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Abstract

Increasing physical activity (PA) and reducing the time spent sedentary can favourably
impact health in youth. Active video games discourage sedentary behaviour by
incorporating PA into video gaming, and have the potential for increasing opportunities
for, and the promotion of, PA. The aims of this thesis were to a) compare adolescents’
energy expenditure (EE) whilst playing sedentary and active video games; b) to
examine the contribution of upper limb and total body movement to adolescents’ EE
whilst playing non-ambulatory active video games; c) to compare the physiological cost
and enjoyment of active video gaming with sedentary video gaming and aerobic
exercise in adolescents, and young and older adults; and, d) to evaluate the short-term

(12 weeks) effects of a home-based active video gaming intervention on children’s

habitual PA and sedentary time, behaviour preferences, and, body composition, with a

mid-test analysis incorporated at 6 weeks.

The first three studies were cross-sectional. They revealed that active video games
significantly increased PA and EE compared with sedentary video games in adolescents.
These increases were typically of insufficient intensity though to contribute towards
recommendations for daily PA in youth, and were less than those observed for authentic
sports and brisk treadmill walking and treadmill jogging. Nevertheless, active video

games encouraged PA and discouraged sedentary behaviour compared to sedentary

equivalents. Further, similar physiological responses observed between adolescents and
adults in study three provided support for the promotion of active rather than sedentary
video gaming throughout the lifecourse. Greater enjoyment of active video games
compared to a sedentary video game and brisk treadmill walking and treadmill jogging
suggested that active video games may be an enjoyable mode of entertainment for
young people and adults. The methodologically-focused study two revealed that the best
single measure for explaining the variance in EE during active video gaming was a hip-
mounted accelerometer. This was congruent with current recommendations for
measuring habitual PA using accelerometers. Interestingly, using combined PA data
from accelerometers placed on the hip and wrist similarly explained the variance in EE
during active gaming compared to combined HR and activity monitoring. This provided

support for the assessment of upper limb movements during non-ambulatory activities
in adolescents.




The intervention study revealed that a targeted increase in active video gaming and

decrease in sedentary video gaming at 6 weeks did not positively affect children’s PA
relative to an age-matched comparison group. An increase in total video gaming was
observed at 6 and 12 weeks relative to the comparison group, and this was accompanied
by non-significant but detrimental changes in PA compared to the comparison group.
These findings may suggest that an increase in time spent playing video games may be
detrimental to PA in children. Rather than simply enabling PA by providing active
video gaming equipment, interventions that consider the wide range of PA and
sedentary behaviour opportunities available to young people in the home environment

may be necessary to benefit PA and health. Further, the novelty effect observed for

active video game use supports the call for the production of new active video games

that attract children and sustain their interest.
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Children
Adolescents

Young adults

Older adults

Sedentary behaviour

Physical activity
(PA)

Light intensity
physical activity

Moderate intensity
physical activity

Vigorous intensity
physical activity

Very vigorous

intensity physical
activity

Moderate to
vigorous intensity
physical activity
(MVPA)

Glossary of Terms

This term covers the chronological age range 4 to 11 years.

Chronological age range 12 to 17 years.

Chronological age range 18 to 40 years.

Chronological age over 40 years.

No unanimous definition exists for sedentary behaviour. It
has been described as the absence of physical activity and
involves the intentional engagement 1n mostly seated
activities that require minimal movement and low energy
expenditure (Biddle et al., 2004a; Reilly et al., 2003).

Within this thesis, sedentary behaviour will be objectively
defined as accelerometer activity counts per minute (CPM)
less than or equal to one hundred (Treuth et al., 2004).

Defined as ¢

muscles resulting in energy expenditure’ (Caspersen et al.
1985, p. 126).

Corresponds to energy expenditure between 1 and 3 times

that used at rest, or 1 and 3 metabolic equivalents (Freedson
et al., 1998).

Defined as ‘activity usually equivalent to brisk walking,
which might be expected to leave the participant feeling
warm and slightly out of breath’ (Biddle et al., 1998, p. 2).

Corresponds to energy expenditure between 3 and 6
metabolic equivalents (Freedson et al., 1998).

Defined as ‘activity usually equivalent to at least slow
jogging, which might be expected to leave the participant
feeling out of breath and sweaty’ (Biddle et al., 1998, p. 2).

Corresponds to energy expenditure between 6 and 9
metabolic equivalents (Freedson et al., 1998).

Corresponds to energy expenditure greater than 9 metabolic
equivalents (Freedson et al., 1993).

Physical activity of intensity equivalent to or greater than
moderate intensity (> 3 metabolic equivalents).

any bodily movement produced by skeletal

Xi



Exercise

Active video games

A subset of physical activity defined as ‘planned, structured,
repetitive and purposive in the sense that improvement or
maintenance of one or more components of physical fitness
is an objective’ (Caspersen et al., 1985, p. 128).

No unanimous definition exists. Active video games
incorporate exercise into video gaming through peripheral

devices or the video game itself, with the latter referred to as
an exergame.

Xii



Chapter 1

Introduction



Introduction

1.1 The research problem

The World Health Organisation (1946) defined health as ‘a state of complete physical,
mental and social well-being and not merely the absence of disease or infirmity’ (p.100).
A behaviour that can favourably modify health is physical activity (PA). Physical
activity has been defined as ‘any bodily movement produced by skeletal muscles

resulting in energy expenditure (EE)’ (Caspersen et al., 1985, p. 126). While PA has

common clements with exercise, the terms are not synonymous. Exercise is a subset of
PA that is, ‘planned, structured, repetitive and purposive in the sense that improvement
or maintenance of one or more components of physical fitness i1s an objective’
(Caspersen et al., 1985, p. 128). Physical fitness is, ‘a set of attributes that people have
or achieve that relates to the ability to perform physical activity’ (Caspersen et al., 19835,

p. 129). Physical fitness attributes include cardiorespiratory endurance, muscular

endurance, muscular strength, body composition and flexibility (health-related), and,

agility, balance, coordination, power, reaction time and speed (skill-related) (Caspersen
et al., 1985).

Higher levels of PA in children and adults are associated with fewer risk factors for
disease (Andersen et al., 2006), and, decreased morbidity and delayed mortality (Blair et
al., 1989, Paffenbarger et al., 1986), respectively. Young people and adults are therefore

recommended to engage in at least 60 and 30 min'd” of moderate to vigorous intensity
PA (MVPA), respectively (Health Canada, 2002; Australian Government, 2005;
Department of Health (DH), 2004). Moderate intensity PA corresponds to an EE above

or equal to three times the energy used at rest, referred to as 3 metabolic equivalents

(METs; Freedson et al., 1998). Despite these PA recommendations, there is concern that
many children and adults are insufficiently active to benefit their health (Riddoch et al.,
2007; Varo et al., 2003). Moreover, the level of overfat and obesity in young people and

adults 1s rising worldwide, especially within industrialised countries (Chinn and Rona,
2001; Ogden et al., 2006).

Many factors are suggested to contribute to low levels of PA and energy imbalance in

youth. These include low social and economic support from parents (Duke et al., 2003),

2



low PA self-efficacy (Van der Horst et al., 2007), technological advancements that
encourage motorised transport and seated activities such as television (TV) viewing,
and, low parental perceptions of outdoor or environmental safety (Spanier et al., 2006;

Biddle et al., 1998). Consequently, the promotion of PA in young people has become a
public health priority (Biddle et al., 1993).

There are many suitable settings within which PA promotion can occur. This includes
. the indoor and outdoor home environment, the school environment, sports facilities, and,
community hall and play areas (Owen et al., 2000). The home is an important setting
within which PA can be encouraged and fostered, as young people spend a substantial
proportion of the day at home where parents can reinforce positive behaviours (Owen et
al., 2000). Many elements inside and outside the home may influence PA in youth.
Time spent outdoors is positively correlated with PA in children aged 3 to 12 years old
(Sallis et al., 2000). In relation to the home environment, living in a cul-de-sac or court
1s associated with greater time spent by children playing in the strect rather than in a

park or yard (Veitch et al., 2006). Parents suggested this was due to safety and social
elements including other children to play with (Veitch et al., 2006).

In contrast, low parental perceptions of environmental safety, especially in low socio
economic status (SES) communities, is thought to result in parents encouraging children
to spend time in the home rather than outside (Goodway and Smith, 2005; Farley et al.,
2007). This is supported by research indicating that time spent engaged in sedentary
screen-based behaviours such as watching TV and playing video games is inversely
associated with SES (Gorely et al., 2004; Jago et al., 2008; Fairclough et al., 2009). No
clear definition exists for sedentary behaviour. However, it has been described as the
absence of PA and involves the intentional engagement in mostly seated activities that
require minimal movement and low EE (Biddle et al., 2004a; Reilly et al., 2003). Low
Income or single parent families may also encourage children to engage in sedentary
behaviours as they require low parental input and present a cheaper option to other
leisure activities (McElroy, 2008; Larson and Verma, 1999). Thus, it has been

suggested that interventions are needed to address such inequalities in the prevalence of

sedentary behaviour and PA participation (Fairclough et al., 2009).



The time young people spend sedentary in the home presents an opportune period
within which PA can be promoted. Sedentary behaviours young people engage in within
the home are typically screen-based, such as TV viewing and video game or computer
use (Marshall et al., 2006). Whilst some children can meet PA recommendations and
spend large amounts of time in sedentary behaviours (Marshall et al., 2002), objectively
measured sedentary time, defined as accelerometer activity counts less than 500 counts
per minute (CPM), has been associated with individual and clustered metabolic risk in a
large sample of European youth (Ekelund et al., 2007). Spending more than 2 h-d™
watching TV and playing video games was also found to be associated with a greater
risk for overweight in youth compared to spending less than 2 h-d™' watching TV and
playing video games (Spinks et al., 2007; Laurson et al., 2008). Moreover, sedentary
behaviours including TV and video game use are reported to track at moderate levels
during childhood (Janz et al., 2005) and from childhood to adolescence (Pate et al.,
1999). The probability of remaining sedentary (spending < 1 h-wk™ in light intensity PA)
from adolescence to young adulthood has also been found to be stronger than the
probability of remaining physically active (physically active cut point included
spending > 2 h-wk™ in intense PA) (Raitakari et al., 1994). Thus, reducing the time

young people spend sedentary is important for current and future health, with screen-
based behaviours in the home suitable to target.

When considering PA promotion in the home it is important to appreciate that young
people are content to spend prolonged periods in sedentary screen-based behaviours.
Screen-based behaviours are insidiously attractive (Pate, 2008), continually stimulating
(Vorderer et al., 2004; Sherry, 2004), and often present an opportunity to escape from
reality (Wood et al., 2007). While previous interventions attempting to promote PA
through a reduction in access to sedentary behaviours have been successful in
preventing weight gain (Robinson, 1999), there is evidence that reducing access to
screen-based media is met with resistance from youth (Faith et al., 2001; Wilson, 2007).
Further, the long-term sustainability of reducing access to sedentary behaviours is

questionable, as young people enjoy screen-based media, screen-based entertainment is

embedded in our culture, and, sedentary entertainment options have proliferated (Pate,
2008).



It has been suggested that to promote PA in the context of contemporary society,

innovative interventions need to use technology for active movement (Olds et al., 2004;
Pate, 2008). This could be achieved by incorporating PA into the sedentary screen-
based behaviours young people enjoy (Mellecker et al., 2008). If this was achieved and
young people chose to engage in a targeted screen-based behaviour in an active rather
than sedentary manner regularly over time, then increased PA and EE 1s inevitable, and

may confer health benefits and lower childhood obesity rates (Pate, 2008). Attempts to

use technology to incorporate PA in sedentary screen-based behaviours in the home are
supported by research indicating that access to PA and exercise equipment in the home

1s positively associated with PA in children (Trost et al., 2001).

