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Abstract

Physical activity is important for obesity prevention. Given that the prevalence of
obesity among Canadian children has substantially increased over recent
decades, and that obesity has substantial consequences for health and wellness,
physical activity promotion continues to be a priority for public health. This
thesis research aims to further our understanding of children’s behavioural
patterns where they relate to physical activity and obesity. It also aims to identify
factors and effective strategies that increase physical activity among children.
These aims were assessed through six interconnected research papers. In the
first paper we demonstrated that consideration should be given to activities not
captured by pedometers as adjusting crude pedometer-measured steps for these
activities substantially improved the ability to accurately assess children’s
physical activity levels, and to identify children who were obese. In the second
paper we revealed that policy makers should consider targeting physical activity
in girls, and outside of school as these variables and time periods were
characterized by low activity. In the third and fourth papers we showed that
parental beliefs and support for physical activity were positively related to
children’s physical activity achieved on weekend days, and negatively associated
with childhood overweight. In the fifth paper we demonstrated that school

programs that support physical activity through positive environments,



curriculum, policy, and partnerships lead to improvements in children’s physical
activity both during and beyond school. In the last paper, we revealed that
programs implemented in schools located in disadvantaged neighbourhoods
reduced inequalities in physical activity. Furthermore, we found that although
the programs were implemented school-wide and did not specifically target
student subgroups, they were effective in increasing physical activity relatively
evenly among low-active, active, and high-active students. Likewise they
relatively evenly reached normal weight and overweight students, and those of
distinct socioeconomic backgrounds. The results of this thesis provide
researchers and policy makers with new evidence on important determinants of
physical activity in children from an Albertan context. They also underline the
importance of supporting strategies for physical activity promotion and
specifically school health programs as these improve physical activity, reduce

obesity prevalence rates and diminish health inequalities.
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1 Introduction

Over the past three decades the prevalence of overweight and obesity has

3 While more pronounced in developed

substantially increased worldwide.
countries, the prevalence has also increased in low- and middle-income
countries.”® Obesity is an important risk factor for several chronic diseases,*®
leads to a decreased quality of life’ and life-expectancy,” ® and places a
significant financial burden on the health care system and the population’s
economic well-being.? As such, preventing obesity continues to be a priority for
public health. The primary causative factor of excess body weight is a sustained
imbalance between energy intake and energy expenditure.’® Accordingly,
lifestyle factors (i.e., healthy eating and active living (HEAL)) have been a focus of
prevention and treatment efforts. Though, a complex web of underlying social

and environmental factors complicates these efforts.™" *2

Childhood is a critical period for the development of overweight and obesity."

Obesity in childhood is associated with low self-esteem,* bullying,

15-18 19, 20

discrimination, victimization, and academic performance. Furthermore,

21-23

overweight children tend to become overweight adults. Given these poor

health outcomes, it is intuitive that health promotion initiatives for obesity
prevention focus on young people. Reviews also demonstrate the tracking of

healthy behaviours when established and practiced in childhood.?* *

Given the relatively rapid increase in obesity among children, many researchers

hypothesize that the causative or associated factors are more likely social and

26-29

environmental than biological in nature. Where this relates to children,

characteristics of the home and school environments are particularly important®



as this is where they spend the majority of their time. To better inform the
development of policies and interventions aiming to improve HEAL behaviour for
the prevention of obesity in children, it is important to understand, measure, and
alter environments that promote or hinder these behaviours. This aligns with the
objectives of this thesis research to further our understanding of the childhood
obesity epidemic in Canada and the role that physical activity can play in obesity

prevention.

This thesis begins with a summary of the current state of the evidence regarding
the childhood obesity epidemic in Canada. This is followed by an in depth
description of children’s physical activity in the era of this epidemic. This includes
the importance of physical activity for health, surveillance and measurement of
physical activity, correlates and determinants of physical activity, the influence of
parents on children’s physical activity, and physical activity promotion in schools.
Next the objectives and structure of this thesis research are presented, and

finally, | provide a statement of my contributions to this thesis research.

1.1 Childhood obesity

1.1.1 Consequences

Obesity in childhood has substantial consequences for health and development.
The increasing prevalence of obesity in children has lead to a higher prevalence
of comorbid conditions such as high blood pressure, type Il diabetes mellitus,
orthopedic abnormalities, gallstones, asthma, and sleep apnea.” ® 3 32 Obese
children are also more likely to experience body image issues, low self-esteem,
teasing, victimization, discrimination, and decreased academic performance

14-20, 33, 34

compared to their normal weight peers. Because obesity in childhood



tracks into adulthood,zz’ 23

obese children are at greater risk of chronic disease
later in life including cardiovascular disease, cancer, and osteoarthritis.? * The
widespread short- and long-term consequences of childhood obesity lead to a
decreased quality of life and life expectancy®® to the extent that, for the first
time, the current generation of children is expected to have a shorter lifespan

than their parents.®’

1.1.2 The unfolding epidemic

In Canada, the prevalence of overweight and obesity has substantially increased
over the past decades. Between 1978/79 and 2004 the percentage of 2 to 17
year-olds classified as overweight or obese almost doubled (15% in 1978/79 to
26% in 2004).® Worse, the percentage classified as obese nearly tripled (3% in
1978/79 to 8% in 2004).38 Data from the 2007-2009 Canadian Health Measures
Survey (CHMS) indicate that 28% of children are now classified as overweight®
and 9% obese.*® Though the low-response rate to the recent CHMS may have

lead to an underestimation of the actual proportions of overweight and obesity.

Among Canadian children, the prevalence of overweight and obesity is slightly
greater among boys than girls (overweight: 27% of boys and 25% of girls; obese:
9% of boys and 7% of girls).>® However, the increase in prevalence among boys
and girls has been somewhat equal.®® *° Other vulnerable populations in Canada

38, 41, 42

include children of low socioeconomic status (SES) and Canadian

Aboriginal children.3® 3¢

1.1.3 Healthy eating and active living

The primary causative factor of excess body weight is a sustained imbalance



between energy intake and energy expenditure.’’ Accordingly, obesity is
considered a lifestyle-related disease. Over the past three decades children have
been increasingly faced with an abundance of convenient, appealing, nutrient-
dilute foods that are relatively inexpensive, while opportunities for physical
activity have diminished (e.g., reduced physical education class, recess time,
neighbourhood safety, traffic) and those for inactive pursuits have increased e.g.,

26, 27,47, 48

television, computers, video games. As such, it has become increasingly

difficult for children to achieve energy balance. While there has been much

47, 49,30 raviews

debate over their relative importance for obesity prevention,
consistently demonstrate that the most effective obesity interventions promote

both HEAL.>*™3

1.1.4 Upstream risk factors

Lifestyle behaviours are often determined by upstream factors including SES.
Usually measured by education and income, lower SES tends to be associated
with poorer dietary habits and lower levels of physical activity. This association

41,42, 5456 15ssibly because parents are not aware or

also exists among children,
do not understand nutrition and physical activity guidelines or they cannot afford

healthy foods or extracurricular physical activities for their children.

Environments can also determine lifestyle behaviours. Those that encourage the
consumption of low quality foods and/or discourage physical activity are
recognized as “obesogenic”.?® Elements of “obesogenic” environments include
low-walkability, unsafe neighbourhoods, limited playgrounds and access to sport
and recreational facilities, easy access to elevators and escalators, high density of

cars and fast-food outlets, and limited availability of healthy food options.

“Obesogenic” environments are more commonly populated by families of low



SES, thereby increasing the risk of obesity among this group.”” The relationship
between SES, environments, and obesity support the notion that maintaining a

healthy active lifestyle is determined more by life chances than choices.

1.1.5 Interventions

There are two overarching approaches to reversing the obesity epidemic:
treatment and prevention. Treatment is the traditional approach to healthcare
and involves “treating” or “intervening” among individuals diagnosed as
overweight or obese.”® Childhood obesity is commonly diagnosed based on body
mass index (BMI) interpreted using age and sex adjusted cut-offs,> or
percentiles,60 waist circumference, or indices based on waist circumference, such
as weight-to-height ratio.®! Pediatric obesity treatments are generally designed
to bring weight gain under control and tend to focus less on weight-loss.®*
Lifestyle interventions with family involvement are the mainstay of weight
management for children® ®* and involve a reduction in the intake of low-quality
foods while maintaining or increasing physical activity. Other forms of treatment
include pharmacotherapy or bariatric surgery,” ®* however these are considered
for children only if intensive lifestyle modifications have failed and in the

presence of comorbidities. Reviews support short-term benefits of lifestyle

obesity treatments, but indicate that long-term weight management is difficult.”

62, 64-66

Prevention is a public health, rather than clinical, approach to health, which aims
to keep healthy children, healthy.”® This approach involves preventing positive
energy balance through small changes in diet and physical activity, while
simultaneously addressing the environment to make it easier to make healthier

choices. Obesity prevention interventions, particularly among children, are



typically population-based, and therefore aim to lower the risk of overweight
among the entire population.”® Accordingly, the potential benefits are larger for
the population than for individuals.® Population-based interventions are
particularly favourable for obesity prevention as they reduce stigma that may
occur when specific high-risk groups are targeted.” *® ® These interventions can
be delivered through a variety of settings, yet most use family- or school-based

8770 Family- and school-based interventions operate on the premise

approaches.
that education, social support, and environments are protective against excess
weight. Although this premise cannot be refuted, affecting body weight in the
long-term has proven exceedingly difficult to achieve.® Several reviews have
concluded that most pediatric obesity interventions are marked by only small
changes in target behaviours, and no significant effect on reducing overweight

52, 71-73

and obesity. The key to successful obesity prevention will be long-term

adherence to a lifestyle characterized by HEAL behaviours.

Prevention is widely recognized as the best approach to reversing the obesity

112,62, 8 However, because approximately one third of Canadian

epidemic.
children and youth are overweight,*® effective prevention of adult disease must
include treatment of those already overweight. Therefore, obesity prevention
and treatment are necessary to ensure the current and future health of children

in Canada.

1.2 Physical activity

1.2.1 Importance

Physical activity is important for children’s health and development. Regular

physical activity contributes to cardiovascular fitness, strength, flexibility, and



bone density.”* Physical activity is associated with positive self-esteem,’

76-79

improved academic and cognitive performance, and reduced behavioural

and mental health issues.®” &

Additionally, children who spend 60 minutes or
more every day in moderate-to-vigorous physical activity (MVPA) are less likely
to develop excess body weight and consequent chronic diseases.”* Physical
activity behaviour established in childhood and adolescents tracks into

adulthood.**

1.2.2 Surveillance

In Canada, children and youth are recommended to accumulate at least 60
minutes of MVPA every day to obtain health benefits.”* This translates to

8284 nccelerometer data from the Canadian Health

approximately 13,500 steps.
Measures Survey (CHMS) indicate that children are not sufficiently active; less
that 10% met these recommendations at least six days per week.®** However,
nearly 30% met these activity levels when averaged across valid days i.e.,
number of days when accelerometer/pedometer was worn for 10 or more hours.
This suggests that children’s day-to-day physical activity patterns vary greatly.
Canadian children spend on average 54 minutes per day in MVPA, or take 11,224
steps.®® Data from the Canadian Physical Activity Level Among Youth (CANPLAY)
study report a similar proportion of children meeting step count

8. 87 Both surveys also show that boys

recommendations and daily average steps.
are more active than girls, and that daily steps decline by approximately 20%

from the youngest (6 to 10 year olds) to oldest (15 to 19 year olds) age groups.®>

87



1.2.3 Measurement

Physical activity is defined as any bodily movement resulting in energy
expenditure.®® The use of valid and reliable measures of movement is an
important methodological consideration in physical activity epidemiological
research. Accurate measurement is important to identify children who are most
at risk of disease, and to monitor progress of interventions and changes in
physical activity and overtime.®® A variety of methods have been developed to
assess the relationship between physical activity and these outcomes. The
method should be suitable to measure physical activity over periods long enough
achieve a representative estimate of normal daily behaviour, with minimal
discomfort to the participants, and applicable to large populations.”® Methods

can broadly be divided into subjective and objective categories.

Subjective methods include direct observation, self- or proxy-reported
guestionnaires, dairies, and activity logs. Direct observation is useful to assess
physical activity in controlled environments and for validation studies, while
guestionnaires, diaries, and activity logs are a frequently used in large scale,
population-based studies. Subjective methods provide a practical and affordable
means to assess physical activity,”* though reporting bias may compromise their
accuracy.”® This limitation is particularly relevant when assessing physical activity
among children due to lower cognitive development, and sporadic and varying

physical activity behaviour.”®

Objective methods include doubly labeled water (DLW), heart rate monitoring,
and activity monitors i.e., accelerometers and pedometers. DLW and heart rate
monitors provide valid and reliable estimates of physical activity,”” %> but

significant limitations often make them inappropriate for use in large-scale



studies under free-living conditions.®" %> %

By contrast, activity monitors are one
of the most commonly used methods to measure physical activity. These devices
are small, unobtrusive, transportable, and require less time and financial and
human resources to use compared with criterion measures such as DLW.”
Several reviews have established accelerometers and pedometers as valid and

reliable measures for assessing children’s physical activity.>* *"°

Accelerometers quantify physical activity by measuring the acceleration of
movement. Accordingly, they provide an indication of the frequency, duration,
and intensity of physical activity.”’ In many studies, accelerometry data are
expressed as “movement counts”, but unless translated into an estimate of
activity intensity (i.e., minutes of MVPA per day) these movement counts seem
of little value to policy makers or the public at large.'® Despite this limitation,
and their high costs, accelerometers have emerged as a focus in physical activity

research.”’

