel trained in asthma care in this situation that would
be able to support the child appropriately with inhaler use.

6. What are the possible benefits of taking part?

Your student’s physical fitness and mental wellbeing including your student’s quality of life could
improve through completing this program. It will also help provide crucial answers to research
questions in the health and exercise area of study namely asthma, childhood obesity and other effects
of physical inactivity.

7. Will my pupils taking part in the study be kept confidential?

Although your pupils’ details will be taken prior to conducting the study, they will remain
anonymous and this would be the same should the study be published. Your pupil’s personal
information will be stored on a protected computer with a password and personal information will

200



be destroyed at the study end (with consent forms stored in a locked cabinet in a secure area, to be
destroyed within 5 years of study end). Members of the university will be able to access your

information under supervision.
8. What if | have any questions?

If you have any problems or need any further information about the study or the testing then please
contact any of the research team using the contact details provided.
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Appendix D — Headteacher information sheet (control)

;t Applied Sports Technology Exercise and Medicine Research Centre (A-STEM)
ol Sport and Health Portfolio, College of Engineering

Swansea University
Prifysgol Abertawe

HEADTEACHER INFORMATION SHEET (Control)
(Version 1.2, Date: 01/06/2015)

Project Title:
The x4a trial: eXercise for Asthma with Commando Joes.

Contact Details:

William Eddolls Phone: Email:
Charles Winn
Dr Kelly Mackintosh

Dr Melitta McNarry

1. Invitation Paragraph

Thank you for taking the time to read this information sheet, it will provide you with the details of our
study and hopefully provide you with the information you require to help you decide if you want your
school to participate. It is important to say at this point that the decision to take part is entirely up to
you and that your school will not be at a disadvantage for future studies should you decide for them
not to participate.

2. What is the purpose of the study?

A strong relationship has been shown between physical inactivity and obesity. Worryingly only a small
portion of children meet the government guidelines of 60 minutes of exercise. This, in a lot of cases,
is because time constraints do not allow children to get the exercise they need. Short bouts of high
intensity exercise have previously been shown to be an effective and useful way of meeting exercise
requirements. Therefore, the purpose of this study is to assess whether high intensity training can be
used as an effective method of improving numerous physical and mental health factors including
asthma symptoms and quality of life.

3. Why has your school been chosen?

Your school has been selected via random assignment to be a control school. This will mean that
similar measures are made on the children as in the intervention schools where the exercise
programme is being delivered so that we can tell if the programme has made a difference. However
this does not mean your school has to take part in the study. This is voluntary and you have the right
to withdraw your school from the study at any time. If you wish to withdraw from the study you will
not be contacted further, and you will not have to give a reason for your schools withdrawal. All
participants will be able to withdraw themselves from the study at any point without fear of penalty
on withdrawal.

4. What will happen to your pupils if they take part?
Once consent/assent is returned your students all pupils will also be invited to an assessment day
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where a number of tests will be conducted. These assessment days will occur at 5 time points across
approximately 12 months but should only require the students to miss half a day of lessons per time
point (these days will be run at your school). These tests will include:

Questionnaires — These will include quality of life, mental well-being, asthma health utilization,
asthma control and an anxiety questionnaire.

Lung function test and fractional exhaled nitric oxide — Participants will be asked to blow hard into one
device and gently into a tube connected to a monitor.

Maturation assessments — The children will be asked to complete a questionnaire. It consists of
showing line drawings of different pubertal stages. A box next to each picture is then ticked by the
child to identify which pubertal stage resembles them. This will be done in complete privacy and
only looked at by researchers on completion of the study.

Multi-stage fitness test — The children will be asked to complete a bleep test to assess their fitness at
different points throughout the year. It will require the children to run 20m shuttle runs to the sound
of beeps which increase in speed until the child no longer reaches the line before the beep sounds.

Physical activity measurement — Children will be asked to wear a physical activity monitor for 7
consecutive days. They will also be asked to keep an activity log to record when they remove the
accelerometer. Handing out and collecting the accelerometers will take approximately 1 hour at 5
time points over 12 months, totaling 5 hours.

A smaller group of children will also be selected for the laboratory testing (roughly 16 per school [8
asthmatic and 8 non-asthmatic]). They will be asked to attend a laboratory session over 4 days (this
will be a maximum of 40 mins each session) at 5 time points. These also can be run in your school.
During this laboratory testing students will be asked to complete tests that will include:

Functional fitness test — In this test they will practice using the static bicycle until they are happy with
it. It will start off easy and get harder until your child says they can’t keep going. During this, they will
breath into a mask to allow us to measure the air that they breathe in and out. This mask does not
make breathing any harder and you can talk through it and remove it at any time they feel
uncomfortable about wearing it. The exercise will last approximately 15 minutes.

Blood analysis — A small pin prick will be administered to the children’s finger where an extremely
small drop of blood will be taken, if the children do not feel comfortable doing this test then they will
be able to decline without any question.

Blood pressure and heart rate — Participants will be asked to place an inflatable cuff around their arm.
This will inflate to momentarily slow the blood flow to the arm to measure blood pressure. Once the
measurement is collected the cuff will be removed. To measure heart rate, a monitor will be worn
around the student’s chest. This is an elastic belt that fits all. An area will be designated to allow the
student’s to attach this in private.
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Pulse Wave Velocity — in order to measure the health of the children’s arteries we will measure the
speed at which blood pressure waves flow. In order to measure this we will need to apply a cuff around
the neck and upper leg of the children. This measurement should only last 5 minutes.

5. What are the possible disadvantages of taking part?

There aren’t any significant risks or discomforts within the study. If your pupils follow our instructions
which will ensure that you are appropriately warm for the activity then the risks will be minimised.
There is a small risk of injury from the activity (as in any Physical Education class); however there will
be trained first aiders on hand to deal with any injuries which may occur. Asthmatics taking partin the
study may succumb to exercise induced asthma after the exercise is complete; this is the main reason
for the warm down as if this does occur it will be roughly 7 minutes after the main part of the
programme. If this does occur we have personnel trained in asthma care in this situation that would
be able to support the child appropriately with inhaler use.