Active video games incorporate PA into video gaming and have the potential for
increasing opportunities for, and the promotion of, PA in the home. Active video games
also discourage sedentary behaviour. The opportunity to play video games in an active
manner has emerged due to the production of peripheral devices such as dance mats,

camera technology or wireless hand-held controllers. In essence, rather than pushing
buttons on a video game controller, the body movements of a gamer manipulate
onscreen characters or objects during active video gaming. Active video game devices
are designed for use on commercially available video game consoles, and, game play
typically requires a small area in front of a TV or computer monitor. The availability of
space in the home and cost of active video game devices may be barriers to participation,
though devices are generally low cost if the console is already owned. Attempts to
convert video gaming from sedentary to active may therefore be a useful way of

increasing PA in young people, especially from lower SES groups, as it can avoid

barriers to PA such as parental fear of environmental safety, low time availability and

. low soci10 and economic support from parents.

There 1s little evidence of the level of use of active video games in the home over time,
and, the effects of active video games on PA, sedentary behaviour and health in young
people. In addition, few studies have investigated the PA levels of young people during
active video gaming. Quantifying PA and EE during active video gaming will inform
whether these devices, if they were to replace sedentary video games, could contribute
to energy balance and weight management. Whether active video gaming contributes to

daily PA recommendations can also be determined. Comparing PA levels between
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young people and adults during active video gaming would also provide an indication as
to whether similar physiological responses occur regardless of age. If similar
physiological responses were observed across different age groups, this would support
the promotion of active rather than sedentary video gaming throughout the lifecourse.
Few studies have also investigated whether individuals enjoy playing active video

games. Research in this area would inform the potential application of active video

games in PA promoting interventions.

1.2 Conceptual model to increase youth physical activity

Theories or conceptual models can be used to drive the effective development and
implementation of intervention programs to increase PA in young people. For PA
promotion, a theory or conceptual model should be created based on research
indentifying correlates or determinants of behaviour change in the targeted population
(Nigg and Paxton, 2008). Determinants have been referred to as ‘reproducible
associations that are potentially causal’ (Buckworth and Dishman, 2002, p. 191) rather
than necessarily causal effects (Biddle et al.,, 2004b). To date, two comprehensive

reviews by Sallis et al. (2000) and Van der Horst et al. (2007) on manuscripts up to

1999, and between 1999 and 2005, respectively, have investigated correlates of PA in
children and adolescents.

In both reviews, gender was consistently related to PA, with boys more active than girls
throughout youth (Sallis et al., 2000; Van der Horst et al., 2007). Thus, targeting girls in
PA promoting interventions is important. Sallis et al. (2000) found positive associations
between PA and previous PA in children and adolescents, and, access to facilities and
preferences for PA in children. Barriers to PA were also negatively correlated with PA
in children (Sallis et al., 2000). Thus, increasing PA from an early age is important, and
interventions that increase access to facilities and children’s liking of PA, which may
also reduce barriers to PA, may be effective. Interestingly, similar associations were not
reported by Van der Horst et al. (2007). This may be due to fewer studies being
included in the Van der Horst et al. (2007) review and some variables being studied
more often in a certain period. Van der Horst et al. (2007) instead found positive

associations between PA and PA self-efficacy and family/parental support in children
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and adolescents. This suggested that increasing a young person’s belief in their
capability to engage in PA is important, and, greater family support, such as

transporting children to activities or reinforcing PA, may increase PA and further

develop PA self-efficacy.

In contrast to the vast literature on correlates of PA, few studies have investigated

correlates of sedentary behaviour (Nigg and Paxton, 2008). Van der Horst et al. (2007)

concluded that insufficient evidence was available to draw conclusions for correlates of
TV, videotape and computer use in children. However, the review was limited by using
few search terms that did not include TV viewing and computer use (Van der Horst et
al., 2007). In adolescents, for whom more studies were included, Van der Horst et al.
(2007) reported negative associations between TV/video tape use and SES and parental
education. This suggested that youth from lower SES groups should be targeted for
interventions attempting to reduce sedentary behaviour, similar to previous research

(Gorely et al., 2004; Jago et al., 2008; Fairclough et al., 2009). Interestingly, neither the

Sallis et al. (2000) nor Van der Horst et al. (2007) review found an association between

PA and sedentary behaviour. This suggested that correlates for PA and sedentary

behaviour are likely different (Biddle et al., 2004b) and these behaviors can coexist
within the lives of young people (Owen et al., 2000).

A major limitation of the available literature is how sedentary behaviour is assessed.
Rather than 1solate specific sedentary behaviours many studies use TV viewing alone or
composite variables that include TV, videotape and video game/computer use in
assoclations with PA or a health outcome, such as body mass index (BMI) (Marshall et
al.,, 2002). Relying on a single measure of sedentary behaviour may inhibit our
understanding of what young people do during their discretionary time. Further, single
measures and composite variables may distort any true relationships with a dependent
variable (Marshall et al., 2004). Research is therefore required to identify correlates of
specific sedentary behaviours. Moreover, interventions that target a specific sedentary
behaviour should assess other behaviours youth engage in, in order to establish if

compensatory changes in time spent in those behaviours occurs (Robinson, 1999).

On reflection of the literature it is evident that correlates of PA in youth include

behavioural, psychological and contextual variables, highlighting youth PA as a
7



complex behaviour determined by many factors (Nigg and Paxton, 2008; Sallis et al.,
2000). These findings support ecological models of behaviour that indicate personal,
social and physical environmental factors influence behaviour (Sallis and Owen, 1999).

The only conceptual model for the promotion of PA among youth 1s Welk’s (1999)
Youth Physical Activity Promotion Model (YPAP; Figure 1.1), which 1s based on an

ecological framework (Green and Kreuter, 1991).

-----------------------

______
iiiiiiiiii

Enabling Factors
Equipment, Environment,
Space, Skills, Time

Reinforcing Factors
Parents, Siblings, Peers

Am I able?
Self-efficacy,
Perceived competence

Is it worth it?
Attitudes, Beliefs

Demographics
Age, Gender, SES,
Ethnicity

Figure 1.1 Welk’s (1999) Youth Physical Activity Promotion Model (YPAP).

The YPAP model identifies and considers a population’s needs and characteristics
whilst acknowledging the direct and indirect behavioural influence of the environment
(Welk, 1999). The model provides a bottom-up framework that includes demographic,
enabling, predisposing and reinforcing factors, all deemed to influence youth PA (Welk,
1999). In the context of PA promotion through active video gaming, young people can
be provided with active video gaming equipment (enabling factor) and encouraged by
parents and siblings to play active rather than sedentary video games (reinforcing
factor). The basic movements typically required to play active video games may
increase PA self-efficacy in young people (predisposing factor). Further, reinforcement

from parents can encourage young people to adopt the attitude and belief that active
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video gaming is worthwhile over sedentary gaming (predisposing factor). The extent to

which these factors combine to influence young people’s video gaming preferences and

PA in the home is currently unknown and warrants attention. This thesis will focus on

whether young people enjoy playing active video games (predisposing factor), create
opportunities for PA in the home by providing young people with active video gaming

equipment (enabling factor), and, target young people for intervention based on SES
(demographic factor).



1.3 Organisation of the thesis

The main theme of this thesis is to examine the effect of active video games on PA,

sedentary behaviour and health in young people. Chapter 2 provides a review of the

literature. The key topics discussed are the measurement and prevalence of PA and

sedentary behaviour in youth, interventions targeting increased PA and reduced
sedentary behaviour in youth, and, the effects of active video games on PA, sedentary
behaviour and health in youth. Through this review, highlighted limitations and gaps in
the literature will provide a rationale for the three cross-sectional laboratory-based

studies and one randomised controlled trial (RCT) designed for this thesis. Few studies

have compared PA and EE levels in young people during sedentary and active video
gaming, Chapter 3 examines this issue in adolescents. Chapter 4 presents a
methodological study that uses multiple PA measurement tools to examine the
contribution of different body movements to adolescents’ EE during active video
gaming. This study analyses whether the additional assessment of upper limb
movements through accelerometry can improve EE predictions over sole activity
monitoring at the hip. The physiological and enjoyment responses to a short period of
active video gaming in young people and adults have not been investigated. Chapter 5
examines this issue and compares findings with those observed for sedentary video
gaming and two modes of exercise. The final study, reported in Chapter 6, evaluates the
short-term effect of a home-based active video gaming intervention on habitual PA and
sedentary time, behaviour preferences and body composition in children. To conclude,
Chapter 7 synthesises results from the four studies and their implications in relation to

the major themes in the thesis. Directions for future research are also suggested.
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Chapter 2

Literature Review
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Literature review

2.1 Physical activity, sedentary behaviour and health

Physical activity can favourably modify health. In adults, higher levels of habitual PA
are associated with reduced anxiety and depression, enhanced feelings of well-being
(Kesaniemi et al., 2001), and, lower risks of health outcomes such as cardiovascular
disease (Lakka et al., 1994; Blair et al., 1989; Carnethon et al., 2003; 2005), metabolic
syndrome (LaMonte et al., 2005; Laaksonen et al., 2002; Ekelund et al., 2005), type 2

diabetes (Lynch et al., 1996; Hu et al., 2001; Bassuk and Manson, 2005) and all-cause
mortality (Paffenbarger et al.,, 1986; Laukkanen et al.,, 2001). A dose-response
relationship exists between PA and the risk of disease and all-cause mortality in adults,
and moving individuals from inactive to low to moderate levels of PA will produce the
greatest reductions in health risk (Kesaniemi et al., 2001; Lee and Skerrett, 2001).
Promoting low to moderate levels of PA to inactive individuals is supported by research
indicating that nonexercise activity thermogenesis (NEAT); the EE associated with
everyday activity other than sleeping, eating and volitional exercise, is predictive of fat
gain (Levine, 2007; Levine et al., 1999). In adults overfed for 8 weeks, those who
increased their NEAT had a lower gain in fat mass compared to adults who did not
(Levine et al,, 1999). Thus, the promotion of NEAT-enhanced living is probably

important for preventing health outcomes associated with fat gain (Levine, 2007), such
as cardiovascular disease.

In children and adolescents, regular PA can benefit psychological health through

decreased depression (North et al., 1990), and, increased self-esteem (Mutrie and Parfitt,

1998) and emotional well-being (Steptoe and Butler, 1996). When considering

physiological health, risk factors for, rather than incidents of disease are related to PA in
youth. This is because risk factors begin development in youth (McGill et al., 2000),
while the incident of disease is more likely seen in adulthood. Cross-sectional studies on

disease risk factors in youth have reported inverse relationships between habitual PA

and clustering of cardiovascular disease risk factors (Andersen et al., 2006) and insulin
resistance (Brage et al., 2004b; Ku et al., 2000), and, between cardiorespiratory fitness
and insulin resistance (Ku et al., 2000; Imperatore et al., 2006). Higher levels of PA are
therefore important from an early age. Cardiovascular disease risk factors in the study of
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Andersen et al. (2006) included systolic blood pressure, triglycerides, insulin resistance,

sum of four skinfolds and aerobic fitness.

Ekelund et al. (2007) found PA and cardiorespiratory fitness to be separately and
independently associated with individual and clustered metabolic risk factors in a large
sample of European children. For PA, associations were independent of body fat, which
suggested that increased PA may benefit child health regardless of the level of adiposity.
Independent associations with risk factors for PA and cardiorespiratory fitness implied
favourable changes to children’s metabolic risk profile can be achieved through PA that
1s not necessarily vigorous or exhaustive, which is necessary for the development of
cardiorespiratory fitness (Baquet et al., 2003). This suggested lower intensity activities
that children may be more willing to participate in can be used to increase total PA and
promote metabolic and cardiovascular health (Ekelund et al., 2007). This supported the
hypothesis that NEAT is pivotal in EE and weight gain regulation in children as well as

adults (Levine, 2007), and is important as cardiovascular risk factors track from

childhood to adulthood (Nicklas et al., 2002; Bao et al.,, 1994; Lambrechtsen et al.,
1999).