Pedometers quantify physical activity by detecting and counting the steps taken
during ambulatory activities. For this reason they are generally worn at the waist.
Though they can be worn elsewhere, (i.e., ankle or wrist) they tend to
overestimate physical activity through the detection of “fidgeting” behaviours.'®*
In addition to counting steps, some pedometers, albeit with less accuracy, can

192 some models have an

also estimate distance traveled and energy expenditure.
internal memory which can store hourly and daily step count data for later
downloading. This feature eliminates the need for participants to record their
steps at the end of each day and therefore reduces a potential source of

reporting bias.'®

Other models can also record and store data on periods of
when the pedometer was worn. This feature can be used to measure wear-time,

which is important to ensure the reliability of physical activity estimates.*®



Pedometers use two mechanisms for recording steps. The most basic is a spring-
suspended horizontal lever arm that moves up and down in response to vertical

102 \v/ith each step, the motion of the lever opens and

displacement of the waist.
closes an electronic circuit to record steps (e.g. Yamax Digiwalker). The more
complex is a piezoelectric accelerometer with a horizontal beam that is weighted

on one end.*®

The beam compresses a piezoelectric crystal when subjected to
acceleration, thereby generating a voltage proportional to the acceleration. The
voltage oscillations are used to record steps (e.g. Omron HJ-720).%° Thus, this

mechanism may be less susceptible to errors that occur due to tilt.

In contrast to accelerometers, pedometers are less expensive, easier to use, and

98, 99

produce a more user-friendly output. For these reasons, pedometry has

gained grounds in both research and practice as a reasonable method to

estimate physical activity.®® '°

Children’s physical activity is characterized by considerable intra- and inter-
individual variability. Accordingly, to obtain reliable estimates of children’s
physical activity, monitoring devices must for worn for a minimum number of
hours per days and number of days. Recommendations indicate that the
requirement for minimum wear time includes 8-10 hours for the minimum daily

wear time'® on at least three days, including at least one weekend day.*”’

Both accelerometers and pedometers are limited to the measurement of
ambulatory activities i.e. walking, running. Consequently, they do not accurately
capture activity gained through non-ambulatory activities including biking,
skating, and skiing. There are also activities where safety regulations or
discomfort restrict activity monitors from being worn e.g. soccer, martial arts,

gymnastics. Furthermore, most accelerometers and pedometers are not

10



waterproof, and therefore cannot be worn during water-based activities like
swimming. This “non-wear time” leads researchers to significantly underestimate
actual physical activity levels, which leads to underestimating the proportion of
study participants meeting physical activity recommendations, and herewith

biased estimates of the proportion at risk for chronic diseases.?* 108110

Currently,
there is no established best practice approach to deal with energy expended

during periods when activity monitors are not or cannot be worn.

Selecting the most appropriate method to measure physical activity depends on
the dimension(s) of physical activity of interest (i.e., intensity, frequency,
duration, total volume); the study objectives, characteristics of the target

population, and study feasibility in terms of cots and logistics.®

1.2.4 Correlates and determinants

There is a substantial literature base examining factors that are associated with
physical activity among children, and it has been reviewed several times.!****
These factors can be organized into three distinct levels, which broadly include

individual, social, and environmental factors.

Within the individual, the established demographic determinants include age,

and gender.m'115

Boys are consistently more active than girls. Based on
normative data, Tudor-Locke et al reported that boys average 12,000 to 16,000
steps per day while girls average 10,000 to 13,000.%* Furthermore mean steps
per day are generally highest before the age of 12 and decreases through
adolescence until mean values of approximately 8,000 to 9,000 steps per day are

84

observed in young adults.” Other factors at the individual level include

psychosocial variables including, perceived competence, self-efficacy, attitude,

11



perceived behavioural control, value of health, barriers to physical activity, and
previous physical activity. In a review of review papers, however, self-efficacy

and previous physical activity were the only established determinants of

children’s physical activity.'*?

At the social or interpersonal level, children’s physical activity is determined by

SES, whereby children whose parents are more highly educated and/or from

30, 113, 115, 116

households with higher income are more physically active. Ethnicity is

115, 117

also an established determinant. Parents have also been identified as

important factors at the social level. Recently, Trost and Loprinzi*'® evaluated
103 studies that examined the influence of parental physical activities, parental
support for child physical activity, parenting style, and family cohesion on child

activity behaviours. Results showed that parental support was the only

118 112,113, 115, 116, 119

established determinant.””" Other reviews support this finding.

Attributes within the environment also influence children’s physical activity. An
important environmental factor for children’s activity is the school environment.
Schools are important because they provide structured opportunities for physical
activity throughout the day. However, the associations between children’s
physical activity achieved on school days relative to that on non-school days, and

during school hours relative to non-school hours are unclear. While some studies

86, 120-123

report significantly higher levels of physical activity on school days others

124-126

do not. Similarly, some studies report higher activity levels during school®®

121, 122 | 124, 126

and others report higher levels outside of schoo It is believed that
the variability in physical activity levels on school days and non-school days, and
during school hours and non-school hours relates to a number of factors that are

not well understood e.g. age, culture, involvement in sports.**’
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The relationships between physical activity other environmental factors are
clearer than those for schools. Reviews show that the most supported correlates
for children include walkability, traffic speed/volume (inverse), safety,
access/proximity to recreation facilities, lane-use mix, residential density, and

the home environment,3% 128131

1.3 Parental influences on children’s physical activity

It is well established that parents play a significant role in shaping the physical
activity behaviours of their children. Parents can influence their children’s
physical activity in a variety of ways including, encouragement, social support,
involvement, facilitation or restriction of physical activity, and direct modeling.
Several reviews have assessed parental influences on activity levels in children.>®
113, 118, 119, 132, 133

These studies provide evidence for the key role parents play in

promoting or deterring activity levels in their children.

Parental beliefs and support for physical activity have been suggested as key
areas for health promotion. Schools provide an important avenue for parenting
research as they offer an opportunity to reach parents/families through their
children. Several reviews indicate that involving family components enhances the

51, 53, 134-136

effectiveness of interventions delivered in the school setting. Yet, few

have seized this opportunity e.g., 3 of 57 interventions reviewed by Salmon et al.

136 parents can

included parental involvement in physical activity interventions.
be included in interventions through policy, curricula, and environmental
components. Incorporating a family component in school-based interventions
helps to ensure that HEAL behaviours are equally as supported at home as they

are at school.
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1.4 Promoting physical activity in school

Schools represent an attractive setting for physical activity promotion and
obesity prevention for several important reasons. First, schools have the ability
to reach nearly all children who spend a significant proportion of their time there
from the ages of 5 to 18. Second, they have existing facilities and personnel
needed to teach and promote healthy lifestyles, which can help children

24, 137

establish lifelong healthy behaviours. Third, schools provide a setting to

deliver health information to the whole school environment.%® 7% 138

School-based interventions can be simple or multidimensional, applying
educational, cognitive, behavioural, environmental, parental and/or social
support strategies to promote HEAL behaviours. Educational components are
part of most school-based interventions,”* while few incorporate elements of
home and/or community involvement e.g., 3 of 57 interventions reviewed by

136
l.

Samlon et a Incorporating these elements is important as parents greatly

influence children’s physical activity outside of school (e.g.t'® 3% 149
Furthermore, reviews demonstrate that incorporating family components

enhances the effectiveness of interventions delivered in school,>? >3 134136141

The World Health Organization (WHQO) recommends that schools use a
comprehensive approach for health promotion.'** This approach, known in
Canada as Comprehensive School Health (CSH), is multifaceted and involves
parents, communities, and stakeholders to provide supportive policies,

138 Based on the

programs, and environments in the whole school community.
Ottawa Charter for Health Promotion, the CSH framework addresses actions in
four interrelated pillars: 1) teaching and learning; 2) physical and social

environments; 3) healthy school policy; 4) partnerships and services. To realize

14



CSH, actions within all four pillars must be implemented.**?

193 and ‘Action Schools!

Annapolis Valley Health Promoting Schools (AVHPS)
BC''** are flagship examples of CSH and are associated with increased levels of
physical activity and in the AVHPS model, lower body weights. In the United
States, the Coordinated Approach to Children’s Health (CATCH)' and the Trial
of Activity for Adolescent Girls (TAAG)'® also deliver multifaceted programs and
demonstrated increases in children’s physical activity. Recently, Fung et al.**’
reported on the success of CSH in the Alberta Project Promoting active Living and
healthy Eating in Schools (APPLE Schools). Two years from baseline, children
attending APPLE Schools were less likely to be obese, and reported to be more

active relative to children attending other schools.

A key objective of CSH is to foster positive health behaviours beyond the school

138

environment. Most studies to date, however, have quantified the

effectiveness of school programs in terms of mean daily physical activity levels or

physical activity accumulated during physical education (PE) and school time. **

145147 yiery few have extended their observations beyond school hours and
school days — a period characterized by low physical activity in youth. 12 12> 148
130 studies on the impact of school-based interventions at specific times (i.e.
during school hours or after school hours) and on specific days (i.e. school days
or weekends) are most informative to this key objective of CSH.™*® This
information is also important to determine critical windows to further tailor and

enhance health promotion initiatives in schools.

Most school-based programs are population-based, and therefore are designed
to improve the average population health.”® The concern has been raised that

increases in physical activity attributable to such programs may stem from those
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students who are already active rather than from those who are less active or
would otherwise benefit the most from health promotion. As such, the potential
exists for school-based health promotion programs to in fact contribute to
increases in inequalities in health. To overcome this “inequality paradox”,***
several studies have implemented programs in schools located in disadvantaged

152-156

communities, while others have used a targeted approach to tailor

interventions to the characteristics of specific groups most at risk of poor health

146, 157-159

behaviours and outcomes. Some of these studies have reported

146,152, 154, 136, 138 However, because these

increases in children’s physical activity.
studies used equally disadvantaged schools as control groups, there is a lack of
evidence regarding how these programs fare in comparison to more advantaged
groups. Furthermore, to our knowledge there is no evidence regarding the
distribution of program effects among children of various levels of activity, and
health and socioeconomic positions. Physical activity interventions that benefit

all children equally may provide an important route for bridging the gap in health

between lower and higher socioeconomic groups.

1.5 Objectives

This thesis is epidemiologic in nature and follows a population health approach.
As such, it aims to assess behavioural patterns related to physical activity and
obesity in children. It also aims to identify factors and strategies that promote
increased physical activity among children for the prevention of obesity.
Specifically, the objectives of this thesis research are to 1) assess physical activity
patterns of grade 5 children; 2) assess the relationships of parental influences
and children’s activity levels and body weight status; and 3) assess the
importance of school-based health promotion for children’s physical activity and

its impact on health inequalities. Data were collected from grade 5 students and
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parents in Alberta, Canada using rigorous study designs and protocols. Analyses
are adjusted for the clustering of students within schools and for potential
confounders. Details on design and analyses are provided in the regarding

chapters.

1.6 Structure of this thesis

This thesis uses a “paper-based” format and includes an introduction, six
manuscripts which align with the research objectives, and a general discussion.
The introduction provides a summary of the current literature and evidence on
the surveillance and determinants of childhood obesity and the role that healthy
eating and active living play in the obesity epidemic. The measurement and
determinants of physical activity are also introduced and discussed, in addition
to the influence that parents have on their children’s activity levels, and
potential and on-going interventions to improve physical activity behaviours and

reduce health inequalities among children.

Six research papers are situated within subsequent chapters. The first two
manuscripts address the first objective. Specifically, the first manuscript
compares the ability of four physical activity measures, including a novel
approach, which incorporates information from activity diaries into pedometer
measured steps, to identify school-aged children at risk of overweight and
obesity. The hypothesis to be tested is whether incorporating information from
activity diaries into pedometer-measured steps would improve the ability to
correctly classify children with excess body weight. The second manuscript
describes children’s physical activity patterns over the course of a typical week,
on school and non-school days, and during and beyond school hours. Here, |

hypothesize that children’s physical activity would be lowest during the windows
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of time that children were at school.

Manuscripts three and four address objective two. Specifically, manuscript three
assesses the relationship of parental beliefs and support with physical activity,
and whether this association is distinct for normal weight compared to
overweight children. My hypotheses for this manuscript are that parental beliefs
and support for physical activity are positively associated with children’s physical
activity, and that parental beliefs and support for physical activity are negatively
associated with excess body weight in children. Manuscript four explores this
relationship using an objective measure of children’s physical activity and aims to
determine if parental correlates of children’s physical activity are different for
school days than for weekend days. Here, | tested the hypotheses that parental
beliefs and support for physical activity are positively associated with physical
activity levels in children on school days and weekend days and that the

association is distinct for school days and weekend days.

The remaining two manuscripts address objective three. Specifically, manuscript
five assesses the impact of school-based health promotion on children’s
pedometer measured physical activity during and beyond school hours. In this
manuscript | test the hypothesis that compared to children receiving standard
curriculum, children in schools implementing health promotion initiatives would
display significantly higher levels of physical activity, particularly outside of
school hours. The final manuscript compares the two-year change in physical
activity among low-active, active, and high-active grade five students attending
schools with and without health promotion programs, and examines whether
health promotion is equally effective among those who would benefit the most
from health promotion. My hypothesis is that increases in physical activity would

be more pronounced among children attending schools implementing health
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promotion programs than among those students from non-program schools, and
that these increases would be greatest among the sub-groups of students most
“in need” of health promotion, specifically those who are low-active, overweight,

from low-income households, or whose parents are low-educated.

Following the six manuscripts is a general discussion and conclusion. This chapter
includes a summary of the key findings, overall strengths and limitations, public

health implications, and directions for future research.

