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PREFACE

Physical activity in children and youth is associated with physiological,
physical, and mental health benefits with research suggesting that the more
physical activity one accumulates, the greater the health benefits (Janssen &
LeBlanc, 2010). Physical activity in children and youth is impacted by a
variety of psychosocial, environmental, and biological factors (Bauman et
al., 2012). Moreover, physical activity peaks in primary school, decreases
with age (Farooq et al., 2019), and tracks from childhood through
adolescence and into adulthood (Tammelin et al., 2014). Physical activity
levels of children and youth are a concern worldwide (Aubert et al., 2018).
This lack of physical activity worldwide has been labeled as a global
physical inactivity pandemic, with physical inactivity recognized as the
fourth leading cause of death worldwide (Andersen, Mota, & Di Pietra,
2016). The high levels of inactivity and the associated risks make it a public
health priority, while the direct and indirect economic costs of physical
inactivity are extremely burdensome on societies and health care systems
(Ding et al., 2016). Thus, physical activity as a public health issue has led to
an explosion in research related to causes and barriers,
assessment/measurement, and programs/interventions.

This research has been embraced by students, academics, practitioners,
educators, and policy-makers to inform knowledge, understanding, practice,
programming, and funding decisions. However, navigating through the
wealth of research evidence covering these important topics can be
challenging. The Routledge Handbook of Youth Physical Activity is intended
to help with this challenge, and our hope is that it will serve as a
comprehensive guide for students, practitioners, and academics, and other
research users on the state of current knowledge related to youth physical
activity, the current and emerging issues, as well as recommendations for
the future.



This text is organized into nine unique parts with 38 chapters in total.
Each chapter provides a balanced overview of current knowledge,
identifying issues, and discussing relevant debates. Part 1 “Introduction to
Physical Activity” includes four chapters addressing the various physical
activity domains (Chapter 1), global surveillance of physical activity
(Chapter 2), and health-related fitness (Chapter 3), as well as physical
activity guidelines and recommendations (Chapter 4). Part 2 highlights the
physiological (Chapter 5), psychological (Chapter 6), and cognitive and
academic (Chapter 7) benefits of physical activity for youth. Part 3
examines the various correlates of physical activity in youth. Specifically,
these chapters focus on the psychological (Chapter 8), interpersonal
(Chapter 9), physical environments (Chapter 10), and policy (Chapter 11)
factors associated with youth physical activity. Part 4 examines the
measurement of physical activity through six chapters addressing various
measurement modalities and considerations associated with them. Chapter
12 provides an overall introduction to physical activity measurement and is
followed by chapters addressing report-based measures (Chapter 13), direct
observation (Chapter 14), pedometers (Chapter 15), accelerometers
(Chapter 16), and emerging technologies (Chapter 17). These chapters
explore measurement issues when working with youth and offer numerous
recommendations for their use. Part 5 looks at the assessment of health-
related fitness (Chapter 18) and motor proficiency (Chapter 19). Part 6
explores physical activity programming and interventions focusing on
design (Chapter 20), implementation and scale-up (Chapter 21), and
evaluation (Chapter 22). Part 7 discusses school-based interventions and
includes chapters focused specifically on physical education (Chapter 23),
recess (Chapter 24), classroom (Chapter 25), school running programs
(Chapter 26), and multicomponent interventions (Chapter 27). This part
also has chapters focused on preschool and childcare interventions (Chapter
28) as well as programs designed specifically for children with disabilities
(Chapter 29). Part 9 1s centered on family and community-based
interventions with specific reference to mother/family (Chapter 30) and
father-based interventions (Chapter 31). Chapters 32 (before-school and
after-school), 33 (summertime), 34 (active commuting), and 35
(technology-based) all explore programming while youth are outside
traditional school hours. The final part focuses on movement skill (Chapter
36), exercise (Chapter 37), and sport (Chapter 38) programming.
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PART 1
Introduction to Physical Activity



1
PHYSICAL ACTIVITY DOMAINS

Valerie Carson and Stephen Hunter

Introduction

Physical activity is a complex health behavior that has a wide range of
health benefits for youth (defined in this book as 3—17 years) (Carson, Lee
et al., 2017; Poitras et al., 2016). Physical activity is broadly defined as
“any bodily movement produced by skeletal muscles that results in energy
expenditure” (Caspersen, Powell, & Christenson, 1985, p 126). Physical
activity encompasses a range of activities that occur in a variety of settings
(e.g., home, child care, school, community, neighborhood) and that are
influenced by many sources (e.g., attitudes, parents and peers,
environment, policies) (Sallis et al., 2006). These activities, settings, and
sources of influence are dynamic (Spence & Lee, 2003), interact with each
other, and can vary by age group (Sallis & Owen, 2015). This chapter on
physical activity domains will provide an overview of this complex
behavior, including defining common physical activity domains in youth,
such as active play and leisure activities, active transportation, organized
sport participation, and physical education (ParticipACTION, 2018). This
chapter will also highlight key and emerging issues and provide
recommendations for research and practice.

Overview of the Literature

Four Components of Physical Activity



Physical activity is often classified and prescribed with the F.IT.T
(frequency, intensity, time, and type) principle.

Frequency

The number of times or how often physical activity is performed
(American College of Sports Medicine, 2018; Canadian Society for
Exercise Physiology, 2017). For example, the number of times physical
activity is performed per week, per day, or per hour.

Intensity

The effort or work of the physical activity performed (American College
of Sports Medicine, 2018). Physical activity is usually categorized into
three main intensities: light, moderate, and vigorous. Research in youth
often combines moderate and vigorous intensities into one category called
moderate- to vigorous-intensity physical activity (MVPA). These different
intensities of physical activity are typically defined in terms of energy cost
using a metabolic equivalent of task (MET) value, with 1 MET equaling
the energy required at rest (Butte et al., 2018). Please see Chapter 5 for
more information on intensities of physical activity.

Time

The duration or how long physical activity is performed (American
College of Sports Medicine, 2018; Canadian Society for Exercise
Physiology, 2017). Most physical activity bouts among younger youth are
short and sporadic (Bailey et al., 1995), whereas older youth can engage in
physical activity bouts that are longer in duration (Malina, Bouchard, &
Bar-Or, 2004). For example, younger youth may take more frequent rest
periods during physical activities compared to older youth. Regardless, the
accumulation of all bouts of physical activity in youth can contribute to
meeting physical activity recommendations.

Type
The kind of physical activity performed (American College of Sports
Medicine, 2018). Common types of physical activity included in public
health guidelines, in particular for those aged 5—17 years, include aerobic
(heart strengthening) and resistance (muscle and bone strengthening)



activities (World Health Organization, 2010). Finally, type can also refer
to the domains of physical activity, or specific physical activities such as
swimming or basketball.

Domains of Physical Activity

In 2006, Sallis and colleagues introduced an ecological model that focused
on four mutually exclusive domains of active living that span adult’s total
physical activity (Sallis et al., 2006). The four domains include active
recreation, often referred to as leisure-time activities, active transport,
occupation activities, and household activities (Sallis et al., 2006). Each
domain has specific behavior settings where physical activity occurs
(Sallis et al., 2006). These four domains are commonly used in the adult
literature but may not be as applicable for youth, especially younger youth.
The domains of physical activity examined in youth vary across studies.
For example, some studies and reviews published from 2016 onward have
used two to five domains encompassing different combinations of the
following: active transportation, school physical activity, school activities
outside of physical education, class and recess time, physical education,
leisure-time or outside of school activities, organized sport or sport clubs,
outdoor play, non-organized physical activity, domestic activity, or chores
(Dearth-Wesley, Howard, Wang, Zhang, & Popkin, 2017; Dias et al., 2018;
Kemp, Cliff, Chong, & Parrish, 2018; Reimers et al., 2019; Smith, Berdel,
Nowak, Heinrich, & Schulz, 2016; Sprengeler, Wirsik, Hebestreit,
Herrmann, & Ahrens, 2017; Tsiros, Samaras, Coates, & Olds, 2017; White
et al., 2018).

The 2018 ParticipACTION Report Card on Physical Activity for
Children and Youth highlighted four main domains of total physical
activity that span the entire age group of youth. These included active play
and leisure activities, active transportation, organized sport participation,
and physical education (ParticipACTION, 2018). These domains are
defined below and represented in Figure 1.1.



Overall Physical Activity

Physical
Education

Figure 1.1 Overall physical activity broken into four domains (organized
sport, active transport, active play & leisure activities, physical
education)

e Active play and leisure activities 1s generally referred to as unstructured
physical activity that is volitional, spontaneous, self-directed, and fun
(Barnes et al., 2013). It may be performed alone or with others and may
include symbolic play or games with self-made rules (Brockman, Fox,
& Jago, 2011). Active play and leisure activities can occur in different
settings, including home, neighborhood, or school/child care settings
(e.g., recess, lunch). Active play is often a term more commonly used
with younger youth, compared to leisure activities, which may be more
relevant for older youth. In younger age groups, active play has been
defined as ‘“a form of gross motor or total body movement in which



young children exert energy in a freely chosen, fun, and unstructured
manner” (Truelove, Vanderloo, & Tucker, 2017). Examples of active
play among younger youth include child-directed games like hide-and-
go seek and tag or outdoor activities like playing in a pile of leaves,
climbing a tree, or sledding down a hill. Examples of leisure activities
among older youth include playing basketball with friends, playing
catch, or lifting weights (non-competitive) at home, school, or a gym.

* Active transportation is physical activity performed to get to and from
places (e.g., school, park, friend’s house, shopping center) (Tremblay et
al., 2016). Main modes of active transportation include walking and
cycling (Janssen, 2014). Among younger youth, active transportation is
typically performed in the presence of others (e.g., parents, siblings,
friends), whereas among older youth, it may occur in the presence of
others or independently. See Chapter 34 for more information on active
transportation.

e Organized sport participation is physical activity in individual or team
sports or physical activity programs. It can occur in school or
community settings. Unlike active play, organized sports typically have
rules, coaching, and specialized equipment (American Academy of
Pediatrics & Committee on Sports Medicine and Fitness and
Committee on School Health, 2001). Examples include, but are not
limited to, swimming, gymnastics, dance, track and field, basketball,
soccer/football, hockey, and rugby. See Chapter 38 for more
information on organized sport.

e Physical education is a curricular subject within the school setting
designed for students to develop motor skills, movement-related
concepts and strategies, personal and social responsibility, personal
fitness, and knowledge about the value of physical activity (SHAPE
America, 2013). In youth that are not yet in school, educator-led
physical activity opportunities in child care settings could also be
encompassed in the category of physical education.

Domain-Specific Health Benefits

The health benefits of physical activity in youth are well documented and
will be discussed in detail in Chapters 5—7. It should also be noted that



different domains of physical activity can have certain benefits in youth.
For example, associations have been observed between active play
outdoors and higher vitamin D levels (Absoud, Cummins, Lim, Wassmer,
& Shaw, 2011), lower depressed affect (Brussoni, Ishikawa, Brunelle, &
Herrington, 2017), better vision (Jin et al., 2015; Rose et al., 2008),
working memory (Verburgh, Scherder, Van Lange, & Oosterlaan, 2016),
self-regulation (Becker, McClelland, Loprinzi, & Trost, 2014), and
relationships with peers (Larouche, Garriguet, Gunnell, Goldfield, &
Tremblay, 2016). Active transportation has been linked with higher
positive emotions (Ramanathan, O’Brien, Faulkner, & Stone, 2014), better
cognitive performance (Martinez-Gomez et al.,, 2011), and lower
likelihood of depressive symptoms (Sun, Liu, & Tao, 2015). Furthermore,
active transportation via cycling has been linked to better cardiovascular
fitness (Larouche, Saunders, John Faulkner, Colley, & Tremblay, 2014). In
terms of organized sport, associations have been observed with better
neurocognitive functioning (Verburgh et al., 2016), quality of life (Tsiros et
al., 2017), self-esteem and social skills (Eime, Young, Harvey, Charity, &
Payne, 2013), school performance (Badura et al., 2016), higher confidence
and competence, and fewer depressive symptoms (Eime et al., 2013).
Finally, there is evidence suggesting physical education may be associated
with better academic performance (Simms, Bock, & Hackett, 2014;
Telford et al., 2012; Tremarche, Robinson, & Graham, 2007), cognitive
skills (Rasberry et al., 2011), and higher fitness (Burner, Bopp, Papalia,
Weimer, & Bopp, 2019), though this appears dependent on the quality of
physical education received (Dargavel, Robertson-Wilson, & Bryden,
2017).

Domain-Specific Correlates and Determinants

The ecological model with four domains of active living introduced by
Sallis and colleagues highlighted that correlates or determinants of
physical activity are domain specific and can span multiple levels from
individual factors to policy (Sallis et al., 2006). This model built on the
concepts of behavior and context specificity introduced in 2005 in the area
of environmental correlates of physical activity (Giles-Corti, Timperio,
Bull, & Pikora, 2005). The concept of behavior and context specificity
highlights the importance of matching correlates with behavioral domains



(e.g., active play, organized sport), settings (e.g., home, school), personal
characteristics (e.g., age, sex, ethnicity), and times (e.g., after-school vs
weekend) to improve the predictive power of ecological models and the
success of physical activity interventions (Atkin, van Sluijs, Dollman,
Taylor, & Stanley, 2016; Giles-Corti et al., 2005). Previous research has
identified domain-specific and/or context-specific correlates of physical
activity in youth. For example, systematic review evidence indicates that
distance, household income, and car ownership are consistent negative
correlates of active transportation (Pont, Ziviani, Wadley, Bennett, &
Abbott, 2009). In another systematic review, perceived encouragement
from peers, parents, and/or teachers, portable play equipment, and number
of facilities available were consistent positive correlates of physical
activity during recess (Ridgers, Salmon, Parrish, Stanley, & Okely, 2012).
This evidence can help inform interventions targeting specific domains
and/or settings.

Key Issues

A Broadening Perspective on Intensity

All the different domains of physical activity defined earlier in this chapter
make important contributions to both light-intensity physical activity
(LPA) and MVPA participation among youth. Traditionally, the primary
focus of research and promotion of physical activity among youth has been
on MVPA (Chaput, Carson, Gray, & Tremblay, 2014). This focus can
partly be explained by measurement challenges. Historically, subjective
measures of physical activity have been commonly used in physical
activity research, but these measures lack the precision to accurately
capture LPA (Adamo, Prince, Tricco, Connor-Gorber, & Tremblay, 2009;
Kohl, Fulton, & Caspersen, 2000). As measurement has evolved with
technological advances, the focus on MVPA has remained steady, given
evidence generally supports that the higher the intensity of activity, the
stronger the health benefits (Poitras et al., 2016). However, there has also
been an increasing focus on LPA (Poitras et al., 2016). There are a couple
main reasons for this new focus. First, large proportions of youth
populations are not meeting recommended amounts of MVPA (Colley et
al., 2017; Fakhouri, 2014; Roman-Vinas et al., 2016). Therefore, targeting



LPA as a stepping stone to increasing MVPA may be a more feasible
approach for increasing physical activity in inactive youth. Second, even
among youth who are meeting MVPA recommendations, MVPA only
makes up a small portion of the day (Chaput et al., 2014). Thus,
opportunities to increase daily LPA are much larger compared to MVPA.

A systematic review published in 2016 on the associations between
objectively measured physical activity and health indicators in 5—17-year-
olds highlighted a dearth of evidence and mixed findings for the health
impacts of LPA (Poitras et al., 2016). However, two observational studies
indicated that the intensity of LPA may be important (Carson et al., 2013;
Kwon, Janz, Burns, & Levy, 2011). Specifically, LPA at the higher end of
the spectrum, which represents more dynamic activities (e.g., slow
walking), may be more important for health than LPA at the lower end,
which represents more static activities (e.g., standing) (Carson et al.,
2013). Overall, experimental evidence for the health benefits of LPA is
lacking (Poitras et al., 2016).