Longitudinal studies have found weak relationships between adolescent PA and the
level of cardiovascular risk factors in young adulthood (Boreham et al., 2002; Twisk et
al., 2002; Hasselstrom et al., 2002; Lefevre et al., 2002). These results may be limited
though due to a reliance on self-report measures of PA in these studies. In contrast,
cardiorespiratory fitness in adolescence was found to strongly predict adult

cardiovascular risk profile (Boreham et al., 2002; Twisk et al., 2002; Hasselstrom et al.,
2002). The association with adult cardiovascular risk profile for adolescent

cardiorespiratory fitness but not PA may be due to cardiorespiratory fitness being more

stable 1n youth than PA, even when PA is objectively measured (Ekelund, 2008).

Physical activity in childhood has also been reported to track into adolescence
(Kristensen et al., 2008) and adulthood (Telama et al., 2005; Telama, 2009). Therefore,

a physically active lifestyle in childhood is important for current health and provides a

stronger platform for the maintenance of good health throughout the lifecourse.

The rising prevalence of childhood overweight and obesity in many industrialised
countries is an additional concern for the current and future health of children (Reilly
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and Dorosty, 1999; Chinn and Rona, 2001). In Liverpool, over one-third of children
aged 9 to 10 years old are classified as overweight or obese (Stratton et al., 2007).
Overweight and obesity is a metabolic disorder characterised by the excess
accumulation of body fat, caused primarily by an energy imbalance from increased
energy consumption and reduced EE. Cross-sectional studies have reported a negative
dose-response relationship between PA and childhood body fat (Ekelund et al., 2004a)
and BMI (Ness et al., 2007). In a large cohort of children above the 95" percentile for
BMI, 65% exhibited excess adiposity while 39% had at least two cardiovascular risk
factors including adverse levels of lipids, insulin or blood pressure (Freedman et al.,
2007). Furthermore, childhood overweight is strongly predictive of overweight and
health problems in adulthood (Must et al., 1992; Whitaker et al., 1997; Eisenmann,

2004), indicating a need for preventive action in childhood.

To better inform preventive action it is important to understand the factors that
contribute to childhood overweight. Given the human gene pool has not changed
dramatically over recent decades, it has been suggested that socio-cultural and

environmental factors such as greater levels of environmental risk perceived by parents,

increased food availability, greater reliance on motorised transport and sedentary leisure
activities are key mediators of energy imbalance (Spanier et al., 2006; Biddle et al.,

1998). Of these, the effect of sedentary behaviour on obesity and health-has received
egrowing interest (Brown et al., 2008).

Objectively measured time spent sedentary has been associated with individual and

clustered metabolic risk in a large sample of European youth (Ekelund et al., 2007).

Reducing sedentary time seems important therefore for improving metabolic and
cardiovascular health. This supports the description of sedentary behaviour as a
modifiable risk factor for lifestyle related diseases (Blair and Connelly, 1996). The most
common sedentary behaviours young people engage in are screen-based, and include
TV, video game and computer use (Marshall et al., 2006). Television viewing has been
cross-sectionally and longitudinally associated with increased body weight in youth
(Ekelund et al., 2006; Hancox et al., 2004; Rey-Lopez et al., 2008). Of the theories
attempting to explain this association, two have received much attention: 1) TV viewing
reduces EE from a displacement of PA, and, 2) TV viewing increases energy intake

during the activity or as a consequence of food advertising (Robinson, 1999).
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In a recent study, Ekelund et al. (2006) examined the validity of these mechanisms in a
large sample of 9 and 15 year olds. No association was found between TV viewing and
the total volume of PA (CPM) as assessed by accelerometry. An association
independent of PA between TV viewing and skinfold-measured adiposity was reported
however, and TV viewing was associated with the frequency of eating meals while

watching TV (Ekelund et al.,, 2006). Increased energy intake has similarly been
associated with TV viewing in non-overweight children (Epstein et al., 2005). Contrary
to the first mechanism therefore, Ekelund et al. (2006) supported the suggestion of
Marshall et al. (2002) that TV viewing does not displace PA and can coexist with an
active lifestyle, with increased energy intake during or as a consequence of TV viewing
the seemingly more important mechanism influencing energy imbalance. It is important
to note that this conclusion is only applicable to total PA and TV viewing may relate
differently to time spent sedentary or in different intensities of activity. Research
suggests that TV viewing may reduce participation in vigorous (Marshall et al., 2004) or

low intensity activities (Robinson, 2001; Lowry et al., 2002). Assessing subcomponents

of PA, in experimental trials aimed to reduce screen time for example, would more
definitively assess specific mechanisms that account for changes in adiposity (Robinson,
1999). The study of Ekelund et al. (2006) was also limited by participants self-reporting
time spent watching TV only before and after school. Media use is reportedly greater on
non-school days in youth (Olds et al., 2006), therefore failure to assess weekend TV
viewing was the likely reason for the low sample mean for TV use, with such

underestimation potentially obscuring an inverse relationship with PA (Prentice and
Jebb, 2006).

In contrast to TV viewing, weaker associations have been found between obesity and

video game and computer use in children and adolescents (Burke et al., 2006; Rey-
Lopez et al, 2008). Moreover, while cross-sectional studies have found positive
assoclations between obesity and video game (Stettler et al., 2004; Vandewater et al.,

2004; Laurson et al., 2008) and computer use (Wardle et al., 2001; Kautiainen et al.,

2003), longitudinal studies have found no relationship between video game/computer
use and weight gain (Gordon-Larsen et al., 2002; Janz et al., 2005). Weaker associations
between obesity and video game/computer use compared to TV viewing are likely due
to young people devoting more time to TV viewing (Rey-Lopez et al., 2008).
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Furthermore, compared to seated rest, video gaming elicits greater EE (Maddison et al.,

2007) and presents a reduced opportunity for energy intake, as it is typically necessary
to hold a video game controller with both hands (Rey-Lopez et al., 2008).

The energy cost disparity between video gaming and seated rest has led to the
suggestion that replacing TV viewing with sedentary video gaming may positively
affect EE, if all other factors such as energy intake and habitual PA remained constant

(Wang and Perry, 2006). This though is unlikely to have similar benefits to if PA
replaced TV viewing. However, advancements in video game technology now allow
young people to play active video games that incorporate PA into video gaming. Active
video gaming is achieved through peripheral devices such as dance mats or the game
itself, with the latter often referred to as an exergame. It could be suggested therefore
that replacing TV viewing with active video gaming will positively affect EE to a
greater extent than sedentary video gaming. This is supported by research indicating
that young people expend significantly more energy during active than sedentary video
gaming (Lanningham-Foster et al., 2006; Maddison et al., 2007). Moreover, reduced
snacking has been observed in young people during active rather than sedentary video
gaming (Bloom et al., 2008), which could further discourage energy intake during
screen time. Replacing sedentary video gaming and TV viewing with active screen time
may also benefit mental health, as psychological well-being has been negatively

associated with TV, computer and video game use in children (Hamer et al., 2009) and
adolescents (Ussher et al., 2007; Mathers et al., 2009).

Research investigating whether physical and mental health can be improved by
converting screen time from sedentary to active is scarce. This research is necessary as
7 to 12 year old boys and girls sp‘ending over 2 h-d"' watching TV and playing video
games are reported to be 1.69 (95% confidence interval (CI): 0.90 to 3.17) and 1.22
(95% CI. 0.77 to 1.94) times more likely to be overweight than those spending less than
2 h-d? watching TV and playing video games, respectively (Laurson et al., 2008).
Similar odds ratios for overweight of 1.63 (95% CI: 1.05 to 2.5) have been observed in
Australian children aged 5 to 12 years (Spinks et al., 2007). Moreover, high media use
in childhood is linked to high use in older age (Marshall et al., 2006), and, sedentary
behaviours including TV and video game use track at moderate levels during childhood

(Janz et al., 2005) and from childhood to adolescence (Pate et al., 1999). Thus, if active
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video games accrue health benefits and track as well as sedentary equivalents, they
could provide a promising alternative to sedentary screen-based behaviours in the home.

If combined with PA away from the screen, this could create a balanced and varied

programme of regular activity for young people to participate in. Despite the
acknowledged need to investigate the impact of active video games on physiological

and psychological health, this thesis will only seek to investigate the former.

2.2 Measurement issues in physical activity

Sedentary behaviour and PA are important health-related behaviours; as such their

assessment has become an important area of research (Fox and Riddoch, 2000). In the
United Kingdom (UK) surveys are used to assess child and adolescent PA levels on a
national scale. Subjective methods such as self-report questionnaires have provided
information on the context of PA and sedentary behaviour, and a participant’s
subjective perception of these behaviours (Reilly et al.,, 2008). However, subjective
methods have limited validity due to biased paternal reporting of their child’s activity
and poor child recall of previous activity (Kohl et al.,, 2000; Welk, 2002). Biased
reporting is particularly likely from children or their parents participating 1n
interventions aimed at behaviour change, where they favourably report the child’s
lifestyle (Caballero et al., 2003). Consequently, use of objective assessment tools to

quantify PA and sedentary behaviour is recommended (Reilly et al., 2008).

There are over thirty methods available for measuring PA, including pedometers, heart
rate (HR) monitors and accelerometers (Welk, 2002). Of these, small and unobtrusive
accelerometers have become the most widely used objective assessment tool in youth
(Rowlands, 2007). Accelerometers measure accelerations produced by body movements
and have been reported to provide accurate and reliable information on the volume and
intensity of habitual PA and the volume of sedentary behaviour in children and
adolescents (Ward et al., 2005; Rowlands, 2007). Accelerometry has improved our
understanding of the relationship between PA, sedentary behaviour and health outcomes
In young people, and allowed investigation of dose-response relationships between PA
and health (Ness et al., 2007). However, accelerometers are typically worn on the hip

and are not waterproof, therefore they cannot detect PA and EE associated with carrying
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a load, cycling, or upper limb movement, or be worn during water-based activities
including swimming (Rowlands, 2007). Activity output from uniaxial accelerometers
has also been reported to plateau at running speeds of approximately 9 kmh?! in
children, largely due to the constancy of body acceleration in the vertical plane at fast
speeds (Brage et al., 2003). This limitation however will only impact studies seeking to
differentiate between time spent in vigorous and very vigorous intensity PA, with such

activity intensities previously related to cardiorespiratory fitness (Baquet et al., 2003)

and bone mineral accrual (McWhannell et al., 2008).

One of the most important limitations related to accelerometry is the disparity between
data interpretation methods across research groups. Accelerometers are typically
validated agéinst indirect calorimetry and calibrated in terms of resting METs to classify

the intensity of an activity (Puyau et al., 2002). One MET equates to resting energy
expenditure (REE), and adult MET thresholds for light (<3 METs), moderate (3 to 6

METs), vigorous (6 to 9 METs) and very vigorous (>9 METSs) activity (Freedson et al.,
1998) have been applied in children and adolescents (Mattocks et al., 2007). Energy

costs of 4 METs in children walking briskly, an activity deemed moderately intense

(Saris, 1996), suggest this may be a more appropriate cut-point (Treuth et al., 2004,
Harrel et al., 2005; Mattocks et al., 2007). Moderate intensity PA corresponds to

approximately 40 to 60% of maximal oxygen consumption (V Ozmay) (Pate et al., 1998).