1.7 Statement of contributions

The data for this thesis were collected using the Raising healthy Eating and Active
Living Kids Alberta (REAL Kids Alberta) survey, funded by Alberta Health. The
survey is lead by Dr. Paul Veugelers and aims to evaluate the Healthy Weights
initiative implemented by Alberta Health. The survey is also used to evaluate the
Alberta Project Promoting active Living and healthy Eating in Schools (APPLE
Schools). In 2009, time-stamped pedometers were included in the APPLE Schools
evaluation to provide an objective measure of grade 5 students’ physical activity.
| proposed to identify and collected pedometer data from 20 non-APPLE Schools
located in the City of Edmonton and surrounding area. This allowed us to
establish a control group for the analysis of the change in students’ physical
activity attributable to the APPLE Schools program. | was responsible for
developing the protocol and leading the pedometer data collection and analyses.
This included developing a pedometer activity diary for students to record their
daily physical activity behaviour during periods of pedometer data collection, as
well as the methods for incorporating this information into crude pedometer-

measured steps.
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| was responsible for identifying the research questions and conceptualizing the
analytic approach of each of the studies in this thesis. | was responsible for the
complex statistical analyses. | was further the primary author of each of the

studies included in this thesis.
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2 Incorporating activity diaries into assessment of physical activity
using pedometers among school-aged children

Vander Ploeg KA, Maximova K, Wu B, Veugelers PJ. Incorporating activity diaries
into assessment of physical activity using pedometers among school-aged
children. Under review in the Journal of Sports Sciences June 10, 2013.

2.1 Introduction

Regular physical activity is important for children’s health. Among school-aged
children, physical activity is protective against overweight and obesity, which is
an established risk factor for chronic diseases including cardiovascular disease
and diabetes.” To obtain health benefits, physical activity guidelines recommend
that children and youth participate in 60 minutes of moderate-to-vigorous
physical activity (MVPA) every day.”® Accordingly, an accurate measurement of
physical activity is important to identify children who are most at risk of disease,
and to monitor progress of interventions and changes in physical activity and

overtime.*

Activity monitors (i.e., accelerometers and pedometers) are commonly used to
measure physical activity in epidemiologic studies of children and adolescents.
These devices are small, unobtrusive, transportable, and require less time and
financial and human resources to use compared with criterion measures such as
doubly labeled water.> Several reviews have established accelerometers and
pedometers as valid and reliable measures for assessing children’s physical
activity levels.®® Activity monitors are more expensive and logistically challenging

to use on a population level than self-report measures. However, activity
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monitors are generally recommended over self-reported physical activity
measures because children’s cognitive capacity and spontaneous and sporadic
physical activity behaviours,™ especially at a young age, may make it particularly

challenging to accurately recall, categorize and record activities.™

Both accelerometers and pedometers are limited to the measurement of
ambulatory activities i.e., walking, running. Consequently, they do not accurately
capture activity gained through non-ambulatory activities including biking,
skating, and skiing. There are also activities where safety regulations or
discomfort restrict activity monitors from being worn e.g., soccer, martial arts,
gymnastics. Furthermore, most accelerometers and pedometers are not
waterproof, and therefore cannot be worn during water-based activities like
swimming. This “non-wear time” may lead researchers to significantly
underestimate actual physical activity levels, which leads to underestimating the
proportion of study participants meeting physical activity recommendations, and

herewith biased estimates of the proportion at risk for chronic diseases.**™

Previous studies demonstrate that “non-wear time” biases are particularly
relevant to the assessment of physical activity among children and youth.'? Yet,
there is a lack of consensus on a “best practice” approach to deal with energy
expended during periods when activity monitors are not or cannot be worn.

1623 they are rarely used to

While it is common practice to keep activity diaries,
supplement raw (crude) estimates derived from accelerometers and
pedometers, whereas this may provide better understanding of relationship
between physical activity and body weight. Furthermore, it may increase the
ability to correctly identify children who are at risk of excess body weight and

consequent chronic diseases. In this study, we compared the ability of four

physical activity measures (i.e., self-report, crude steps from pedometers, crude
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steps adjusted for non-ambulatory activities and “non-wear time”, and crude
steps adjusted for missing data and non-ambulatory activities and “non-wear

time”) to identify school-aged children at risk of overweight and obesity.

2.2 Methods

2.2.1 Study design and population

Raising healthy Eating and Active Living (REAL) Kids Alberta is a population-based
study of grade 5 students and parents in Alberta, Canada. In 2008, 148 randomly
selected schools from across the Canadian Province of Alberta participated in the
REAL Kids Alberta survey. The sampling-frame used to select schools has been
described in detail elsewhere.’® In the spring of 2009, we invited grade 5
students from 20 of the 148 schools to participate in an additional wave of data
collection that included time-stamped pedometers. We also invited grade 5
students from 10 schools participating in the Alberta Program Promoting active
Living and healthy Eating (APPLE) Schools.?> We repeated data collection among
grade 5 students from these 30 schools in the spring of 2011. The schools
sampled in 2009 and 2011 were located in the City of Edmonton and surrounding
area. Over both years, 2,507 parent consent forms and surveys were sent home
with students for their parent(s) to complete and return to school; 2,045 (82%)
home surveys were returned, of which 2,028 (99%) students received parental
consent to participate. From those with parental consent, 1,991 (98%) students
assented to participate and 1,977 (99%) children completed the student surveys.
The overall participation rate was 79%. The Health Research Ethics Board of the
University of Alberta approved this study, including data collection and parental

informed consent forms.
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2.2.2 Assessment of physical activity

Trained evaluation assistants traveled to schools to administer the Physical
Activity Questionnaire for older Children (PAQ-C) to grade 5 students. The PAQ-C
is a validated 7-day recall instrument that provides a summary score for general

26 27 The summary score is

physical activity for children, aged 8 to 14 years.
calculated by taking the mean score of 9 items, each scored on a 5-point scale.
The PAQ-C is a valid and reliable self-report measure for children’s physical

activity during the school year.?® %’

Physical activity was also measured objectively using Omron HJ-720ITC (Ontario,
Canada) pedometers over a period of 9 days to capture 7 full days. The reasons
for selecting this pedometer are described in detail elsewhere.?® The accuracy
and validity of the Omron pedometer has been demonstrated under various

conditions.?®3?

Students wore pedometers for 9 consecutive days on their right
hip directly in line with their right knee during all waking hours unless showering,
swimming, or participating in activities in which an adult deemed it unsafe to
wear. Students also kept a diary of their daily activities, including the duration of
each activity and whether or not the pedometer was worn (available at:

www.REALKidsAlberta.ca). On the ninth day, evaluation assistants returned to

schools to collect pedometers.

2.2.3 Assessment of body weight status

Evaluation assistants measured student’s standing height to the nearest 0.1 cm
using stadiometers (Seca Stadiometer, Germany) and body weight to the nearest
0.1 kg on calibrated digital scales (Health-o-meter, model 320KL, IL, USA).

Students removed their shoes for both measurements. Body mass index (BMI)
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was calculated as kg/m? A child was categorized as being overweight or obese
based on the age- and sex-specific cutoff values of the International Obesity Task

Force.*®

2.2.4 Potential confounders

In the student survey, students reported their gender. In the home survey, the
responding parent reported their highest level of education attained (no
schooling, elementary, secondary, community/teaching college, university,
graduate university) and the current annual household income from all sources
(<$25,000, $25,000-50,000, $50,001-75,000, $75,001-100,000, >$100,000). The

year of survey completion was also considered as a potential confounder.

2.2.5 Data processing and treatment

Due to differing administration and collection times, pedometer recordings from
the first and last day (day 9) were not included in analyses. We defined a
complete day as 8 or more hours of wear. We required such ‘complete day’
recordings on two school days and of one weekend day (weekend and/or
holiday) as a minimum criterion to be considered in the present study. A total of
1,391 students met this criterion. We complimented students’ crude steps with
non-ambulatory and non-wear time activity step equivalents, which we refer to
as “all activity steps”. These steps were estimated from metabolically equivalent
activities recorded in students’ activity diaries, as described in detail elsewhere.?®
Missing data may occur if students forget to wear their pedometer and complete
their activity diary for at least one hour. Missing data for specific hours of the day
was imputed using information from the same hour at different, randomly

selected, days of that individual (referred to as “complete steps”), as described in
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detail elsewhere.?®

2.2.6 Statistical analysis

First, to assess construct validity, the association of each physical activity
measure (PAQ-C, crude steps, all activity steps, and complete steps) with
student’s weight status was estimated in logistic regression models. Each
physical activity measure was added sequentially to a base model that adjusted
for student’s gender, household income, parental educational attainment, and
year of survey completion. The nested data structure (i.e., the clustering of
students’ observations within schools) was taken into account through random

24 28 1o compare the

effects modeling with random intercepts for the schools.
associations of the physical activity measures with overweight/obesity across
models, we standardized step counts and PAQ-C scores to a mean of 0 and a
standard deviation of 1 and applied adjusted random effects logistic regression
models. To allow for an easier interpretation of odds ratios, we divided all step

count measures by 1,000. As such, the presented odds ratios quantify a risk

associated with a change in 1000 steps.

The receiver operating characteristic (ROC) analysis is a useful tool for evaluating
the performance of different measures, in our case physical activity measures, to
discriminate subjects with and without an outcome of interest, in our case
normal weight vs. overweight and obese.** The receiver operating characteristic
curve (AUC) statistic, also called the c statistic or ¢ index, represents the
probability of correctly classifying children who are normal weight vs. overweight
and obese based on a set of predictors, and ranges from 0.5 (no discrimination)

35, 36

to 1.0 (perfect discrimination). We estimated the AUC statistic from the

above described multivariable adjusted logistic random effects regression
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models. These AUC statistics quantify the ability of physical activity measures to
identify children at risk of overweight (including obese) and obesity. We
compared the AUC statistics for ‘crude steps’, ‘all activity steps’, and ‘complete
steps’ versus the AUC statistic for PAQ-C. We also compared the AUC statistics
for ‘all activity steps’ and ‘complete steps’ versus the AUC statistic for ‘crude
steps’. All analyses were conducted using Stata Version 12.0 (College Station, TX,

USA).

2.3 Results

Table 1 shows selected characteristics of 1,391 students for whom pedometer
data were available. The number of steps/day varied considerably based on
pedometer-measured physical activity with and without taking non-wear time
activities into account. ‘All activity steps’ (11,821 steps per day) were 22.0%
higher than ‘crude steps’ (9,690) and ‘complete steps’ (12,357) were 27.5%
higher. Consequently, there were differences in the proportions of children
attaining physical activity recommendations when averaged over a typical week
(i.e. five school days and two non-school days) based on pedometer-measured
physical activity with and without taking non-wear time activities into account

(45.2%, 56.6% and 59.5%, respectively).

All four physical activity measures were associated with children’s overweight
(including obese) and obesity (Table 2). The adjusted odds ratios for both
overweight and obesity were slightly lower for ‘crude steps’ than for ‘complete

steps’ (Table 2).

Table 3 presents the AUC statistics for five pairs of adjusted logistic regression

models for overweight and obesity. The PAQ-C had the lowest ability to identify
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children at risk of overweight or obesity. Although measures of ‘crude steps’, ‘all
activity steps’, and ‘complete steps’ showed a superior ability to ‘PAQ-C’ to
identify children at risk of overweight, the improvement was not statistically
significant. In contrast, measures of ‘crude steps’, ‘all activity steps’, and
‘complete steps’ showed a statistically significant superior ability to ‘PAQ-C’ to

identify children at risk of obesity (p=0.009, 0.041, and 0.030, respectively).

2.4 Discussion

This study demonstrates the importance of adjusting pedometer measured step
counts for non-ambulatory and non-wear time activities among school-aged
children. We found that maximizing the use of all information collected from
activity diaries resulted in a substantial increase in the proportion of children
meeting physical activity guidelines and improved the relationship with
overweight and obesity. Relative to self-reported physical activity, we found that
physical activity measures that incorporated information from activity diaries

showed an improved ability to identify children who are overweight and obese.

We found that taking into account non-ambulatory activities, non-wear time,
and missing observations led to a 27.5% increase in the mean number of
steps/day and a 31.6% increase in the proportion of children who met physical
activity recommendations. The proportion of children considered physically
active (i.e., attaining the recommended 13,500 steps/day) based on crude step
counts averaged over a typical week (i.e., including five school days and two non-
school days) was higher in our study relative to percentages (27%) previously
reported in the literature for Canadian children.” The Canadian percentage may
be lower because children in their sample ranged from ages 6-19, while the

averaged age in our sample was 10.7 years, and physical activity tends to decline
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with age.®” Further, the proportion of children attaining at least 13,500 steps/day
increased substantially once the pedometer-measured crude step counts were
adjusted for non-ambulatory activities, non-wear time, and missing observations.
The unadjusted pedometer measured step counts misclassified 31.6% of children
as not meeting the 13,500 step/day Canadian physical activity recommendation.
A similar study by Ottevaere et al.** observed that 13.2% and 27.4% of boys and
girls in their sample of 12-18 year-olds were misclassified as not meeting a
similar recommendation of 60 minutes per day of MVPA. These findings highlight
the importance of incorporating information from activity diaries to achieving

accurate measures of physical activity of youth.

We observed that relative to self-reported physical activity, the association of
children’s physical activity with obesity was better captured when pedometer-
measured step counts incorporated non-wear time activity step equivalents
estimated from the activity diaries. We found that incorporating this information
did not significantly improve the ability to identify children at risk of overweight
relative to crude steps. However, these measures improved the ability to identify
children at risk for the more severe form of excess body weight, obesity. It is
possible that obese children were less compliant to our instructions of how to
wear the pedometer. We instructed children to wear the monitors at the hip,
directly in line with the right knee®® for a minimum of 8-10 hours per day to

39, 40

obtain accurate measures of physical activity. Activity monitors attach to

pants at the waistband or to an elastic belt, reportedly, may be particularly
uncomfortable for children with a larger waist circumference wearing them for

23, 41-43

extended periods of time. Consequently, obese children may be more

likely than normal weight children to remove the pedometer prior to or just after
meeting wear-time criteria (generally a minimum of 8-10 hours per day*> *°). In

this study, we found that pedometer data from obese children were more likely
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to be excluded because wear-time criteria were not met (66.2% and 54.3% of
non-obese and obese students, respectively, had complete pedometer and
survey data (p<0.001)). While, the characteristics of study participants not
meeting wear-time inclusion criteria are rarely reported,44 Ottevaere et al.*®
reported that participants excluded from their study had significantly higher BMI
z-scores than those included, which is consistent with our observation. These
findings have important implications for estimating individual physical activity
levels, and may introduce selection and/or misclassification biases. However,
incorporating information from activity diaries regarding participation in non-

ambulatory and non-wear time activities provides a solution to help overcome

these concerns.