6. What are the possible benefits of taking part?

Your student’s physical fitness and mental wellbeing including your student’s quality of life could
improve through completing this program. It will also help provide crucial answers to research
questions in the health and exercise area of study namely asthma, childhood obesity and other effects
of physical inactivity.

7. Will my pupils taking part in the study be kept confidential?

Although your pupils’ details will be taken prior to conducting the study, they will remain anonymous
and this would be the same should the study be published. Your pupil’s personal information will be
stored on a protected computer with a password and personal information will be destroyed at the
study end (with consent forms stored in a locked cabinet in a secure area, to be destroyed within 5
years of study end). Members of the university will be able to access your information under
supervision.

8. What if | have any questions?

If you have any problems or need any further information about the study or the testing then please
contact any of the research team using the contact details provided.
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Appendix E — Headteacher consent form

|

5

]

=t

1 Applied Sports Technology Exercise and Medicine Research Centre (A-STEM)
N Sport and Health Portfolio, College of Engineering

Swansea University
Prifysgol Abertawe

HEADTEACHER CONSENT FORM
(Version 1.2, Date: 01/06/2015)

Project Title:
The x4a trial: eXercise for Asthma with Commando Joes.

Contact Details:

William Eddolls Phone: Email:
Charles Winn
Dr Kelly Mackintosh
Dr Melitta McNarry
Please initial box
1. I confirm that | have read and understood the information sheet dated I:I
01/06/2015 (version number 1.2) for the above

study and have had the opportunity to ask questions.

2. lunderstand that my school’s participation is voluntary and that | am free to |:|
withdraw at any time, without giving any reason, without my legal rights
being affected.

3. lunderstand that sections of any of data obtained may be looked
at by responsible individuals from the Swansea University or
from research regulatory authorities where it is relevant to my taking part |:|
in research. | give permission for these individuals to have access to
these records. Analysis will be done on anonymous data.

4. | give consent for video and voice recording and photography. |:|
(providing parent/guardian have provided consent)

5. lagree for my school to take part in the above study. |:|

Name of School

Name of Headteacher Date Signature

Researcher Date Signature
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Appendix F — Parental/guardian information sheet (intervention)

épf Applied Sports Technology Exercise and Medicine Research Centre (A-STEM)
~ Sport and Health Portfolio, College of Engineering

Swansea University
Prifysgol Abertawe

PARENTAL/GUARDIAN INFORMATION SHEET (Intervention)
(Version 1.2, Date: 01/06/2015)

Project Title:
The x4a trial: eXercise for Asthma with Commando Joes.

Contact Details:

William Eddolls Phone; Email:
Charles Winn
Dr Kelly Mackintosh

Dr Melitta McNarry

1. Invitation Paragraph

Thank you for taking the time to read this information sheet, it will provide you with the details of our
study and hopefully provide you with the information you require to help you decide if you want your
child to participate. It is important to say at this point that the decision to take part is entirely up to
you and that your child will not be at a disadvantage for future studies should you decide for them not
to participate.

2. What is the purpose of the study?

Alink has been shown between exercise and obesity. Worryingly only a small number of children meet
the government guidelines of 60 minutes of exercise. This, a lot of the time, is because time does not
allow children to get the exercise they need. High intensity exercise has been shown to be a good way
of getting enough exercise. So, we want to see whether high intensity training can be used to improve
mental and physical health including asthma and quality of life.

3. Why has your child been chosen?

Your child’s school has been chosen randomly. However this does not mean your child has to take part
in the study. This is voluntary and you have the right to withdraw them from the study at any time. If
you wish to withdraw your child from the study you will not be hassled, and you will not have to give
a reason for their withdrawal. Your child will also be able to withdraw themselves from the study at
any point without fear of penalty on withdrawal.

4. What will happen to your child if they take part?

Your child will be invited to attend our exercise program. This is a 45 minute exercise session that
includes 30 minutes of high intensity exercise conducted 3 times a week before or after school over 6
months. Over the course of the intervention this totals approximately 54 hours. These sessions will
alter weekly. An example session would be planned as follows:

Warm-up — This will last approximately 5 minutes. In the warm-up the children will take partin light
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jogging and stretches to ensure their body is ready to exercise.

High intensity exercise — This will consist of numerous bouts of 30 second exercises followed by 30
seconds rest. Exercises will include numerous military style games. This section of the programme will
last 30 minutes.

Warm-down — This will be conducted to ensure that the children experience minimal muscle soreness
following exercise. This will last 10 minutes to allow for possible asthma related issues.

Your child will also be invited to an assessment day where a number of tests will be conducted. These
assessment days will occur at 5 time points across approximately 12 months but should only require
your child to miss half a day of lessons per time point. These tests will include:

Questionnaires — These will include quality of life, mental well-being, asthma health utilization, asthma
control and an anxiety questionnaire.

Lung function test and fractional exhaled nitric oxide — Participants will be asked to blow hard into one
device and gently into a tube connected to a monitor, these will be taken 5 times throughout the year.

Maturation assessments — The children will be asked to complete a questionnaire. It consists of
showing line drawings of different pubertal stages. A box next to each picture is then ticked by the
child to identify which pubertal stage resembles them. This will be done in complete privacy and only
looked at by researchers on completion of the study. Please see attached sheet for line drawings.

Multi-stage fitness test — Your child will be asked to complete a bleep test to assess their fitness at
different points throughout the year. It will require them to run 20m shuttle runs to the sound of
beeps which increase in speed until they no longer reach the line before the beep sounds.

Focus groups — In this the children will be interview in groups of 4-6 and asked questions related to
exercise and asthma. These sessions will be either videoed or voice recorded. Those that are randomly
selected to attend will be asked to provide us with 1 hour of their time.