Generational Differences in Active Play

Of the different domains of physical activity, the active play domain has
received considerable attention as of late. In several countries, it has been
reported that active play has declined over time (Bassett, John, Conger,
Fitzhugh, & Coe, 2015; Gray, 2011). The biggest declines are thought to
have occurred in outdoor active play (Gray, 2011). For example, in a large
sample of 6-12-year-olds from the United States, outdoor activities
decreased 37% from 1997 to 2003 (Hofferth, 2009). Additionally, parents
have reported that youth today play outside less compared to previous
generations (Clements, 2004). The type of outdoor play has also changed
with less risky play and more structured, adult-led play (Brussoni et al.,
2015). Cultural changes, in particular around parent practices and norms
and technology, are thought to be two of the main reasons for the decline
in active play (Pynn et al., 2018; Veitch, Bagley, Ball, & Salmon, 2006).
Specifically, parents’ fears for youth’s safety, including stranger danger,
traffic danger, and injuries, are considered the biggest barriers to active
outdoor play (Clements, 2004; Gray, 2011; Lee et al., 2015; Veitch et al.,
2006). Consequently, youth face more rules and restrictions, and are more
closely monitored by parents than previous generations (Pynn et al., 2018).



Furthermore, allowing youth to play outside unsupervised is now
considered as bad parenting or neglectful in some parts of the world,
despite it being the norm in previous generations (Lee et al., 2015; Pynn et
al., 2018; Veitch et al., 2006). Additionally, the explosion and allure of
electronic devices, including smartphones and tablets, are thought to be
replacing active play (Gray, 2011; Veitch et al., 2006). Increasing active
play could increase the percentage of youth meeting physical activity
recommendations and have important health implications as discussed
earlier in the chapter. Additionally, it is estimated that for every hour/day
that youth spend in active play instead of screen time, energy expenditure
would increase 49 calories/day (Janssen, 2014).

Emerging Issues

First 2,000 Days

Research on physical activity domains of youth has typically focused on
those who are school-aged (5—17 years), with young children under 5 years
largely being neglected (Pate et al., 2013; Timmons, Naylor, & Pfeiffer,
2007). This focus is partly explained by the general assumption that young
children are naturally and sufficiently active (Pate et al., 2013; Timmons et
al., 2007). However, with the growing knowledge of the importance of the
first 2,000 days of life (Thompson, 2001) and the growing concerns that
over 41 million children under the age of 5 are overweight (Busch,
Manders, & de Leeuw, 2013), research on physical activity in young
children has increased. This is particularly true for preschool-aged children
(34 or 3-5 years), but there is also limited but growing research on
physical activity in infant (<1 year) and toddler (1-2 years) age groups
(Cliff, Reilly, & Okely, 2009; Worobey, 2014). Given the rapid
development that occurs in the first years of life (Thompson, 2001), unique
considerations need to be given to the domains of physical activity for
young children.

Young children do not have the capacity to maintain intense activity for
extended periods of time (Zwiren, 1989) so they frequently engage in short
bouts of higher intensity activity intermixed with periods of lower intensity
activity and sedentary behavior (Bailey et al., 1995; CIliff et al., 2009).
Additionally, all intensities of physical activity, including LPA, have been



identified as important for young children (Carson, Lee et al., 2017,
Tremblay, Chaput et al., 2017). This is in contrast to school-aged youth
where traditionally the focus has been on MVPA. Furthermore, active play
is the dominant domain of physical activity in young children but
encompasses different activities at different stages of development (Cliff et
al., 2009). For infants, active play typically involves floor-based activities
and tummy time, which includes arm, leg, and neck movements (Cliff et
al., 2009). Active play then progresses to crawling and pulling up on
objects to standing and walking unassisted (Cliff et al., 2009; Worobey,
2014). Active play for toddlers typically involves activities that develop
and improve locomotor skills (e.g., running, jumping, galloping) and
object-control skills (e.g., throwing, catching, kicking) (Cliff et al., 2009).
This book focuses on youth 3—17 years of age where the vast majority of
the scientific evidence exists for physical activity. Future physical activity
research is clearly warranted in children under 3 years.

Objective Measures of Physical Activity Domains

Objective measures of physical activity, such as accelerometers, are
typically used to capture frequency, intensity, and duration of physical
activity. However, traditionally these monitors have not been able to
capture contextual information, such as where physical activity is
occurring or the setting (e.g., home, school, neighborhood), the domain
(e.g., active play, organized sport) (Dollman et al., 2009), or the specific
activity being performed (e.g., basketball, cycling, swimming). However,
novel approaches and technological advances have been developed to
objectively capture contextual information regarding children’s physical
activity. First, some activity monitors have specific features that capture
contextual information. For example, some accelerometer models include
an ambient light sensor that can be used to estimate whether a child is
engaging in physical activity indoors or outdoors (Flynn et al., 2014).
Second, novel data processing approaches have been used to estimate
contextual information. For example, machine learning techniques have
been used to determine specific activities being performed (de Vries,
Engels, & Garre, 2011; Hagenbuchner, Cliff, Trost, Van Tuc, & Peoples,
2015; Trost, Wong, Pfeiffer, & Zheng, 2012). Finally, multiple objective
devices have been combined to provide further contextual information on



physical activity. For example, accelerometers have previously been
combined with global positioning systems (GPS) devices to determine
where physical activity 1s being performed (Carlson et al., 2016; Cerin et
al., 2016). Additionally, algorithms and specific procedures have been
developed using accelerometers, GPS devices, and child activity logs to
predict time spent in different physical activity domains, including outdoor
active play, active transportation, organized sport participation, and
physical education (Borghese & Janssen, 2018).

An Integrated Approach

Another recent development in regard to physical activity domains that is
applicable across different age groups is taking an integrated approach for
researching and promoting movement (Chaput et al., 2014). This approach
is in contrast to the segregated approach, which focuses on physical
activity in isolation (Chaput et al., 2014). Physical activity, sedentary
behavior, and sleep have been identified as three co-dependent, interacting
behaviors that make up the full range of movement intensity in a 24-hour
period. Sedentary behavior is defined as “any waking behavior
characterized by an energy expenditure <I1.5 metabolic equivalents
(METs), while in a sitting, reclining or lying posture” (Tremblay, Aubert
et al., 2017). Common domains or types of sedentary behavior in youth
include screen time (while sitting, reclining, or lying), sitting in school,
and passive transport (Tremblay, Aubert et al., 2017). Sleep can be defined
as ““a naturally recurring state of body and mind characterized by altered
consciousness, relatively inhibited sensory activity, inhibition of nearly all
voluntary muscles and reduced interactions with surroundings” (Chaput,
Saunders, & Carson, 2017, p. 8). Sleep can occur during the day time
(e.g., nap) or at night and also has different domains or states, including
rapid eye movement (REM) and non-rapid eye movement (NREM)
(National Sleep Foundation, 2019). Sedentary behavior and sleep both fall
on the lower end of the movement intensity continuum (See Figure 1.2).

Movement Intensity Continuum
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Figure 1.2 Movement intensity continuum for sleep, sedentary behavior,
light-intensity physical activity (LPA), and moderate-to
vigorous-intensity physical activity (MVPA)
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Sedentary behavior research among youth has exploded over the past 5—
10 years (Carson, Hunter et al., 2016). It is only recently that sleep has
been considered in relation to physical activity and sedentary behavior.
This is because physical activity, sedentary behavior, and sleep are time-
constrained by a 24-hour period, meaning if time in one of these behaviors
increases, time in another behavior has to decrease (Chastin, Palarea-
Albaladejo, Dontje, & Skelton, 2015). Additionally, physical activity,
sedentary behavior, and sleep naturally interact to have synergistic effects
on health (Carson, Chaput, Janssen, & Tremblay, 2017; Carson, Tremblay,
Chaput, & Chastin, 2016; Saunders et al., 2016). For example, if a youth
stays up late on a school night to watch TV this results in less sleep, which
may lead to a lack of energy to engage in physical education class the next
day. In recognizing the importance of this integrated approach for health,
several countries and organizations have developed 24-hour movement
guidelines, which integrate physical activity, sedentary behavior, and
sleep. See Chapter 4 to learn more about the guidelines.

As part of the growing interest and evidence on the integrative nature of
physical activity, sedentary behavior, and sleep, novel analytical
approaches have started to emerge. These approaches are thought to be
superior to standard multiple regression analyses that have typically been
used when examining associations with behaviors in isolation because
they overcome mathematical challenges of co-dependent data (Chastin et
al., 2015; Dumuid, Stanford et al., 2017). Common examples of these
novel analytical approaches that have previously been used with samples
of youth for physical activity, sedentary behavior, and sleep data include
cluster and latent class analysis (Carson, Faulkner, Sabiston, Tremblay, &
Leatherdale, 2015; Ferrar, Olds, Maher, & Maddison, 2013), isotemporal
substitution modeling (Huang, Wong, He, & Salmon, 2016), and
compositional data analysis (Carson, Tremblay et al., 2016; Carson,



Tremblay, & Chastin, 2017; Dumuid, Maher et al., 2018; Dumuid,
Stanford et al., 2018; Talarico & Janssen, 2018).

Cluster and latent class analyses are two different approaches but both
identify mutually exclusive subgroups of participants based on their
physical activity, sedentary behavior, and sleep data, and often include
specific domains of these behaviors (Beets & Foley, 2010; Ferrar, Chang,
Li, & Olds, 2013; Lanza, Collins, Lemmon, & Schafer, 2007; Leech,
McNaughton, & Timperio, 2014). Associations between group
membership can be explored with correlates and health indicators (Carson
et al., 2015; Ferrar, Olds et al., 2013; Lanza et al., 2007). Isotemporal
substitution modeling determines the implications of allocating time from
one behavior to another while holding time in other behaviors constant
(Buman et al., 2014; Mekary, Willett, Hu, & Ding, 2009). Compositional
data analysis has been used to examine the collective effects of physical
activity, sedentary behavior, and sleep, and the effect of each behavior
relative to time spent in other behaviors (Chastin et al., 2015; Dumuid,
Stanford et al., 2017). Compositional data analysis has also been used in
combination with cluster analysis (Dumuid, Olds et al., 2017, 2018),
isotemporal substitution (Carson, Tremblay et al., 2016; Dumuid, Pedisic
et al., 2017; Dumuid, Stanford et al., 2018), and when examining the
correlates of behaviors among youth (Ezeugwu et al., (submitted)).
Researchers are increasingly using 24-hour monitoring study protocols
with devices such as accelerometers and/or time use-dairies that capture
physical activity, sedentary behavior, and sleep data, and in some cases
different domains of these behaviors. Consequently, opportunities to
utilize these novel analytical approaches to improve our understanding of
these integrated behaviors are also increasing.

Recommendations for Researchers and Practitioners

It is well known that physical activity is an important health behavior for
youth of all ages. Collaboration is required across home, child care or
school, neighborhood, and community settings to ensure youth are getting
ample daily opportunities of physical activity through different domains,
such as active play and leisure activities, active transportation, organized
sport, and physical education, where relevant. This chapter has highlighted



some future directions for research and practice for physical activity
domains.

Recommendations for Researchers

1. Research examining domain- and context-specific correlates of physical
activity is needed to inform future intervention work.

2. Since all domains of physical activity can include both LPA and MVPA,
future research is needed to better understand the role of LPA 1in health
promotion among youth.

3. Future research is needed to understand how to effectively increase
active play, in particular outdoor active play, and active transportation
(see Chapter 34) within current cultural normes.

4. Given important and unique development occurs during the first 3 years
of life, additional physical activity research is needed in this age group.

5. Future research should consider novel measurement and data processing
approaches to objectively measure physical activity domains.

6. Research capturing 24-hour data with novel analytical techniques is
needed to better understand the health implications and correlates of
movement compositions.

Recommendations for Practitioners

1. Consider multiple domains when promoting youth physical activity.

2. Collaborate with stakeholders across settings to promote youth physical
activity.

3. Take action to challenge cultural norms that are reducing youth’s active
outdoor play and active transportation.

4. Adopt an integrated approach to health promotion by considering the
inter-relationships between physical activity, sedentary behavior, and
sleep domains.



References

Absoud, M., Cummins, C., Lim, M. J., Wassmer, E., & Shaw, N. J. P. O. (2011). Prevalence and
predictors of Vitamin D insufficiency in children: A Great Britain population based study. PloS
One, 6(7), €22179.

Adamo, K. B., Prince, S. A., Tricco, A. C., Connor-Gorber, S., & Tremblay, M. (2009). A
comparison of indirect versus direct measures for assessing physical activity in the pediatric
population: A systematic review. International Journal of Pediatric Obesity, 4(1), 2-27.

American Academy of Pediatrics & Committee on Sports Medicine and Fitness and Committee on
School Health. (2001). Organized sports for children and preadolescents. Pediatrics, 107(6),
1459-1462.

American College of Sports Medicine. (2018). ACSM's guidelines for exercise testing and
prescription (Tenth ed.). Philadelphia, PA: Wolters Kluwer.

Atkin, A. J., van Sluijs, E. M. F., Dollman, J., Taylor, W. C., & Stanley, R. M. (2016). Identifying
correlates and determinants of physical activity in youth: How can we advance the field?
Preventive Medicine, 87, 167—-169.

Badura, P., Sigmund, E., Geckova, A. M., Sigmundova, D., Sirucek, J., van Dijk, J. P, &
Reijneveld, S. A. (2016). Is participation in organized leisure-time activities associated with
school performance in adolescence? PLoS One, 11(4), €0153276.

Bailey, R. C., Olson, J., Pepper, S. L., Porszasz, J., Barstow, T. J., & Cooper, D. M. (1995). The
level and tempo of children’s physical activities: An observational study. Medicine & Science in
Sports & Exercise, 27(7), 1033—1041.

Barnes, J. D., Colley, R. C., Borghese, M., Janson, K., Fink, A., & Tremblay, M. S. (2013). Results
from the active healthy kids Canada 2012 report card on physical activity for children and youth.
Paediatrics & Child Health, 18(6), 301-304.

Bassett, D. R., John, D., Conger, S. A., Fitzhugh, E. C., & Coe, D. P. (2015). Trends in physical
activity and sedentary behaviors of United States youth. Journal of Physical Activity and Health,
12(8), 1102—1111.

Becker, D. R., McClelland, M. M., Loprinzi, P., & Trost, S. G. (2014). Physical activity, self-
regulation, and early academic achievement in preschool children. Early FEducation &
Development, 25(1), 56-70.

Beets, M. W., & Foley, J. T. (2010). Comparison of 3 different analytic approaches for determining
risk-related active and sedentary behavioral patterns in adolescents. Journal of Physical Activity
and Health, 7(3), 381-392.

Borghese, M. M., & Janssen, 1. (2018). Development of a measurement approach to assess time
children participate in organized sport, active travel, outdoor active play, and curriculum-based
physical activity. BMC Public Health, 18(1), 396.

Brockman, R., Fox, K. R., & Jago, R. (2011). What is the meaning and nature of active play for
today’s children in the UK?. International Journal of Behavioral Nutrition and Physical Activity,
8(1), 15.

Brussoni, M., Gibbons, R., Gray, C., Ishikawa, T., Sandseter, E. B., Bienenstock, A., . . . Tremblay,
M. S. (2015). What is the relationship between risky outdoor play and health in children? A
systematic review. International Journal of Environmental Research and Public Health, 12(6),
6423-6454.

Brussoni, M., Ishikawa, T., Brunelle, S., & Herrington, S. (2017). Landscapes for play: Effects of an
intervention to promote nature-based risky play in early childhood centres. Journal of
Environmental Psychology, 54, 139—150.

Buman, M. P., Winkler, E. A., Kurka, J. M., Hekler, E. B., Baldwin, C. M., Owen, N., . . . Gardiner,
P. A. (2014). Reallocating time to sleep, sedentary behaviors, or active behaviors: Associations



with cardiovascular disease risk biomarkers, NHANES 2005-2006. American Journal of
Epidemiology, 179(3), 323-334.

Burner, A., Bopp, M., Papalia, Z., Weimer, A., & Bopp, C. M. (2019). Examining the Relationship
between high school physical education and fitness outcomes in college students. Physical
Educator, 76(1), 285-300.