Strengths of our study include the large sample size, use of time-stamped
pedometers, and adjustments made to raw pedometer recorded steps from
activities described in activity diaries. We used metabolic intensity equivalent
values specific to youth, as described in detail elsewhere.”® While the present
study demonstrates the importance of including data from activity diaries, this
information is self-reported and therefore may be subject to social desirability
and recall biases. Additionally, although selected from a population-based
sample, the sample of students in this study is not representative of the Alberta

population. Caution is warranted when generalizing the present results.

2.5 Conclusion

This study shows that consideration should be given to activities that are not
captured by pedometers as including these non-ambulatory activities may
substantially improve the ability to accurately assess children’s physical activity

levels, and to identify children who are obese. Accordingly, researchers should
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consider incorporating information already collected in children’s activity diaries
to adjust raw activity monitor outputs to improve the ability to accurate measure

physical activity and identify obesity among children.
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2.7 Tables

Table 2.1 Selected characteristics of the 1,391 participating grade 5 students.

Overall
N=1391

Mean (SD) or %
Mean age, yrs 10.9 (0.4)
Mean BMI, kg/m’ 19.56 (4.0)
Body weight status, %
Overweight 20.0
Obese 10.6
Physical Activity
PAQ-C, score 3.3(0.8)
Crude steps, steps/day 9690 (2897)
All activity steps, steps/day 11,825 (3,849)
Complete steps, steps/day 12,357 (3909)
Meet PA recommendations, %*
Steps crude 45.2
Steps all activities 56.6
Steps complete 59.5
Parental education attainment, %
Secondary or less 26.0
College Diploma 42.3
University or graduate degree 31.7
Household income, %
<$50,000 23.8
$50,001-$75,000 16.6
$75,001-$100,000 18.6
>$100,000 41.0
*>13,500 steps/day
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Table 2.2 Odds ratios (95% Cl) of overweight and obesity by measures of physical activity

Overweight
PAQ-C
Crude steps

All activity steps
Complete steps

Obese
PAQ-C
Crude steps

All activity steps
Complete steps

Univariable Analysis

Multivariable Analysis*

Odds Odds
0, R 0, -

Ratio 95% ClI p-value Ratio 95% Cl p-value
0.778 0.681-0.888 <0.001 0.752 0.657-0.860 <0.001
0.764  0.666-0.877 <0.001 0.727 0.630-0.840 <0.001
0.806  0.705-0.921 0.002 0.787 0.683-0.906 0.001
0.815 0.713-0.931 0.003 0.793 0.689-0.913 0.001
0.816  0.669-0.997 0.046 0.790 0.646-0.967 0.022
0.698  0.552-0.883 0.003 0.654 0.515-0.831 0.001
0.707  0.560-0.892 0.003 0.691 0.543-0.880 0.003
0.716  0.568-0.902 0.005 0.696 0.547-0.884 0.003

* Odd ratios and 95% confidence intervals were estimated through multilevel logistic
regression models. Multivariate analyses adjusted for differences in gender, parental
education attainment, household income, and year of data collection.
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Table 2.3 Area under the ROC curve (AUC) (95% Cl) coefficients from multilevel logistic regression models* for overweight and obesity (n=1,391).

Model Overweight Obesity
ode
AUC 95% ClI p-value AUC 95% ClI p-value

1 PAQ-C 0.597 0.561- 0.633 0.156 0.633 0.572-0.694 0.009
Crude steps 0.621 0.585-0.657 0.689 0.635-0.742

5 PAQ-C. . 0.597 0.561- 0.633 0.463 0.633 0.572-0.694 0.041
All activity steps 0.609 0.572 - 0.645 0.675 0.619-0.732

3 PAQ-C 0.597 0.561- 0.633 0.516 0.633 0.572-0.694 0.030
Complete steps 0.607 0.571-0.644 0.677 0.620-0.733

4 Crude.st.eps 0.621 0.585-0.657 0.105 0.689 0.635-0.742 0.180
All activity steps 0.609 0.572 - 0.645 0.675 0.619-0.732
Crude steps 0.621 0.585-0.657 0.689 0.635-0.742

5 0.092 0.258
Complete steps 0.607 0.571-0.644 0.677 0.620-0.733

* Adjusted for gender, parental education attainment, household income, and year of data collection.
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3 Physical activity among Canadian children on school days and
non-school days

Vander Ploeg KA, Wu B, McGavock J, Veugelers PJ. Physical activity among
Canadian children on school days and non-school days. J Phys Act Health
2012;9(8):1138-1145.

3.1 Introduction

Regular physical activity has beneficial effects on reducing obesity and improving
health. Despite these benefits, the majority of Canadian children do not meet
the recommended® 60 minutes of moderate-to-vigorous physical activity or
13,500 steps daily.” > © Population-based studies show that 26%—29% of
Canadian children and youth are overweight or obese.” ® Because overweight in
childhood often persists into adulthood, a rising number of children are at
increased risk of obesity and consequent chronic disease.” '° Increasing physical

activity levels among children is therefore a public health priority.

Schools provide children multiple opportunities for physical activity throughout
the day. As children spend substantial time at schools, they are considered an
ideal environment to implement interventions to increase physical activity.
Although schools provide guaranteed opportunities for physical activity through
physical education and recess, its remains unclear if the majority of children’s
physical activity is achieved during school hours. While some studies have noted

11-14

significantly higher levels of physical activity after school hours, others have

15-17

not Discrepancies between studies can be explained by several factors,
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including study design, duration of observation, climate, and method used to
assess physical activity. Several of these limitations can be overcome by
recording hourly records of physical activity on both weekdays and weekends in
robust samples of children during seasons in which weather is less of a barrier to

physical activity participation.

The purpose of our study was to resolve previous studies by assessing physical
activity objectively using time-stamped pedometers over the course of a typical
week with measurements in a population-based sample of youth during the
spring months of the school year. We hypothesized that physical activity would

be lowest during the windows of time that students were at school.

3.2 Methods

3.2.1 Study design

The Raising healthy Eating and Active Living (REAL) Kids Alberta is a population-
based study of grade 5 students age 10-11 in Alberta, their parents, and their
school principals.® In 2008, the REAL Kids Alberta survey included 148 randomly
selected schools from across the Canadian Province of Alberta. In 2009, we
selected and invited 20 of these 148 schools, located in the city of Edmonton and
surrounding areas, to participate in an additional survey. In addition, we invited
grade 5 students from 10 schools participating in the Alberta Program Promoting
active Living and healthy Eating Schools (APPLE Schools).’® In this survey, we

objectively measured hourly step counts using time-stamped pedometers.
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Details of the projects and survey tools are accessible through
www.realkidsalberta.ca and www. APPLESchools.ca. The current study, including
data collection and parental informed consent forms, was approved by the

Human Research Ethics Board at the University of Alberta.

3.2.2 Participants

We invited 1,271 parents of grade 5 students to provide their informed consent
for their children to participate in this survey. A total of 984 (77%) requests were
returned, with 975 (99%) granting consent. Of the students whose parents

provided consent, 973 (99%) students assented to participate (Figure 1).

3.2.3 Outcome variable: physical activity

We used Omron HJ-720ITC (Ontario, Canada) pedometers to measure physical
activity objectively in the form of hourly step counts recorded over a period of 7
days. Hourly step counts allows for more precise evaluation of patterns of
physical activity throughout the day. The Omron pedometer also features a 41-
day storable memory and is automatically reset at midnight; thereby eliminating
the need for participants to record their step counts at the end of each day. In
addition to recording steps, this pedometer has a sensitive motion detector,
which indicates through a binary variable whether it was worn. This feature
allowed us to distinguish periods of sedentary behavior from non-wear time
providing a more objective record of student compliance with wearing the

pedometer. The accuracy and validity of the Omron pedometer has been
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demonstrated under various conditions.*?*

We instructed students to wear the pedometers for 9 consecutive days. We
chose not to include records from the first and last day in our analysis due to
differing administration and collection times, along with any potential reactivity
to wearing the pedometers.?> We asked children to wear the pedometer during
all waking hours unless showering, swimming, or taking part in activities in which
an adult deemed unsafe to wear. We directed students to wear the pedometer
on their right hip directly in line with their right knee. Students were also asked
to keep a log of their daily activities including the duration and whether the

pedometer was worn in an activity log (available at www.realkidsalberta.ca).

The evaluation assistants returned to schools on the third day of data collection
to encourage students to wear the pedometers and to complete their activity
logs. On the ninth day, research staff returned to the schools to collect
pedometers and download the data to computers. Nine hundred and twenty-
three (95%) pedometers were returned, providing crude hourly step counts; 50

(5%) pedometers were lost or malfunctioned.

We considered a pedometer recording to be complete when a pedometer was
worn for a minimum of 8 consecutive hours per day.”® To be included in our
analysis we required students to provide valid pedometer recordings on at least
2 school days and 1 non-school day (weekend and/or holiday).?* Based on these

criteria, we included 689 (75%) students in our analysis (Figure 1).

55



3.2.4 Confounding variables

Evaluation assistants measured standing height to the nearest 0.1 cm using
stadiometers (Seca Stadiometer, Germany) and body weight to the nearest 0.1
kg on calibrated digital scales (Health o meter, model 320KL, IL, USA). Students
removed their shoes for both measurements. With parent consent and student
ascent, evaluation assistants visited the participating schools to administer a

background survey on lifestyle behavior.

3.2.5 Data processing

Although pedometers measure ambulatory activity, they do not accurately
capture energy expenditure from activities such as biking, skating, and skiing.
Because Canadian children and youth report similar participation rates between
both ambulatory activities and non-ambulatory activities,? relying on crude step
counts may underestimate their actual activity level. To overcome this, we
complemented crude step counts with step counts estimated from activities
recorded by students in their daily activity logs (referred to as ‘log-adjusted
steps’). To adjust crude step counts first, we assigned each activity a youth-
specific metabolic equivalent task (MET) unit.”® When youth specific values were
not available we used adult MET units.”’ Next, we categorized activities into
moderate (0—3 MET), moderate to vigorous (3.1-5.9 MET), and vigorous (6.0-8.9
MET) intensities®” *® and assigned a step per minute value to each category.29
Finally, we were able to estimate step counts for each activity a student

described by multiplying the step-per-minute value for each respective category
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by two-thirds of the duration of the activity recorded in their activity log as per
the NASPE® guideline that 15 minutes of children’s activity is made up of 10
minutes of activity interspersed with 5 minutes of rest. This procedure was used
to estimate the steps that would have been achieved during activities in which
students could not wear their pedometer (i.e., swimming). When students forgot
to wear their pedometer and complete their activity log, we imputed
information from other randomly selected valid days. For example, if a student
forgot to wear his/her pedometer between 7:00 PM and 8:00 PM on a school
day, their pedometer or log-adjusted steps during this period on another
randomly selected school day were imputed to this missing hour. When possible,
we imputed steps for all missing hours of complete days. We imputed steps only
within an individual, within school days between 7:00 AM and 9:00 PM, and
within non-school days between 9:00 AM and 9:00 PM. Differing patterns of
behavior observed from weekdays to weekend days dictated the time periods

for imputation.

We considered activities gained through travel to and from school as activities
during ‘school hours’ because these activities are characteristic of behaviors on
school days.

3.2.6 Statistical analyses

Body mass index (BMI) was calculated as kg/m2. Overweight and obesity were
defined using the International Obesity Task Force BMI cut-off points established

for children and youth.?' These cut-off points are based on health-related adult
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definitions of overweight (BMI > 25) and obesity (BMI > 30), but are adjusted to
specific age and sex categories for children®' Descriptive statistics are presented
as means = SD or frequencies. We used independent t-tests to analyze sex-
specific differences on school days, on non-school days, and during a typical
week of 5 school days and 2 non-school days. We used paired t-tests stratified by
sex to analyze differences in total steps per day on school days and non-school
days and differences in total steps per hour during school hours and non-school
hours. We considered the proportion of boys and girls who achieved 13,500
steps per day to have met the Canadian recommendation for physical activity. To
analyze sex differences in the proportion of boys and girls who met the Canadian

recommendation of 13,500 steps per day we used Chi-square (x%) tests.

3.3 Results

Six hundred and eighty-nine students (318 boys and 371 girls) wore a pedometer
for a minimum of 8 consecutive hours on at least 2 school days and 1 weekend
day. Descriptive statistics are reported in Table 1. There were no sex-based

differences in age, BMI, or weight status (normal weight, overweight, or obese).

The average crude daily step count for a typical week in the entire cohort was
9,221 + 3,027 steps per day. However, when information provided through the
activity logs was considered the average daily step count increased to 11,189 +
3561 steps per day, a mean difference of 1,968 steps per day (P < 0.001). Lastly,
with imputations for the time that students forgot to or could not wear their

pedometers we observed an average daily step count of 11,871 * 3,680 steps per
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day, a mean difference of 682 steps per day from the activity log adjusted step
count (P < 0.001). Figure 2 shows how the adjustments affect step counts by

activity level.