Physical activity measurement — Children will be asked to wear a physical activity monitor for 7
consecutive days. They will also be asked to keep an activity log to record when they remove the
accelerometer. Handing out and collecting the accelerometers will take approximately 1 hour at 5
time points over 12 months, totaling 5 hours.

Your child may also be selected for the laboratory testing (roughly 16 per school [8 asthmatic and 8
non-asthmatic]). They will be asked to attend a laboratory session over 4 days (this will be a maximum
of 40 mins each session) at 5 time points. These also can be run in your school. During this laboratory
testing the children will be asked to complete a number of tests that will include:

Functional fitness test — In this test they will practice using the static bicycle until they are happy
with it. It will start off easy and get harder until your child says they can’t keep going. During this,
they will breath into a mask to allow us to measure the air that they breathe in and out. This mask
does not make breathing any harder and you can talk through it and remove it at any time they feel
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uncomfortable about wearing it. The exercise will last approximately 15 minutes.

Blood analysis — A small pin prick will be administered to the children’s finger where an extremely
small drop of blood will be taken, if your child does not feel comfortable doing this test then they will
be able to decline without any question.

Blood pressure and heart rate — The children will be asked to place an inflatable cuff around their arm.
This will inflate to momentarily slow the blood flow to the arm to measure blood pressure. Once the
measurement is collected the cuff will be removed. To measure heart rate, a monitor will be worn
around your child’s chest. This is an elastic belt that fits all. An area will be designated to allow your
child to attach this in private.

Pulse Wave Velocity — in order to measure the health of your child’s arteries we will measure the
speed at which blood pressure waves flow. In order to measure this we will need to apply a cuff around
the neck and upper leg of your child. This measurement should only last 5 minutes.

5. What are the possible disadvantages of taking part?

There aren’t any significant risks or discomforts within the study. If your child follows our instructions
which will ensure that they are appropriately warm for the activity then the risks will be minimised.
There is a small risk of injury from the activity (as in any Physical Education class); however there will
be trained first aiders on hand to deal with any injuries which may occur. Asthmatics taking partin the
study may succumb to exercise induced asthma after the exercise is complete; this is the main reason
for the warm down as if this does occur it will be roughly 7 minutes after the main part of the
programme. If this does occur we have personnel trained in asthma care in this situation that would
be able to support the child appropriately with inhaler use.

6. What are the possible benefits of taking part?

Your child may find it interesting to know what some of their measurements are e.g. their lung
functions, fitness, physical fitness and mental wellbeing including your child’s quality of life could
improve through completing this program. The study is also likely to help provide crucial answers to
research questions in the health and exercise area of study namely asthma, childhood obesity and
other effects of inactivity.

7. Will my child taking part in the study be kept confidential?

Although your child’s details will be taken prior to conducting the study, they will remain anonymous
and this would be the same should the study be published. Your child’s personal information will be
stored on a protected computer with a password and personal information will be destroyed at the
study end (with consent forms stored in a locked cabinet in a secure area, to be destroyed within 5
years of study end). Members of the university will be able to access your information under
supervision.

8. What if | have any questions?

If you have any problems or need any further information about the study or the testing then please
contact any of the research team using the contact details provided. If you have concerns or questions
regarding the programme but do not want to contact the research team directly, please contact your
child’s school tutor.
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Appendix G — Parental/guardian information sheet (control)

) . . -
‘;ﬁ‘ Applied Sports Technology Exercise and Medicine Research Centre (A-STEM)
~ Sport and Health Portfolio, College of Engineering

Swansea University
Prifysgol Abertawe

PARENTAL/GUARDIAN INFORMATION SHEET (Control)
(Version 1.2, Date: 01/06/2015)

Project Title:
The x4a trial: eXercise for Asthma with Commando Joes.

Contact Details:

William Eddolls Phone: Email:
Charles Winn
Dr Kelly Mackintosh

Dr Melitta McNarry

1. Invitation Paragraph

Thank you for taking the time to read this information sheet, it will provide you with the details of our
study and hopefully provide you with the information you require to help you decide if you want your
child to participate. It is important to say at this point that the decision to take part is entirely up to
you and that your child will not be at a disadvantage for future studies should you decide for them not
to participate.

2. What is the purpose of the study?

Alink has been shown between exercise and obesity. Worryingly only a small number of children meet
the government guidelines of 60 minutes of exercise. This, a lot of the time, is because time does not
allow children to get the exercise they need. High intensity exercise has been shown to be a good way
of getting enough exercise. So, we want to see whether high intensity training can be used to improve
mental and physical health including asthma and quality of life.

3. Why has your child been chosen?

Your child’s school has been chosen randomly to be a control school. This will mean that similar
measures are made on the children as in the intervention schools where the exercise programme is
being delivered so that we can tell if the programme has made a difference. However this does not
mean your child has to take part in the study. This is voluntary and you have the right to withdraw
them from the study at any time. If you wish to withdraw your child from the study you will not be
hassled, and you will not have to give a reason for their withdrawal. Your child will also be able to
withdraw themselves from the study at any point without fear of penalty on withdrawal.

4. What will happen to your child if they take part?

Your child will be invited to an assessment day where a number of tests will be conducted. These
assessment days will occur at 5 time points across approximately 12 months but should only require
your child to miss half a day of lessons per time point. These tests will include:
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Questionnaires — These will include quality of life, mental well-being, asthma health utilization and a
physical self-perception questionnaire.

Lung function test and fractional exhaled nitric oxide — Participants will be asked to blow hard into
device and gently into a tube connected to a monitor, these will be taken 5 times throughout the year.

Maturation assessments — The children will be asked to complete a questionnaire. It consists of
showing line drawings of different pubertal stages. A box next to each picture is then ticked by the
child to identify which pubertal stage resembles them. This will be done in complete privacy and
only looked at by researchers on completion of the study. Please see attached sheet for line
drawings.