Busch, V., Manders, L. A., & de Leeuw, J. R. (2013). Screen time associated with health behaviors
and outcomes in adolescents. American Journal of Health Behavior, 37(6), 819—-830.

Butte, N. F., Watson, K. B., Ridley, K., Zakeri, 1. F., McMurray, R. G., Pfeiffer, K. A., . . . Berhane,
Z. (2018). A youth compendium of physical activities: Activity codes and metabolic intensities.
Medicine and Science in Sports and Exercise, 50(2), 246-256.

Canadian Society for Exercise Physiology. (2017). Canadian 24-hour movement guidelines:

Glossary of terms. Retrieved from
http://www.csep.ca/CMFiles/Guidelines/24hrGlines/24HourGuidelinesGlossary 2017.pdf
Carlson, J. A., Schipperijn, J., Kerr, J., Saclens, B. E., Natarajan, L., Frank, L. D., . . . Sallis, J. F.

(2016). Locations of physical activity as assessed by GPS in young adolescents. Pediatrics,
137(1), €20152430.

Carson, V., Chaput, J. P, Janssen, 1., & Tremblay, M. S. (2017). Health associations with meeting
new 24-hour movement guidelines for Canadian children and youth. Preventive Medicine, 95, 7—
13.

Carson, V., Faulkner, G., Sabiston, C. M., Tremblay, M. S., & Leatherdale, S. T. (2015). Patterns of
movement behaviors and their association with overweight and obesity in youth. International
Journal of Public Health, 60(5), 551-559.

Carson, V., Hunter, S., Kuzik, N., Gray, C. E., Poitras, V. J., Chaput, J. P, . . . Tremblay, M. S.
(2016). Systematic review of sedentary behaviour and health indicators in school-aged children
and youth: An update. Applied Physiology Nutrition and Metabolism, 41(6 Suppl 3),S240—-S265.

Carson, V., Lee, E. Y., Hewitt, L., Jennings, C., Hunter, S., Kuzik, N., . . . Tremblay, M. S. (2017).
Systematic review of the relationships between physical activity and health indicators in the early
years (0—4 years). BMC Public Health, 17(Suppl 5), 854.

Carson, V., Ridgers, N. D., Howard, B. J., Winkler, E. A., Healy, G. N., Owen, N, . . . Salmon, J.
(2013). Light-intensity physical activity and cardiometabolic biomarkers in US adolescents.
PLoS One, 8(8)e71417.

Carson, V., Tremblay, M. S., Chaput, J. P., & Chastin, S. F. (2016). Associations between sleep
duration, sedentary time, physical activity, and health indicators among Canadian children and
youth using compositional analyses. Applied Physiology Nutrition and Metabolism, 41(6 Suppl
3) S294-S302.

Carson, V., Tremblay, M. S., & Chastin, S. F. M. (2017). Cross-sectional associations between sleep
duration, sedentary time, physical activity, and adiposity indicators among Canadian preschool-
aged children using compositional analyses. BMC Public Health, 17(Suppl 5), 848.

Caspersen, C. J., Powell, K. E., & Christenson, G. M. (1985). Physical activity, exercise, and
physical fitness: Definitions and distinctions for health-related research. Public Health Reports,
100(2), 126-131.

Cerin, E., Baranowski, T., Barnett, A., Butte, N., Hughes, S., Lee, R. E., . . . O’Connor, T. M.
(2016). Places where preschoolers are (in)active: An observational study on Latino preschoolers
and their parents using objective measures. International Journal of Behavioral Nutrition and
Physical Activity, 13,2 9.

Chaput, J.-P., Carson, V., Gray, C. E., & Tremblay, M. S. (2014). Importance of all movement
behaviors in a 24 hour period for overall health. International Journal of Environmental
Research and Public Health, 11(12), 12575-12581.

Chaput, J.-P., Saunders, T. J., & Carson, V. (2017). Interactions between sleep, movement and other
non-movement behaviours in the pathogenesis of childhood obesity. Obesity Reviews, 18(Suppl


http://www.csep.ca/

1), 7-14.

Chastin, S. F., Palarea-Albaladejo, J., Dontje, M. L., & Skelton, D. A. (2015). Combined effects of
time spent in physical activity, sedentary behaviors and sleep on obesity and cardio-metabolic
health markers: A novel compositional data analysis approach. PLoS One, 10(10),e0139984.

Clements, R. (2004). An investigation of the status of outdoor play. Contemporary Issues in Early
Childhood, 5(1), 68-80.

Cliff, D. P, Reilly, J. J., & Okely, A. D. (2009). Methodological considerations in using
accelerometers to assess habitual physical activity in children aged 0-5 years. Journal of Science
and Medicine in Sport, 12(5), 557-567.

Colley, R. C., Carson, V., Garriguet, D., Janssen, 1., Roberts, K. C., & Tremblay, M. S. (2017).
Physical activity of Canadian children and youth, 2007 to 2015. Health Reports, 28(10), 8—16.
Dargavel, M., Robertson-Wilson, J., & Bryden, P. J. (2017). The relationship between secondary
school physical education and postsecondary physical activity. Physical Educator, 74(3), 551—

569.

de Vries, S. L., Engels, M., & Garre, F. G. (2011). Identification of children’s activity type with
accelerometer-based neural networks. Medicine and Science in Sports and Exercise, 43(10),
1994-1999.

Dearth-Wesley, T., Howard, A. G., Wang, H., Zhang, B., & Popkin, B. M. (2017). Trends in domain-
specific physical activity and sedentary behaviors among Chinese school children, 2004-2011.
International Journal of Behavioral Nutrition and Physical Activity, 14(1), 141.

Dias, A. F., Brand, C., Lemes, V. B., Stocchero, C. M. A., Agostinis-Sobrinho, C., Duncan, M. J., . .
. Gaya, A. C. A. (2018). Differences in physical activity levels of school domains between high-
and low-active adolescents. Motriz: Revista de Educa¢do Fisica, 24(4), 1-5, ¢101800.

Dollman, J., Okely, A. D., Hardy, L., Timperio, A., Salmon, J., & Hills, A. P. (2009). A Hitchhiker’s
guide to assessing young people’s physical activity: Deciding what method to use. Journal of
Science and Medicine in Sport, 12(5), 518-525.

Dumuid, D., Mabher, C., Lewis, L. K., Stanford, T. E., Martin Fernandez, J. A., Ratcliffe, J., . . .
Olds, T. (2018). Human development index, children’s health-related quality of life and
movement behaviors: A compositional data analysis. Quality of Life Research, 27(6), 1473—
1482.

Dumuid, D., Olds, T., Lewis, L. K., Martin-Fernandez, J. A., Katzmarzyk, P. T., Barreira, T., . . . &
Kuriyan, R. (2017). Health-related quality of life and lifestyle behavior clusters in school-aged
children from 12 countries. The Journal of Pediatrics, 183, 178—183.

Dumuid, D., Olds, T., Lewis, L. K., Martin-Fernandez, J. A., Barreira, T., Broyles, S., . . . Kurpad,
A. (2018). The adiposity of children is associated with their lifestyle behaviours: A cluster
analysis of school-aged children from 12 nations. Pediatric Obesity, 13(2), 111-119.

Dumuid, D., Pedisic, Z., Stanford, T. E., Martin-Fernandez, J. A., Hron, K., Maher, C. A., ... Olds,
T. (2017). The compositional isotemporal substitution model: A method for estimating changes
in a health outcome for reallocation of time between sleep, physical activity and sedentary
behaviour. Statistical Methods in Medical Research, 28(3), 846—857.

Dumuid, D., Stanford, T. E., Martin-Fernandez, J. A., Pedisic, Z., Maher, C. A., Lewis, L. K., . . .
Olds, T. (2017). Compositional data analysis for physical activity, sedentary time and sleep
research. Statistical Methods in Medical Research, 27(12), 3726-3738.

Dumuid, D., Stanford, T. E., Pedisic, Z., Maher, C., Lewis, L. K., Martin-Fernandez, J. A., . . . Olds,
T. (2018). Adiposity and the isotemporal substitution of physical activity, sedentary time and
sleep among school-aged children: A compositional data analysis approach. BMC Public Health,
18(1), 311.

Eime, R. M., Young, J. A., Harvey, J. T., Charity, M. J., & Payne, W. R. (2013). A systematic review
of the psychological and social benefits of participation in sport for children and adolescents:



informing development of a conceptual model of health through sport. International Journal of
Behavioral Nutrition and Physical Activity, 10, 98.

Ezeugwu, V. E., Carson, V., Brook, J., Tamana, S. K., Hunter, S., Chikuma, J., . . . Mandhane, P. J.
(submitted). Influence of neighborhood characteristics and weather on movement behaviors at
age three and five years in a longitudinal birth cohort.

Fakhouri, T. H., Burt, V. L., Song, M., Fulton, J. E., & Ogden. C. L. (2014). Physical activity in U.S.
youth aged 1215 years, 2012. NCHS Data Brief, 141, 1-8.

Ferrar, K., Chang, C., Li, M., & Olds, T. S. (2013). Adolescent time use clusters: A systematic
review. Journal of Adolescent Health, 52(3), 259-270.

Ferrar, K., Olds, T., Maher, C., & Maddison, R. (2013). Time use clusters of New Zealand
adolescents are associated with weight status, diet and ethnicity. Australian and New Zealand
Journal of Public Health, 37(1), 39-46.

Flynn, J. L., Coe, D. P, Larsen, C. A., Rider, B. C., Conger, S. A., & Bassett, D. R. (2014). Detecting
indoor and outdoor environments using the ActiGraph GT3X+ light sensor in children. Medicine
and Science in Sports and Exercise, 46(1), 201-206.

Giles-Corti, B., Timperio, A., Bull, F., & Pikora, T. (2005). Understanding physical activity
environmental correlates: Increased specificity for ecological models. Exercise and Sport
Sciences Review, 33(4), 175-181.

Gray, P. (2011). The decline of play and the rise of psychopathology in children and adolescents.
American Journal of Play, 3(4), 443-463.

Hagenbuchner, M., Cliff, D. P.,, Trost, S. G., Van Tuc, N., & Peoples, G. E. (2015). Prediction of
activity type in preschool children using machine learning techniques. Journal of Science and
Medicine in Sport, 18(4), 426—431.

Hofferth, S. L. (2009). Changes in American children’s time — 1997 to 2003. The Electronic
International Journal of Time Use Research, 6(1), 26-47.

Huang, W. Y., Wong, S. H., He, G., & Salmon, J. O. (2016). Isotemporal substitution analysis for
sedentary behavior and body mass index. Medicine and Science in Sports and Exercise, 48(11),
2135-2141.

Janssen, 1. (2014). Active play: An important physical activity strategy in the fight against childhood
obesity. Canadian Journal of Public Health, 105(1), e22—e27.

Jin, J.-X., Hua, W.-J., Jiang, X., Wu, X.-Y., Yang, J.-W., Gao, G.-P,, . . . Zhang, J.-Z. (2015). Effect
of outdoor activity on myopia onset and progression in school-aged children in Northeast China:
The Sujiatun eye care study. BMC Ophthalmology, 15, 73.

Kemp, B. J., Cliff, D. P., Chong, K. H., & Parrish, A.-M. (2018). Longitudinal changes in domains
of physical activity during childhood and adolescence: A systematic review. Journal of Science
and Medicine in Sport, 22(6), 695-701

Kohl, H. W., Fulton, J. E., & Caspersen, C. J. (2000). Assessment of physical activity among
children and adolescents: A review and synthesis. Preventive Medicine, 31(2), S54—S76.

Kwon, S., Janz, K. F., Burns, T. L., & Levy, S. M. (2011). Association between light-intensity
physical activity and adiposity in childhood. Pediatric Exercise Science, 23(2), 218-229.

Lanza, S. T., Collins, L. M., Lemmon, D. R., & Schafer, J. L. (2007). PROC LCA: A SAS procedure
for latent class analysis. Structural Equation Modeling, 14(4), 671-694.

Larouche, R., Garriguet, D., Gunnell, K. E., Goldfield, G. S., & Tremblay, M. S. (2016). Outdoor
time, physical activity, sedentary time, and health indicators at ages 7 to 14: 2012/2013
Canadian health measures survey. Health Reports, 27(9), 3—13.

Larouche, R., Saunders, T. J., John Faulkner, G. E., Colley, R., & Tremblay, M. (2014). Associations
between active school transport and physical activity, body composition, and cardiovascular
fitness: A systematic review of 68 studies. Journal of Physical Activity and Health, 11(1) 206—
227.



Lee, H., Tamminen, K. A., Clark, A. M., Slater, L., Spence, J. C., & Holt, N. L. (2015). A meta-
study of qualitative research examining determinants of children’s independent active free play.
International Journal of Behavioral Nutrition and Physical Activity, 12, 5.

Leech, R. M., McNaughton, S. A., & Timperio, A. (2014). The clustering of diet, physical activity
and sedentary behavior in children and adolescents: A review. [nternational Journal of
Behavioral Nutrition and Physical Activity, 11, 4.

Malina, R. M., Bouchard, C., & Bar-Or, O. (2004). Growth, maturation, and physical activity
(second ed.). Champaign, IL: Human Kinetics.

Martinez-Gomez, D., Ruiz, J. R., Gomez-Martinez, S., Chillon, P., Rey-Lopez, J. P, Diaz, L. E., . . .
Marcos, A. (2011). Active commuting to school and cognitive performance in adolescents: The
AVENA study. Archives of Pediatrics & Adolescent Medicine, 165(4), 300-305.

Mekary, R. A., Willett, W. C., Hu, F. B., & Ding, E. L. (2009). Isotemporal substitution paradigm
for physical activity epidemiology and weight change. American Journal of Epidemiology,
170(4), 519-527.

National Sleep Foundation. (2019). What happens when you sleep? Retrieved from
https://www.sleepfoundation.org/articles/what-happens-when-you-sleep

ParticipACTION. (2018). The brain + body equation: Canadian kids need active bodies to build
their best brains. Toronto, Canada: ParticipACTION.

Pate, R. R., O’Neill, J. R., Brown, W. H., Mclver, K. L., Howie, E. K., & Dowda, M. (2013). Top 10
research questions related to physical activity in preschool children. Research Quarterly for
Exercise and Sport, 84(4), 448-455.

Poitras, V. J., Gray, C. E., Borghese, M. M., Carson, V., Chaput, J. P,, Janssen, I., . . . Tremblay, M.
S. (2016). Systematic review of the relationships between objectively measured physical activity
and health indicators in school-aged children and youth. Applied Physiology Nutrition and
Metabolism, 41 (6 Suppl 3) S197-S239.

Pont, K., Ziviani, J., Wadley, D., Bennett, S., & Abbott, R. (2009). Environmental correlates of
children’s active transportation: A systematic literature review. Health & Place, 15(3), 827-840.

Pynn, S. R., Neely, K. C., Ingstrup, M. S., Spence, J. C., Carson, V., Robinson, Z., & Holt, N. L.
(2018). An intergenerational qualitative study of the good parenting ideal and active free play
during middle childhood. Children's Geographies, 17(3), 266-277.

Ramanathan, S., O’Brien, C., Faulkner, G., & Stone, M. (2014). Happiness in motion: Emotions,
well-being, and active school travel. Journal of School Health, 84(8), 516-523.

Rasberry, C. N., Lee, S. M., Robin, L., Laris, B., Russell, L. A., Coyle, K. K., & Nihiser, A. J.
(2011). The association between school-based physical activity, including physical education,
and academic performance: A systematic review of the literature. Preventive Medicine, 52(Suppl
1) S10-S20.

Reimers, A. K., Brzoska, P., Niessner, C., Schmidt, S. C., Worth, A., & Woll, A. (2019). Are there
disparities in different domains of physical activity between school-aged migrant and non-
migrant children and adolescents? Insights from Germany. PLoS One, 14(3), €0214022.

Ridgers, N. D., Salmon, J., Parrish, A. M., Stanley, R. M., & Okely, A. D. (2012). Physical activity
during school recess: A systematic review. American Journal of Preventive Medicine, 43(3),
320-328.