Table 2 depicts activity during various windows of time for boys and girls. Boys
achieved significantly more steps per day than girls on school days (+ 2,040
steps/day, P < 0.001), on non-school days (+ 753 steps/day, P = 0.03), and during
a typical week (+ 1,672 steps/day, P < 0.001). What is more, during school hours
as well as outside of school hours, boys took significantly more steps per hour
than girls during the school day (+ 141 steps/hour, P < 0.001; + 145 steps/hour, P

< 0.001), respectively.

Table 2 also shows that the daily step-count was significantly higher during
school days compared with non-school days (boys + 2,467 + 5,262 steps/day, P <
0.001; girls + 1,180 * 4,459 steps/day, P < 0.001). In addition, both boys and girls
took significantly more steps per hour during school hours than during before
and after school hours (boys + 206 + 420, P < 0.001; girls +210 +347, P < 0.001).
The differences between weekday and weekend physical activity are further
illustrated in Figure 3. Figure 3 shows that the differences in activity levels
between school days and non-school days occurred primarily during the
following windows: the 8:00-9:00 AM, 10:00-11:00 AM, 12:00-1:00 PM, and
3:00-4:00 PM. These windows of time seem to coincide with travel to and from
school, lunch hour, and recess times. Apart from these times, there is relatively
little variation in steps achieved on school days and weekend days. However, the
decline in activity from school days to weekends was more pronounced for boys

(—2,467 steps/day) than for girls (—1,180 steps/day) (Table 2).
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Calculation of the average step count on school days for each participant
revealed that 43% of boys and 21% of girls met the recommendation of 13,500
daily steps or more (P < 0.001). For non-school days, this was 30% for boys and
22% for girls (P = 0.01). And for a typical week, this was 37% for boys and 19% for
girls (P < 0.001). The proportion of students who achieved less than half of the
recommended steps was higher on non-school days (23% of boys and 27% of

girls) than on school days (3% of boys and 3% girls).

3.4 Discussion

Two novel findings emerged from this cross sectional study of physical activity
patterns in grade 5 students, primarily 10-11 years of age. First, we found that
physical activity outside of school hours and on weekend days is significantly
lower than physical activity during school hours and on school days, particularly
among boys. Second, excess physical activity comes primarily from a set number

of hours.

The current study shows that 27% of the surveyed students are meeting the
recommended 13,500 steps/day required for optimal growth and development.
This proportion is slightly lower than the Canadian national rate of approximately
31% from 2007-2009.* The proportion of children who achieve 13,500 daily
steps in Alberta is unknown due to recent changes in the Canadian
recommendation for daily physical activity. However, Alberta and national
percentages were close based on the old recommendation of 16,500 steps/day>*

33 Over a typical 5-day school week, the daily average step count (11,871 + 3680
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steps/day) was slightly higher than the provincial (11,600 steps/day)®® and
national (boy 12,100 steps/day, girls 10,300 steps/day) averages.”

In support of previous literature,” *® 3* *> boys were found to be more active
than girls with a mean step difference of 2040 steps per day (P < 0.001) during a
typical week. There was, however, a greater decline in physical activity levels
between weekdays and weekends for boys compared with girls. This is different

from previous studies™ *®

where girls were more susceptible to a drop in activity
levels on weekend days. The school environment provides structured
opportunity for children to engage in regular physical activity throughout the
week (e.g., active transportation, active play before and after school, during
recess, and lunch time, physical education classes). Health promotion strategies

should target girls such that their physical activity benefits from these

opportunities as it does for boys.

We observed children to be more active on school days relative to non-school

11-13, 28 .
It is

days. This finding is consistent with some,* ** 2% 3% 37 byt not others.
believed that the variability in physical activity between weekdays and week-
ends relates to a number of factors that are not well understood (e.g., age,
culture, involvement in sports)."” Despite the observation that youth are more
active on school days than weekend days, their daily step counts on weekdays
remain below the current recommendation. This indicates that opportunities for
physical activity provided at school alone are not sufficient for children to
accumulate adequate physical activity to gain both current and future health

benefits. Health promotion strategies should therefore extend to after school

hours and weekends.
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We also observed physical activity levels to be higher during school hours than
non-school hours. Again, there is variability in the literature between activity
levels during school hours and non-school hours; some studies report higher
levels during school®*® 3’ and others report higher levels outside of school.** ** 22
The inconsistencies between results reported here and results in the literature
may be attributed to the fact that Hardman et al.,® Betlon et al.,** and Cox et
al.” recorded school time activities only during the time students were at school.
We had considered active transport as physical activity related to the school
routine. From Figure 3 it is evident that a large proportion of children’s daily
activity was gained during periods when children would be traveling to and from

school.

Despite the observation that physical activity is higher during school hours,
excess physical activity was primarily achieved during discretionary periods
including recess, lunch breaks, and active transportation to and from school. It is
widely known that while at school, children are seated for a large percentage of
the day and opportunities for physical activity are limited to recess, lunch breaks,
and physical education classes. Targeted interventions maximizing activity during
these periods have been suggested to increase levels of physical activity.*®
Currently, only 38% of Alberta children report using active transport to and from
school.* Activity levels, therefore, can be expected to increase substantially if all

students would engage in active transport.

The increasingly widespread use of pedometers in both research and practice
reinforces the importance of providing physical activity estimates truly reflective

of the population. The current study showed that it is important to consider non-
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ambulatory activities that are not recorded well with pedometers, as these
constitute a substantial proportion of all activities. We have included steps
estimated from activities recorded in daily logs for those activities in which the
pedometer could not be worn (e.g., swimming), for those in which the
pedometer could not accurately measure (e.g., biking, gymnastics, and karate),
and for those when students forgot to wear the pedometer. As a result, we are
able to provide an average daily step count that more accurately reflects the
actual physical activity behaviour of children. Adjusting for the above also allows
us to maintain a larger sample from which estimates of daily activity are drawn.
Accordingly, we provide an estimate of children’s physical activity that is more

representative of the population.

Estimates of daily physical activity using objective measures are affected by the
number of hours per day pedometers are worn. When pedometers are removed
for prolonged periods physical activity levels may be underestimated because
the actual behavior is not captured. To overcome this potential bias, wear-time
criterion has been established. Some pedometers studies eliminate data from
participants who report removing their pedometer for more than 1 hour,™ %> %
more than 2 hours,™ or longer'! during the monitored day. Others required that
the pedometer be worn for a minimum of 10 hours for a monitored day to be
included in the final analysis.*> The application of the above criterion resulted in
the exclusion of 5-11%,'® %® 24%," '® 26 and 37%* of participants, respectively.
Penpraze et al.”® showed that reliability increases as the number of days and
hours of monitoring increased, but only to 10 hours per day. Penpraze et al.?®

also showed that reliability was more dependent on the number of days than the

number of hours. In the current study, 8 hours was selected as the minimum
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daily wear criterion. By reducing the amount of time per day that students were
expected to wear their pedometers we maintain a larger sample size and
maintain estimates from less active children who under more conservative
requirements may have otherwise been excluded. This is an important

consideration when generating population-based estimates of physical activity.

Strengths of our study include the use of time-stamped pedometers. Another
strength of our study is the adjustments made to raw pedometer recorded steps
from activities described in daily activity logs, as this has not been recorded in
the literature. This study shows that consideration should be given to activities
that are not captured by pedometers, as ignoring these non-ambulatory
activities may lead to a substantial underestimation of the actual activity level.
We used MET values specific to youth when possible. However, when youth
values were not available, we used adult values instead. Although selected from
a population-based sample, the sample of students in this study is not
representative of the Alberta population. Caution is warranted when

generalizing the present results.

3.5 Conclusion

A significant portion of youth 10 to 11 years in the province of Alberta are not
achieving current recommendations for physical activity, especially on weekend
days. Children were significantly more active during school days and school-
hours than compared with non-school days and after school hours. Physical

activity interventions and policies should recognize these trends and consider
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strategies that target these windows of time.
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3.7 Tables

Table 3.1: Descriptive statistics of grade 5 student sample.

Boys Girls Total
(n=318) (n=371) (n=689)
Age (yr) 10904 10904 109+04
BMI (kg/m?) 19.7 + 4.0 19.3+3.5 19.5 +3.7
Normal weight 63% (199) 67% (250) 65% (449)
Overweight 25% (80) 22% (80) 23% (160)
Obese 10% (33) 8% (28) 9% (61)

Table 3.2: Average number of steps (+ standard deviation) of 689 students on school days, during
school hours, before and after school hours, on non-school days, during a typical week of 5
school days and 2 non-school days.

Boys Girls Total
(n=318) (n=371) (n=689)
School day (steps/day) 13,476 £ 4,123 11,436 + 3,158** 12,377 £3,773
During school (steps/hour) 1,024 +290 883 + 226** 948 + 267
Before & after school (steps/hour) 818 +419 673 +332** 740 + 382
Non-school day (steps/day) 11,009 + 5,542 10,256 + 5,206* 10,604 £ 5,373
Typical week (steps/day) 12,771+£3,907 11,099 + 3,288** 11,871 + 3,680

** p < 0.05; ** p <0.001
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3.8 Figures

Consent forms distributed 1271

Consent forms and parent { yes: 984 ] [ no: 287 ]
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Figure 3.1: Description of enrollment of grade 5 students in the study and their pedometer usage.
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Figure 3.2: Mean number of daily steps among grade 5 students.
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Figure 3.3: Average number of daily steps among 689 students from 30 schools in Alberta,
Canada on school days and non-school days.
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4 The importance of parental beliefs and support for physical
activity and body weights of children: a population-based
analysis

Vander Ploeg KA, Maximova K, Kuhle S, Simen-Kapeu A, Veugelers PJ. The
importance of parental beliefs and support for physical activity and body weights
of children: a population-based analysis. Can J Public Health 2012;103(4):277-
281.

4.1 Introduction

Overweight and obesity in childhood are major public health concerns. They
negatively impact self-esteem and academic performance.” % Because
overweight children tend to become overweight adults, an increasing number of
children will face chronic disease in their lifetime.> * In Canada, the prevalence of
childhood overweight has more than doubled in the past decades. Recent

estimates indicate that about 30% of children are overweight or obese.’

Insufficient physical activity is a proximate risk factor of childhood overweight.®
In Canada, most children are not sufficiently active;’ 9% of boys and 4% of girls
accumulate the recommended 60 minutes of daily moderate-to-vigorous
activity.” Promotion of physical activity is therefore a priority for the prevention

of childhood overweight.

Parental beliefs and support for physical activity have been suggested as key
areas for health promotion. Recent reviews report that parents influence

children’s physical activity behaviour by modeling and by supporting physical
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activity e.g., being active together, encouraging physical activity.> ° However,
research is limited and inconsistent when comparing the importance of parental
physical activity beliefs and support for overweight relative to normal-weight

children’s physical activity.’> ™

Furthermore, the literature lacks generalizability
because studies have not been population-based. Additionally, parental beliefs
and support for children’s physical activity have not been associated with

children’s weight status.

To support the development of health promotion strategies and interventions
for the prevention of childhood overweight, our primary objective is to use a
population-based sample of children and parents to assess whether parental
beliefs and support for physical activity are associated with childhood
overweight. We also aim to assess the association of parental beliefs and support
with physical activity, and whether this association is distinct for normal-weight

compared to overweight children.

4.2 Methods

4.2.1 Study design/setting

Raising healthy Eating and Active Living (REAL) Kids Alberta is a population-based
study of grade 5 children and parents in Alberta, Canada. The survey was
conducted in 2008 and 2010 and employed a one-stage stratified random
sampling design as described elsewhere.'? In 2008, 148 of 184 (80.4%) schools

participated. We sent 5,321 students home with surveys containing parental
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consent forms for their parent(s) to complete and return to school; 3,704 (70%)
surveys were returned, 3,645 (98% of the 3,704) students received parental
consent, and 3,421 children completed student surveys, resulting in a
participation rate of 64%. We repeated data collection among grade 5 students
and parents in 2010 from the schools that participated in 2008. In 2010, 7
schools were closed or not available to participate; we replaced these schools
with 10 additional schools. We distributed 5,597 home surveys from 151 schools;
3,687 (66%) home surveys were returned, 3,656 (99% of the 3,687) students
received parental consent to participate, and 3,389 children completed student
surveys, resulting in a participation rate of 61%. Among these children, 3,300 in
2008 and 3,285 in 2010 had complete responses on parental beliefs and support,

self-report physical activity, and BMI scores and were considered in the analysis.

4.2.2 Assessment of parental beliefs and support

The parent survey included three questions related to beliefs and support that
were adapted from the activity-related parenting practices scale by Davison et
al.” These included: 1) how much do you personally care about staying fit and
exercising; 2) to what extent do you encourage your grade 5 child to be
physically active; and 3) how often do you or another parent/guardian usually
engage in physical activity together with your child. The questions we used are

available at: www.REALKidsAlberta.ca
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4.2.3 Assessment of outcome measures

4.2.3.1 Physical activity

The student survey included the Physical Activity Questionnaire for Older
Children (PAQ-C). The PAQ-C is a validated 7-day recall instrument that provides
a summary score for general physical activity for children, aged 8 to 14 years.'**®
We derived the summary score by taking the mean score of 7 items, each scored
on a 5-point scale. A summary score of 1 indicates low physical activity, whereas
a score of 5 indicates high physical activity. The PAQ-C is a valid and reliable self-

report measure for children’s physical activity during the school year.** **

4.2.3.2 Overweight and obesity

Trained assistants measured children’s standing height to the nearest 0.1 cm
using stadiometers (Seca-Stadiometer, Germany) and body weight to the nearest
0.1 kg on calibrated digital scales (Health-o-meter, IL, USA). We asked children to
remove their shoes for both measurements. BMI was calculated as kg/mz. We
defined overweight using the International Obesity Task Force BMI cut-off point
established for children and youth.'” The cut-off point is based on the health-
related adult definition of overweight (BMI >25), but is adjusted to specific age

and sex categories for children.
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4.2.4 Confounding variables

Analyses were adjusted for the confounding potential of gender, survey
completion year, parental education attainment, and combined household

income (which is known to be high in Alberta) (Statistics Canada, 2011).