Multi-stage fitness test — Your child will be asked to complete a bleep test to assess their fitness at
different points throughout the year. It will require them to run 20m shuttle runs to the sound of
beeps which increase in speed until they no longer reach the line before the beep sounds.

Physical activity measurement — Children will be asked to wear a physical activity monitor for 7
consecutive days. They will also be asked to keep an activity log to record when they remove the
accelerometer. Handing out and collecting the accelerometers will take approximately 1 hour at 5
time points over 12 months, totaling 5 hours.

Your child may also be selected for the laboratory testing (roughly 16 per school [8 asthmatic and 8
non-asthmatic]). They will be asked to attend a laboratory session over 4 days (this will be a maximum
of 40 mins each session) at 5 time points. These also can be run in your school. During this laboratory
testing the children will be asked to complete a number of tests that will include:

Functional fitness test — In this test they will practice using the static bicycle until they are happy with
it. It will start off easy and get harder until your child says they can’t keep going. During this, they will
breath into a mask to allow us to measure the air that they breathe in and out. This mask does not
make breathing any harder and you can talk through it and remove it at any time they feel
uncomfortable about wearing it. The exercise will last approximately 15 minutes.

Blood analysis — A small pin prick will be administered to the children’s finger where an extremely
small drop of blood will be taken, if your child does not feel comfortable doing this test then they will
be able to decline without any question.

Blood pressure and heart rate — The children will be asked to place an inflatable cuff around their arm.
This will inflate to momentarily slow the blood flow to the arm to measure blood pressure. Once the
measurement is collected the cuff will be removed. To measure heart rate, a monitor will be worn
around your child’s chest. This is an elastic belt that fits all. An area will be designated to allow your
child to attach this in private.

Pulse Wave Velocity — in order to measure the health of your child’s arteries we will measure the

speed at which blood pressure waves flow. In order to measure this we will need to apply a cuff around
the neck and upper leg of your child. This measurement should only last 5 minutes.
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5. What are the possible disadvantages of taking part?

There aren’t any significant risks or discomforts within the study. If your child follows our instructions
which will ensure that they are appropriately warm for the activity then the risks will be minimised.
There is a small risk of injury from the activity (as in any Physical Education class); however there will
be trained first aiders on hand to deal with any injuries which may occur. Asthmatics taking partin the
study may succumb to exercise induced asthma after the exercise is complete; this is the main reason
for the warm down as if this does occur it will be roughly 7 minutes after the main part of the
programme. If this does occur we have personnel trained in asthma care in this situation that would
be able to support the child appropriately with inhaler use.

6. What are the possible benefits of taking part?

Your child may find it interesting to know what some of their measurements are e.g. their lung
functions, fitness, physical fitness and mental wellbeing including your child’s quality of life. The study
is also likely to help provide crucial answers to research questions in the health and exercise area of
study namely asthma, childhood obesity and other effects of inactivity.

7. Will my child taking part in the study be kept confidential?

Although your child’s details will be taken prior to conducting the study, they will remain anonymous
and this would be the same should the study be published. Your child’s personal information will be
stored on a protected computer with a password and personal information will be destroyed at the
study end (with consent forms stored in a locked cabinet in a secure area, to be destroyed within 5
years of study end). Members of the university will be able to access your information under
supervision.

8. What if | have any questions?

If you have any problems or need any further information about the study or the testing then please
contact any of the research team using the contact details provided. If you have concerns or questions
regarding the programme but do not want to contact the research team directly, please contact your
child’s school tutor.
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Appendix H — Parental/guardian consent form
gf Applied Sports Technology Exercise and Medicine Research Centre (A-STEM)
= Sport and Health Portfolio, College of Engineering

Swansea University
Prifysgol Abertawe

PARENTAL/GUARDIAN CONSENT FORM
(Version 1.2, Date: 01/06/2015)

Project Title:
The x4a trial: eXercise for Asthma with Commando Joes.

Contact Details:

William Eddolls Phone: Email:
Charles Winn
Dr Kelly Mackintosh
Dr Melitta McNarry
Please initial box
1. Iconfirm that | have read and understood the information sheet dated |:|

01/06/2015 (version number 1.2) for the above
study and have had the opportunity to ask questions.

2. lunderstand that my participation is voluntary and that | am free to |:|
withdraw at any time, without giving any reason, without my
legal rights being affected.

3. lunderstand that sections of any of data obtained may be looked |:|
at by responsible individuals from the Swansea University or
from regulatory authorities where it is relevant to my taking partin
research. | give permission for these individuals to have access to
these records. Analysis will be done on anonymous data.

4. | give consent for video and voice recording (discussion groups) and |:|
Photography.
5. Does your child have asthma, as confirmed by a doctor? Yes/No
6. |agree for my child to take part in the above study. |:|
Name of Child
Name of Parent/Guardian Date Signature
Researcher Date Signature
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Appendix | — Participant information sheet (intervention)

;{f Applied Sports Technology Exercise and Medicine Research Centre (A-STEM)
~ Sport and Health Portfolio, College of Engineering

Swansea University
Prifysgol Abertawe

PARTICIPANT’S INFORMATION SHEET (Intervention)
(Version 1.2, Date: 01/06/2015)

Project Title:
The x4a trial: eXercise for Asthma with Commando Joes.

Contact Details:

William Eddolls Phone; Email:
Charles Winn
Dr Kelly Mackintosh

Dr Melitta McNarry

1. Invitation Paragraph

You are being invited to take part in a research study. Before you decide it is important for you to
understand why the research is being done and what it will involve. Please take time to read the
following information carefully and discuss it with others if you wish. Ask us if there is anything that
is not clear or if you would like more information. If you want to stop taking part in this testing at
anytime just tell one of the researchers.