Roman-Vinas, B., Chaput, J. P, Katzmarzyk, P. T., Fogelholm, M., Lambert, E. V., Maher, C,, . . .
Group, I. R. (2016). Proportion of children meeting recommendations for 24-hour movement
guidelines and associations with adiposity in a 12-country study. International Journal of
Behavioral Nutrition and Physical Activity, 13(1), 123.

Rose, K. A., Morgan, 1. G., Ip, J., Kifley, A., Huynh, S., Smith, W., & Mitchell, P. (2008). Outdoor
activity reduces the prevalence of myopia in children. Ophthalmology, 115(8), 1279—-1285.

Sallis, J. F., Cervero, R. B., Ascher, W., Henderson, K. A., Kraft, M. K., & Kerr, J. (2006). An
ecological approach to creating active living communities. Annual Review of Public Health, 27,


https://www.sleepfoundation.org/

297-322.

Sallis, J. F., & Owen, N. (2015). Ecological models of health behavior. In K. Glanz, B. K. Rimer, &
K. Viswanath (Eds.), Health behavior: Theory, research, and practice (Fifth ed., pp. 43—-64). San
Francisco, CA: Jossey-Bass.

Saunders, T. J., Gray, C. E., Poitras, V. J., Chaput, J. P., Janssen, 1., Katzmarzyk, P. T., . . . Carson, V.
(2016). Combinations of physical activity, sedentary behaviour and sleep: Relationships with
health indicators in school-aged children and youth. Applied Physiology Nutrition and
Metabolism, 41 (6 Suppl 3) S283—-S293.

SHAPE America. (2013). Grade-level outcomes for K-12 physical education. Reston, VA: Author.

Simms, K., Bock, S., & Hackett, L. (2014). Do the duration and frequency of physical education
predict academic achievement, self-concept, social skills, food consumption, and body mass
index? Health Education Journal, 73(2), 166—178.

Smith, M. P., Berdel, D., Nowak, D., Heinrich, J., & Schulz, H. (2016). Physical activity levels and
domains assessed by accelerometry in German adolescents from GINIplus and LISAplus. PLoS
One, 11(3), e0152217.

Spence, J. C., & Lee, R. L. (2003). Toward a comprehensive model of physical activity. Psychology
of Sport & Exercise, 1(4), 7-24.

Sprengeler, O., Wirsik, N., Hebestreit, A., Herrmann, D., & Ahrens, W. (2017). Domain-specific
self-reported and objectively measured physical activity in children. International Journal of
Environmental Research and Public Health, 14(3), 242.

Sun, Y., Liu, Y., & Tao, F.-B. (2015). Associations between active commuting to school, body fat,
and mental well-being: Population-based, cross-sectional study in China. Journal of Adolescent
Health, 57(6), 679—685.

Talarico, R., & Janssen, 1. (2018). Compositional associations of time spent in sleep, sedentary
behavior and physical activity with obesity measures in children. International Journal of
Obesity (London), 42(8), 1508—1514.

Telford, R. D., Cunningham, R. B., Fitzgerald, R., Olive, L. S., Prosser, L., Jiang, X., & Telford, R.
M. (2012). Physical education, obesity, and academic achievement: A 2-year longitudinal
investigation of Australian elementary school children. American Journal of Public Health,
102(2), 368-374.

Thompson, R. A. (2001). Development in the first years of life. Future Child, 11(1), 20-33.

Timmons, B. W., Naylor, P. J., & Pfeiffer, K. A. (2007). Physical activity for preschool children —
How much and how? Canadian Journal of Public Health, 98(Suppl 2), S122—-S134.

Tremarche, P. V., Robinson, E. M., & Graham, L. B. (2007). Physical education and its effect on
elementary testing results. Physical Educator, 64, 58—64.

Tremblay, M. S., Aubert, S., Barnes, J. D., Saunders, T. J., Carson, V., Latimer-Cheung, A. E., . . .
Participants, S. T. C. P. (2017). Sedentary behavior research network (SBRN) — Terminology
consensus project process and outcome. International Journal of Behavioral Nutrition and
Physical Activity, 14, 75.

Tremblay, M. S., Barnes, J. D., Gonzalez, S. A., Katzmarzyk, P. T., Onywera, V. O., Reilly, J. J., . ..
Global Matrix 2.0 Research, T. (2016). Global Matrix 2.0: Report card grades on the physical
activity of children and youth comparing 38 countries. Journal of Physical Activity and Health,
13 (11 Suppl 2), S343-S366.

Tremblay, M. S., Chaput, J. P., Adamo, K. B., Aubert, S., Barnes, J. D., Choquette, L., . . . Carson,
V. (2017). Canadian 24-hour movement guidelines for the early years (0—4 years): An integration
of physical activity, sedentary behaviour, and sleep. BMC Public Health, 17(Suppl 5), 874.

Trost, S. G., Wong, W.-K., Pfeiffer, K. A., & Zheng, Y. (2012). Artificial neural networks to predict
activity type and energy expenditure in youth. Medicine and Science in Sports and Exercise,
44(9), 1801-1809.



Truelove, S., Vanderloo, L. M., & Tucker, P. (2017). Defining and measuring active play among
young children: A systematic review. Journal of Physical Activity and Health, 14(2), 155-166.
Tsiros, M. D., Samaras, M. G., Coates, A. M., & Olds, T. (2017). Use-of-time and health-related
quality of life in 10-to 13-year-old children: Not all screen time or physical activity minutes are

the same. Quality of Life Research, 26(11),3119-3129.

Veitch, J., Bagley, S., Ball, K., & Salmon, J. (2006). Where do children usually play? A qualitative
study of parents’ perceptions of influences on children’s active free-play. Health Place, 12(4),
383-393.

Verburgh, L., Scherder, E. J., Van Lange, P. A., & Oosterlaan, J. (2016). Do elite and amateur soccer
players outperform non-athletes on neurocognitive functioning? A study among 8—12 year old
children. PLoS One, 11(12), e0165741.

White, R. L., Parker, P. D., Lubans, D. R., MacMillan, F., Olson, R., Astell-Burt, T., & Lonsdale, C.
(2018). Domain-specific physical activity and affective wellbeing among adolescents: An
observational study of the moderating roles of autonomous and controlled motivation.
International Journal of Behavioral Nutrition and Physical Activity, 15, 87.

World Health Organization. (2010). Global recommendations on physical activity for health.
Geneva, Switzerland: World Health Organization Press.

Worobey, J. (2014). Physical activity in infancy: Developmental aspects, measurement, and
importance. The American Journal of Clinical Nutrition, 99(3), 7295-733S.

Zwiren, L. D. (1989). Anaerobic and aerobic capacities of children. Pediatric Exercise Science, 1,
31-44.



2

GLOBAL SURVEILLANCE OF
PHYSICAL ACTIVITY OF CHILDREN
AND YOUTH

Salomé Aubert, Silvia A. Gonzalez, Taru Manyanga, and Mark S.
Tremblay

Overview

Concepts and Key Terms

The benefits of physical activity for the health of individuals of all ages
and for the health of the societies are now well recognized by the
international scientific community. Physical inactivity is identified as the
fourth leading risk factor for global mortality (World Health Organization,
2009). Consequently, surveillance of physical activity/inactivity is
important for understanding the scope and distribution of the public health
impact, and informing and assessing future strategies and interventions.
Taking into account the benefits of physical activity in the global
context of increasing rates of non-communicable diseases (NCDs) (World
Health Organization, 2018e¢), estimating what proportion of the population
is active (i.e., meeting the recommended amount of physical activity) is of
obvious 1mportance. This 1s achieved through physical activity
surveillance. In public health, surveillance is defined as the “ongoing,
systematic collection, analysis, and interpretation of outcome-specific data
for use in the planning, implementation, and evaluation of public health
practice” (Thacker & Berkelman, 1988). Based on this definition, the
surveillance of physical activity encompasses the collection, analysis, and



interpretation of physical activity data, including the complexities of this
behavior, in order to assess the physical activity status of populations,
identify trends in the levels of physical activity, evaluate policies and
interventions, define priorities in physical activity promotion, and identify
potential areas of further investigation. Therefore, the objective of the
global surveillance of physical activity of children and youth is to estimate
the prevalence of (in)active children and youth worldwide.

Physical Activity Measurement Methods

Physical activity surveillance relies on objective (directly measured) and
subjective (reported) measurement methods for the assessment of physical
activity among children and youth. Objective methods of assessing
physical activity include measures based on energy expenditure or oxygen
uptake (Schutz, Weinsier, & Hunter, 2001), heart rate monitoring (Schutz
et al., 2001), and motion sensors using accelerometry (Schutz et al., 2001),
or pedometers measuring step counts (Lubans et al., 2015). Despite
providing more accurate measures of movement, motion sensors, like
accelerometers, have several limitations: (1) Accelerometry data do not
provide information about the type of activity or the context in which it is
performed (Fulton & Carlson, 2012); (2) The different available cut-points
to estimate the intensity of physical activity measured with accelerometers
produce different conclusions about the proportion of individuals meeting
physical activity guidelines, and there is a lack of consensus on cut-points
selection (Migueles et al., 2018); (3) Objective monitoring of physical
activity at the population level may not be a feasible approach for several
low- and middle-income countries (LMICs) because of the associated
costs, logistic challenges, and expertise required (Lee & Shiroma, 2014).
Subjective measurement of physical activity involves quantitative,
qualitative, and/or descriptive recall of active behaviors through the use of
interviews, questionnaires or surveys, and diaries or logs. With these
methods, the physical activities of a past period of time (e.g., previous
week) are reported by children and youth, or by a proxy (e.g., parent,
teacher, coach). While objective methods provide a more valid estimation
of the physical activity of individuals but are costly, time consuming, and
more invasive, subjective methods are less valid, and tend to provide an
overestimation of physical activity levels, but they enable collection of



physical activity data among large study samples at low cost and provide
details characterizing the activity (Sallis & Saelens, 2000; Sylvia,
Bernstein, Hubbard, Keating, & Anderson, 2014). The surveillance of the
physical activity of children and youth at the population level is challenged
by this trade-off between accuracy and feasibility. Questionnaires are today
the most commonly used tools to evaluate physical activity at the
population level (Ainsworth, Cahalin, Buman, & Ross, 2015).

A thorough presentation and discussion of physical activity
measurement procedures and techniques is provided in Part 4, Chapters
14-19.

International Calls for Action and the Need for Surveillance

Over the past few decades, insufficient levels of physical activity have
been observed internationally among children and youth (Booth,
Rowlands, & Dollman, 2015; Brodersen et al., 2007; Dollman, Norton, &
Norton, 2005; Guthold, Stevens, Riley, & Bull, 2018; Kalman et al., 2015),
raising concerns for their general health and for the future prevalence of
NCDs. In response to this concerning global public health situation, in
2010, the Global Advocacy for Physical Activity (Titze & Oja, 2013),
Council of the International Society of Physical Activity and Health
(ISPAH), developed the Toronto Charter for Physical Activity (Bull et al.,
2010). The Toronto Charter is a global call to strive for greater political
and social commitment to support health-enhancing physical activity for
all countries, regions, and communities, and an advocacy tool that outlines
four actions based upon nine guiding principles for a population-based
approach to support health-enhancing physical activity for all (Bull et al.,
2010). The concerted actions for successful population change include
implementing a national policy and action plan, introducing policies that
support physical activity, and reorienting services and funding to prioritize
physical activity and develop partnerships for action. The Charter
specifically encourages countries and organizations to build capacity and
support physical activity surveillance processes.

One year later, the United Nations (UN) hosted a high-level meeting of
the General Assembly to discuss the prevention and management of
NCDs. In their declaration, the UN acknowledged that the global burden of
NCDs is a major threat to the global economy and leads to increasing



social inequalities, so is a major threat to global development (United
Nations, 2012). The UN stated that it is the responsibility of governments
and the international community to promote focused efforts and to engage
all sectors of society to address the common risk factors of NCDs
including physical inactivity. The UN underlined the importance for
Member States to continue addressing common risk factors for NCDs
through the implementation of the World Health Organization (WHO)s
2008-2013 Action Plan for the Global Strategy for the Prevention and
Control of NCDs and to monitor and report on progress (World Health
Organization, 2008).

The Action Plan for the Global Strategy for the Prevention and Control
of NCDs was re-edited by the WHO with new goals and targets for 2013—
2020 (World Health Organization, 2013). The new action plan has six
main objectives: raise the priority for prevention and control of NCDs;
strengthen national capacity, leadership, governance, multi-sectoral action,
and partnerships; reduce modifiable risk factors and underlying social
determinants; promote and support high-quality research and development;
monitor trends and determinants of NCDs; and evaluate progress.
Additionally, this action plan has nine main targets to achieve by 2020,
which include a global relative reduction of 10% in the prevalence of
insufficient physical activity levels.

During the historic UN Summit on September 25, 2015, in New York
(USA), world leaders adopted a set of Sustainable Development Goals
(SDGs) to end all forms of poverty, fight inequalities, and tackle climate
change, while ensuring that no one is left behind as part of a new global
sustainable development agenda. The 17 SDGs, which are divided into 169
specific targets, are aimed to be achieved over the next 15 years (United
Nations, 2015), the progress of which requires valid and reliable
surveillance.

Building on those SDGs, the Bangkok Declaration on Physical Activity
for Global Health and Sustainable Development was launched in Bangkok
at the 2016 ISPAH Congress (ISPAH, 2016). The Bangkok Declaration
was developed by delegates, ISPAH members, and Congress co-hosts, and
provides a new position statement on the importance of physical activity
for global health, the prevention of NCDs, and how the co-benefits of
population-based actions on physical activity can contribute to achieving 8
of the 17 SDGs. The Bangkok Declaration calls upon governments, policy



makers, donors, and stakeholders including the WHO, UN, and all relevant
non-governmental organizations to contribute to the achievement of these
targets by following the guiding principles and recommendations. This
requires appropriate surveillance.

The Report of the Commission on Ending Childhood Obesity was also
built on the UN SDGs. The Commission on Ending Childhood Obesity was
created in 2014 by the WHO in order to better inform and fashion a
comprehensive response to childhood obesity. The Commission published
a report in 2016, including a set of recommendations to successfully tackle
childhood and adolescent obesity in different contexts around the world,
after consultation with over 100 WHO Member States and comments by
nearly 180 online reviewers. One of the six main recommendations is to
“implement comprehensive programmes that promote physical activity and
reduce sedentary behaviors in children and adolescents” (World Health
Organization, 2016).

In response to the 17 UN SDGs and the Bangkok Declaration on
Physical Activity for Global Health and Sustainable Development, the
WHO published in 2018 a Global Action Plan on Physical Activity 2018—
2030 (World Health Organization, 2018a). This Action Plan is designed to
provide guidance to support the implementation of national multi-sectoral
physical activity actions that leverage the links and benefits to sectors
beyond health, to national economic and sustainable development. Four
strategic objectives (1. creating an active society, 2. creating active
environments, 3. creating active lives, and 4. creating active systems) and a
specific target of a 15% relative reduction in the global prevalence of
physical inactivity in adults and adolescents using a baseline of 2016 were
formulated in this Action Plan. Enhancing data systems and capabilities at
national levels to support regular population surveillance of physical
activity, across all ages and multiple domains, was identified as one of the
strategic actions to reach these objectives.

Within this rich tapestry of international calls for action, the global
surveillance of physical activity plays a crucial role. Besides being one of
the priority actions for most of these documents, it provides evidence to
inform the assessment of the achievement of goals and objectives.

Current State of Surveillance



Global Physical Activity Guidelines for Children and Youth

The WHO recommends that children and youth aged 5-17 years should
accumulate at least 60 minutes of moderate- to vigorous-intensity physical
activity (MVPA) daily, consisting mostly of aerobic physical activity, and
including vigorous-intensity activities, and activities that strengthen
muscle and bone at least three times per week (World Health Organization,
2010).