4.2.5 Data analysis

T-test and chi-square tests were used to test for differences between the 2008
and 2010 samples. Because observations were clustered within schools, we
applied random effects models with students nested in schools. For each of the
parental beliefs and support variables, we first applied univariable linear
regression models to determine their associations with children’s self-reported
PA. Second, we applied multivariable linear regression models to adjust for the
confounding effects of gender, parental educational attainment, household
income, and year (Model 1). Third, we considered all predictors simultaneously
to quantify their independent importance for children’s self-reported PA (Model
2). We repeated these analyses stratified by normal-weight and overweight or
obese children. Estimates of the effect size were derived from each model and
are presented as estimates of the Partial Eta Squared. Last, to assess the effects
of parental beliefs and support for PA on childhood over- weight, we applied
logistic random effects models. Missing values for parental education attainment
and household income were treated as separate covariate categories, however,

we do not present their estimated values.
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All analyses were weighted to account for the effect of the study design.
Therefore, the estimates are population-based and apply to the grade 5 student
population of Alberta, Canada. We used Stata Version 11 (Stata Corp, TX, USA) to
perform the statistical analyses. The Health Research Ethics Board of the
University of Alberta approved this study, including data collection and parental

informed consent forms in 2008 and 2010.

4.3 Results

There were no differences between the 2008 and 2010 samples (Table 1). Boys
reported higher levels of PA relative to girls (p<0.001). Increased parental care
about staying fit and exercising, parental encouragement of PA, and parental
engagement in PA with their child were associated with increased self-reported
PA among children (Table 2). Parental encouragement of PA, and engagement in
PA together were independent determinants of children’s self- reported PA

(Table 2: Model 2 beta coefficients).

Overweight children whose parents cared “quite a lot” about staying fit and
exercising were reportedly significantly less active compared to normal-weight
children whose parents cared “quite a lot” (Table 3: f=-0.07, 95% Cl: -0.12, -
0.03). Table 3 depicts similar findings for encouragement of PA (f=-0.04, 95% Cl:
-0.08, 0.01) and engagement in PA together (B=-0.07, 95% Cl: -0.10, -0.03).

Parents and children engaging in PA together and parental care about staying fit

and exercising were not associated with childhood overweight. The single
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statistically significant independent parent factor that was negatively associated
with childhood overweight was increased parental encouragement. Relative to
children whose parents encouraged PA “quite a lot”, children whose parents
encouraged PA “very much” had 22% lower odds of being over- weight (Table 4:

Model 2 OR=0.78, 95% Cl: 0.68-0.89).

4.4 Discussion

This study demonstrated that increases in parental care about staying fit and
exercising, encouragement of PA, and parental engagement in PA with their child
were associated with increased rates of self-reported PA among children. These
gradients persisted after stratification based on weight status. A novel finding of
this study was that the impact of parental encouragement of children’s PA was

also reflected in a lower prevalence of overweight.

Our findings are consistent with previous reviews indicating that parental beliefs
and support for PA are positively related to children’s PA, self-reported or

8, 9

otherwise. We found that parental engagement in PA and parental

encouragement of PA were stronger predictors of children’s reported PA than
parental care about personal fitness. Other studies report similar findings.'® *°
For example, McGuire et al.'® showed that parental encouragement was
significantly related to boys’ and girls’ PA, but parental concern about personal
fitness was not related. These results are further supported by the fact that

parental care about personal fitness reflects modeling behaviour,?® which often

less directly affects children’s PA than more proximate forms of support.?*
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Colley et al.?? reported that Canadian adults are not sufficiently active. Yet many
parents report to engage in physical activities with their children. This study
found that parental engagement in PA with their child was the strongest
predictor of children’s self-reported PA. This finding is consistent with some®? but
not all studies.?* This discrepancy, however, may be an effect of children’s age.
The mean age of the children sampled by Adkins et al.”® was 8.8 years, while the
children sampled by Robbins et al.>* were 11-14 years. There is some evidence®
to suggest that as children move into adolescence, parental involvement in
children’s PA becomes less important and other types of support (e.g.,
encouragement and peer involvement) become more important. To our
knowledge, this is the first study to report population-based results; therefore
our results indicate that at a population level, targeting parents to encourage
and spend time being active with their children may be an effective strategy to

increase grade 5 children’s PA.

We also found that increased parental care about staying fit and exercising,
increased parental encouragement of PA, and increased engagement in activities
were associated with increased rates of self-reported PA among both normal-
weight and overweight children. These findings are consistent with those of

others.}% 26

However, the associations were distinct for normal-weight and
overweight children. For example, the association between parental
encouragement and self-reported PA, while positive among both overweight and
normal-weight children, was stronger among normal-weight children. This seems
consistent with a study that found that family social support was positively

associated with PA in normal-weight boys, but not in overweight boys.'* The

importance of parental encouragement on overweight children’s PA may be
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influenced by the tendency of these children to report more barriers to PA.%’
Conversely, the associations between parental engagement in PA together and
reported PA behaviour among normal-weight and overweight children were
similar, suggesting that parental engagement in PA may help overweight children

to overcome barriers to PA.

We also showed that encouraging PA was negatively associated with childhood
overweight. Studies indicate that parent encouragement is mediated through
psychosocial attributes such as improved self-efficacy and liking of and attraction

18 20 Health promotion strategies and interventions to increase

to activity.
children’s PA and/or reduce childhood overweight should include pro- grams to
teach parents how to effectively support their children to be physically active.
Rhea recommended introducing overweight children gradually to enjoyable

activities that will build their sense of self-efficacy.”®

Strengths of our study include our large representative sample, generalizability
of our results, measured heights and weights, and a high response rate for
school-based research.” A limitation relates to the cross-sectional design, and
necessitates caution with respect to interpretations of directionality and
causality. Also, self-report measures are prone to bias and may produce socially
desirable responses to questions surrounding parental beliefs and support, and
an overestimation of children’s PA.° Objective measures of PA (e.g.,
pedometers) would provide a more accurate estimate of children’s PA, however,
pedometers may be logistically and financially challenging in large population-

based studies, as was the case in this study.
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4.5 Conclusion

We showed the importance of parental beliefs and support for children’s PA and
body weight status. Health promotion strategies and programs that educate
parents on how to effectively support their child in developing an active lifestyle

may contribute to increasing PA and preventing overweight among children.
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4.7 Tables

Table 4.1: Descriptive characteristics of grade 5 children and their parent(s) in Alberta, Canada
including means (95% confidence intervals) and prevalence.

2008
Prevalence
(n=3300)

2010
Prevalence
(n=3285)

Combined

Prevalence

(n=6585)

Mean age

Proportion boys, %
Overweight, %
Obese, %

Mean PAQ-C
Parental education, %
Secondary or less
College Diploma
University/graduate
Household income, %
<$50,000
$50,001-$75,000
$75,001-$100,000
>$100,001

48.3
28.5
6.7

3.30(3.28;3.32)

26.9
39.7
334

24.0
17.7
22.0
36.3

10.67 (10.66;10.68)

10.88 (10.87;10.89)

49.2
27.4
8.8

3.32(3.30;3.34)

25.1
39.2
35.7

24.0
17.6
20.4
38.0

10.78 (10.77;10.79)

48.7
27.9
7.7

3.31(3.30;3.32)

26.0
39.5
345

24.0
17.6
21.3
37.1
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Table 4.2: Prevalence and associations (beta coefficients and 95% confidence interval) of parental beliefs and support for grade 5 children’s PA in Alberta,
Canada.

Multivariable

Univariable ¥ T
Model 1 Model 2
Prevalence
B 95% Cl Esf;;ch B 95% Cl Esfi‘;‘:;t B 95% Cl Esfich
Care about staying
fit and exercising
Not at all /A little 23.1 -0.16  -0.19;-0.12 0.016 -0.15  -0.18;-0.11 0.014 -0.02 -0.05; 0.01 <0.001
Quite a lot 46.1 0.00 - - 0.00 - - 0.00 - -
Very much 30.8 0.15 0.11;0.19 0.015 0.14 0.11;0.18 0.013 0.02 -0.01; 0.05 <0.001
Encourage PA
Not at all /A little 13.1 -0.28  -0.33;-0.24 0.033 -0.27  -0.31;-0.22  0.030 -0.19  -0.23;-0.15 0.020
Quite a lot 45.0 0.00 - - 0.00 - - 0.00 - -
Very much 41.9 0.22 0.19; 0.25 0.040 0.21 0.17;0.24 0.036 0.13 0.10; 0.16 0.019
Engage in PA
Never/<1 39.3 -0.44 -0.47;-041 0.163 -0.44 -0.47;-041 0.171 -0.40  -0.43;-0.37 0.147
1-3 times/week 51.7 0.00 - - 0.00 - - 0.00 - -
> 4 times/week 9.0 0.34 0.30; 0.38 0.035 0.36 0.32;0.41 0.045 0.33 0.28; 0.37 0.040

Note: We combined responses to the first two categories for each question due to small cell sizes.
* - Model 1 is adjusted for gender, household income, parental educational attainment and year of data collection

t - Model 2 is adjusted for parental care about staying fit and exercising, encourage PA, engage in PA together, gender, household income, parental
educational attainment, and year of data collection.

¥ - Partial Eta squared
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Table 4.3: Prevalence and associations (beta coefficients and 95% confidence intervals) of parental beliefs and support for normal weight and overweight
(including obese) grade 5 children’s PA in Alberta, Canada.

Prevalence Univariable . Multivariable .
B 95% ClI Effect Size B 95% ClI Effect Size

Normal Weight

Not at all /A little bit 16.1 -0.15 -0.20; -0.11 0.011 -0.14  -0.19;-0.10 0.010

Quite a lot 33.0 0.00 - - 0.00 - -
Care about staying  Very Much 23.1 0.14 0.11;0.18 0.011 0.13 0.10; 0.17 0.009
fit and exercising Overweight/Obese

Not at all /A little bit 7.0 -0.24 -0.29;-0.19 0.014 -0.23  -0.28;-0.18 0.013

Quite a lot 13.1 -0.08 -0.12; -0.04 0.003 -0.07 -0.12;-0.03 0.003

Very Much 7.7 0.09 0.02;0.16 <0.001 0.09 0.02; 0.16 <0.001

Normal Weight

Not at all /A little bit 8.9 -0.29 -0.34;-0.23 0.024 -0.27  -0.32;-0.21 0.022

Quite a lot 315 0.00 - - 0.00 - -

Very Much 31.7 0.23 0.19; 0.27 0.033 0.22 0.18; 0.26 0.030
Encourage PA .

Overweight/Obese

Not at all /A little bit 4.3 -0.32 -0.40; -0.24 0.016 -0.30 -038;-0.22 0.014

Quite a lot 13.5 -0.04 -0.08; 0.003 0.001 -0.04 -0.08; 0.01 0.001

Very Much 10.1 0.13 0.07;0.19 0.004 0.13 0.07;0.19 0.003

Normal Weight

Not at all /A little bit 28.0 -0.43 -0.47;-0.40 0.117 -0.43  -0.46;-0.40 0.123

Quite a lot 37.7 0.00 - - 0.00 - -
Engage in PA Very Much 6.4 0.32 0.27;0.37 0.025 0.34 0.30; 0.39 0.032
together Overweight/Obese

Not at all /A little bit 11.3 -0.53 -0.58;-0.48 0.108 -0.53  -0.58;-0.48 0.111

Quite a lot 14.0 -0.07 -0.11; -0.04 0.004 -0.07 -0.10;-0.03 0.003

Very Much 2.6 0.32 0.23;0.41 0.007 0.35 0.26; 0.43 0.011

* - Adjusted for gender, household income, parental educational attainment, and year of data collection.
¥ - partial Eta squared
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Table 4.4. Prevalence and associations (odds ratio and 95% confidence interval) of parental
beliefs and support for childhood overweight among grade 5 children in Alberta, Canada.

Multivariable

Univariable * T
Prevalence Model 1 Model 2
OR  95%Cl OR  95%Cl OR  95%Cl

Care staying fit &
exercising
t'\:ict’t atall /A little 23.1 1.08 093125 1.06 091,123 1.02 0.87;1.20
Quite a lot 46.1 1.00 - 1.00 - 1.00 -
Very much 30.8 0.87 0.751.02 090 0.77;1.05 098 0.84:1.15
Encourage PA
t'\:ict’t atall /A little 13.1 113 095134 1.11 093132 1.10 0.92;1.33
Quite a lot 45.0 1.00 - 1.00 - 1.00 -
Very much 41.9 0.76 067,087 078 0.69,0.89 0.78 0.68;0.89
Engage in PA
together
Never/<1 393 1.07 093;1.23 1.05 091;1.21 1.00 0.87:1.15
time/week
1-3 times/week 51.7 1.00 - 1.00 - 1.00 -
> 4 time/week 8.98 1.03 082130 1.01 0.80;1.27 1.07 0.85;1.34

* - Model 1 is adjusted for gender, household income, parental educational attainment and
year of data collection.

t - Model 2 is adjusted for parental care about staying fit and exercising, encourage PA,
engage in PA together, gender, household income, parental educational attainment, and year
of data collection.
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5 The importance of parental beliefs and support for objectively
measured physical activity on school days and weekend days
among Canadian children

Vander Ploeg KA, Kuhle S, Maximova K, McGavock J, Wu B, Veugelers PJ. The
importance of parental beliefs and support for objectively measured physical
activity on school days and weekend days among Canadian children. BMC Public
Health 2013;13:1132-1138.