2. What is the purpose of the study?

A link has been shown between obesity and lack of exercise. Worryingly only a few children meet
guidelines that suggest that children and teenagers get 60 minutes of exercise per day. This study is
looking into exercise and how it can affect health both mentally and physically in secondary school
children in the South Wales. This is so that we can try and improve mental and physical health of
children your age across Wales and the U.K.

3. Why have | been chosen?
You been chosen because you fit the example this study wishes to look at. You are between the ages
of 11-14 years.

However this does not mean you have to take part in the study. Meaning you can withdraw from the
study at any time without fear of penalty on withdrawal. If you want to withdraw you will not have to
give a reason. Just let one of us know.

4. What will happen to if you take part?

Your will be invited to attend our exercise program. This is a 45 minute exercise session that includes
30 minutes of high intensity exercise conducted 3 times a week before or after school over 6 months.
Over the course of the intervention this totals approximately 54 hours. These sessions will alter
weekly. An example session would be planned as follows:
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Warm-up — This will last approximately 5 minutes. In the warm-up you will take part in light jogging
and stretches to ensure their body is ready to exercise.

High intensity exercise — This will consist of numerous bouts of 30 second exercises followed by 30
seconds rest. Exercises will include numerous military style games. This section of the programme will
last 30 minutes.

Warm-down — This will be conducted to ensure that you experience minimal muscle soreness
following exercise. This will last 10 minutes to allow for possible asthma related issues.

You will be invited to an assessment day where a number of tests will be conducted. These assessment
days will occur at 5 time points across approximately 12 months but should only require you to miss
half a day of lessons per time point. These tests will include:

Questionnaires — These will include quality of life, mental well-being, asthma
Static Bicycle

health utilization, asthma control and an anxiety questionnaire.

Lung function test and fractional exhaled nitric oxide — You will be asked to blow { @}
hard into one device and gently into a tube connected to a monitor, these will be v -

taken 5 times throughout the year. /.‘
| | <

Maturation assessments — You will be asked to complete a questionnaire. It
consists of showing line drawings of different pubertal stages. A box next to each

picture is then ticked by yourself to identify which pubertal stage resembles you.
This will be done in complete privacy and only looked at by researchers on
completion of the study. Please see attached sheet for line drawings.

Multi-stage fitness test — You will be asked to complete a bleep test to assess their fitness at
different points throughout the year. It will require you to run 20m shuttle runs to the sound of
beeps which increase in speed until you can no longer reach the line before the beep sounds.

Focus groups — You will be interview in groups of 4-6 and asked questions

Breathing Mask related to exercise and asthma. These sessions will be either videoed or

voice recorded. Those that are randomly selected to attend will be asked to

provide us with 1 hour of their time.

Physical activity measurement — You will be asked to wear a physical activity
monitor for 7 days. You will also be asked to keep an activity log to record
when they remove the monitor. Handing out and collecting the
accelerometers will take approximately 1 hour at 5 time points over 12
months, totaling 5 hours.

You may also be selected for the laboratory testing (roughly 16 per school [8 asthmatic and 8 non-
asthmatic]). You will be asked to attend a laboratory session over 4 days (this will be a maximum of
40 mins each session) at 5 time points. These also can be run in your school. In these laboratory tests
you will be asked to complete a number of tests that will include:

Functional fitness test — In this test you will practice using the static bicycle until you are happy with
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it. It will start off easy and get harder until your say you can’t keep going. During this, you will breath
into a mask to allow us to measure the air that you breathe in and out. This mask does not make
breathing any harder and you can talk through it and remove it at any time you feel uncomfortable
about wearing it. The exercise will last approximately 15 minutes.

Blood analysis — A small pin prick will be administered to your finger where an extremely small drop
of blood will be taken, if you do not feel comfortable doing this test then you will be able to decline
without any question.

Blood pressure and heart rate — You will be asked to place an inflatable cuff around your arm. This will
inflate to momentarily slow the blood flow to the arm to measure blood pressure. Once the
measurement is collected the cuff will be removed. To measure heart rate, a monitor will be worn
around your chest. This is an elastic belt that fits all. An area will be designated to allow you to attach
this in private.

Pulse Wave Velocity — in order to measure the health of your arteries we will measure the speed at
which blood pressure waves flow. In order to measure this we will need to apply a cuff around your
neck and upper leg. This measurement should only last 5 minutes.

5. What are the possible disadvantages of taking part?

There aren’t any real risks or discomforts within the study. If you follow our instructions which will
ensure that you are warmed up for the activity then the risks will be reduced. There is a small risk of
injury from the activity (as in any Physical Education class); however there will be trained first aiders
on hand to deal with any injuries which may occur. Asthmatics taking part in the study may succumb
to exercise induced asthma after the exercise is complete. However this is unlikely. This is the main
reason for the warm down as if this does occur it will be roughly 7 minutes after the main part of the
programme. If this does occur we have trained personnel who will be able to care for you.

6. What are the possible benefits of taking part?

You may find it interesting to know what some of your measurements are e.g. your lung functions,
fitness. Physical fitness and mental wellbeing including your quality of life could improve through
completing this program. The study is also likely to help provide crucial answers to research questions
in the health and exercise area of study namely asthma, childhood obesity and other effects of
inactivity.

7. Will my taking part in the study be kept confidential?

Yes. Although your details will be collected before the start of the study, you will remain nameless and
this will be the same if they study is published. Your personal information will be stored on a protected
computer with a password. Only members of the university will be able to access your information
under strict supervision.

8. What if | have any questions?

If you have any problems or need any further information about the study or the testing then please
contact Charlie or Tom on the two first addresses at the start of the pack. If you have concerns or
questions regarding the programme but do not want to contact the research team directly, please
contact your school tutor.
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Appendix J — Participant information sheet (control)

';Lif Applied Sports Technology Exercise and Medicine Research Centre (A-STEM)
N4 Sport and Health Portfolio, College of Engineering

Swansea University
Prifysgol Abertawe

PARTICIPANT’S INFORMATION SHEET (Control)
(Version 1.2, Date: 01/06/2015)

Project Title:
The x4a trial: eXercise for Asthma with Commando Joes.