Furthermore, the WHO physical activity guidelines for the early years
(04 years) (World Health Organization, 2019) state that:

e Infants (less than 1 year) should be physically active several times a
day in a variety of ways, particularly through interactive floor-based
play; more is better. For those not yet mobile, this includes at least 30
minutes in prone position (tummy time) spread throughout the day
while awake;

e Children 1-2 years of age should spend at least 180 minutes in a variety
of types of physical activities at any intensity, including MVPA, spread
throughout the day; more is better;

e Children 3—4 years of age should spend at least 180 minutes in a variety
of types of physical activities at any intensity, of which at least 60
minutes is MVPA, spread throughout the day; more is better.

A thorough presentation and discussion of physical activity
recommendations and guidelines is provided in Chapter 5.

Available International Surveillance Surveys and Studies

Implementing and effectively monitoring progress toward benchmarks set
out in the various global calls to action requires systematic and
standardized surveillance systems. To this end, frameworks such as the
WHO STEPwise approach to NCD risk factor surveillance (World Health
Organization, 2017) have helped to track the prevalence of physical
activity among children and youth worldwide. The use of standardized
surveys such as the Modified International Physical Activity Questionnaire
for Adolescents (IPAQ-A) (Hagstromer et al., 2008), the Global school-
based Student Health Survey (GSHS) (World Health Organization, 2018c),



and Health Behaviour in School-Aged Children (HBSC) (Roberts et al.,
2009) can facilitate international comparisons. Although standardized
surveillance of physical activity among children and youth has
substantially increased in the recent past, gaps exist especially in LMICs
and physical activity trend data are scarce (Hallal et al., 2012). Table 2.1
presents results from a scoping review that identified 14 international
surveillance systems or studies. These international surveillance systems
collected physical activity data using standardized methods across three or
more countries over the past 20 years.

Table 2.1 International studies and surveillance systems of physical
activity in children and youth

Name Location Target Frequency Description
population®

EuropeaN Seven Pupils in No The ENERGY project
Energy European the final established was a  school-based
balance countries years of frequency, cross-sectional  survey
Research to (Belgium, primary data  were aiming to  provide
prevent Greece, education collected prevalence of measured
excessive Hungary, the (aged 10— oncein2010 overweight, obesity,
weight Gain Netherlands, 12 years) engagement in energy
among Youth Norway, balance-related
(ENERGY) Slovenia, and behaviors, and blood-
project Spain) sample biomarkers of

metabolic function, and
to identify personal,
family-environmental
and school-
environmental correlates
of these energy balance-
related behaviors.
Physical activity was
assessed by self-report
questionnaire measuring
the dose (frequency and
duration) of  active
transportation and
organized sport, and
accelerometers in a
subsample (van Stralen
etal., 2011)



Name Location Target Frequency Description
population®
European Denmark 9- and 15- No The EYHS was an
Youth Heart (Odense), year-old established international multi-center
Study Estonia children frequency, cross-sectional  survey
(EYHS) (Tartu), and youth data  were focusing on the issue of
Norway collected cardiovascular  disease
(Oslo), and once in 2010  risk factors in children. It
Portugal investigated a wide range
(Madeira) of factors that might
influence the progression
of CVD risk factors in
children. Physical
activity was measured
objectively using
accelerometers worn for
four consecutive days,
including 2 weekdays
and 2 weekend days
(Riddoch et al., 2005)
Global Datasets 13—17-year- No The GSHS is a relatively
School-based currently old students  established low-cost  school-based
Student available for frequency, survey using a self-
Health 98  countries participating  administered
Survey from Africa countries are  questionnaire to evaluate
(GSHS) (17), Eastern encouraged young people’s health

Mediterranean
Region (19),
Europe (2),
Latin America
and the
Caribbean
(30),  South
East Asia (9),
and Western
Pacific
Region (21)
(World Health
Organization,
2018d)

to collect
data as often
as resources
allow them

behavior and protective
factors related to the
leading causes of
morbidity and mortality
among children and
adults worldwide.
Physical  activity s
measured by three items
evaluating the frequency
of  physical activity,
active transportation, and
physical education
(World Health
Organization, 2018c)



Name Location Target Frequency Description
population®
Health 48 countries 11-, 13-, Every 4 HBSC is a school-based
Behaviour in and regions and 15- years since survey existing for over
School-Aged across Europe year-old 1982 30 years, where data are
Children and North  school collected through self-
(HBSC) America students completion
Survey (HBSC, 2018) questionnaires
administered in  the
classroom. Physical
activity is measured
using one item
evaluating the frequency
of moderate-to-vigorous
physical activity and two
items evaluating the
frequency of vigorous
physical activity
(Roberts et al., 2009)
Health Vanuatu, 11-, 13-, No The aim of the study was
Behaviour Tonga, and and 15- established to collect population-
and Lifestyle Pohnpei (an year-old frequency, based data on a range of
of  Pacific island of the school data  were health-related practices,
Youth Federated students collected in lifestyles, and physical
(HBLPY) States of 2000-2001 and social environments
surveys Micronesia) among school-age
students and  out-of-
school youth. Physical
activity was measured
using the 2000 version of
the HBSC questionnaire
(Phongsavan et al., 2005)
Healthy Ten European 12.5-17.5- No The HELENA study is a
Lifestyle in cities in year-old established cross-sectional  survey
Europe by Austria, adolescents  frequency, that aimed to evaluate
Nutrition in Belgium, assessment the nutritional and health
Adolescence  France, occurred status  in  European
(HELENA) Germany, between adolescents. Physical
Greece, 2006 and activity was assessed by
Hungary, 2008 both objective
Italy, Spain, (accelerometers worn for
and Sweden 7 consecutive days) and

self-reported  methods
(using the International
Physical Activity
Questionnaire for
Adolescents) (Garaulet
etal., 2011)



Name Location Target Frequency Description
population®

Identification Eight 2-9-year- Baseline IDEFICS is a cohort
and European old children survey at TO study that started in 2006
prevention of  countries (between and ended in 2012. It
Dietary- and (Sweden, September focused on exploring the
lifestyle- Germany, 2007 and risks for overweight and
induced Hungary, May 2008), obesity in children as
health Italy, Cyprus, follow-up well as associated long-
EFfects In Spain, survey 2 term consequences.
Children and Belgium, and years later at Physical activity was
infantS Estonia) T1 objectively ~ monitored
(IDEFICS) (September over 3 days using

2009 to May accelerometers (Ahrens

2010); etal., 2011)

evaluation of
the
sustainability
of the
intervention
at T2
(September
2010 to
November
2010)



Name Location Target Frequency Description
population®

International In 2014, data 12-17-year- No The primary aim of
Physical collection was  old established IPEN is to estimate
Activity and completed in secondary frequency, strengths of association
the eight school participating  between detailed
Environment countries, students countries are measures of the
Network under encouraged neighborhood-built
(IPEN) completion in to collect environment with leisure

siX countries,
and under
planning in
two countries
(International
Physical
Activity
the
Environment
Network,
2015)

and

data as often
as resources
allow them

physical activity, active
transportation, and Body
Mass Index in all
participants, based on
self-report survey data
collected according to a
common protocol.
Physical activity is
measured by  self-
completed surveys using
17 items rated on a 4-
point Likert scale and
accelerometry

monitoring over 7 days,
including 2 weekend
days (Cerin et al., 2017;

International ~ Physical
Activity and the
Environment Network,

2017)



Name Location Target Frequency Description
population®
International ~ Complete 6—7-year- No The ISAAC study was a
Study of physical old children established multinational multicenter
Asthma and activity data and 13-14- frequency, study, established in
Allergies in available from year-old data  were 1991, and designed to
Childhood 73 centers in adolescents collected in measure time trends in
(ISAAC) 32 countries each study the prevalence, severity,
study phase across 6 site between and risk factors, and the
three continents and 2001 and development of asthma
from 122 2003 and allergies. Data on
centers in 53 heights, weights, and
countries physical activity were
across 6 collected among children
continents and youth during its

phase 3. Physical activity
was evaluated using
parent-reported (for the
6—7-year-olds) and self-
reported (for the 13-14-
year-olds) frequency of

vigorous physical
activity (Braithwaite et
al.,  2017). ISAAC

datasets have now been
deposited in an openly
accessible data archive
(Strachan et al., 2017)



Name Location Target Frequency Description
population®

International 12 countries 10-year-old No ISCOLE  aimed to
Study of from 5 major children established determine the
Childhood geographic frequency, relationships  between
Obesity, regions of the data  were lifestyle behaviors and
Lifestyle and world collected in obesity, and to study the
the (Europe, each study influence of additional
Environment  Africa, the site between characteristics such as
(ISCOLE) Americas, 2011 and behavioral settings,
Southeast 2013 physical, social, and
Asia, and the policy environments, on
Western the observed
Pacific) relationships.  Physical
activity of participants
was measured using

accelerometers worn for
at least 7 days and self-
reported daily physical
activity, outdoor time,
physical education,
active transport to school
(Katzmarzyk et al,
2013)



Name Location Target Frequency Description
population®
Latin Eight Latin 15-18-year- No The ELANS is a
American American old established multicenter Cross-
Study of countries adolescents  frequency, sectional nutrition and
Nutrition and  (Argentina, data  were health surveillance study
Health Brazil, Chile, collected evaluating the nutritional
(ELANS) Colombia, once in each intakes, physical activity
Costa  Rica, study site  levels, and
Ecuador, between anthropometric
Pert, and 2014 and measurements of
Venezuela) 2015 nationally representative

samples of 15-65 years
olds. Physical activity
was measured using the
Mexican (Spanish)
version of the
International ~ Physical
Activity  Questionnaire
(IPAQ)-long version,
which was adapted for
all countries of ELANS.
Only the sections leisure-
time and  transport
physical activity were
included. In addition,
physical activity was
also objectively
monitored using
accelerometers for 7
days in 40% of the
samples (Fisberg et al.,
2015)



Name Location Target Frequency Description
population®

Saving and Ten European 14- and 16- No This study explored the
Empowering  countries year-old established prevalence  of  risk
Young Lives (Austria, adolescents  frequency, behaviors, and their
in  Europe Estonia, data association with
(SEYLE) France, collection psychopathology and
study Germany, took place in  self-destructive

Hungary, 2009-2012 behaviors, in adolescents

Ireland, Italy, recruited in randomly

Romania, selected schools across

Slovenia, and
Spain)

ten European countries.
Physical activity was
assessed using a
modified version of the
PACE+ (Patient-Centred
Assessment and
Counselling for Exercise
Plus Nutrition)
adolescent physical
activity measure. This
survey has three items
measuring reported
frequency of 60 minutes
of physical activity over
the past 2 weeks, and the
regular participation in
sport(s) over the past 6
months (McMahon et al.,
2017)



Name Location Target Frequency Description
population®

SUNRISE 36 countries 4-year-old No The SUNRISE study
International ~ have children established aims to estimate what
Surveillance  expressed frequency proportion of 4-year-old
Study of 24- interest in yet, pilot children sampled in
hour participating testing is participating  countries
movement in the underway in meet the WHO Global
behaviors in SUNRISE 21 countries  24-hour movement
the Early Study: five of guidelines for the early
Years these are low- years and to determine if

income, 11
lower-middle,
8 upper-
middle, and
12 high-
income
countries

these proportions differ
by sex, socioeconomic

status, or urban/rural
location between
different levels of human
and economic

development. This study
was still at its pilot stage
in 2019. Physical activity
will  be monitored
objectively using
accelerometers thigh- or
hip-worn over 3 days, as
well as through parental
report (University of
Wollongong, 2019)



Name Location Target Frequency Description

population®
Global 219  centers School- No The TEENs study was a
TEENS worldwide aged 8-12- established global, observational,
study over 20 year-old frequency, cross-sectional study of
countries in 5 children; data youth and young adults
continents 13—18-year-  collection with type 1 diabetes
old took place in launched  across 5

adolescents  2012-2013 continents in 20
countries in 2012. The
primary aim of this study
was to  characterize
diabetes-specific quality
of life and glycemic
control of a global
sample of patients in
predetermined age
groups. Physical activity
was assessed with self-
reported number of days
per week spent doing at
least 30 minutes of any
physical activities or
exercise (Anderson et al.,
2017)

a Even if some of the surveys have various sample age groups, the
characteristics presented here only focus on the pediatric part (0—18)
of their study population.

To the best of our knowledge, most of the international data on the
physical activity of children and youth come from specific studies rather
than a given physical activity surveillance system. The GSHS, developed
by and part of the WHO STEPwise framework, is the most widely adopted
surveillance system, with a total of 98 countries having physical activity
data available, obtained in a standardized manner (World Health
Organization, 2018c). Six international surveys only focus on European
and North American countries (Ahrens et al., 2011; Garaulet et al., 2011;
McMahon et al., 2017; Riddoch et al., 2005; Roberts et al., 2009; van
Stralen et al., 2011), and six others have more geographically distributed
study sites across the world (Anderson et al., 2017; International Physical
Activity and the Environment Network, 2017; Katzmarzyk et al., 2013;



Strachan, Pearce, Garcia-Marcos, & Asher, 2017; University of
Wollongong, 2019; World Health Organization, 2018c). Of the two
remaining surveys, one focuses on Latin American countries (Fisberg et
al., 2015), and the other one on three South Pacific countries (Phongsavan
et al., 2005). A large majority of these international surveys (n = 12/14)
collected physical activity data on children and youth aged between 10 and
18 years, while 3 surveys included 6-9-year-old children, and only 2
included children below 5 years old. Only one of these surveys (HBSC)
has an officially established frequency of data collection (every 4 years)
(Roberts et al., 2009), and data collection in two other international
surveys (GSHS and IPEN) is resource dependent (Centers for Disease
Control and Prevention, 2016; International Physical Activity and the
Environment Network, 2015). The majority of these international surveys
are cross-sectional, designed for respondents to answer specific questions
at a given time and without any longitudinal follow-up. Finally, self- or
proxy-reported physical activity data were collected among seven
international surveys (Anderson et al., 2017; McMahon et al., 2017;
Phongsavan et al., 2005; Roberts et al., 2009; Strachan et al., 2017; van
Stralen et al., 2011; World Health Organization, 2018c), objectively
measured data using accelerometers were collected in the samples or
subsamples of three of these surveys (Ahrens et al., 2011; Riddoch et al.,
2005; University of Wollongong, 2019), and five collected both objective
and subjective (reported) data (Fisberg et al., 2015; Garaulet et al., 2011;
International Physical Activity and the Environment Network, 2017;
Katzmarzyk et al., 2013; University of Wollongong, 2019).

National Surveys and Surveillance Systems

In some countries, physical activity monitoring has been a priority and has
been successfully implemented in regular surveillance systems. In the
following paragraphs we describe a few examples of good quality
surveillance systems that have provided not only national data, but also
have been recommended as a reference for other countries to model their
Oown sSurveys.

Youth Risk Behavior Surveillance System



Developed in 1990 and implemented since 1991, the Youth Risk Behavior
Surveillance System (YRBSS) is a nationally representative school-based
surveillance system for the United States (Fulton & Carlson, 2012; U.S.
Centers for Disease Control and Prevention, 2018a). Informed by multiple
sources of data, such as ongoing surveys conducted every 2 years, one-time
national surveys, special population surveys, and methods studies, the main
objective of YRBSS is to determine the national prevalence and trends of
key health risk behaviors among high-school students (grades 9 to 12)
(Centers for Disease Control and Prevention, 2013). The surveys are
conducted by the Centers for Disease Control and Prevention (CDC) and
by education and health agencies. The system monitors six categories of
health behaviors associated with the leading causes of morbidity and
mortality in youth and young adults from the United States, one of which is
physical inactivity (U.S. Centers for Disease Control and Prevention,
2018a). This standardized survey provides comparable data at the national,
state, territorial tribal, and local levels (Fulton & Carlson, 2012) and is used
to monitor the progress toward achieving national health-related goals, like
the Healthy People Objectives (US Department of Health and Human
Services, n.d.). The questionnaires used in the YRBSS were developed by a
steering committee that included scientific experts from federal agencies,
academic institutions, and survey experts from the CDC (Centers for
Disease Control and Prevention, 2013). Questionnaires have marginally
evolved over time to include adjustments in wording and design to provide
better data according to the surveillance priorities. The specific component
on physical activity currently includes questions that assess the following:
(a) the frequency of engagement in minimum 60 minutes of MVPA in the
last 7 days; (b) frequency of engagement in muscle strengthening in the last
7 days; (c¢) participation in Physical Education classes; (d) involvement in
sports teams in the last year; and (e) frequency of concussions from playing
sports or being active in the last year (U.S. Centers for Disease Control and
Prevention, 2018b). In order to ensure the harmonization of the surveys, a
handbook and technical assistance are provided by the CDC to each of the
study sites (Centers for Disease Control and Prevention, 2013). Besides the
contribution to the US surveillance of physical activity, YRBSS
instruments have been adapted and widely used by several countries for the
assessment of physical activity (Aubert, Barnes, Abdeta et al., 2018;
Gonzalez, Barnes, Abi Nader et al., 2018).