Calibration studies have used laboratory and field-based protocols inclusive of
recreational activities typical in youth, and, treadmill or overground walking and
running, to reflect that young people spend a lot of time in ambulatory activity (Eston et

al., 1998; Puyau et al., 2002; Bailey et al., 1995). However, discrepancies between

studies in terms of procedure, instrumentation and participants have resulted in a range
of activity count thresholds being generated for MET thresholds and for the threshold
between sedentary and light activity (Guinhouya et al., 2006; Rowlands, 2007). For

example, moderate intensity cut points range from approximately 1000 to 3200 CPM
(Trost et al., 2002; Puyau et al.,, 2002). Thresholds differentiating sedentary and light
activity range from 100 to 800 CPM (Treuth et al., 2004; Puyau et al., 2002). This range

of thresholds has led to discrepancies in the number of children and adolescents

classified as sufficiently active or the time spent in sedentary behaviour (Mota et al.,

18



2007; Reilly et al., 2008), providing mixed messages on the current activity levels of
youth. The range of thresholds has also made between-study comparisons in the
literature 'difﬁcult, and influenced understanding of the dose response relationship
between PA and health outcomes, as well as the effectiveness of interventions (Corder
et al.,, 2007a; Jago et al.,, 2007). Though leading researchers have expressed their

concern due to the wide use of accelerometry in children and adolescents (Ekelund et al.,

2004b), no consensus exists on how to tackle this issue.

To aid comparisons across studies, a move away from the use of arbitrary count-based
cut points towards an approach that summarises accelerometer data using acceleration
(m's®) has been recommended (Corder et al., 2008). It may also be appropriate to
modify previous calibration approaches in recognition of their limitations.
Accelerometer counts are typically anchored to reference activities of walking and
running, as they are the dominant activities of daily living (Bailey et al., 1995).
However, large individual differences in counts have been reported in adolescents
walking at 4 km'h™ (400 to 2600 CPM) and 6 km-h™ (1000 to 5000 CPM) (Ekelund et
al., 2003), and in children during catching and hopscotch (Eston et al., 1998). Variables
influencing counts generated at different ambulatory speeds include leg length, stride
length and cadence (Jago et al., 2007). To account for these individual differences in
biomechanical efficiency, Ekelund et al. (2003) applied individually calibrated activity
count thrpsholds at 4 kmh™ and 6 km'h™ to habitual PA data. To do this, mean activity
counts (CPM) for each participant at each speed were calculated over the final 2 min of
a S-min walking protocol, from an accelerometer set to record in 15-s time intervals
(epochs). Each participant’s total activity count per day was then divided by their CPM
for each reference activity (i.e. 4 km-h™ and 6 km'h™ on a treadmill) and this provided
an index of the time spent in minutes per day in PA equivalent to that of the reference
exercises (Ekelund et al., 2003). From free-living assessments of PA the épproach was
reported to be significantly related to an index of the time spent at an EE equivalent to
that of the same references exercises (Ekelund et al., 2003). Though the absolute time
spent in PA was significantly lower for the activity count compared to EE index, this

was attributed to the inability of hip-mounted accelerometers to detect the wide range of
body movements in free-living, and the approach was concluded to be a valid indicator
of free-living PA (Ekelund et al.,, 2003). A limitation of this individual calibration
approach is the difficulty in applying it to large samples and the need to repeat the
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procedure at each assessment period in a repeated measures study due to child growth
likely influencing counts generated (Jago et al.,, 2007). However, to improve our
understanding of the prevalence of PA and sedentary behaviour and their relationship

with health, to reduce measurement error which will help detect differences between
groups in PA intervention studies, and, to attain congruency and advance the paediatric

literature, individualised approaches to PA measurement appear necessary.

An alternative approach to improving predictions of PA and EE in youth may be to

combine data from different measurement tools. Combinations that have received

interest include simultaneous HR recording and movement sensing via accelerometry,

and movement sensing via accelerometry at more than one body location (multi-site),
for example at the hip and wrist. The rationale for combined HR and movement sensing
is that limitations of the individual methods are uncorrelated (Brage et al., 2004a),
whereas the use of multiple accelerometers allows PA of the upper limbs to be captured,

which is not possible with hip-mounted accelerometry alone (Trost et al., 2005). Hip-

mounted accelerometers measure vertical acceleration at the hip, which for the purpose

of this thesis will be defined as total body movement (minus the arms).

Laboratory-based research in adults performing activities of daily living in a whole-
body calorimeter (Rennie et al., 2000; Brage et al., 2004a), and in children performing
treadmill walking and running (Corder et al., 2005) and activities of daily living in open
areas (Corder et al., 2007b), found that combined HR and activity monitoring provided
the highest correlation with EE measured by indirect calorimetry compared to either

method used in isolation. Further assessment of the predictive ability of this approach in

children during free-living and other childhood activities is needed however (Corder et
al., 2007b).

With regard to multi-site movement sensing, research is currently limited to adults. In
seventy, 19 to 74 year old adults performing six activities of daily living, such as
yardwork, housework, family care and walking, Swartz et al. (2000) compared EE

assessed by indirect calorimetry to EE estimates derived from three site-specific

prediction equations that converted accelerometer activity counts to METs. Equations
used counts from an accelerometer placed on the right hip, dominant Wrist, or a
combination of counts from the hip and wrist. Regression analyses indicated the
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combined hip and wrist equation (34.3%) accounted for significantly more variation in

EE than the hip (31.7%) or wrist (3.3%) equation alone. Despite hip activity data only

accounting for a third of the variance in EE, the 2.6% increase in explanatory power
from the wrist accelerometer was concluded insufficient to warrant the associated cost
of the additional monitor and time required to analyse the data (Swartz et al., 2000).
This was supported by Kumahara et al. (2004) who observed in eighty-eight, 18 to 64
year old adults spending 24 h in a large respiratory chamber, that the addition of

accelerometer counts from the dominant wrist to that of the waist improved the
prediction of daytime EE by only 1.5%. These findings are also congruent with those of
Melanson and Freedson (1995). Despite prediction equations using counts from
accelerometers placed at two (ankle and hip, hip and wrist) and three (ankle, hip and
wrist) sites providing more precise estimates of EE than single sites during treadmill
walking and jogging in adults, the improvements were not deemed significant

(Melanson and Freedson, 1995). Consequently, these studies offered little support for

the use of multiple accelerometers to predict PA and EE.

To date, no published study has investigated the use of multiple accelerometers to
predict PA and EE in young people, which has been described as an oversight in the
literature and an area for future research (Trost et al., 2005). Assessment of upper limb
movements 1s warranted in youth, as young people are more likely to engage in
activities that involve use of the arms, such as playing with toys or a musical instrument,
playing racket or ball sports, skipping, and other playground games (Eston et al., 1998;
Vandewater et al., 2006). Upper limb movements have also been reported to provide a
substantial contribution to the total PA of daily living in adults (Kumahara et al., 2004).
Therefore, it is likely that through typical childhood activities this contribution will be
greater in youth, supporting the need to examine if the assessment of upper limb

movements in addition to total body movements will improve predictions of EE (Trost
et al., 2005).

2.3 Physical activity and sedentary behaviour: guidelines for youth

Accurately measuring PA is important for determining whether young people are

sufficiently active to meet health-benefitting PA guidelines. Currently, children and
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adolescents aged 5 to 18 years are recommended to perform a total of at least 60 min-d’
of MVPA (Biddle et al., 1998; DH, 2004). Activities to improve bone health, muscle
strength and flexibility should be included in this at least twice a week (Biddle et al.,,
1998; DH, 2004). Achievement of these guidelines should occur through activities that
are developmentally appropriate from a physiological and behavioural perspective
(Biddle et al., 1998). For example, adolescents may be more likely to engage In
structured continuous bouts of MVPA and children intermittent bouts of activity
throughout the day (Biddle et al., 1998). These guidelines were based on descriptive
data indicating that despite most children achieving the adult recommendation of 30
min-d”’ of moderate activity (Pate et al., 1994; Cale and Almond, 1997), many exhibited

modifiable risk factors for cardiovascular disease (Baranowski et al., 1992) and the

prevalence of obesity was still rising (Hughes et al., 1997), hence the need for more
activity.

The authors acknowledged that these recommendations were limited, as they were not
based on compelling epidemiological or experimental evidence (Biddle et al., 1998).
This view has since been reiterated, with concern that 60 min-d” may be insufficient to
maintain a favourable metabolic profile (Boreham and Riddoch, 2001; Twisk, 2001). In
a recent study, Andersen et al. (2006) observed a graded negative association between
clustered cardiovascular disease risk and PA measured by accelerometry in 9 and 15
year old children. Compared to the most active quintile, risk was raised from PA
quintiles one to three, and 9 and 15 year old children in the fourth quintile participated
in 116 and 38 min'd”’ of moderate intensity PA, respectively (Andersen et al., 2006).
This confirmed previous views and the authors concluded that current guidelines
underestimated the PA required to prevent clustering of risk factors in youth, with 90
min-d” recommended as necessary (Andersen et al.,, 2006). However, this figure is
anchored to levels of activity observed in 15 year old adolescents, and participation in

120 min-d™ of at least moderate intensity PA should be recommended to children aged 9
years.

In contrast to PA, few published reports present guidelines for the amount of time

young people should spend sedentary each day (Marshall and Welk, 2008). This is
despite strong consensus among experts that young people should completely avoid
prolonged periods of inactivity (Corbin and Pangrazi, 2004). The formation of
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evidence-based sedentary guidelines have been inhibited by uncertainty over what a
prolonged period of inactivity constitutes (Marshall and Welk, 2008), and, a paucity of
secular data on sedentary behaviours and their relationship with health (Biddle et al.,
2004b). Further, though sedentary behaviours such as reading and talking with friends
may not be deemed physiologically beneficial, as they elicit a low EE, they are
important for healthy social and cognitive development (Marshall and Welk, 2008). To

date therefore, sedentary guidelines have focused on the time young people should
spend engaged with screen-based media.

The American Academy of Pediatrics (AAP; 2001) recommended that paediatricians
advise parents to limit children’s total time with entertainment media, which included

TV and videotape use, to 2 h-d” of quality programming, and completely discourage
TV viewing in children younger than 2 years. Quality programming should be

informational, educational and nonviolent (AAP, 2001). This guideline was based on
research reporting negative health effects of TV viewing on outcomes including
violence and aggressive behaviour, academic performance, body concept and self 1mage,
nutrition, dieting and obesity (AAP, 2001). Media use was assumed to interfere with
time spent in more active and meaningful pursuits, such as reading, socialising with
friends and parents or exercising (AAP, 2001), a view echoed by the Centres for
Disease Control and Prevention (2006). However, as discussed TV viewing is likely to

impact obesity through increased energy intake rather than the displacement of PA.

Beyond the AAP recommendations, only Australia and Canada have formally published
sedentary guidelines. The Australian Government (2005) extended the AAP

recommendation, advising that children spend less than 2 h-d" using electronic media
for entertainment, inclusive of computer games, internet, and TV, particularly during
daylight hours. Health Canada (2002) recommended that physically inactive children
spend at least 30 min less each day viewing TV, playing computer games and surfing
the internet. Further, over several months young people should decrease the time spent
on 1nactive pursuits such as watching videos and using a computer, by at least 90
min-d™. Though these guidelines fail to differentiate between active and sedentary
modes of screen-based media, their existence highlights that PA and sedentary

behaviour may carry independent health risks, high volumes of each can coexist within
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the lifestyle of a young person, and, these behaviours can be targeted independently
(Marshall et al., 2002; Marshall and Welk, 2008).

2.4 Physical activity and sedentary behaviour: patterns and prevalence in youth

Children’s activity patterns are influenced by an inherent desire to explore and an
inability to delay gratification (Marshall and Welk, 2008). Consequently, compared to
adults who tend to engage in sustained bouts of PA, research using direct observation
(Bailey et al.,, 1995) and accelerometry (Baquet et al.,, 2007) has found children’s
activity to consist of short bursts of high intensity activity interspersed with low to
moderate intensity activity of varying duration. Approximately 95% of children’s high
intensity bouts lasted less than 15 s (Bailey et al., 1995) or 10 s (Baquet et al., 2007)
with a mean duration of 3 s in both studies. The mean duration of light and moderate
intensity bouts was 6 s (Bailey et al., 1995) and 9 s (Baquet et al.,, 2007). This
spontaneous, intermittent activity pattern indicates that children will tend to accumulate

PA in short bursts throughout the day (Welk et al., 2000). Thus, to more accurately
assess children’s habitual PA, high (5 to 10 s) rather than low frequency (60 s)

accelerometry monitoring 1s advised (Rowlands, 2007).