Contact Details:

William Eddolls Phone Email:
Charles Winn
Dr Kelly Mackintosh

Dr Melitta McNarry

1. Invitation Paragraph

You are being invited to take part in a research study. Before you decide it is important for you to
understand why the research is being done and what it will involve. Please take time to read the
following information carefully and discuss it with others if you wish. Ask us if there is anything that
is not clear or if you would like more information. If you want to stop taking part in this testing at
anytime just tell one of the researchers.

2. What is the purpose of the study?

A link has been shown between obesity and lack of exercise. Worryingly only a few children meet
guidelines that suggest that children and teenagers get 60 minutes of exercise per day. This study is
looking into exercise and how it can affect health both mentally and physically in secondary school
children in the South Wales. This is so that we can try and improve mental and physical health of
children your age across Wales and the U.K.

3. Why have | been chosen?
You been chosen because you fit the example this study wishes to look at. You are between the ages
of 11-14 years.

However this does not mean you have to take part in the study. Meaning you can withdraw from the
study at any time without fear of penalty on withdrawal. If you want to withdraw you will not have to
give a reason. Just let one of us know.

4. What will happen to if you take part?

You will be invited to an assessment day where a number of tests will be conducted. These assessment
days will occur at 5 time points across approximately 12 months but should only require you to miss
half a day of lessons per time point. These tests will include:
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Questionnaires — These will include quality of life, mental well-being, asthma health utilization,

asthma control and an anxiety questionnaire.

Lung function test and fractional exhaled nitric oxide — You will be asked to blow hard into one device

and gently into a tube connected to a monitor, these will be taken 5 times throughout the year.

Multi Stage Fitness Test — You will be asked to complete a bleep test to assess their fitness at
different points throughout the year. It will require you to run 20m shuttle runs to the sound of

beeps which increase in speed until you can no longer reach the line before the beep sounds.

Maturation assessments — You will be asked to complete a questionnaire. It

Static Cycle

consists of showing line drawings of different pubertal stages. A box next to
each picture is then ticked by yourself to identify which pubertal stage resembles you.
This will be done in complete privacy and only looked at by researchers on completion
of the study. Please see attached sheet for line drawings.

Physical activity measurement — You will be asked to wear a physical activity monitor
for 7 days. You will also be asked to keep an activity log to record when they remove
the monitor. Handing out and collecting the accelerometers will take approximately
1 hour at 5 time points over 12 months, totaling 5 hours.

» B

[

1 o

You may also be selected for the laboratory testing (roughly 16 per school [8 asthmatic and 8 non-
asthmatic]). You will be asked to attend a laboratory session over 4 days (this will be a maximum of

40 mins each session) at 5 time points. These also can be run in your school. In these laboratory tests

you will be asked to complete a number of tests that will include:

Breathing Mask

approximately 15 minutes.

question.

Functional fitness test — In this test you will practice using the static bicycle
until you are happy with it. It will start off easy and get harder until your say
c you can’t keep going. During this, you will breath into a mask to allow us to
measure the air that you breathe in and out. This mask does not make
breathing any harder and you can talk through it and remove it at any time
you feel uncomfortable about wearing it. The exercise will last

Blood analysis — A small pin prick will be administered to your finger where
an extremely small drop of blood will be taken, if you do not feel
comfortable doing this test then you will be able to decline without any

Blood pressure and heart rate — You will be asked to place an inflatable cuff around your arm. This
will inflate to momentarily slow the blood flow to the arm to measure blood pressure. Once the
measurement is collected the cuff will be removed. To measure heart rate, a monitor will be worn
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around your chest. This is an elastic belt that fits all. An area will be designated to allow you to attach
this in private.

Pulse Wave Velocity — in order to measure the health of your arteries we will measure the speed at
which blood pressure waves flow. In order to measure this we will need to apply a cuff around your
neck and upper leg. This measurement should only last 5 minutes.

5. What are the possible disadvantages of taking part?

There aren’t any real risks or discomforts within the study. If you follow our instructions which will
ensure that you are warmed up for the activity then the risks will be reduced. There is a small risk of
injury from the activity (as in any Physical Education class); however there will be trained first aiders
on hand to deal with any injuries which may occur. Asthmatics taking part in the study may succumb
to exercise induced asthma after the exercise is complete. However this is unlikely. This is the main
reason for the warm down as if this does occur it will be roughly 7 minutes after the main part of the
programme. If this does occur we have trained personnel who will be able to care for you.

6. What are the possible benefits of taking part?

You may find it interesting to know what some of your measurements are e.g. your lung functions,
fitness. The study is also likely to help provide crucial answers to research questions in the health and
exercise area of study namely asthma, childhood obesity and other effects of inactivity.

7. Will my taking part in the study be kept confidential?

Yes. Although your details will be collected before the start of the study, you will remain nameless and
this will be the same if they study is published. Your personal information will be stored on a protected
computer with a password. Only members of the university will be able to access your information
under strict supervision.

8. What if | have any questions?

If you have any problems or need any further information about the study or the testing then please
contact Charlie or Tom on the two first addresses at the start of the pack. If you have concerns or
questions regarding the programme but do not want to contact the research team directly, please
contact your school tutor.
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Appendix K — Participant assent form

HET

Applied Sports Technology Exercise and Medicine Research Centre (A-STEM)
Sport and Health Portfolio, College of Engineering

Swansea University
Prifysgol Abertawe

PARTICIPANT’S ASSENT FORM
(Version 1.2, Date: 01/06/2015)

Project Title:
The x4a trial: eXercise for Asthma with Commando Joes.

Contact Details:

William Eddolls Phone Email
Charles Winn
Dr Kelly Mackintosh
Dr Melitta McNarry
Please initial box
1. Iconfirm that | have read and understood the information sheet dated |:|

01/06/2105 (version number 1.2) for the above
study and have had the opportunity to ask questions.