Canadian Health Measures Survey

This survey was developed in response to the lack of comprehensive
population-representative health measures in Canada, and to the need for
surveillance of public health indicators to follow-up program and policy
initiatives (Tremblay, Wolfson, & Connor Gorber, 2007). Statistics Canada,
in partnership with Health Canada and the Public Health Agency of
Canada, and in consultation with a team of experts from multiple sectors,
spent 3.5 years in the design of this nationally representative survey, with
the aim to contribute direct physical measures to advance the Health
Information Roadmap Initiative in the country (Canadian Institute for
Health Information, 2000). Conducted in 2-year cycles, since 2007, the
Canadian Health Measures Survey (CHMS) has several objectives, among
those, the most relevant for the topic of this chapter is to estimate the
prevalence, distribution, and trends of certain health-related conditions, like
physical activity. The survey comprises a household questionnaire and
objective measurements at a mobile examination center and includes a
nationally representative sample of Canadian people between 6 and 79
years old. The physical activity component for children and youth includes
physical activity questions (self-reported for ages >12 years or reported by
the parents for <12 years) and objective measures with accelerometry. A
standardized accelerometry protocol was implemented for the monitoring
of physical activity for 7 days, using Actical accelerometers, on the right
hip. The physical activity variables assessed in CHMS include: (a)
adherence to physical activity recommendations; (b) average minutes of
MVPA per day; (c) adherence to the Canadian 24-hour movement
guidelines for Children and Youth (Tremblay, Carson et al., 2016); (d)
amount of hours of physical activity at the school environment; (e) sports
participation in the last year; (f) active play participation per week; and (g)
active travel participation and time in the last 7 days (Roberts et al., 2017).

National Adolescent School-Based Health Survey
from Brazil

Developed since 2004 as part of the Brazilian Surveillance of Risk and
Protective Factors for Chronic Diseases, National Adolescent School-



Based Health Survey (PeNSE) is a nationally representative school-based
survey. The design was led by the Secretary of Health Surveillance of the
Ministry of Health, and brought together a group of experts from different
academic institutions (Oliveira et al., 2017). This survey has been
conducted every 3 years since 2009, by the Ministry of Health and the
Brazilian Institute of Geography and Statistics, with support of the Ministry
of Education from Brazil and currently is already part of the national
surveillance agenda (Oliveira et al., 2017). Since 2015, PeNSE includes the
school-enrolled population between 13 and 17 years, from public and
private schools, in the morning and afternoon shifts, and from urban and
rural areas. In the previous versions only ninth grade students were
involved. This change in the sampling was implemented in order to
improve the comparability of data at the international level (Oliveira et al.,
2017). The objective of PeNSE is to monitor risk and protective factors
related to the health of Brazilian adolescents, and it is one of the main
sources of information to track public policies targeted at this population.
The data from this survey are representative of the 13—17-year-old students
in the 26 state capitals of the 5 Brazilian macro-regions and Brazil
(Oliveira et al., 2017). The survey comprises two components: one
questionnaire about the school environment administered to the school
principal, and the other questionnaire to student. Each of these has a
specific component of physical activity. The school questionnaire assesses
the available infrastructure for physical activity, and the student’s
questionnaire assesses the practice of physical activity in the previous 7
days and the attendance to Physical Education classes at least twice per
week in the previous 7 days. The questionnaires were adapted from the
GSHS (World Health Organization, 2018c) and the YRBSS (U.S. Centers
for Disease Control and Prevention, 2018b). In order to ensure the quality
and comparability of data, standardized training and supervision to the
local teams are regularly conducted during the data collection (Oliveira et
al., 2017).

Global Initiatives

In response to the global physical inactivity pandemic (Kohl III et al.,
2012), research experts, policy makers, and other stakeholders with an
interest in promoting physical activity have been mobilizing and



establishing initiatives that are designed to systematically compile and
synthesize the best available evidence on the levels of physical activity.
These 1nitiatives are helping to further our collective understanding of the
extent of global physical inactivity, expose data gaps, and identify the most
urgent research, interventions, or policy needs. The initiatives include, but
are not limited to, the Global Matrix on Physical Activity of Children and
Youth (Aubert, Barnes, Abdeta et al., 2018; Tremblay, Carson et al., 2016;
Tremblay et al., 2014), WHO Global Health Observatory (GHO) (World
Health Organization, 2018b), physical activity factsheets (World Health
Organization, 2018f), and the Dedicated Diet and Physical Activity
Knowledge Hub (DEDIPAC Determinants of Diet & Physical Activity,
2016b). Details about each of these initiatives are presented in Table 2.2.
These initiatives necessarily involve partnerships, enlist experts from
multiple jurisdictions, and follow harmonized protocols. The initiatives’
particular strength is their adherence to harmonized protocols, reliance on
similar appraisal of data either from standalone studies or national surveys,
and the collective critical evaluation and interpretation of these data by
teams of experts. The involvement of local experts (Active Healthy Kids
Global Alliance, 2018; ISPAH, 2019) in collating and appraising the best
available evidence, including unpublished data, theses, and reports,
bypasses the academic purity and ‘gatekeeping’ of relying on mostly peer-
reviewed literature, and doing so without compromising the quality of the
reported findings. This is arguably an innovative approach because it can
potentially reduce the publication bias that might arise from the high
rejection of articles from LMICs which would have relied on limited and
less robust data. Furthermore, the consensus building and consultations
among teams of experts during the appraisal and interpretation of data
enable them to be thorough, thus formulating recommendations and
producing reports that could paint a more complete picture of the status of
physical activity in each of the involved countries.

Table 2.2 Global Initiatives compiling evidence on physical activity
of children and youth

Name Location Target Frequency  Description

population®




Name Location Target Frequency  Description
population®
Determinants  Every 3—12-year- No The DEDIPAC Knowledge
of Diet and country old established Hub was a
Physical with children frequency,  multidisciplinary
Activity objective or and 13-18- the consortium of scientists
Knowledge subjective year-old DEDIPAC  from 46 research centers
Hub physical adolescents Knowledge working on three thematic
DEDIPAC activity data Hub areas: Assessment and
study occurred harmonization of methods
from 2013 for future research,
to 2016 surveillance and

monitoring, and evaluation
of  interventions and
policies; Determinants of
dietary, physical activity,
and sedentary behaviors
across the life course and in

vulnerable groups;
Evaluation and
benchmarking of public
health and policy
interventions aimed  at

improving dietary, physical
activity, and sedentary
behaviors. This project is
now complete, it ended in
2016 (DEDIPAC
Determinants of Diet &
Physical Activity, 2016b).
One of the outputs of this
international collaboration
was the creation of a
Compendium of Datasets
on  Physical  Activity
openly available online
(DEDIPAC Determinants
of Diet &  Physical
Activity, 2016a)



Name Location Target Frequency  Description
population®
Global Matrix 49 countries 5-17-year- Every 2/3 The Global Matrix
on  physical from 6 old years since initiative, led by the Active
activity of continents children 2014 Healthy Kids  Global
children and in 2018 and youth Alliance (Active Healthy
youth Kids Global Alliance,
2018), brings together
working groups for
countries across the world
who follow harmonized
procedures to develop their
Report Cards on Physical
Activity for Children and
Youth by grading ten
common indicators using
the best available data
(Aubert, Barnes, Abdeta et
al., 2018)
International Australia, 3-18-year- No The ICAD was established
Children’s Brazil, old established to pool data on objectively
Accelerometry  Belgium, children frequency,  measured physical activity
Database Denmark, and youth this from studies using the
(ICAD) England, initiative same type of accelerometer
Estonia, only (Actigraph) worldwide.
Norway, occurred Investigators  from 20
Portugal, once in studies with a sample size
Switzerland, 2008-2010 >400 agreed to participate
and the and shared their raw
United accelerometry files, and
States standardized analysis was

performed on the pooled
datasets (Sherar et al.,
2011)



Name Location Target Frequency  Description
population®
Physical 28 0-18-year-  First The  country  physical
Activity European old published activity  factsheets were
Factsheets Union children in 2015, developed by a partnership
Member and youth renewed in  between the European
States of the 2018 Union and WHO. They

WHO
European
Region

summarize physical
activity monitoring and
surveillance-related

indicators (including the
proportion of children and
adolescents reaching the
minimum levels of
physical activity for health
recommended by WHO or
another cut-off), as well as
policies and action in the
area of health-enhancing
physical activity
promotion, for the
European Union Member
States of the WHO
European Region. National
physical activity experts
from the noted countries
were responsible to report
the aforementioned
information (World Health
Organization, 2018f)



Name Location Target Frequency  Description

population®

World Health 194 WHO 11-17- This first The GHO is a WHO
Organization Member year-old round was initiative compiling health-
(WHO) States adolescents  performed  related statistics for more
Global Health in 2015 than 1,000 indicators.
Observatory updates Concerning physical
(GHO) over the activity, the WHO GHO
next 15 compiled surveys that
years are presented sex- and age-
expected specific prevalence with

sample sizes (minimum: n
= 50), using the definition
of not meeting the WHO
recommendations on
physical activity for health,
or a similar definition (less
than 60 minutes of activity
on less than 5 days per
week). Data had to come
from a random sample of
the adolescent population,
with  clearly indicated
survey methods (World
Health Organization,
2018Db)

a Even though some of the initiatives cover various sample age
groups, the characteristics presented here only focus on the pediatric
part (0—18) of their study population.

Global Prevalence of Physical (In)activity among Children and
Youth

Major relevant findings publicly available from the international surveys
and global initiatives previously presented are summarized by categories
of interest in this section. When necessary, the presented information was
completed with results from specific countries.

Early Years (0—4 Years)



IDEFICS (Identification and prevention of Dietary- and lifestyle-
induced health EFfects In Children and infantS) study: Objective data
from eight European countries collected in 2007-2010 show that on
average, 2.0-2.9-year-olds (boys and girls) engaged in 24 minutes of
MVPA per day, 3.0-3.9-year olds engaged in 27 (girls) to 34 (boys)
minutes of MVPA per day, and 4.0-4.9-year-olds engaged in 33 (girls)
to 42 (boys) minutes of MVPA per day (Konstabel et al., 2014).

ICAD (International Children’s Accelerometry Database) study: The
physical activity level of the 3—4-year-old children included in the
objective accelerometry data pooled from 11 countries in 2008—2010
was not clearly reported (Cooper et al., 2015).

Physical activity factsheets: In 2015, only 4 of the 28 European Union
countries reported physical activity prevalence data on children aged
under 5 years. Their data were not able to estimate intercountry
comparisons as the country studies used different methods (World
Health Organization Regional Office for Europe, 2015).

International standardized data on the physical activity of the children
younger than 5 years are lacking. It is, however, encouraging that a
new international physical activity surveillance system targeting
specifically this population, and involving objective measurement of
physical activity, the SUNRISE study, is currently under development.

Children and Youth (5—17 Years)

HELENA (Healthy Lifestyle in Europe by Nutrition in Adolescence)
study: In a ten-European country sample (n = 2,200; 1,184 girls),
objectively measured data in 2006—2008 indicated that 41.0% of 12.5—

17.5-year-old adolescents met the recommended 60 minutes of MVPA
daily (Ruiz et al., 2011).

SEYLE (Saving and Empowering Young Lives in Europe) study: In a
ten-European country sample (n = 11,072), self-reported physical
activity data collected in 2009—2012 indicated that 13.6% of 14- and
16-year-olds were engaging in 60 minutes of physical activity
everyday (McMahon et al., 2017).



e WHO GHO: Globally in 2010, more than 80% of school-going
adolescents aged 11-17 years were estimated to be insufficiently
physically active (World Health Organization, 2018b).

e Global Matrix 3.0: In 2018, the average grade for the Overall Physical
Activity indicator in 49 countries from 6 continents was a “D”, which
corresponds to an estimation of 27%-33% of children and youth
meeting the physical activity guidelines (Aubert, Barnes, Abdeta et al.,
2018).

The estimated prevalence of children and youth meeting the WHO
physical activity guidelines (World Health Organization, 2019) varies
depending on the source of data; however, the proportion of children and
youth sufficiently active is consistently low across international data.

Sex/Gender Differences

e HBLPY (Health Behaviour and Lifestyle of Pacific Youth) surveys:
Data collected in Pohnpei, Tonga, and Vanuatu in 2000-2001 indicated
that among 13-year-old children, 50.5% (Vanuatu) to 71.7% (Tonga) of
boys and 29.8% (Vanuatu) to 44.2% (Tonga) of girls declared
exercising at least two times per week outside school hours, and 27.4%
(Vanuatu) to 33.5% (Pohnpei) of boys and 16.4% (Vanuatu) to 20.3%
(Tonga) of girls declared exercising at least 2 hours per week outside
school hours (Phongsavan et al., 2005). Similarly, the same data
indicated that among 15-year-old children, 58.2% (Vanuatu) to 69.2%
(Tonga) of boys and 32.9% (Pohnpei) to 37.5% (Vanuatu) of girls
declared exercising at least two times per week outside school hours,
and 33.5% (Pohnpei) to 40.6% (Tonga) of boys and 17.3% (Pohnpei)
to 23.6% of girls (Vanuatu) declared exercising at least 2 hours per
week outside school hours (Phongsavan et al., 2005).

e HBSC: In physical activity data from 32 participating countries, 23.1%
of boys and 14.0% of girls reported at least 60 minutes of MVPA daily
(odds ratio/95% confidence interval: 0.546/0.537-0.554) (Kalman et
al., 2015). Gender differences were significant in most countries across
all age groups (Kalman et al., 2015).



e HELENA study: In Europe, objectively measured data in 2006-2008
indicated that 56.8% of boys vs. 27.5% of girls met the recommended
60 minutes of MVPA daily (p <0.001) (Ruiz et al., 2011).

e [ICAD study: Objective accelerometery data pooled from 11 countries
in 2008-2010 indicated that among 5—17-year-olds, 9.0% of boys and
1.9% of girls achieved the WHO physical activity recommendations;
that is, on average, activity levels among boys were 0.45 standard
deviations higher than in girls at age 9-10 years and 0.66 standard
deviations higher at age 12—13 years. There was no country in which
this difference was not significant (Cooper et al., 2015).

e IDEFICS study: Objective data from eight European countries
collected in 2007-2010 among 2-9-year-old children showed that
2.0% (Cyprus) to 14.7% (Sweden) of girls, and 9.5% (Italy) to 34.1%
(Belgium) of boys were meeting the recommended 60 minutes of
MVPA daily (Konstabel et al., 2014).

e SEYLE study: In a ten-European country sample (n = 11,072), self-
reported physical activity data collected in 2009—2012 indicated that
17.9% (boys) and 10.7% (girls) of 14- and 16-year-olds reported
engaging in 60 minutes of physical activity everyday (McMahon et al.,
2017).

e WHO GHO: Globally, in 2010, among 11-17-year-old children and
youth, it was estimated that the prevalence of adolescents meeting the
minimum WHO-recommended activity levels was higher for boys
(ranging from 9.0% to 35.4%) than for girls (from 7.4% to 20.4%)
(World Health Organization, 2014).

An alarming difference between girls and boys is consistently observed
among 5—17-year-old children around the world.

Age Differences

e [CAD study: Every year increase in age was associated with a relative
reduction in mean vigorous-intensity physical activity of 6.9% (95%
confidence interval [6.2%, 7.5%]) and in mean moderate-intensity
physical activity of 6.0% (95% confidence interval [5.6%, 6.4%])
(Corder et al., 2016). The age-related difference in vigorous-intensity



physical activity was substantially attenuated, but remained significant,
when adjusted for moderate-intensity physical activity (Corder et al.,
2016).