5.1 Introduction

Regular physical activity is associated with an array of health benefits for
children.! Unfortunately, most children in Canada are not sufficiently active.
Currently, only 7% of boys and 3% of girls accumulate the recommended 13,500
steps per day at least 6 days a week.? We have previously demonstrated that
these trends are significantly worse on weekend days, relative to weekdays.’
These trends are concerning as low levels of physical activity during childhood
contribute to obesity and comorbid conditions in adulthood.* As such, increasing
children’s physical activity levels, particularly on weekend days, continues to be a

priority for improving child health outcomes.

It is well established that parental influences are essential to the behaviours and
physical activity of their children.>” Children’s physical activity levels have been

shown to be greater when parents are active, encourage them to be active, and

6, 8-11

engage in activities with them. Reviews demonstrate that childhood is an

important time to establish healthy behaviours given that behaviours established

12,13
d.

and practiced in childhood track into adulthoo However, as children spend

substantial time at school, parents may have more opportunities to influence
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children’s physical activity on weekend days than on school days. To our
knowledge, the importance of parental beliefs and support as a correlate of

children’s weekend day physical activity has never been studied.

To address this knowledge gap, we relied on recently collected cross-sectional
data to test the hypothesis that parental beliefs and support for physical activity
are positively associated with physical activity levels in grade five students on
school and weekend days. We also hypothesized that this association is distinct

for school days and weekend days.

5.2 Methods

5.2.1 Study design/setting

Raising healthy Eating and Active Living Kids in Alberta (REAL Kids Alberta) is a
population-based study of grade five children and their parents in the Canadian
province of Alberta. In 2008, the REAL Kids Alberta survey included 148 randomly
selected schools from across Alberta as described elsewhere.* In 2009, we
selected and invited a convenient sample of 20 of the 148 schools, located in the
city of Edmonton and surrounding areas, to participate in an additional survey
that included objective measures of physical activity. We also invited grade five
students from 10 schools participating in the Alberta Program Promoting active
Living and healthy Eating in Schools (APPLE Schools).”> We repeated data
collection among grade five students and parents in 2011 from the same schools
that participated in 2009. In 2009 and 2011 combined, we sent 2,502 parent
consent forms and surveys home with students for their parents to complete and
return to school; 2,045 (81.7%) home surveys were returned, 2,028 (99.2%)

students received parental consent to participate. Student assent to participate
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was obtained from 1,991 (98.2%) children, and 1,977 (99.3%) children completed
student surveys, resulting in an overall participation rate of 79.0%. Pedometers
were distributed to the 1,991 students with parent consent and student assent,
1,783 pedometers were returned, providing crude hourly step counts; 210
(10.5%) pedometers were lost or malfunctioned. The Health Research Ethics
Board of the University of Alberta approved this study, including data collection

and parental informed consent forms.

5.2.2 Assessment of parental beliefs and support

The parent survey included three validated questions related to beliefs and
support that were adapted from the activity-related parenting practices scale by
Davison et al.'® These included: 1) how much do you personally care about
staying fit and exercising (a little bit; quite a lot; very much); 2) to what extent do
you encourage your grade five child to be physically active (a little bit; quite a lot;
very much); and 3) how often do you or another parent/guardian usually engage
in physical activity together with your child (less than 1 time/week; 1-3
times/week; 4 or more times/week). The questionnaires we used are available

on the project’s website: http://www.REALKidsAlberta.ca.

5.2.3 Assessment of physical activity

We used Omron HJ-720ITC (Ontario, Canada) pedometers to measure physical
activity objectively. This pedometer records steps hourly, automatically resets at
midnight, and can store data for 42 days. Further rationale for selecting this
pedometer are described in detail elsewhere.® The accuracy and validity of the
17-19

Omron pedometer has been demonstrated under various conditions.

Students wore pedometers for nine consecutive days on their right hip directly in
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line with their right knee during all waking hours unless showering, swimming, or
taking part in activities in which an adult deemed it unsafe to wear. Pedometer
recordings from the first and ninth days were not considered as, on these days,
the students started or ended wearing the pedometers, and thus recordings are
not available for the full day. Students also kept a diary of their daily activities,
including the duration of each activity and whether or not the pedometer was
worn (available at: www.REALKidsAlberta.ca). Trained evaluation assistants
returned to schools on the ninth day to collect pedometers and download data
to computers. Pedometer recordings were stratified into school day (Monday-

Friday) and weekend day (Saturday, Sunday, and holidays) categories.

5.2.4 Confounding variables

Evaluation assistants measured children’s standing height to the nearest 0.1 cm
using stadiometers (Seca-Stadiometer, Germany) and body weight to the nearest
0.1 kg on calibrated digital scales (Health-o-meter, IL, USA). Children removed
their shoes for both measurements. Body Mass Index (BMI) was calculated as
kg/m?. Overweight was defined using the International Obesity Task Force BMI
cut-off point established for children and youth.?° The cut-off point is based on
the health-related adult definition of overweight (BMI > 25), but is adjusted to
specific age and sex categories for children. Analyses were adjusted for the
confounding potential of parental educational attainment, household income,

and year of data collection.

5.2.5 Data processing

For our analyses we only considered pedometer recordings when worn for a

minimum of 8 hours per day.?! Additionally, we required pedometer recordings
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on at least two school days and one weekend day (weekend and/or holiday).??
When these conditions were met, students’ pedometer-measured steps were
complemented with step-equivalents of non-ambulatory and non-wear time
activities recorded in students’ activity diaries. Briefly, we assigned each activity
recoded in activity diaries a youth-specific metabolic equivalent task (MET)
unit.”? Next, we categorized activities by intensity (i.e., moderate, moderate-to-

2423 and assigned a step per minute value to each category.”

vigorous, vigorous)
Adult METS units were used when youth specific values were not available.?
When students forgot to wear their pedometer and complete their activity diary,
we imputed information from the same hour(s) on other randomly selected valid
days. Steps were only imputed within an individual and within school days and
weekend days. This method of imputation has been shown to replace data more
accurately than traditional group-centered methods that replace missing data

with the group mean.”’ These procedures are described in further detail

elsewhere.?

In 2009 and 2011 combined, we had information of pedometer step counts and
parental reporting of physical activity-related beliefs and support for 717 girls
and 638 boys.

5.2.6 Data analysis

T-tests and chi-square tests were used to test for data collection year and sex
differences. Because observations of students are clustered within schools, we
applied random effects models with students nested in schools. For each of the
parent belief and support variables, we first applied univariable linear regression
models to determine their associations with girls’ and boys’ step-counts taken on

weekend days and on school days. Second, we applied multivariable linear
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regression models to adjust for the confounding potential of parental
educational attainment, household income, and year of data collection (referred
to as Model 1). Last, we considered parent beliefs and support variables
simultaneously while adjusting for the above confounders to quantify their
independent importance for children’s step-counts (referred to as Model 2). For
each of the parent belief and support variables we used the middle response

category as the reference group for analyses presented in Tables 2 and 3.

In a combined analysis, we used an interaction term (defined as the product of
school day/weekend day and the parent belief and support variables) in the
adjusted linear regression models to quantify the differential effect of beliefs and

support on physical activity during school days versus weekend days.

Missing values for parental education attainment and household income were
treated as separate covariate categories, however, we do not present their
estimated values. We used Stata Version 12 (Stata Corp, TX, USA) to perform the

statistical analyses.

5.3 Results

Participant characteristics are reported in Table 1. The average daily step count
was higher on school days than on weekend days (12,868 + 4006 vs. 11763 *
6636 steps/day p<0.001). Boys achieved significantly more steps per day than
girls on school days (13844 + 4424 vs. 12000 + 3366 p<0.001) and on weekend
days (12716 * 7488 vs. 10914 + 5645 p<0.001). Parents also reported to
encourage boys to be physically active significantly more than girls (p<0.001).
There were no statistically significant differences in the data collected in 2009

and 2011.
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Girls. On school days, increased parental encouragement of physical activity, and
increased parental engagement in physical activity together were significantly
and positively associated with girls’ daily step counts (Table 2: Model 1). Girls
whose parents encouraged physical activity “very much” took an additional 632
(95% Cl: 108, 1155) steps per day on school days relative to girls whose parents
encouraged them “quite a lot”. Additionally, on school days, girls whose parents
engaged in physical activity with them more than four times per week achieved
an additional 890 (95% Cl: 67, 1712) steps per day relative to girls whose parents
engaged in physical activity with them one to three times per week. On
weekend days, increased parental encouragement of physical activity was the
only positive association with girls’ daily steps counts (B = 997, 95%Cl: 130, 1864)
that appeared to be statistically significant. Girls whose parents encouraged
them “very much” to be physically active took an additional 997 (95% Cl: 130,
1864) steps per day on weekend days than girls whose parents encouraged them
“quite a lot”. Model 2 of Table 2 reveals that the three parental behaviours
(parental care for staying fit and exercising, parental encouragement and
parental engagement) are correlated such that none of the three behaviours has
a statistically significant effect on girls’ step counts over and above that of the

other two behaviours.

Boys. On school days, increased encouragement of physical activity was
associated with daily step counts. This association was statistically significant
(Table 3). Boys whose parents encouraged physical activity “very much” took an
additional 1373 (95% Cl: 606, 2139) steps per day on school days relative to boys
whose parents encouraged physical activity “quite a lot”. This association was
independent of parental care for staying fit and exercising and parental
engagement in physical activity (Table 3: Multivariable Model 2). On weekend

days, increased parental care about staying fit and exercising was positively
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associated with boys’ daily step counts (Table 3). Boys whose parents reported
to care “very much” about staying fit and exercising took an additional 1381
(95% ClI: 85, 2676) (Table 2) steps per day on weekend days relative to boys
whose parents reported to care “quite a lot”. Also, on weekend days, decreased
parental engagement in physical activity was negatively associated with boys’
daily step counts (Table 3). That is, boys whose parents engaged in physical
activity with them less than once per week took 1367 fewer steps per day on
weekend days relative to boys whose parents engaged in physical activity with
them one to three times per week (95% Cl: -2643, -90). This association was
independent of parental care for staying fit and exercising and parental

encouragement (Table 3: Multivariable Model 2).

There were no significant interactions between parental care for staying fit and
exercising, parental encouragement of physical activity, or engagement in

1" u

physical activity together and girls' “school day/weekend day” step counts.
Parental engagement in physical activity and boys' “school day/weekend day”
physical activity was the single statistically significant interaction. This interaction
remained significant after adjusting for potential confounders. Boys whose
parents engaged in physical activity with them less than once per week took

1475 (95% Cl: -2609, -341) fewer steps per day on weekend days than they did

on school days.

5.4 Discussion

This study demonstrates the importance of parental beliefs and support for boys’
and girls’ physical activity on school days and on weekend days. This study
demonstrates that parental beliefs and support are important targets for

prevention strategies to increase children’s physical activity, which is particularly
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relevant for weekend days, as children’s activity levels appear to be low during

this window of time.

We confirmed children’s physical activity levels to be lower on weekend days

832 |5 addition, we observed that parental beliefs and

than on school days.
support are positively associated with boys’ and girls’ physical activity achieved
on weekend days. For example, we found that girls whose parents reported to
encourage physical activity “very much” were significantly more active on
weekend days than girls whose parents reported to encourage physical activity
“quite a lot”. Similarly, we found that boys whose parents reported to care “very
much” about staying fit and exercising were significantly more active on
weekend days than boys whose parents reported to care “quite a lot”. To our
knowledge, this had not been shown in the literature. These results suggest that

specifically targeting parents to encourage and support their child’s physical

activity behaviour may be an effective strategy to improve physical activity.

The associations between parental beliefs and support and weekend day
physical activity were distinct for boys and girls. For example, parental
encouragement was positively associated with girls’ weekend physical activity
(Model 1) while parental care for staying fit and exercising was positively
associated with boy’s weekend physical activity (Model 1). We observed that

1.3 also

associations tended to be stronger among boys than girls. McGuire et a
found that parental-adolescent relationships were stronger among boys than
girls. Further, we observed that parents reported to encourage boys to be
physically active significantly more than they encouraged girls. Trost et al.**
found that parents reported significantly higher levels of support and perceived

importance for boys’ physical activity compared to girls’ physical activity. This

suggests the importance of health promotion messages that are specific for girls
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and boys', and that educate parents on the importance of physical activity for
both boys and girls. Community-based physical activity programs occurring on
weekends that involve children and their parents may help to increase boys’ and
girls’ physical activity levels on weekends. Health promotion messages should
also consider targeting parenting practices as they relate to encouragement to
educate parents on how to effectively support their daughters’ activity-related

behaviours as girls’ activity levels lag behind that of boys.

Among boys on the weekend, we found that boys whose parents reported to
engage in physical activities with them more than four times per week were less
active than boys whose parents reported to engage in activities with them
between one and three times per week. This is not supported in the literature;
others report positive associations between parental engagement in activities

and children’s physical activity.® ®**

The finding we report here is counter
intuitive and may be a result of reverse causation, meaning these parents have
recognized their sons to be in a less active subgroup and are intervening in an
attempt to raise their activity levels. This seems consistent with our earlier
observations, though in a different sample of children, where parents engaged

more in activity with their overweight daughters or sons than with their normal

weight children.™ This is an interesting point and warrants further investigation.

Strengths of our study include the use of time-stamped pedometers, a large
sample size, and high participation rates for school-based research.®® A further
strength of our study is the adjustments made to raw pedometer-measured
steps from activities recorded by students in daily activity logs. There are a few
limitations however, that should be acknowledged. Although selected from a
population-based sample, the sample of students in this study is not

representative of the Alberta population. As such, caution is warranted when
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generalizing the present results. The cross-sectional design is a limitation and
necessitates caution with respect to interpretations of directionality and
causality. Furthermore, while the pedometer used in this study has been

validated among adults under various conditions,*”**

it has not specifically been
validated among 10-11 year-old children. However, because all children wore the
same pedometer it is unlikely that this influenced the observed effect size.*®
Also, self-report measures are prone to bias and may produce socially desirable
responses to questions surrounding parental beliefs and support. This limitation
is acknowledged in the literature.®” Additionally, given that we did not quantify
“how much” parents encourage their child to be active, it is possible that
broader parenting practices or styles were captured rather than the actual
encouragement itself.® This warrants further investigation. To better inform
health promotion messages and interventions, future studies may also consider

assessing differences in the provisions of encouragement, engagement, and care

between boys and girls.