2. lunderstand that my participation is voluntary and that | am free to |:|
withdraw at any time, without giving any reason, without my medical
care or legal rights being affected.

3. lunderstand that sections of any of data obtained may be looked |:|
at by responsible individuals from the Swansea University or
from regulatory authorities where it is relevant to my taking part in
research. | give permission for these individuals to have access to
these records. Analysis will be done on anonymous data.

4. |give consent for video and voice recording and photography. |:|

5. Do you have asthma, as confirmed by a doctor? Yes/No

6. |agree to take partin the above study. |:|
Name of Participant Date Signature Postcode
Researcher Date Signature
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Appendix L — Self-report Tanner stage scale (male)

IZ Tick the box that most closely resembles yourself.
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Appendix M — Self-report Tanner stage scale (female)

M Tick the box that most closely resembles yourself.
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Appendix N — Centre for Epidemiological Studies Depression Scale for Children

INSTRUCTIONS

Below 1s a list of the ways you might have felt or acted. Please check how much you have felt

this way during the past week.

DURING THE PAST WEEK

1. I was bothered by things that usually don’t bother me.

2.1 did not feel like eating. I wasn’t very hungry.

3. I'wasn’t able to feel happy, even when my family or
friends tried to help me feel better.

4. I felt like I was just as good as other kids.

5. I felt like I couldn’t pay attention to what I was doing.

DURING THE PAST WEEK

6. I felt down and unhappy.

7.1 felt like T was too tired to do things.

8. I felt like something good was going to happen.

9. I felt like things I did before didn’t work out right.
10. I felt scared.

DURING THE PAST WEEK

11. I didn’t sleep as well as I usually sleep.

12. I 'was happy.

13. I was more quiet than usual.

14. I felt lonely, like T didn’t have any friends.

15. T felt like kids I know were not friendly or that
they didn’t want to be with me.

DURING THE PAST WEEK

16. I had a good time.

17. I felt like crying.

18. 1 felt sad.

19. I felt people didn’t like me.

20. It was hard to get started doing things.

Not At All

Not At All

Not At All

Not At All
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A Little

A Little

Some A Lot
Some A Lot
Some A Lot
Some A Lot




Appendix O — Pediatric Quality of Life Inventory

In the PAST MONTH, how much of a problem has this been for you ..

B Never | Almost | Some- | Ofen | Slmost
AoUT My HEALTH AND ACTIVITIES (problems widh....) prismnll st
1. Itis hard for me to walk more than a couple of streets 0 1 2 3 4
[about 100 meires)
2. Itis hard for me to run ] 1 2 3 4
3. Itis hard for me to dosports activities or exercise ] 1 2 3 4
4_ |t is hard for me to lift heawy things 0 1 2 3 4
5. Itis hard for me to have a bath or shower by myself 0 1 2 3 4
A. Itis hard for me to dochores around the house 0 1 2 3 4
7. | hawe aches and pains 0 1 2 3 4
8. | feel tired 0 1 2 3 4
D Hever | Almost | Some- | Ofen | Slmost
Asout My FEELNGS (problems with...) primnll st
1. | feel afraid or scared o 1 2 3 4
2. | feelsad 0 1 2 3 4
3. | feel angry 0 1 2 3 4
4_ | hawe trouble sleeping 0 1 2 3 4
5. | wormy about what will happen to me 0 1 2 3 4
3 Mever | Amost | Some- | Ofen | Simost
How | GET OnN wiTH OTHERS (problems with...) prismsnll sl
1. | hawe trouble getting on with other teenagers 0 1 2 3 4
2. Other teenagers do not want to be my frend 0 1 2 3 4
3 Other teenagers ease me 0 1 2 3 4
4_ | cannot do things that other teenagers my age can do 0 1 2 3 4
5. Itis hard 1o keep up with other teenagers my age 0 1 2 3 4
N Hever | Almost | Some- | Ofen | Slmost
Asout ScHool [ CoLLEGE (problems with. ..} primnll st
1. Itis hard to pay attention in class o 1 2 4
2. | forget things 0 1 2 4
3. ' hawe trouble keeping up with my school [ college 0 1 2 4
work
4_ | miss school [ college because of not feeling wel 0 1 2 3 4
5. | miss school [ college to go to the doctor or hospital 0 1 2 3 4
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Appendix P - Winn, C. O. N., Mackintosh, K. A., Eddolls, W. T. B., Stratton, G.,
Wilson, A. M., Rance, J. Y., ... Davies, G. A. (2017). Perceptions of asthma and
exercise in adolescents with and without asthma. Journal of Asthma.

Perceptions of asthma and exercise in adolescents with and without asthma
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Appendix Q — Generalized Anxiety Disorder 7 questionnaire

Over the last 2 weeks, how often have you Not Several M;r; ::an Nearly
been bothered by the following problems? at all days gayse every day
(Use “#" to indicate your answer)
1. Feeling nervous, anxious or on edge 0 1 2 3
2. Not being able to stop or control worrying 0 1 2 3
3. Worrying too much about different things 0 1 2 3
4. Trouble relaxing 0 1 2 3
5. Being so restless that it is hard to sit still 0 1 2 3
6. Becoming easily annoyed or irritable 0 1 2 3
7. Feeling afraid as if something awful 0 1 2 3
might happen
(For office coding: Total Score T = + + )
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Appendix R — Attendee interview script

Ground rules

1. Before you speak state your name

2. One person speak at a time

3. Talk loudly...

4. Speak for yourself, using “I” statements

5. Participate in both talking and listening

6. Be critical of ideas but respect different points of view and different
perspectives

7. Stay on the topic and don’t digress too much

8. Maintain the confidentiality of opinions expressed in this discussion

9. Focus on issues that need to be discussed and not individuals

10. Wait for one person to finish speaking and don’t interrupt others
Ice Breaker — (we start) Give name and what you most enjoy doing

What do you think about Commando Joe’s?
What did you think of the Commando Joe’s sessions?
How would you describe the sessions to friends? And what about family?
Thinking about the sessions that you attended, describe your favourite
session...
o What was it about that session that you enjoyed?
o What made the session enjoyable?
And what about your least favourite session, how would you describe that?
o What was it about the session that you didn’t like?
o What would have made that particular session more enjoyable?
Overall, what was the best part of Commando Joe’s?