A large number of studies have used accelerometry to investigate the public perception
that PA 1in children and adolescents has declined over recent years with many failing to
comply with current guidelines (Biddle et al., 2004b). Evidence to date though does not
allow confident conclusions surrounding these issues to be made. First, there is a lack of
quality secular trend data for accelerometer-assessed PA. Secondly, available trend and
cross-sectional data is difficult to interpret and compare due to the predominant use of

60-s epochs (1.e. low frequency accelerometry) and the discrepancy between activity

count thresholds for moderate intensity activity.

Between studies using 60-s epochs, large differences are evident in the time young

people reportedly spend in moderate PA or MVPA. This is due to the use of different
thresholds to define moderate PA. In the literature there are arguably three bands within
which moderate intensity activity counts for youth have fallen. First, the Freedson et al.

(1997) age-specific equation has been used to generate relatively low count thresholds
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for moderate activity of 802, 906, 1017 and 1600 CPM in §, 9, 10 and 15 year olds,
respectively (Trost et al., 2002; Pate et al., 2002; Riddoch et al., 2004; Nadar et al.,
2008). Mgller et al. (2009) adopted this approach in 8 to 10 year olds, but used a
threshold of 1000 CPM for moderate activity by rounding to the nearest hundred counts,
assumingly based on the mean sample age approximating 9.7 years. The Freedson et al.
(1997) equation was generated from accelerometer (Computer Science and Applications,
model 7164, ActiGraph Ltd, Pensacola, FL., USA) activity counts calibrated against
respiratory gas analysis in fifty children aged 6 to 17 years performing two 5-min
walking protocols and one 5-min jogging protocol on a motorised treadmill. Cross-
validation of the equation in thirty similarly aged participants revealed no difference
between actual and predicted EE (r = 0.86) (Freedson et al., 1997). Studies utilising the
equation have reported a high prevalence of MVPA in 9 to 11 year old children, from
120 to 192 min'd™ in boys and 100 to 160 min-d”! in girls (Trost et al., 2002; Pate et al.,
2002; Riddoch et al., 2004; Nadar et al., 2008; Moller et al., 2009). The prevalence of
MVPA in 15 year old boys ranged between 55 and 99 min-d”, and in girls between 36
and 73 min-d™ (Trost et al., 2002; Pate et al., 2002; Riddoch et al., 2004; Nadar et al.,

2008). The majority of children and adolescents in these studies were subsequently

concluded as sufficiently active based on the current PA guideline.

Conversely, the European Youth Heart Study group have used a higher threshold of
2000 CPM for moderate activity in 9 and 15 year olds (Andersen et al., 2006; Ekelund
et al., 2007; Nilsson et al., 2009). This was based on validation studies that purportedly
indicated similar counts in children exercising at 3 METs during treadmill or
overground walking at 4 km-h™ (Trost et al., 1998: Puyau et al., 2002; Brage et al., 2003;
Ekelund et al,, 2003; Treuth et al,, 2004). This cut point may be too low and
overestimate moderate activity however, as studies in which children and adolescents
walked at 4 km'h™ reported mean activity counts of 2381 CPM (Brage et al., 2003),
2356 CPM (Treuth et al., 2004) and 2471 CPM (Puyau et al. 2002). Mean counts of
2500 CPM were similarly reported by Metcalf et al. (2008) in prepubertal children
walking at 4 kmh". From the data of Nilsson et al. (2009) the weighted week mean for
MVPA 1n youth from four European countries was calculated, which in 9 year old boys
and girls was 97 and 70 min-d™, respectively, and in 15 year old boys and girls 74 and
55 min-d™, respectively. Metcalf et al. (2008) reported 57 (boys) and 45 (girls) min-d”!
of MVPA in 8 year old British children. Compared to studies that used the Freedson
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equation therefore, a larger proportion of youth and especially 9 year old children in

these samples were deemed insufficiently active to benefit health.

In contrast to both these approaches, studies using high thresholds of 3600 CPM
(Riddoch et al., 2007) and 3200 CPM (McLure et al.,, 2009) for moderate activity

concluded almost all girls and boys aged 9 to 11 years to fall short of the current PA
guideline, supposedly achieving only 16 to 29 mind” of MVPA. The 3600 CPM

threshold was established from children walking on a treadmill at a moderate intensity
of 4 METs (Riddoch et al., 2007). This threshold fell between a comfortable (4.4 km'h';
2950 CPM) and brisk (5.8 km'h™'; 4175 CPM) walking speed (Riddoch et al., 2007).
The 3200 CPM threshold was derived from a prediction equation that regressed EE

against counts generated by children performing a range of structured activities in a

whole room calorimeter (Puyau et al., 2002). It is clearly evident therefore that when

assessing habitual PA in 60 s epochs, the number of children and adolescents deemed

sufficiently active will depend on the count threshold selected for moderate intensity

activity and this makes comparability between studies difficult.

While the debate will continue regarding which threshold for moderate intensity PA is
most suitable, the variability reported across groups in MVPA would likely be
minimised 1f PA was monitored in 5-s rather than 60-s epochs, and the 60-s count

threshold was converted into a 5-s threshold. This is because a 60-s epoch sums all the

counts over a minute, and compares this value to the CPM threshold. Thus, if a child

performed 15 s of high intensity activity and then rested for 45 s, the sum of counts
would likely be greater than a low threshold for moderate PA (e.g. Freedson 906 CPM)
but lower than a high threshold (e.g. Riddoch 3600 CPM). Consequently, the child

would be classified as engaging in 60 s (Freedson) or 0 s (Riddoch) of moderate PA,
respectively. If though, the 60-s threshold was converted to a 5-s count per epoch (CPE)

threshold, by dividing by twelve, then regardless of the original CPM threshold a more
accurate estimation of MVPA would be likely, i.e. 0 to 15 s rather than 0 to 60 s, and,

the discussed discrepancies between studies minimised. High frequency monitoring is
supported by research indicating that 60-s epochs underestimate moderate and Vigorous

intensity PA in children compared to a 5-s epoch, when a moderate threshold of 1956
CPM (Nilsson et al., 2002) and 1952 CPM is used (Corder et al., 2007¢).
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Despite this methodological issue, the aforementioned studies confirmed important
conclusions from recent reviews (Biddle et al., 2004b; Strong et al., 2005). Boys are
more active than girls across childhood and adolescence, especially at a high intensity,
and an age-related decline in activity across adolescence is evident. Relatively stable PA

levels in children tracked annually from 5 to 8 years of age (Metcalf et al., 2008) further

suggests PA promotion is vital in children, and especially girls, as they move into the
pubertal transition (about age 10 to 14 years) (Strong et al., 2005). Early intervention is
supported by self-report (Brodersen et al., 2007) and accelerometry-based research
indicating sedentary time to be greater in adolescents than children (Ekelund et al., 2007;
Van Sluijs et al.,, 2008; Nilsson et al.,, 2009), and, in girls than boys throughout
childhood and adolescence (Ekelund et al., 2007; Riddoch et al., 2007). These findings
were consistent despite a range of thresholds being used to define sedentary time (< 100
to 500 CPM) (Nilsson et al., 2009; Riddoch et al., 2007, Van Slujs et al., 2008;
Ekelund et al., 2007). Activity counts of approximately 100 CPM have been observed in
children sitting (Puyau et al., 2002), suggesting a relatively low threshold will avoid
including time spent in very light to light intensity activity (Van Sluijs et al., 2008).

Thus, accelerometry-assessed sedentary time will be defined as < 100 CPM in this
thesis.

Total activity (CPM) and time spent in MVPA were reportedly greater on weekdays
than weekend days (Riddoch et al., 2007; McLure et al., 2009; Nilsson et al., 2009).

This 1s congruent with previous findings in adolescents (Trost et al., 2000; Treuth et al.,
2007) and children (Rowlands et al., 2008). However, between-day variability was
found to depend on geographical location (Nilsson et al., 2009), gender (Nadar et al.,

2008), and age, with children reported to be more active on weekend days (Trost et al.,

2000). The difference in findings may be due to the use of different PA assessment
methods and thresholds to define moderate intensity activity (Nilsson et al., 2009).

Nilsson et al. (2009) also found time spent sedentary to be greater in 9 and 15 year olds

on weekdays compared to weekend days, supporting suggestions that a high volume

sedentary time is not necessarily accompanied by low levels of PA.

Nilsson et al. (2009) presented novel results on the variability in PA between school and
leisure time in children and adolescents. Though differences in the average level of PA

between school and leisure time were inconsistent across four European countries,
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MVPA was typically similar or greater during school compared to leisure time (Nilsson
et al., 2009). This may be due to PA opportunities during recess (Ridgers et al., 2006)
and physical education (PE) lessons (McKenzie et al.,, 1996). A low proportion of
children and adolescents failed to accumulate 60 min of MVPA during school, leading
to the suggestion that increasing opportunities for PA during leisure time 1s important to

- support more children to meet current PA recommendations (Nilsson et al., 2009). This

1s especially important from a young age, as sedentary time was predominantly greater

in 9 year olds during leisure time than at school (Nilsson et al., 2009).

The increased time young people spend sedentary out of school should be expected, as
young people in affluent countries spend more time engaged in screen-based activities
than any other activity besides sleep (Woodward and Gridina, 2000; Roberts and Fochr,
2004; Marshall et al., 2006). Young people watch TV for 2 to 4 h-d"l (Olds et al., 2006;
Gorely et al., 2004; Laurson et al., 2008), and use video games and computers for 30 to
45 min-d”" each (Woodward and Gridina, 2000; Marshall et al., 2006), though 75% of
UK youth were found to play video games for 6 to 14 h-wk™ (Pratchett, 2005).

Television viewing and computer use are reportedly consistent between genders

(Marshall et al., 2006; Laurson et al., 2008), though in a large sample of Liverpool
children aged 9 to 10 years, boys’ TV and video game use was greater than girls
(Fairclough et al., 2009). Greater video game use in boys than girls have previously
been reported (Marshall et al., 2006; Olds et al., 2006; Cummings and Vandewater,
2007; Laurson et al., 2008). Boys may spend more time compared to girls watching TV

and playing video games due to girls devoting more time to activities such as talking on
the phone, doing homework or reading (Hager, 2006). Though age-related trend data for
video game and computer use is lacking (Marshall et al., 2006), TV viewing is thought
to increase from 6 to 11 years of age, peak between the ages of 9 and 13 years, and
decline through adolescence (Rosengren and Windahl, 1989; Gorely et al., 2004;
Marshall et al., 2006). In contrast to objectively measured sedentary time (Nilsson et al.,
2009), research suggests engagement with screen-based media is greater on weekend
compared to weekdays (Olds et al., 2006; Cummings and Vandewater, 2007). This may

be due to young people having more free time at the weekend and spending prolonged

periods sedentary in lessons at school on weekdays.
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The time spent watching TV and playing video games on weekday and weekend days in
Liverpool children 1s inversely associated with SES (Fairclough et al., 2009). This is
congruent with previous research (Gorely et al., 2004; Jago et al., 2008) and supports
the suggestion that socio-demographic factors such as maternal education, family
income and SES have a stronger relationship with sedentary behaviours than
psychosocial and behavioural factors including school PE participation and use of
community recreation centres (Gordon-Larsen et al.,, 2000). Several factors are
suggested to contribute to the association between SES and time spent in sedentary
behaviours. Despite their potential high cost, parents may encourage children to engage

In sedentary screen-based activities in the home over PA outside due to a poor

perception of environmental safety in low SES communities (Goodway and Smith,
2005; Farley et al., 2007). Occupying a child with screen-based entertainment may also
appeal to low income or single parent families (Hesketh et al., 2006), as it requires low
parental input and presents a cheaper option to other leisure activities (Larson and
Verma, 1999; McElroy, 2008). Moreover, children to parents of high income or
educational level may be betterl encouraged and supported to participate in PA
(Stenhammer et al.,, 2007), as a result of fewer financial restraints and a greater
understanding of the health benefits of PA in parents (Saelens and Kerr, 2008). This has
led to suggestions that intervention is required to address such inequalities in the
prevalence of sedentary behaviour and PA participation (Fairclough et al., 2009). This is
especially warranted as 27% of boys and 35% of girls reportedly exceed the 2 h-d’’

screen time recommendation (Laurson et al., 2008), and 30% of boys and 25% of girls
are high TV users (> 4 h-d”") (Marshall et al., 20006).