EYHS (European Youth Heart Study): Objectively measured physical
activity data from three European countries (Denmark, Estonia,
Portugal) among 9-year-old (n = 1,008) and 15-year-old (n = 738)
children and youth show that 15-year-old adolescents spent a
significantly lower amount of time engaging in low (p < 0.001) and
moderate (p < 0.001) physical activity (the time engaging in vigorous
physical activity was stable between the two age groups) (Ekelund et
al., 2007).

HBSC surveys: Self-reported physical activity data from 2013 to 2014
were analyzed from 15 countries (n = 61,329) and indicated that more
11- (25.2%; 95% confidence interval [24.5%, 25.8%]) and 13-year-
olds (19.8%; 95% confidence interval [19.3%, 20.3%]) met the WHO’s
physical activity guidelines than 15-year-olds (14.8%; 95% confidence
interval [14.3%, 15.3%]) (Ng et al., 2017).

CHMS survey: Accelerometry data collected on a nationally
representative sample of the Canadian population aged 6-19 years
showed that the amount of MVPA and average steps per day were
decreasing as age category increased (Colley et al., 2011).

Temporal Trends

HBSC: Overall, in countries and regions across Europe and North
America, a small increase in the proportion of boys and girls aged 11—
15 years who met the current physical activity recommendations was
observed between 2002 and 2010 but these positive trends were not
consistent in all countries (Kalman et al., 2015). Many countries
reported increasing (n = 16) or stable levels (n = 7) of physical activity;
however, the proportion of adolescents achieving the WHO’s physical
activity guidelines decreased in nine countries (Kalman et al., 2015).

According to objectively measured data from European countries, there
is evidence of little or no significant change in overall physical activity
among children and adolescents. Pedometer-derived data from Sweden
comparing the number of steps per day between 2000 and 2008 did not



find any changes over time. Similarly, a comparison of accelerometer
data from Denmark (EYHS study) between 1997—-1998 and 2003-2004
did not find apparent changes in the average counts per minute of boys
and girls. A study from Czech Republic, comparing the proportion of
adolescents achieving the recommended 11,000 steps per day in 1998
and 2010, found a decline among boys (68%—-55%), but no changes
were observed among girls (75%—74%) (Booth et al., 2015).

Canadian Report Card: Temporal trend analysis of the Canadian Report
Card’s physical activity indicators over 12 years (2005-2016) indicated
that most physical activity behaviors (overall physical activity, active
transportation, sedentary behaviors) among children and youth have
not improved since 2005 (Barnes & Tremblay, 2017).

Geographic Variation

HBSC: Self-reported data from 32 countries in Europe and North
America indicate that 23.4% of children were active in 2010. However,
there was some variability between countries indicating higher
proportions of children meeting the guidelines in Ireland (34.4%), the
United States (32.6%), Austria (30.5%), Spain (29.9%), and Finland
(29.7%), and the lowest proportions in Italy (10.7%), Denmark
(14.3%), Sweden (15.6%), Russia (16.1%), and Estonia (16.6%)
(Kalman et al., 2015).

ICAD study: Results obtained with accelerometry indicate a low
proportion of children meet physical activity guidelines in all the
involved countries. However, the highest proportions of children
meeting the guidelines were found in Norway and Estonia, and the
lowest were from the United States and the East of England (Cooper et
al., 2015).

ISCOLE (International Study of Childhood Obesity, Lifestyle and the
Environment) study: Objectively measured data of 10-year-old
children from 12 countries found that the average MVPA per day
varied from 45 minutes per day in China to 71 minutes per day in
Kenya and Finland (Katzmarzyk et al., 2015).

Global Matrix: In 2018, most of the working groups from Asia, Europe
North and South America, and Oceania reported “D” or “F” grades



(which corresponds to 0%—-39% of children and youth meeting the
WHO’s physical activity guidelines) for the Overall Physical Activity
indicator, while the majority of the working groups from Africa
assigned “C” grades (which corresponds to 40%—-59% of children and
youth meeting the WHO’s physical activity guidelines) (Aubert,
Barnes, Abdeta et al., 2018). These results, presented in Figure 2.1, are
consistent with the previous Global Matrices published in 2014 and
2016 (Tremblay, Carson et al., 2016; Tremblay et al., 2014).
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Figure 2.1 Distribution of the grades (“A-B”, “C”, “D-F”, or “INC”
grades) for the Overall Physical Activity indicator in the 49
countries that participated in the Global Matrix 3.0 initiative
of the Active Healthy Kids Global Alliance
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Different patterns are observed between studies, and this could be
attributed to the different approaches used to measure physical activity.
Several international studies and initiatives including both objectively and
subjectively measured physical activity data indicate that children and
youth are more active in countries from Africa and Northern/Eastern
Europe, while they are less active in North America, the United Kingdom,
China, and India; however, the opposite was observed in the HBSC
SUrveys.

Socioeconomic Variation

e HBSC: Across all European and North American countries combined,
children with higher Family Affluence Scale scores were more likely
to meet the physical activity recommendations than children with low-
Family Affluence Scale scores (Kalman et al., 2015).

e Global Matrix 3.0: Distinct letter grade differences were observed for
the Overall Physical Activity indicator between the low- and medium-
Human Development Index (HDI) countries and the two other HDI



groupings. The average grade for the low- and medium-HDI countries
was “C-”, whereas both the high- and very-high-HDI countries
obtained an average of “D-", which could represent a difference of
14%-26% of children and youth meeting the physical activity
guidelines (Aubert, Barnes, Abdeta et al., 2018). In addition, a
significant low negative correlation was observed between the Overall
Physical Activity indicator and several sociodemographic indicators
including the HDI (»=-0.30, P <0.05) and the growth national income
per capita (r=—0.33, P<0.05) (Aubert, Barnes, Abdeta et al., 2018).

e ISCOLE study: Objectively measured physical activity data from 9- to
11-year-old children (n = 4,752) and self-reported parental education
level data collected in 12 countries around the world indicated that
relationships between maternal and paternal education and child
physical activity appear to be related to the developmental stage of
different countries. Significant negative associations between parental
education and child physical activity were observed in lower economic
status countries, and positive non-significant associations between
parental education and child physical activity were observed in high-
income countries (HICs) (Muthuri et al., 2016).

The presented findings from these international physical activity data
align with the recognized influence of the socioeconomic factors on the
physical activity of children and youth. More research is needed to explore
this relationship; however, available evidence shows that economic factors
influence the physical activity of children and youth at two levels —
national and individual. Overall, the observed children and youth physical
activity levels are higher in low-income countries (LICs). Within LMICs,
individual socioeconomic indicators seem to be negatively associated with
physical activity behaviors, while the opposite is observed within HICs.

Special Population Data/Issues

e TEENS study: In 2012-2013, 67% of 8-12-year-old children
diagnosed with type 1 diabetes spent at least 30 minutes doing any
physical activities or exercise 3—7 times per week (against 33% who

did 30 minutes of exercise 0-2 times per week) (Anderson et al.,
2017). In 2012-2013, 62% of 13—18-year-old children diagnosed with



type 1 diabetes spent at least 30 minutes doing any physical activities
or exercise per week 3—7 times per week while 38% did 30 minutes of
exercise 02 times per week (Anderson et al., 2017).

e YRBSS: Self-reported data collected in 2011 among <12-, 13-, 14-,
15-, 16-, 17-, and >18-year-old students (n = 9,775) indicated that
youth with a disability (n =1,986) were less likely to participate in 60
minutes of physical activity at least 5 out of 7 days/week (prevalence =
38% vs. 52%, respectively; odds ratio = 0.5; 95% confidence interval:
[0.4-0.6]) (Papas, Trabulsi, Axe, & Rimmer, 2016).

e HBSC surveys: Self-reported physical activity data were analyzed
from 15 countries that included the same questions on long-term
illnesses or disabilities (LTID) in their 2013/2014 surveys (n = 61,329).
Overall, boys with LTID (23.4% meeting the physical activity
guidelines) were significantly less likely (odds ratio = 0.89, 95%
confidence interval = [0.81-0.98]) to meet the recommendations than
boys without LTID (24.6% meeting the physical activity guidelines).
The difference among girls with LTID (16.6% meeting the physical
activity guidelines) and without LTID (15.4% meeting the physical
activity guidelines) was not significant (Ng et al., 2017).

e HBSC surveys: Self-reported physical activity data collected in
Finland during 2002, 2006, 2010, and 2014 showed that among
adolescents with LTID, the proportion of those physically active in
2014 was higher than in 2002 for girls (15.6% vs. 8.7%) and boys
(26.6% vs. 13.0%) (Ng et al., 2016).

e Global Matrix: The Netherlands developed a 2017 Report Card
focusing on physical activity indicators for children and youth with
disabilities or chronic diseases. In 2017, only 26% of the Dutch youth
with a chronic disease or disability met the current national physical
activity guidelines (Burghard, de Jong, Vlieger, & Takken, 2018).

The evaluation of physical activity levels of specific populations,
including children and youth with disabilities or chronic diseases,
aboriginal children and youth, and immigrant children and youth, is
lacking globally.



Key/Emerging Issues for the Future

Lack of Standardization and Validation of Measurement of
Physical Activity

Despite the global attention on the need for the promotion of physical
activity and systematic surveillance, levels of physical inactivity remain
high (Guthold et al., 2018). While there is general consensus for making
physical activity surveillance a global priority (World Health Organization,
2008), several challenges need to be addressed for current and future
initiatives to be successful. Policies, action plans, proposals, and
interventions must be anchored in the cultural and contextual realities of
each region, and acknowledge the complexities and the myriad of factors
that may threaten progress. The lack of standardized and validated global
surveillance tools for physical activity creates a predicament for accurate
comparisons but also presents an opportunity for the development, trial,
and implementation of universal surveillance mechanisms. Without
standardized surveillance systems, the existing and urgent research gaps,
including the lack of accurate global prevalence estimates of physical
activity, will be difficult to fill. At present, although data for younger
children may exist in some HICs (Kalman et al., 2015), where country-
specific surveys are used, most progress in the global surveillance of
physical activity levels has been made for older children and adolescents
(11-17 years old) because of data obtained from the GSHS and/or the
HBSC surveys (Hallal et al., 2012). Without assessing their universal
validity and reliability, the country-specific surveys that are used to obtain
data for younger children cannot be adopted in other regions or countries
where contexts and cultures may be different. Moreover, a systematic
review published in 2010 that evaluated measurement properties of most
available questionnaires for children found none that had both acceptable
reliability and validity, and therefore proposed to improve and evaluate
those with the most promise in multiple high-quality studies (Chinapaw,
Mokkink, van Poppel, van Mechelen, & Terwee, 2010).

Despite the reported increase in physical activity surveillance in middle-
but not LICs, there still is lack of policy implementation and an absence of
meaningful increases in the trends in global physical activity (Sallis et al.,
2016). In many LMICs, the dearth of surveillance data can partly be



attributable to the lack of validated surveillance tools, infrastructure,
resources, and technical capacity. Also, for some countries that have joined
international surveillance systems, like the WHO GSHS, the samples
studied are not nationally representative. The concern about inadequate
physical activity surveillance and a lack of standardized surveillance
systems that are adapted to national contexts was recently reiterated as an
urgent global necessity (Aubert, Barnes, Abdeta et al., 2018). Furthermore,
there 1s significant heterogeneity in the definitions of key indicators that
are relevant for the accurate surveillance of physical activity. For example,
there is lack of consensus on how to assess key indicators of physical
activity among children and youth such as active transportation, physical
education attendance, and active play (Aubert, Barnes, Abdeta et al.,
2018); Kohl III et al., 2012; Tremblay, Barnes, et al., 2016; Tremblay et
al., 2014). Efforts for consensus and standardization in the approach to
assess these indicators can lead to better comparisons and could increase
the opportunities to learn from the experiences of countries that are
succeeding in the promotion of physical activity in different domains.
Currently, most of the physical activity interventions involve different
sectors and actions at multiple levels. Consequently, global surveillance
systems should incorporate a socioecological framework that monitors
indicators at the individual, family/social, school, community, and policy
levels (Ding, 2018; Fulton & Carlson, 2012; Kohl III et al., 2012). The
resulting data from this comprehensive approach could greatly contribute
to the design and improvement of programs and interventions.

Research Gaps

Trends Data

Systematic surveillance of the physical activity of children and youth is
still emerging or at very early stages in many countries. It is only recently
that it has been prioritized, explaining the absence of continuous
surveillance systems (Hallal et al., 2012; Kohl III et al., 2012), particularly
in LMICs in sub-Saharan Africa and other resource-limited parts of Latin
America and Central Asia (Kohl III et al.,, 2012). The absence of
continuous surveillance of physical activity levels for children and youth
explains why there is such a lack of trend data to monitor the progress in
physical activity promotion. In fact, the most recent estimates of global



trends of physical activity in LICs were based on data from only one
country (Benin) (Guthold et al., 2018). In addition, existing surveillance
initiatives designed for the assessment of trends in health behaviors, such
as the GSHS, have not been regularly administered in some countries due
to a combination of insufficient funds, staff turnover, or other in-country
barriers (Centers for Disease Control and Prevention, 2016).

Physical Activity in Children under 10 Years

Despite the importance of physical activity in the early years, surveillance
of physical activity for younger children, particularly those in LICs, is
limited (Sallis et al., 2016; Tremblay et al., 2014). This absence could be
due to a lack of valid and reliable questionnaires (Chinapaw et al., 2010).
Additionally, it has been reported that less progress has been made in the
population-level assessment of physical activity in young people because
few countries have surveillance systems covering ages 5—18 years (Bull,
Goenka, Lambert, & Pratt, 2017). As part of the surveillance in the early
years, future research should incorporate a 24-hour movement behaviors
approach in order to better understand the health-related movement
behaviors in this age group, and to guide the promotion of healthy
development and growth (Tremblay, Carson et al., 2016).

Surveillance of Physical Activity in Vulnerable Groups

There is an absence of global surveillance data on the physical activity
levels and opportunities for being active for children belonging to
vulnerable groups, like children and youth with disabilities, immigrants
and refugees, and children from rural communities and ethnic minorities.
To the best of our knowledge, these particularly vulnerable groups have
not been specifically included or prioritized in global surveillance
initiatives (Aubert, Barnes, Abdeta et al., 2018; Tremblay, Carson et al.,
2016; Tremblay et al., 2014). Considering the benefits of physical activity
for these populations, it is essential to include and accommodate them in
the global surveillance agenda. A good example of the assessment of
physical activity levels and opportunities for children with disabilities is
the 2017 Dutch Report Card+ on Physical Activity, which is focused on
the youth population living with a chronic disease or disability (Burghard
et al., 2018). This initiative could guide efforts at the global level to



provide a better understanding of the physical activity status of this
population.

Characteristics of Specific Behavioral Indicators

As recognized in the Global Matrix initiative and the Report Cards on
Physical Activity (Aubert, Barnes, Abdeta et al., 2018); Tremblay, Carson
et al., 2016; Tremblay et al., 2014), organized sport and physical activity,
active play, and active transport are behaviors that contribute to the overall
physical activity levels of children and youth. Certain progress on the
assessment of these indicators has been made along the three versions of
the Global Matrix initiative (Aubert, Barnes, Abdeta et al., 2018);
Tremblay, Carson et al., 2016; Tremblay et al., 2014). However, further
research and standardization of the following elements is desirable to
improve the comparability of data and provide a better perspective of the
current situation of physical activity among children at the global level:
(1) Details of the frequency, duration, and intensity of physical activity
associated with the practice of sports or organized physical activities
(Aubert, Barnes, Abdeta et al., 2018); Tremblay, Carson et al., 2016); (2)
Contextual information about the provision of sports and organized
physical activity opportunities (i.e., equitable access, private clubs vs.
public programs) (Aubert, Barnes, Abdeta et al., 2018); Tremblay, Carson
et al., 2016); (3) Definition development as well as valid and reliable
measurements to assess active play (Aubert, Barnes, Abdeta et al., 2018);
Tremblay, Carson et al.,, 2016); (4) Dose and characteristics of the
engagement in active transportation (Aubert, Barnes, Abdeta et al., 2018);
(5) Variation of the dose of active behaviors in and out of school, on
school days versus non-school days, and over the four seasons of the year;
(6) Variation of the dose of active behaviors in relation to individual
characteristics (level of income, education level of parents, religion,
ethnicity).