Overall, what was your least favourite part of Commando Joe’s?

Attendance

What made you originally want to attend Commando Joe’s?

What did you think it was going to be like before you attended?
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e Now think back to your first session. What was your first impression of the
intervention?
e What was your impression of the sessions at the end?
o Why do you think your impressions changed? OR: How did your initial
impressions change over time?
e How often did you attend the sessions?
o Why did you attend that many sessions?
e What was it that made you want to go?
o Why?
e What was it that made you not want to go? AND/OR What stopped you being
able to attend?
o Why?
e  Why do you think some people signed up but didn’t attend?
e How do you think we need to encourage people to attend these sort of sessions
in the future?
e What sorts of things do you think we needed to do to make sure people kept

attending?
As you know the sessions were run as high intensity interval training...

e Describe what you thought high intensity interval training was before the
sessions started...
e Now describe what you think high intensity interval training is now...
e What is your opinion of high intensity interval training?
o What did you enjoy most about it?
o What did you enjoy least about it?
e How would you describe high intensity interval training to someone else?
o If you were to design a high intensity interval training session what would it be
like?
e What would you think about this becoming part of your PE lesson options?
o Why?

How the sessions made you feel?
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e Think back to just before a session. How did you feel before the session
started?
o Prompt about how they feel mentally and physically
o Why do you think that is?
e And what about after the session finished. How did you feel then?
o Prompt about how they feel mentally and physically
o Why do you think that is?
e What do you think the benefits are of attending the sessions?
o Why?
o Can they give any real-life examples?
e Do you think you have had any personal benefits to the sessions?
e How have the sessions made you feel?
o If they talk about tiredness etc. ask about how they felt as a person...
o Can they give any real-life examples?
e Thinking back to what we have just spoken about, did the sessions changed
how you think about Commando Joe’s?

o Did the sessions change how you think about high intensity training?

Moving on again, we are now going to talk about the Commando Joe or Mr
Hudson (Remind them that it is completely anonymous and that what their

individual comments won’t get back to the Commando Joe):

e What did you think about Mr Hudson?
e What did you think about how he delivered the sessions?
e What did you like the most about Mr Hudson?
e What did you like the least about the Mr Hudson?
e What could he have done to improve the sessions?
e How could he have changed and improved the way he instructed the sessions?
e Describe what the ideal Commando Joe would be like?
e If you could have any one taking the session, who would it be (and why)?
¢ How would having someone else deliver the sessions change the sessions?
o Obviously, all of these need to be probed...
e Okay, so one last time, if there was one thing you could change about the
session what would you change and why?
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Appendix S — Non-attendee interview script

e Ground rules

7.
8.
9.

1
2
3
4.
5
6

Before you speak state your name

One person speak at a time

Talk loudly...

Speak for yourself, using “I”” statements

Participate in both talking and listening

Be critical of ideas but respect different points of view and different
perspectives

Stay on the topic and don’t digress too much

Maintain the confidentiality of opinions expressed in this discussion
Focus on issues that need to be discussed and not individuals

10. Wait for one person to finish speaking and don’t interrupt others

e |ce Breaker — (we start) Give name and what you most enjoy doing

e What do you think about Commando Joe’s?

e What did you think the sessions would be like?

(If some attended, ask the following questions)

e What did you think of the Commando Joe’s sessions?

e How would you describe the sessions to friends? And what about family?

e Thinking about the sessions that you attended, describe your favourite

session...

o What was it about that session that you enjoyed?

o What made the session enjoyable?

e And what about your least favourite session, how would you describe that?

o What was it about the session that you didn’t like?

o What would have made that particular session more enjoyable?

(For those that didn’t attend any sessions)

e What did you think of the Commando Joe’s sessions?

e How did people that turned up to the sessions describe them to you?
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Attendance

e What made you originally want to attend Commando Joe’s?

e What did you think it was going to be like?
(If they turned up)

e How often did you attend the sessions?
o Why did you attend that many sessions?
e What was your first impression of the intervention? And did that change over
time?
e What was it that made you want to go?
o Why?
e What was it that made you not want to go?
o Why?
e What was the reason you stopped coming?
e Forthose that didn’t come to a single session, what was it that meant you didn’t
attend?
e What sort of thing do you think we could have done to encourage you to come
to the sessions and why?

e What could we have changed that meant you would have come?
As you may know the sessions were run as high intensity interval training...

e Describe what you think high intensity interval training is...
e What is your opinion of high intensity interval training?
¢ Do you think that because it was high intensity training it put you off?
o Why?
o Was it/did you think it was too hard?
e If you were to design a high intensity interval training session what would it
look like?
e What would you think about high intensity interval training becoming part of
your PE lesson options?
o Why?
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e Now forgetting the high intensity training. If we could have done any sort of
exercise, what sort of exercise could we have put on that would have

encouraged you to turn up to the sessions and why?

Moving on again, we are now going to talk about the Commando Joe or Mr
Hudson (Remind them that it is completely anonymous and that what their

individual comments won’t get back to the Commando Joe):

e What did you think about Mr Hudson?

e What did you like the most about Mr Hudson?

e What did you like the least about the Mr Hudson?

e What could he have done to improve

e Describe what the ideal Commando Joe would be like?

e If you could have any one taking the session, who would it be (and why)?

e How would having someone else deliver the sessions encourage you to come?

o Obviously, all of these need to be probed...
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