Though prevalence data indicates that insidiously attractive screen-based media are
dominant leisure pursuits for contemporary youth (Pate, 2008), available secular data
suggests this prevalence has not changed dramatically over recent decades. Eleven to 17
year olds in the 1960s and 1970s watched TV for approximately 3.1 h-d” (Schramm et
al.,, 1961; Greenberg, 1976) and spent approximately 36 h-wk™ outside of school
engaged with mass media including TV, radio, vinyl records and comic books
(Schramm et al., 1961), which are consistent with current estimates. Thus, Biddle et al.

(2004b) suggested that while the content of media has changed, the volume has not, and

may represent a maximum time young people can devote to it. This would support
suggestions that while the large amount of time young people spend engaged with
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screen-based media is inevitably prohibitive of PA and a contributor to a sedentary
lifestyle (Biddle et al., 2003), media use may be unfairly implicated in the displacement
of PA (Biddle et al., 2004b; Marshall et al., 2004), with energy intake the more
important mechanism contributing to childhood overweight and obesity (Robinson,
1999). Increasing PA and reducing screen time related energy intake therefore seems

important for the promotion of an active, healthy lifestyle, especially in children from
lower SES groups.

2.5 Physical activity and sedentary behaviour interventions in youth

Increasing opportunities for PA is considered an essential option for dealing with the

rising incidence of obesity and to support more young people to meet PA

recommendations (National Institute for Clinical Excellence (NICE), 2006; Mohebati et
al., 2007; Nilsson et al., 2009). This is supported by Welk’s (1999) ecological approach
for behaviour change, the YPAP model, which states that enabling factors such as
equipment, space, time availability and suitable facilities will allow children to be
physically active. In this model, enabling factors reside within a conceptual framework
including demographic, predisposing and reinforcing factors, all deemed to influence
youth PA (Welk, 1999). Unmodifiable demographic factors of a population such as age,
gender, ethnicity and SES influence the likelihood of a child engaging in PA,

specifically the child’s predisposition of their ability to be physically active and whether
participation is worthwhile; the significant others that can reinforce PA, namely parents
and peers; and the aforementioned environmental determinants that allow children to be
active (Welk, 1999). Based on the Precede-Proceed model (Green and Kreuter, 1991)
and social ecological framework (McLeroy et al., 1988), which identified and
considered a populations needs and characteristics whilst acknowledging the direct and
indirect behavioural influence of the environment (Welk, 1999), the YPAP model has

been used to guide school-based PA interventions (Stratton, 2000; Stratton and Mullan,

2005; Rudgers et al., 2007) despite no published validation of the model (Rowe et al.,
2003).

School-based interventions promoting PA through the provision of enabling and
reinforcing factors are recommended, as children spend a large portion of their day in

30




school and this setting can play an important role in the development of PA and health

behaviours (Kohl and Hobbs, 1998; Stokols et al.,, 2003). Interventions that have
adapted the PE curriculum (Almond and Harris, 1998; Stone et al., 1998; Mallam et al.,

2003) and introduced playground markings and physical structures (Stratton, 2000;
Stratton and Mullan, 2005; Ridgers et al., 2007) have increased childrén’s PA during PE

and recess. However, increased PA outside of school and benefits to body composition,
as measured by BMI, are rarely observed (Harris et al., 2009). A year-long intervention
of biweekly after-school high intensity PA or fundamental movement skill clubs
similarly did not improve accelerometry-assessed habitual PA or dual-energy x-ray
absorptiometry (DXA) assessed body fat in 9 to 10 year old children compared to
controls receiving no intervention at 9 and 12 months from baseline (Ridgers et al.,

unpublished data). The failure of these school-based interventions to promote habitual

PA is unsurprising however; as they did not include farhily or community support that

encourages the maintenance of behaviour change (Eisenmann et al., 2008).

One of the few multi-level interventions that included a family component to reinforce a
school-based intervention was the Child and Adolescent Trial for Cardiovascular Health
(CATCH; Edmundson et al., 1996). This intervention was found to improve knowledge
and self-efficacy for healthy food choices and PA in young people (Edmundson et al.,

1996). However, self-reported changes in PA beyond the school-based intervention
alone were not observed, and this was attributed to the low intensity of the home-based
component (Nader et al., 1996). A dose-response effect was observed however, with

families that demonstrated greater parental involvement having greater acquisition of

knowledge and attitudes towards health habit changes, which supports the positive
influence of the family on psychosocial determinants (Nader et al., 1996). Support for
family and community involvement is also evident from the APPLE project, which
employed community activity coordinators to maximise opportunities for PA during
extra-curricular time at school and during leisure time in primary school children aged 5

to 12 years (Taylor et al., 2006). After 1-year, intervention children spent less time

sedentary, more time in MVPA and exhibited a lower change in BMI z-score compared

to controls (Taylor et al., 2006). Conclusions based on the accelerometer-assessed PA

data are limited however, due to a short monitoring period of 2 to 3 days at baseline and
l1-year, which may be insufficient to represent habitual PA in children (Trost et al.,
2000). Interventions aiming to encourage healthy lifestyle behaviours at the community,
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school and family level therefore appear necessary for the prevention of childhood

obesity (Eisenmann et al.,, 2008). However, few interventions are able to include
multiple levels due to financial and organisational constraints, and instead focus on a

single level, which has value in advising the potential development of multi-level
approaches.

Alternative school-based interventions to prevent or reduce childhood overweight have
targeted increased PA through a decrease in sedentary time. In the RCT of Robinson
(1999), 8 to 12 year old children were encouraged to reduce their TV, videotape and
video game use through eighteen lessons over a 6-month period. Lessons included self-
monitoring of TV, videotape and video game use to motivate children to reduce time
spent 1n these activities, and taught children to use their screen time more selectively in
order to adhere with a TV budget. The TV budget was enforced by an allowance system
that locked onto the power supply of TV sets and monitors. Compared to controls after
7 months, intervention children spent significantly less time watching TV and ate fewer
meals 1n front of the TV, according to child and parent reports, and, spent significantly
less time playing video games, according to child réports. These targeted changes were
observed with reductions in BMI, triceps skinfold thickness, waist circumference and
waist-to-hip ratio compared to controls, though no change in self-reported PA was
evident. Gortmaker et al. (1999) similarly used a 2-year curriculum-delivered
intervention to reduce TV use and promote PA and healthy eating in children aged 11 to
14 years. Compared to controls, the intervention reduced self-reported TV use in boys
and girls. In girls, the intervention also increased self-reported fruit and vegetable

consumption, attenuated the rise in energy intake, and, reduced the prevalence of

obesity compared to controls. These observations were accompanied however with no

-significant increase in self-reported PA in boys and girls (Gortmaker et al., 1999).

These findings contrasted those observed from a 16-week health education intervention
that used ten teacher-led lessons to reduce TV and computer use, and increase PA, in

children aged 9 to 11 years from nine schools (Harrison et al., 2006). In one hundred

and eighty two intervention children, changes in BMI and self-reported screen time

post-intervention were not significantly different from one hundred and thirty age-

matched controls (Harrison et al., 2006). However, self-reported time spent in MVPA

and PA self-efficacy was significantly greater than controls (Harrison et al., 2006).

32




iy T ¥ abrst o s droe B BT T )

gk it = A W e T K B o 7 e

mﬂr&i:ﬂ!ii W g M

Conflicting results between the trial of Harrison et al. (2006) and those of Gortmaker et
al. (1999) and Robinson (1999) may be due to differences in participants, intervention
design and duration, and the level of engagement with the intervention. What these
studies indicated though was that screen time and PA were poorly related, as a change

in one variable was not accompanied by an equal or opposite change in the other. This
supports suggestions that children have sufficient time for both PA and sedentary
behaviours (Marshall et al., 2004). It is important to acknowledge, however, that
conclusions from these trials are limited by a reliance on self-reported measures of PA.
For example, in the trial by Robinson (1999) only previous day out-of-school PA and

time spent in organised or unorganised activities were reported by children and parents,

respectively.

A recent RCT by Epstein et al. (2008) provided objective PA data to support
conclusions of Robinson (1999) and Gortmaker et al. (1999). In 4 to 7 year old children

above the 75" BMI percentile for age and sex, an allowance system, which locked onto
the power supply of TV sets and monitors, was used over 2 years to reduce TV and
computer use by 50%. Following a 3-week baseline assessment of TV and computer use
through the allowance systems, these systems were set up on a weekly time budget for
the intervention child. Each month the time budget was reduced by 10% from the
baseline value until the budget was reduced by 50%. A monitor could not be turned on
once the time budget for a week was reached. Weekly financial incentives, parental
praise and a star chart award system were also provided to encourage children to remain
under budget. Significant between-group differences for TV and computer use at 6, 12,
18 and 24 months were observed with favourable BMI changes in intervention children
compared to controls, despite no increase in total PA (CPM). A significant reduction in
energy intake in intervention children compared to controls was also observed at 18 and
24 months. Thus, reduced access to sedentary screen-based behaviours had a beneficial

effect on body composition in young people independent of PA, suggesting that screen

time influenced obesity through increased energy intake, as previously suggested

(Epstein et al., 1995; Ekelund et al., 2006). It should be acknowledged that this study

was limited by only examining the influence of reduced screen time on total PA.

Interventions effects on subcomponents of PA may be different to total PA (Robinson,

1999) and this should therefore be assessed in future trials.
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In 10 to 11 year old children, Salmon et al. (2008) evaluated the effect of a nineteen

lesson curriculum-based behaviour modification intervention, which aimed to reduce
sedentary behaviours and promote PA. In contrast to Epstein et al. (2008), intervention
children reported significantly greater TV use than controls at the end of the yearlong
intervention and at 12-months follow-up. The authors suggested this may be due to
lessons undesirably increasing children’s awareness and engagement with TV, though
an increased accuracy of reporting compared to controls, as a result of learning how to
better monitor their viewing, may have biased these results (Salmon et al., 2008). A
modest improvement In accelerometry-assessed moderate PA and a modest but
significant improvement in vigorous PA and total PA were reported compared to
controls post intervention and at 12 months follow up. This contrasted interventions
reporting no increase in PA (Robinson, 1999; Gortmaker et al., 1999; Epstein et al.,
2008). This was likely due to the inclusion of PA elements within lessons, such as the
designing of physically active games and the teaching of PA health benefits and ways of
increasing PA (Salmon et al., 2008). Nevertheless, despite increasing PA, intervention
children did not have a significant reduction in BMI compared to controls. Only
children randomised to a combined intervention that included behaviour modification
lessons plus fundamental movement skill lessons, had a significant decrease in BMI
post intervention and at follow-up compared to controls (Salmon et al., 2008). Given no
significant change in PA or sedentary behaviour was observed compared to controls
across the trial, the authors suggested this decrease in BMI may have been due to
dietary or behavioural changes occurring during the trial that were not captured at the
time of the assessment (Salmon et al., 2008). This unique evidence for the maintenance
of intervention effects on body composition is not reported in previous trials (Robinson,

1999; Gortmaker et al., 1999; Epstein et al., 2008), and supports interventions targeting
PA and decreasing sedentary behaviours.