Standardized Surveillance on Multiple-Level Sources of Influence

As suggested by the socioecological framework of active living, there are
multiple levels of influence on physical activity (Sallis et al., 2006). While
there is broad evidence that supports the importance of family and peers,
school, community, built environment, and policy environment on the



physical activity of children and youth, there is a lack of standardization
on practical and informative indicators to assess these influences (Aubert,
Barnes, Abdeta et al., 2018); Tremblay, Barnes, et al., 2016; Tremblay et
al., 2014). There is also a lack of multi-sectoral approaches to
surveillance, and limited national data on key macro-level indicators
among the sources of influence, such as government support,
infrastructure, impact evaluation, and implementation monitoring of
current policies and programs (Aubert, Barnes, Abdeta et al., 2018); Ding,
2018; Tremblay, Carson et al., 2016).

Lack of Data in LMICs

The lack of infrastructure and paucity of data in LMICs are research gaps
that have been universally identified as urgent issues for accurate global
estimates of physical activity and promotion, but progress to fulfill this
need has been slow (Hallal et al., 2012; Sallis et al., 2016). As part of the
Lancet series on physical activity, Sallis et al. reported an improvement
from their 2012 data, noting an increase in the overall number of countries
with data, a wider range in age groups of adolescents covered, and a larger
proportion of the adolescent population covered (Sallis et al., 2016). The
fact that systematic surveillance of physical activity has been steadily
improving is encouraging. However, it is important to note that although
the proportion of countries contributing surveillance data from adolescents
increased in most world regions, this was not the case in Africa and
Southeast Asia (Sallis et al., 2016). Therefore, despite the improvement in
availability of data overall, LICs contributed the least (Sallis et al., 2016).
Moreover, assessment methods in LMICs are reported to be weak, not
tailored to local contexts, and most of the countries lack clear plans for
resource mobilization to enable scaling up of interventions (Sallis et al.,
2016). A synthesis of surveillance data for physical activity levels among
children and youth from nine LMICs (Manyanga et al., 2018) revealed a
glaring lack of data on most of the key indicators in these countries. The
limited available data from these countries were mostly self-reported,
from small samples and often non-representative samples. The findings
showing lack of data from the nine LMICs (Manyanga et al., 2018) are in
line with the observation made by Sallis and associates in the Lancet
series (Sallis et al., 2016). Without data, accurate estimates and
comparisons across regions are difficult to make. In addition, lack of



comparable data makes global intervention initiatives difficult to plan,
implement, and monitor.

Research Devoted to Surveillance Improvement

There is need for research that can help improve global and national
surveillance of physical activity across all ages, and abilities, including
testing of new technologies and wearable devices, and methodologies for
harmonization of data (World Health Organization, 2018a).

Reporting, Knowledge Translation, and Accountability

There 1s need for globally accepted and standardized reporting and
accountability protocols that countries can follow in order to have
meaningful progress in the global surveillance and promotion of physical
activity among children and youth. However, reaching consensus and
standardizing these reporting and accountability protocols may be
challenging. Potential points of contention could range from the common
indicators to monitor and regularly report on acceptable quality of data to
be used, reporting schedules, and methods of reporting. An additional
challenge may be the availability of funding for reporting and the capacity
for effective knowledge translation. To facilitate accountability and regular
reporting of progress, individual countries could develop and implement
national surveillance systems and policy evaluation protocols that conform
to established global frameworks and initiatives such as the WHO
STEPwise approach (World Health Organization, 2017), the Global Action
Plan on Physical Activity or GAPPA (World Health Organization, 2018a),
and the Global Matrix initiatives (Aubert, Barnes, Abdeta et al., 2018);
Tremblay, Carson et al., 2016; Tremblay et al., 2014). Individual countries
could design and concurrently disseminate physical activity promotion
plans such as those proposed by global agencies. For example, countries
that have limited or no data to inform key indicators of physical activity
among children and youth and participate in the Global Matrix initiative
could develop and implement complete surveys to inform grades for their
Report Cards as was done in Thailand (Amornsriwatanakul et al., 2016).
These surveys could be adapted from already existing instruments.
National dissemination and promotion activities should be provided in
simple and accessible language, deliberately designed to have a wide



reach. For promotional activities, countries could adapt media tool kits
from global initiatives such as the Global Matrix (Aubert, Barnes, Abdeta
et al., 2018), GAPPA (World Health Organization, 2018a), and other media
campaign strategies covering print, audio-visual media, as well as social
media.

Issues of Competing Priorities

The combination of limited resources and lack of political will, as well as
competing needs, are challenges that are omnipresent and often cited as
reasons for lack of dedicated resource allocation to physical activity
promotion in most LMICs. Due to lifestyle transitions that have been
accelerated by rapid urbanization and industrialization, many LMICs face
the dual burden of communicable and NCDs. LMICs, especially those in
sub-Saharan Africa, still face a huge disease burden from infectious and
other enteral diseases (Agyepong et al.,, 2018). In these countries,
allocating the already limited resources to programs that promote physical
activity in priority over communicable diseases or other needs will likely
attract criticism, which policy makers may not be willing to accept.
Moreover, given that the mortality, morbidity, and healthcare costs
associated with physical inactivity do not manifest immediately, it makes
for an even harder sell to prioritize. For example, despite evidence of huge
direct and indirect healthcare costs of physical inactivity including loss of
productivity and a decrease in life expectancy (Ding et al., 2016),
governments and policy makers in LMICs have not demonstrated a
commitment to prioritizing systematic surveillance of physical activity and
interventions. This is especially important given the evidence showing that
although HICs bear the largest proportion of the economic burden caused
by NCDs, LMICs have a larger proportion of the disease burden (Ding et
al., 2016). The disproportionate burden of disease caused by NCDs
affecting LMICs, the lack of political will, and the seeming ambivalence
by policy makers to urgently prioritize physical activity surveillance
including resource allocation may alienate potential allies with whom
reliable and enduring partnerships could be established. Furthermore, there
is limited capacity development in some LMICs, thus a lack expertise in
physical activity research. Without experts who can develop robust
surveillance systems and confidently argue for more resource allocation



using empirical evidence, physical activity surveillance will continue to
lag behind.

Recommendations for Research and Practice

Need for Consensus in the Surveillance Methods

A possible way to address the lack of standardized instruments may
involve an approach similar to the one used in the development of 24-hour
movement behavior guidelines (Tremblay, Carson et al., 2016). Such an
approach could involve combinations of a Delphi process and systematic
reviews to gather evidence on all existing surveillance instruments. Once
synthesized, common items from each of the instruments could be
combined, adding some new items that are adapted to be context and
culturally specific. The new instrument would then be pilot-tested, revised,
and implemented. Comprehensive global surveillance instruments must
have items that assess all domains (e.g., occupational/school-based,
leisure, household, travel) and not just leisure-time physical activity. In
addition, the following characteristics recommended in the Guidelines for
Evaluating Surveillance Systems by the Centers for Disease Control and
Prevention (Centers for Disease Control (CDC), 1988) should be taken
into account, and consensus about the balance of these attributes should be
reached (Fulton & Carlson, 2012).

o Simplicity: Surveillance systems should be as simple as possible in
their structure and ease of operation.

o Flexibility: Ability to adapt to changes in the information needs, for
example, changes in the definition of cut-points to define active
populations. It is desirable that the surveillance instruments allow to re-
calculate and adjust estimates as needed.

e Acceptability: It reflects the willingness of individuals to participate in
the surveillance system.

o Sensitivity: Ability of the system to accurately measure the outcome of
interest.



e Representativeness: Ability of the system to accurately reflect the
characteristics of the outcome of interest over time and its distribution
in the population.

e Timeliness: It reflects the desired time interval for the availability of the
information under surveillance.

e Cost: Resources required to operate the surveillance system.

There is need to exploit the momentum and focused global attention
created by the several and repeated global calls for action. To this end, it is
critically important to develop partnerships and coalitions of willing
entities such as those identified by Kohl and others (Kohl III et al., 2012).
These partnerships can serve as the basis to establish cohesive leadership
which can organize the various regional physical activity networks, and
focus all surveillance research, policy, and practices.

Suggestions for Surveillance across a Range of Resource
Availability Contexts

In order to advance in the goal of having comparable estimates of physical
activity levels and determinants at a global level, the following
recommendations can be useful to guide emerging surveillance initiatives
in diverse contexts:

e Whenever possible, physical activity should be approached as a
standalone priority in the surveillance agenda. A surveillance system
specifically devoted to physical activity could contribute to assess
behaviors and determinants in a more comprehensive way. In countries
where physical activity is still not a priority for the surveillance agenda,
a first step can be to include key indicators, like the proportion of
children meeting physical activity guidelines, in other public health
surveillance systems. Also, it is important to make visible the lack of
data and the importance of its availability to make governments and
surveillance-related stakeholders aware of the importance of having
effective surveillance systems.

e In countries where physical activity surveillance i1s emerging and data
are still limited, secondary data could help to inform environmental and



policy indicators that can be relevant for the study of physical activity
determinants. Examples of secondary data that could be used for global
surveillance is the Worldwide Survey of School Physical Education
conducted by UNESCO (United Nations Educational Scientific and
Cultural Organization-UNESCO, 2014), the Multiple Indicator Cluster
Survey from UNICEF (United Nations Children’s Fund UNICEF,
2019), or environmental data collected with Geographic Information
Systems at the global level (Fulton & Carlson, 2012).

 While new and standardized tools are developed, countries can adopt
surveillance tools that are being used in similar contexts. Multi-country
studies that assess physical activity with multiple measurements, like
ISCOLE (Katzmarzyk et al., 2013), represent an opportunity for LMICs
to conduct ancillary validity and reliability studies about the
instruments used.

e To help fill the data gaps, it is imperative for LMICs to identify and
support local researchers who can champion and advocate for the
systematic surveillance of physical activity from within their countries.
Networking with leaders from countries with more experience in
surveillance could lead to fruitful partnerships and opportunities to
optimize resources (e.g., workshops for capacity building and
agreements between institutions for accelerometer or other devices
lending libraries).

Summary

The glaring physical inactivity crisis among children and youth and the
global calls to action implore us to prioritize systematic surveillance of
physical activity. Given the concerning levels of inactivity among children
and youth, the importance of dependable and durable global surveillance
systems cannot be overemphasized. Global surveillance systems should
carefully balance feasibility and validity. This chapter presents some of the
available global surveillance systems and highlights the needs for
improvement of the physical activity surveillance systems which mostly
focus on older children and adolescents, lack standardization, and are not
conducted regularly. Surveillance data are especially scarce for physical



activity trends over time in vulnerable populations and in resource-limited
LMICs.
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GLOBAL SURVEILLANCE OF
CARDIORESPIRATORY AND
MUSCULOSKELETAL FITNESS

Justin J. Lang, Jordan J. Smith, and Grant R. Tomkinson

Population health surveillance is described as the “systematic, ongoing collection,
management, analysis, and interpretation of data followed by the dissemination of these
data to public health programs to stimulate [population] health action” (Thacker,
Qualters, Lee, & Centers for Disease Control and Prevention, 2012, p. 3). Effective
population health surveillance is vital not only to help understand the general health of a
population, but also to help inform healthy public policy. For instance, surveillance data
can serve two purposes with regard to healthy public policy: (1) it can help guide policy
efforts by identifying subpopulations that are outliers (i.e., healthy or unhealthy) through
comparing surveillance data across geographic regions, and (2) it can be used to evaluate
the effectiveness and monitor the progress of implemented policy efforts through an
analysis of temporal trends (Hallal et al., 2012). Among children and adolescents
(collectively referred to hereafter as youth), identifying robust surveillance indicators
that are strongly related to health is difficult, as youth are generally healthy and without
chronic diseases. To date, the primary population health surveillance indicators for youth
have been self-reported physical activity levels and body mass index (BMI). The
addition of objective measures of physical fitness could help complement current efforts
by building a better understanding of population health among youth.

More recently, there has been a growth of interest in using field-based physical fitness
measures for population health surveillance (Lang, 2018a), with a particular focus on
cardiorespiratory fitness (CRF) and musculoskeletal fitness (MF), as these measures
reflect the capacity of underlying systems that relate to the body’s ability to perform
physical activity. These types of measures could be effective for surveillance purposes
because they are meaningfully associated with health (i.e., cardiovascular and/or
metabolic health) in youth (Lang et al., 2018b; Ortega, Ruiz, Castillo, & Sjostrom, 2008;
Smith et al., 2014). In some cases there is evidence to suggest that fitness, particularly
CRF, in youth can help predict future health outcomes in adulthood (Mintjens et al.,
2018; Ruiz et al., 2009a). This is particularly important for population health planning
and adapting to future needs, and therefore bolsters the rationale for surveillance efforts



that enable early detection of low fitness and intergenerational trends. There is also
evidence to suggest these measures are scalable, especially in the school environment.
Domone, Mann, Sandercock, Wade, and Beedie (2016) described the scalability of field-
based fitness measures as the ability for a measure to attain six criteria (summarized in
Table 3.1): (1) delivery, (2) evidence of operating at scale, (3) effectiveness, (4) cost, (5)
resource requirements, and (6) practical implications.

Table 3.1 Six criteria for identifying scalable field-based fitness measures

Criteria Description

1 Delivery Feasible testing context, test duration, suitability for longitudinal research, and non-
technical delivery staff

2 Evidence of operating Appropriate for population testing, and are schools likely to accept the test

at scale
Effectiveness Validity, reliability, level of participation, and a high completion rate
Cost Is the test cost-effective

Resource requirements ~ Minimal equipment, space, skills, competence, and workforce requirements

AN L B~ W

Practical  implication Can the test be implemented and scored with ease
issues

Note: Adapted from Domone et al., (2016).

The objective of this chapter is to review the CRF and MF literature that pertains to
population health surveillance, with a focus on identifying scalable measures that are
favorably associated with health among youth. We will also focus on describing current
fitness surveillance efforts worldwide, including trends and cross-country comparisons in
specific fitness test measures. Last, we will describe several key emerging issues and
areas of future research that could help advance this field of study.

Overview of the Literature

Cardiorespiratory Fitness

CRF is the ability of the body to deliver oxygen to the muscles to support energy
production during physical activity (Armstrong, Tomkinson, & Ekelund, 2011; Institute
of Medicine, 2012). Although lab-based measures of CRF with indirect calorimetry
(measured peak oxygen uptake 1) are considered the gold standard, these types of tests
are not feasible for population health surveillance. As a result, field-based measures of
CRF are typically used in surveillance as an indication of exercise capacity, while
providing an estimate of 2 values. Among youth, CRF is meaningfully associated with a
variety of cardiovascular risk factors: adiposity (e.g., waist circumference, sum of five
skinfolds, BMI), systolic and diastolic blood pressure, resting heart rate, total
cholesterol, high-density lipoprotein cholesterol, C-reactive protein, and blood glucose
levels (Lang, Larouche, & Tremblay, 2019a). There is evidence to suggest that high



CRF levels are associated with better academic achievement and cognition among
youth (Marques, Santos, Hillman, & Sardinha, 2018). Furthermore, there is strong
evidence to support CRF levels in youth being inversely associated with metabolic
health and cardiovascular profile in adulthood (Mintjens et al., 2018; Ruiz et al., 2009).
In light of this evidence, there is support for CRF as a health indicator for surveillance
among youth (Lang et al., 2018c). Among adults, CRF is a strong and independent
predictor of cardiovascular diseases, certain cancers, and all-cause mortality (Harber et
al., 2017; Ross et al., 2016). More importantly, CRF among adults has been shown to be
a stronger predictor of mortality than other well-established risk factors (i.e., smoking,
hypertension