Whilst interventions to reduce screen time have demonstrated positive changes in body
composition, increases in habitual PA are rare and the long-term sustainability of these

approaches, especially the restriction of media use through technologies such as a TV

allowance system, is questionable. It is suggested that if significant others such as

parents make choices that influence the behaviour of a child, for example installing an
allowance system to limit TV or video game use, the child may not attribute the

motivation for change to themselves (Epstein et al., 1995). Instead they attribute the
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behaviour change to parental control. This may influence their liking of the targeted
change (i.e. reduced screen time) and the likelihood of sustaining this behaviour change
when the treatment contingency (i.e. allowance system) is removed (Deci and Ryan,
1985). Conversely, if children are provided a choice and are able to attribute the
motivation for change to themselves, as shown in studies on eating (Birch et al., 1984)

and exercise choices (Orlick and Mosher, 1978), their liking and sustainment of the

behaviour change may increase (Epstein et al., 1995). When considering screen-based

media use, providing children with a choice rather than enforcing restriction seems
important in today’s technology driven environment. Appealing forms of sedentary
entertainment are continually emerging, children are resistant to relinquishing screen-
based activities (Faith et al., 2001; Wilson, 2007), and with age children have greater

opportunity to visit friends’ homes or arcades to accumulate TV and video game use if
restricted at home (Epstein et al., 2008).

An alternative approach for reducing the time spent in sedentary screen-based activities
whilst promoting PA may be to encourage PA during screen time in the home. This is
supported by the home being described as an important context within which physically
active behaviours can be encouraged and fostered (Owen et al., 2000), as young people
spend a substantial proportion of the day at home where parents can reinforce positive
behaviours. It has also been suggested that interventions to increase PA should preserve
the context of existing behavioural preferences of the target population (Marshall et al.,
2002), which for children would include the use of technology, specifically TV and

video games. Olds et al. (2004) reiterated this by stating creative, innovative
interventions need to use technology for active movement.

A way of fulfilling these criteria is to convert sedentary screen-based activities into
physically active pursuits. Active video games encourage PA and discourage sedentary
behaviour compared to sedentary video games. If active video games became as much a
part of the typical child’s routine as sedentary video games and other sedentary
entertainment are now, they could be a useful tool for promoting indoor active play and
regular PA and EE (Pate, 2008). In line with Welk’s (1999) ecological approach, the
provision of active video games would enable young people to be physically active and

parental and sibling support can reinforce the conversion of video game time from

sedentary to active. Children and adolescents’ affinity with video games and the basic
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movements typically required during active video gaming may encourage the perception
that they are able to participate in the activity with success. Furthermore, aided by such
a perception and support from significant others, young people may perceive
participation in active video gaming as worthwhile. Though targeting all modifiable

factors is optimal for PA promotion, the current thesis will focus on predisposing and

enabling factors. Reinforcement from parents to encourage their child to convert gaming
from sedentary to active will occur at the start of the home-based intervention in this
thesis. However, the inclusion of a continual strategy to encourage sustained parental
reinforcement is beyond the scope of this thesis due to limited resources. The

demographic factor of SES will be used to target children for the home-based
intervention.

2.6 Active video gaming in youth

Sedentary video gaming is a dominant leisure pursuit in young people’s lives (Marshall
et al., 2006). Video games are popular as they are complex, immersive (i.e. encourage
deep involvement) and provide graded challenges by adapting the level of play based on
the improving skill of the individual (Vorderer et al., 2004; Sherry, 2004; Wood et al.,
2007). These characteristics have been reported in children, adolescents (Griffiths and
Hunt, 1995; Phillips et al., 1995), and adults (Wood et al., 2007), to encourage a ‘one
more go’ mindset and prolonged gaming sessions. Video games have been found to
absorb an individual’s attention to the extent that they lose track of time irrespective of
gender, age or frequency of play (Wood et al., 2007). For many gamers, losing track of

time was the main reason for playing video games, as it helped them to relax and

temporarily escape from reality, though some indicated loss of time to have negative

outcomes such as wasted time, the sacrificing of other things in their lives such as

classes, coursework and meetings, and, social conflict with friends and family (Wood et
al., 2007).

Recent advances in technology have provided opportunities to enable gamers to engage
in video gaming in an active manner. If gamers find active video games as immersive as
sedentary video games, and substitute them into their routine without reducing PA away

from the screen, a potentially large reduction in daily sedentary time and increase in EE
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can be achieved. This hypothesis is supported by laboratory-based studies examining

the physiological responses to playing sedentary and active video games. Early work by

Segal and Dietz (1991) found that compared to standing still, standing play on an arcade

video game in laboratory conditions significantly increased HR, oxygen consumption

(V 0O,) and blood pressure in thirty-two young adults aged 16 to 25 years. Ridley and
Olds (2001) later reported the energy cost of four arcade video games to range from

light to vigorous intensity in ten children aged 11 to 12 years, with a positive
association between EE and PA measured by a hip-mounted accelerometer. This

association disappeared, however, when data for the most active video game, which
required whole body movements, were removed, with the authors concluding uniaxial
accelerometers as unsuitable for quantifying the energy cost of video games (Ridley and
Olds, 2001). This conclusion is limited however, as the remaining three video games
required upper-limb movements, which are poorly captured by hip-mounted

accelerometers (Rowlands, 2007). This would suggest that to quantify the energy cost

of non-ambulatory video games, assessment of upper limb PA is required.

Wang and Perry (2006) found sedentary video gaming in a laboratory to significantly

increase HR, V 0, and blood pressure compared to seated rest in twenty-one boys aged
7 to 10 years. The authors concluded that sedentary video gaming was not a passive
activity and should not be combined with TV for the evaluation of sedentary behaviours
(Wang and Perry, 2006). Marshall et al. (2004) shared this view, having stated that
screen-based behaviours need to be isolated in associations with PA and health. The
light intensity energy cost of seated gaming was further concluded as lower than that
elicited by exercise (Wang and Perry, 2006), which though logical to assume, was based

on comparisons with data from previous literature and not data from repeated

exists. This would further contextualise the energy expending potential of video games.

It was evident from these initial studies that video games stimulate significant metabolic

and physiologic responses in young people and adults, and this has been similarly

reported for recently developed active video games. Lanningham-Foster et al. (2006)

found playing video games for 15 min using a hand-held controller while seated to
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increase EE above resting values by 22% in twenty-five children aged 8 to 12 years.
Conversely, active video games that primarily encouraged upper body movements
(Nicktoons Movin’®, EyeToy®, Sony Computer Entertainment, San Mateo, CA) and
lower body movements (Dance Dance Revolution (DDR) Ultramix 2°, Konami Digital

Entertainment, Redwood City, CA) increased EE above rest by 108% and 172%,
respectively (Lanningham-Foster et al., 2006). Significant increases in EE from resting
values to light to moderate intensities during active video gaming compared to

sedentary gaming were consistent between lean and overweight children (Lanningham-

Foster et al., 2006). Unnithan et al. (2006) similarly reported no difference in V 0,

relative to body mass, stature and fat-free mass, or the percentage of peak and average

V 0, and HR, between non-overweight and overweight youth aged 11 to 17 years
during laboratory-based play on a dance game (DDR). These results suggest the

submaximal energy cost of movement during active video gaming is consistent across

varying levels of adiposity (Unnithan et al., 2006; Lanningham-Foster et al., 2006).

Unnithan et al. (2006) further presented two important findings. First, based on a HR

maximum (HRnax) percentage of 65%, which equates to moderate intensity activity in
adults (US Department of Health and Human Services, 1996), DDR was concluded

sufficient for developing or maintaining cardiorespiratory fitness in youth, similar to

previous work (Tan et al.,, 2002), as it exceeded the American College of Sports
Medicine (ACSM) recommendation of 60% HR,ax (Pollock et al., 1998). However, this

recommendation 1s for adults, with Baquet et al. (2003) indicating exercise intensities
greater than 80% HRyax are necessary to improve cardiorespiratory fitness in youth. The
greater exercise intensity for youth may be due to a relativerly high initial peak V O,
compared to adults, which would contribute to a decreased sensitivity to training

(Baquet et al., 2003; Rowland, 1992), and suggests that dance games are insufficiently

intense to maintain cardiorespiratory fitness. Secondly, during DDR there was a

disassociation between HR and V 0,, with V O, failing to increase to the same

proportion as HR. Unnithan et al. (2006) hypothesised this was due to a lack of upper

body movement during dance simulation. However, in twenfy-one children aged 10 to

14 years, play on an active video game (Homerun®, Sony EyeToy) that required upper

and lower body movements was reported to elicit an energy cost similar to that during

dance simulation (Maddison et al. 2007). Therefore, the disassociation may be due to
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the intermittent nature of active video gaming, with rest periods leading to transient

decreases in HR and V O, as suggested by Unnithan et al. (2006). This would imply

that more continuous active video game play is necessary to avoid a disassociation

between HR and V O,. Whether children enjoy continuous active video game play is

questionable however, as this would not match the intermittent nature of their PA

patterns and may be too physically demanding.

Similar to the study of Lanningham-Foster et al. (2006), Maddison et al. (2007) found
active video gaming on the EyeToy and a dance game to significantly increase PA and
EE compared to sedentary video games in twenty-one children aged 10 to 14 years.
Furthermore, the games Homerun, Knockout® and Cascade®, and Dance UK® on the
PlayStation® (PS) 2 (Sony Corporation, Tokyo, Japan) elicited moderate PA intensities

(> 3 METs) that would contribute towards daily recommendations for child and

adolescent PA (Maddison et al., 2007). Beyond these studies however, which focused

on similar games, little is known about the physiological cost of other commercially

available active video games and devices young people use.

The physiological responses to active video gaming have to date not been compared in
the same sample of participants to activities of daily living, which would contextualise
the energy expending potential of active video games. Research is also generally limited
to youth aged 6 to 16 years, with little or no reported study investigating the
physiological responses to active video gaming in young and older adults. This would
provide an indication as to which age group may benefit the most, from an EE
perspective, from playing active video games. This may inform the target population for

interventions using active video games to promote PA and health. Assessing

physiological responses to active video gaming across a wide age range would also

indicate whether the magnitude of PA and EE observed in young people is similar in
adults. If similar physiological responses were observed across different age groups, this

would support the promotion of active rather than sedentary video gaming throughout

the lifecourse. In the published literature no empirical research has documented the

contribution of upper limb and total body movement to EE during active video gaming.

This would generate PA data that can be used to support conclusions as to why active

video games stimulate different increases in activity levels and the associated
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physiological costs. This research question can be addressed through PA monitoring at
the hip and wrist via accelerometers. This will also provide recommended data on the
value of assessing upper limb movements in addition to total body, for the accurate

prediction of EE in young people during unique, non-ambulatory activities (Trost et al.,
2005).

An additional limitation of the published literature is that it is relatively unknown

whether young people enjoy active video gaming. Enjoyment and free choice are valued
traits when choosing to participate in an activity (Dishman et al., 2005). Investigating
whether enjoyment of active video gaming is similar to seated equivalents is pertinent in
order to gain an insight into the potential sustainability of these devices. Epstein et al.
(2007) found that when given the opportunity to play a dance video game (DDR)
actively or seated using a hand-held controller, eighteen overweight and seventeen non-
overweight 8 to 12 year old children were more motivated to select the active alternative
in a laboratory setting. The same was not observed for a bicycle video game however
(Epstein et al., 2007). A preference for the active dance game may have been due to its
interactive nature, perhaps both physically and mentally, with children less motivated to
play the active bicycle game as it felt too much like exercise or was too physically
demanding (Epstein et al., 2007). Using a hand-held controller as an alternative to

actively cycling may have also been more appealing, as it was similar to usual video
game play (Epstein et al., 2007).

These findings suggested that for young people to choose to play active video games,

the relative reinforcing value of the game (i.e. the desirability of the outcome of the

behaviour) needs to be greater than that of available alternatives, such as seated gaming
(Epstein and Saelens, 2000). This may entail that the intensity of active video gaming
should not be too great, otherwise physical sensations may override enjoyment, make us
avoid the outcome from the behaviour and reduce participation. This is supported by
research that reported physical feedback during video gaming, such as manipulating a
joystick, to act as a ‘reality check’ that reminded adolescent and adult video game
players of their physical surroundings and prevented immersion (deep involvement) in
the game and concomitant sensations of time loss (Wood et al., 2004; Wood et al.,
2007). Despite the encouraging reports that young people may choose to allocate time

to active video gaming (Epstein et al., 2007), information on the enjoyment of other
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active video games compared to sedentary equivalents in youth and adults is lacking.

Furthermore, observations were from a short period of game play in a laboratory setting,

with a paucity of research investigating how long and for how often young people play

active video games in the home.

Chin A Paw et al. (2007) conducted a 12-week intervention to investigate the

motivation of thirteen children aged 9 to 12 years to play an interactive dance video
game, provided for home use, on a computer. Despite initial interest in the game,

children’s median self-reported weekly playing duration decreased from 228 min at 6

weeks to 0 min at 12 weeks (Chin A Paw et al.,, 2007). Reasons for not playing
regularly included dull music, boredom of the game, the need for space in front of the
computer and technical faults with the game (Chin A Paw et al., 2007). In contrast,
fourteen children invited to participate in a weekly multiplayer interactive dance class,
in addition to home use of the dance video game, had a self-reported increase in median
playing duration from 475 min at week 6 to 601 min at week 12 (Chin A Paw et al.,
2007). This suggested the multiplayer class increased children’s motivation to sustain
active video gaming in the home, possibly by increasing the reinforcing value of the

game compared to available alternatives (Epstein et al., 2007). Competition between
children within the class may also have increased their motivation to practise at home.
Alternatively, the difference in playing duration may be explained by the intervention
group being leaner than the home group. Other limitations of this trial included small
sample si1zes that were not gender balanced, a failure to objectively measure changes in
habitual PA, the absence of a comparison group to compare intervention effects against,
and, the use of a computer rather than TV as the output media for the video game, with

Wood et al. (2004) reporting that poor graphics and sound effects can reduce enjoyment
during video gaming.

Madsen et al. (2007) similarly investigated self-reported use of a dance simulation game

(DDR) provided for home use in thirty 9 to 18 year olds from a paediatric obesity clinic.
At 3 months only twelve of twenty-six children who provided follow-up data used DDR

at least twice a week, with this decreasing to two of twenty-one children at 6 months
(Madsen et al., 2007). Playing DDR was suggested to be insufficiently motivating to
yleld sustained use, and children reported that playing with friends, competitions and a

greater variety of music may increase use of the game and alleviate sensations of
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boredom (Madsen et al., 2007). Though this study was limited by failing to assess
habitual PA across the trial, and failing to compare intervention effects against a
comparison group, findings supported those of Chin A Paw et al. (2007). Dance
simulation games therefore appear insufficiently complex, immersive or graded in terms
of game play difficulty to maintain motivation for sustained use, placing doubt over the

ability of active video games to promote regular PA and health in young people.

Children and adolescents in these studies were provided with dance simulation games
for use on a specific console, with the effect of other active video games on PA,

sedentary behaviour and health unknown. Further, similar to any sedentary video game,

provision of a single active video game is likely to have contributed to decreased
motivation for sustained use due to over-familiarisation (Mellecker et al., 2008). An
alternative approach may therefore be to provide a range of active video games to young
people. Conversely, there is growing evidence to suggest that re-engineering PA into
the video games young people already own and play may be an effective strategy for

promoting PA and decreasing sedentary behaviour (Levine, 2007; Mellecker et al.,

2008). With respect to the discussed limitations of previous interventions, there is a

need for more RCTs to investigate the effect of active video games or devices on PA,

sedentary behaviour and health in young people.
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2.7 Summary

This review has highlighted the health benefits of increased PA and reduced sedentary
time in young people. Though the prevalence of children and adolescents meeting
current guidelines for health enhancing PA is unknown, PA declines from childhood to
adolescence and many young people exceed screen time recommendations. The rising

incidence of overfat and obesity in young people further indicates that preventive action

against low levels of PA and excessive weight gain is necessary from an early age. The

limited success of school-based interventions to increase habitual PA and improve
health, and the complexity and cost of multi-level interventions, suggest innovative
approaches may be required to help promote positive behaviour change and energy
balance in youth, whilst informing larger trials. One such approach for promoting PA
and reducing sedentary time 1s to use technology to convert screen time from sedentary
to active in the home. This will allow young people to continue participating in screen-

based behaviours that they enjoy, and may have greater long-term sustainability than

interventions restricting screen time through parental control.

Active video games combine PA with video gaming and have been reported in cross-
sectional research to significantly increase PA and EE in children and adolescents
compared to sedentary video gaming and rest, with PA intensities typically light or
moderate. However, much more needs to be known. The active video games
investigated in the published literature have focused on a small range of activities, with
the physiological cost of other commercially available games and devices unknown. No
empirical research documents the contribution of upper limb and total body movements

to EE during active video gaming. This can be achieved through multi-site activity

monitoring and will allow evidence-based conclusions to be made as to why active
video games elicit different increases in PA and EE. This approach will also provide
recommended information on the value of assessing upper limb movements in addition
to total body for the accurate prediction of EE in young people during non-ambulatory
activities. There is limited research investigating the physiological responses to, and
enjoyment of, active video gaming in children and adults compared to sedentary video
gaming and other physical activities. This would provide an insight into the potential
acceptability of these games and inform whether the magnitude of PA and EE observed

in young people is similar in adults. This would help inform whether interventions
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seeking to substitute sedentary video games for active equivalents are suitable, and
provide an indication as to which age group is best to target for interventions using this
technology to promote PA and health. Comparable magnitudes of PA and EE across age
groups would provide further support for the lifelong conversion of video gaming from
sedentary to active. Few interventions have investigated the effect of active video
gaming on PA and sedentary behaviour in young people, with previous interventions in
youth limited by failing to assess intervention effects relative to a comparison group and
failing to objectively assess changes in habitual PA. Randomised controlled trials and
controlled trials are warranted to determine if young people will substitute sedentary
video gaming for active video gaming over time, and in doing so, whether a reduction in

sedentary time and increase in habitual PA will accrue health benefits.

44



2.8 Major aims of the thesis

A review of the discussed literature led to the formation of the major aims of this thesis.

Aim 1 is to compare adolescents’ EE whilst playing sedentary video games and active
video games on the Nintendo Wii® (Nintendo Co Ltd, Minami-ku Kyoto, Japan) video
game console. This will provide original data on the energy cost of active video games
other than those on the Sony EyeToy or a dance simulator, and allow findings to be
contextualised in relation to sedentary equivalents and PA guidelines. Aim 2 is to
examine the contribution of upper limb and total body movement to adolescents’ EE
whilst playing non-ambulatory active video games. The use of multi-site accelerometry
will provide an indication of the value of assessing upper limb movements in addition to

total body for the accurate prediction of EE during non-ambulatory activities, and will

be compared to predictions from the more utilised approach of combined HR and
movement sensing.

Aim 3 1s to assess the physiological cost and enjoyment of active video gaming in
adolescents, and young and older adults, and to compare findings with those for
sedentary video gaming and aerobic activities common to daily living (walking and

jogging). This study will inform whether the magnitude of PA and EE during active

video gaming is similar across a spectrum of ages and gaming experience and provide
an 1insight into the potential acceptability of these devices. This will inform the
suitability of using active video games as an interventional tool for promoting PA in
youth and throughout the lifecourse. Aim 4 is to investigate, through a RCT, the short-
term effects (12 weeks) of active video gaming on children’s habitual PA and sedentary
behaviour, behaviour preferences, and, body composition, with a mid-test analysis
incorporated at the 6-week period. This will be one of the first trials to provide an
insight into whether young people play active video games other than dance simulators

in the home over time, and whether in doing so this will encourage a reduction in

sedentary time, an increase in habitual PA and any associated health benefits.
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Aim 1: To compare adolescents’ EE whilst playing sedentary video games and new

generation active video games in a laboratory setting — Chapter 3.

Aim 2: To examine the contribution of upper limb and total body movement to
adolescents’ EE whilst playing non-ambulatory active video games in a laboratory

setting — Chapter 4.

Aim 3: To compare the physiological cost and enjoyment of active video gaming with
sedentary video gaming and aerobic exercise in adolescents, and young and older adults

in a laboratory setting — Chapter S.

Aim 4: To evaluate the short-term (12 weeks) effects of a home-based active video

gaming intervention on children’s habitual PA and sedentary time, behaviour

preferences, and, body composition, with a mid-test analysis incorporated at the 6-week

period — Chapter 6.
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Chapter 3

Comparison of Energy Expenditure in
Adolescents when Playing a Sedentary Video
Game and New Generation

Active Video Games

47



Comparison of energy expenditure in adolescents when playing a sedentary video

game and new generation active video games

The main outcomes of this study have been published in the British Medical Journal
(Graves, L., Stratton, G., Ridgers, N. D., Cable, N. T. (2007). Comparison of energy
expenditure in adolescents when playing new generation and sedentary computer
games: cross sectional study. British Medical Journal, 335, 1282-1284) and the British
Journal of Sports Medicine (Graves, L., Stratton, G., Ridgers, N. D., Cable, N. T.
(2008). Energy expenditure in adolescents playing new generation computer games.

British Journal of Sports Medicine, 42, 592-594) (please see Appendix 2).

3.1 Introduction

Higher levels of PA in youth are associated with more favourable cardiovascular and
metabolic disease risk factor profiles (Andersen et al., 2006; Ekelund et al., 2007),
which can extend into adulthood (Nicklas et al., 2002; Bao et al., 1994; Lambrechtsen et

al., 1999). Young people are therefore recommended to engage in at least 60 min-d” of

MVPA (Biddle et al., 1998; DH, 2004), although 120 min-d" for children and 90

min-d” for adolescents may be necessary (Andersen et al., 2006). Moderate intensity

PA should use at least three times as much energy as is used at rest (Biddle et al., 1998;
DoH, 2004). Despite these recommendations, there is concern that many children are
insufficiently active to benefit their health (Riddoch et al., 2007); although the

percentage of youth deemed sufficiently active is dependent on the accelerometer

activity count cut point used to define moderate PA. The decline in PA seen during

adolescence further places children’s future health in jeopardy (Biddle et al., 2004b;
Strong et al., 2005).

Many factors contribute to low levels of PA and the excess accumulation of adiposity in
young people, with links made to the time spent engaged in sedentary screen-based

behaviours such as TV viewing and video game or computer use (Vandewater et al.,

2004; Marshall et al., 2004). While there is evidence to suggest increased TV viewing is
associated with obesity, video games and computers are not thought to represent such a
high risk (Rey-Lopez et al.,, 2008). It has even been suggested that replacing TV
viewing with sedentary video gaming may positively affect EE (Wang and Perry, 2006).
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However, research suggests that time spent sedentary (< 500 CPM) is positively

associated with metabolic risk in children and adolescents (Ekelund et al., 2007).
Moreover, high media use in childhood 1s linked to high use in adolescence (Marshall et
al., 2006), and 5 to 12 year olds who self-reported to spend more than 2 h-d"! watching
TV and playing video games were at greater risk for overweight than peers
accumulating less than 2 h-d” (Laurson et al., 2008; Spinks et al., 2007). This would
support the theory of sedentary behaviour as a modifiable risk factor for lifestyle related

disecases (Blair and Connelly, 1996). Targeting reductions in sedentary time and

increasing PA therefore seem beneficial to child and adolescent health.

The new generation of wireless based video games are meant to stimulate gr