5.5 Conclusion

We showed that parental beliefs and support for physical activity are associated
with children’s physical activity on school days and on weekend days. Health
promotion strategies and programs that educate parents on how to effectively
support their child in developing an active lifestyle may contribute to increasing

physical activity levels.
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5.7 Tables

Table 5.1 Characteristics of grade five students participating in the study.

Mean  SD/Prevalence

Girls (n=717) Boys (n=638)
Age 109+0.4 109+0.4
BMI of child 19.143.5 19.7+4.4
Overweight (%) 29.2 34.6
Obese (%) 7.5 10.8
Physical Activity1
School Day " 12,000 + 3,366 13,844 + 4,424
Non-School Day i 10,914 + 5,645 12,716 + 7,488
Parent cares about staying fit and exercising
A little bit 21.7 19.1
Quite a lot 43.4 45.9
Very much 34.9 35.0
Parent encourages their child to be PA
A little bit 13.6 11.3
Quite a lot 44.1 38.9
Very much 42.4 49.8
Parent engages in PA with their child ’
<1 time/week 40.3 38.8
1-3 times/week 49.0 50.5
>4 times/week 10.7 10.7
Parental education attainment
Secondary or less 26.7 22.4
College 42.0 40.5
University and Graduate 313 37.1
Household income
<50,000 215 19.2
50,001-75,000 15.9 14.3
75,001-100,000 17.4 17.3
>100,001 45.3 49.3

o pedometer-measured steps adjusted for non-ambulatory activities, non-wear time
activities, and missing data.
— considered statistically significant at P<0.05
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Table 5.2 The association (beta coefficient and 95% confidence interval) of parent belief and support with grade five girls' physical activity1 (PA) on school days
and weekend days.

School Days Weekend Days
L. Multivariable L. Multivariable
Univariable Model 1 Model 2° Univariable Model 1> Model 2°
B (95% Cl) B (95% Cl) B (95% Cl) B (95% Cl) B (95% Cl) B (95% Cl)

Care stay fit &
exercise
A little bit -506  -1151,140 -416 -1057,224  -238 -896, 421 -745  -1806,316 -605 -1665,454 -471  -1561, 619
Quite a lot* 0 - 0 - 0 - 0 - 0 - 0 -
Very much 347 -214, 907 339 -218, 897 34 -576, 644 605 -315, 1526 613 -309, 1535 170 -839, 1179
Encourage PA
A little bit -643  -1408,122 -620 -1380,140 -503 -1291, 285 -719  -1977,539 -675 -1932,582 -639 -1942, 665
Quite a lot* 0 - 0 - 0 - 0 - 0 - 0 -
Very much 616 89,1143 632" 108, 1155 546 -33, 1126 970" 101, 1839 997" 130, 1864 856 -103, 1816
Engage in PA
<1 time/week -8 -531, 515 19 -497, 535 222 -307, 752 409 -448, 1267 450  -402, 1303 652 -224,1529
1-3
times/week” 0 ) 0 ) 0 ) 0 ) 0 ) 0 )
>4 time/week 727" -103,1558 890 67,1712 712 -120, 1543 942 -420,2304 1161 -198,2519 806 -571, 2183

o pedometer-measured steps adjusted for non-ambulatory activities, non-wear time activities, and missing data.

>_Model 1is adjusted for household income, parental educational attainment and year of data collection

>~ Model 2 is adjusted for parental care about staying fit and exercising, encourage PA, engage in PA together, household income, parental educational
attainment, and year of data collection.

* _ reference category

"— considered statistically significant at P<0.05
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Table 5.3 The association (beta coefficient and 95% confidence interval) of parent belief and support with grade five boys' physical activity1 (PA) on school days

and weekend days.

School Days Weekend Days
L. Multivariable L. Multivariable
Univariable 2 3 Univariable 2 3
Model 1 Model 2 Model 1 Model 2
B (95% Cl) B (95% Cl) B (95% Cl) B (95% Cl) B (95% Cl) B (95% Cl)
Care stay fit &
exercise
A little bit -618  -1542,306  -654  -1582,273  -430 -1394,534 -505 -2105,1095 -658  -2225,910 -168 -1811,1475
Quite a lot* 0 - 0 - 0 - 0 - 0 - 0 -
Very much 505 -260,1270 453 -316,1222 79 -718,877 1439 121,2758 1381 85,2676 1306 -50,2661
Encourage PA
A little bit -269  -1418,880 -286  -1436,864  -165 -1358,1028 -944 -2940,1051  -1032  -2980,917 -563 -2570,1445
Quite a lot* 0 - 0 - 0 - 0 - 0 - 0 -
Very much 1408°  690,2126 1372 653,2092 1373 606,2139 939 -322,2201 936 -300,2171 625 -686,1935
Engage in PA
<1 time/week -240 -971,491 -246 -973,482 112 -641,865 -1680°  -2937,-424  -1669  -2888,-450 -1367 -2643,-90
1-3
times/week” 0 ) 0 ) 0 ) 0 ) 0 ) 0 )
>4 time/week 492 -650,1635 566 -571,1702 264 -882,1410 -1276 -3254,701 -1076  -2998,846  -1350 -3309,608

o pedometer-measured steps adjusted for non-ambulatory activities, non-wear time activities, and missing data.
>_Model 1is adjusted for household income, parental educational attainment and year of data collection
>~ Model 2 is adjusted for parental care about staying fit and exercising, encourage PA, engage in PA together, household income, parental educational

attainment, and year of data collection.

4
— reference category

"— considered statistically significant at P<0.05
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6 School-based health promotion and physical activity during and
after school hours

Vander Ploeg KA, McGavock J, Maximova K, Veugelers PJ. School-based health
promotion and physical activity during and after school hours. Pediatrics
2014;133(2):1-9.

6.1 Introduction

Physical activity is a primary determinant of optimal growth and health in
children. Children who achieve 60 minutes of moderate-to-vigorous physical
activity (MVPA) daily are less likely to experience excess body-weight and
develop obesity-related chronic diseases.” ? Given that only 6-20% of children in
developed countries achieve the recommended 60 minutes of MVPA daily,> *
and that 20-40% are overweight,” © there is a need for novel interventions that

increase physical activity in children.

Schools are considered an ideal setting to deliver interventions that increase
physical activity and prevent childhood obesity.” The World Health Organization
recommends that school-based interventions use a comprehensive approach for
health promotion.® This approach, known in Canada as Comprehensive School
Health (CSH), is multifaceted and involves parents, communities, and
stakeholders to provide supportive policies, programs, and environments in the
whole school community.® In the United States, CSH is referred to as
“Coordinated School Health”, while the synonymous term “Health Promoting
Schools” is used in Australia and Europe.’ Annapolis Valley Health Promoting
Schools (AVHPS)™ and “Action Schools! BC”*' are flagship examples of CSH in

10-12

Canada, and are associated with increased physical activity and lower body-

11

weights.”” In the United States, implementation of CSH or multifaceted
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approaches significantly increased physical activity levels in school-aged

13-16

children. While school programs have increased physical activity in youth,

720 The Alberta Project Promoting

reviews suggest their effects are modest.
active Living and healthy Eating in Schools (APPLE Schools) builds on and extends
previous school-based health promotion interventions by offering the placement
of a full-time staff member dedicated to facilitating healthy living programming

and curricula.* %

A key objective of CSH is to foster positive health behaviours beyond the school
environment.’ Most studies to date, however, have guantified the effectiveness
of school programs in terms of mean daily physical activity or physical activity

10, 11,13, 21 y/ery few have extended their

accumulated during school time.
observations beyond school hours and none have demonstrated meaningful or
significant improvements beyond school hours - a period characterized by low
physical activity in youth.”*?® To determine if the novel APPLE Schools CSH
program effectively increased physical activity in children, particularly outside of
school, we designed a quasi-experimental trial to test the hypothesis that
compared to children receiving standard curriculum, children in schools

implementing the APPLE Schools model of CSH would display significantly higher

levels of physical activity, particularly outside of school hours.

6.2 Methods

6.2.1 Study design

This was a quasi-experimental pre-post trial with a parallel non-equivalent
control group. The APPLE Schools intervention began in January 2008 and lasted

through June 2011 and was implemented school-wide. Cross-sectional samples
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of grade five students were recruited for measurement in the spring each year
from 2008 and 2011. This design allowed intervention effects to be assessed
over time at the school-level, while controlling for measurement bias. Grade five
students were of interest as most are pre-pubescent.”® Accordingly, boys and

30, 31

girls have similar body compositions, and have not experienced pubertal

weight gain®? or marked declines in physical activity.*> 334

The APPLE Schools program targeted schools “in need of health promotion”, and
therefore elected not to use a clustered randomized controlled design. Separate
selection procedures were used to recruit intervention and comparison schools.
Schools were considered for the intervention if they were located within
socioeconomically disadvantaged neighborhoods and the school principal was
willing to support the intervention and research. Based on these criteria, 10
potential schools located in the City of Edmonton and surrounding area were
identified. All 10 schools invited agreed to participate. The comparison sample
consisted of 20 schools also located in the Edmonton area. Comparison schools
were drawn from a sample of randomly selected schools that participated in the
2008 Raising health Eating Active Living Kids Alberta survey.* All 20 schools that

were invited agreed to participate.

6.2.2 Population

Within each school, all grade five classes and students were invited to participate
in the study. Among the 10 APPLE Schools in 2009, home surveys and consent
forms were provided to all 412 grade five students for their parents to complete
and return to school. A total of 358 parents completed surveys (completion
rate=86.9%) and provided their consent for their child to participate. All students

with parent consent assented to participate and completed student surveys; 198
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of these students also provided complete pedometer recordings and were
included in analyses (completion rate=48.1%). In 2011 only 339 youth were
enrolled in grade five within APPLE Schools, however the survey completion
rates and pedometer data collection were similar (57.8%). In 2009 and 2011, 845
and 680 surveys, respectively were provided to grade five students within the 20
comparison schools. Completion rates of the survey and pedometer data
collection were similar in the comparison schools in 2009 (53.7%) and 2011
(45.4%). Comparison schools also had fewer grade five students in 2011 than in

20009.

6.2.3 APPLE Schools intervention

APPLE Schools uses a CSH approach “to make the healthy choice the easy
choice”. A key component of the intervention was the placement of a full-time
School Health Facilitator in each school. Their role was to facilitate the
development and implementation of the project, to ensure that it met the
schools’ unique needs for health promotion, and that it aligned with the core
principles of CSH. These staff received 6 weeks of extensive training in physical
activity, nutrition, creating positive social environments, and facilitations
strategies to foster increased capacity and sustainability of the intervention.
Stakeholders from each school developed an action plan outlining specific goals,
objectives, and actions for the project, which fit within the following four
objectives of APPLE Schools to: 1) improve healthy living habits of students; 2)
increase knowledge about healthy living for the whole school community; 3)
apply and sustain CSH in school communities; and 4) sustain capacity for healthy
environments in school communities.”> Comparison schools did not have access
to a School Health Facilitator or the strategies and materials used in APPLE

Schools. Though, comparison schools received materials to implement Alberta
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Health’s provincial Healthy Weights Initiative. This initiative is a public
information and education campaign designed to support and encourage
Albertans to lead healthier lifestyles.>® During the study period there was also a
provincial policy in place mandating schools to provide a minimum of 30 minutes

of daily physical activity to students in grades 1-9.%

6.2.4 Outcome of interest: physical activity

Physical activity was determined using the Omron HJ-720ITC time-stamped
pedometer (Omron, Toronto Ontario, Canada). The accuracy and validity of the
Omron pedometer has been demonstrated under various conditions.>**
Students were asked to wear the pedometers for nine consecutive days on the
right hip directly in line with the knee during all waking hours unless showering,
swimming, or participating in activities that an adult deemed unsafe. Students

were also asked to keep a log of daily activities, including the duration and

whether or not the pedometer was worn.

6.2.5 Assessment of potential confounders

Students’ gender was self-reported. Evaluation assistants measured students’
height and body-weight. Height was measured to the nearest 0.1 cm. Body-
weight was measured to the nearest 0.1 kg on calibrated digital scales. Body
Mass Index (BMI) was calculated as weight divided by height® (kg/m?).
Overweight and obesity were defined using the International Obesity Task Force
age and sex specific BMI cut-off points.*> Information on parent educational
attainment (secondary school or less; community college; university/graduate
school) and household income (<£5$50,000; $50,001-$75,000; $75,001-$100,000;

>$100,000) were collected from parent responses in the home survey and used
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as a proxy of socioeconomic status. Class sizes in Alberta follow the Alberta

3

Education recommendation,®® and therefore were considered to be balanced

between groups and not included in modeling procedures.

6.2.6 Statistical analyses

Due to differing administration and collection times, and potential reactivity to
the pedometers, step counts from the first and ninth day were not considered in
analyses. A valid physical activity data file was defined as a minimum of eight
hours of wear-time** on a minimum of two school days (Monday-Friday) and one
non-school day (weekend and holidays). Pedometer-measured steps were
complemented with step equivalents of non-ambulatory and non-wear time
activities recorded in activity diaries using established modeling procedures that

are described in detail elsewhere.”®

Students’ step-counts were averaged to represent a typical week i.e., five school
days and two non-school days. Active-transportation to school was classified as
physical activity accumulated ‘during school hours’ as these activities are
characteristic of behaviours on school days and school attendance. Therefore,
physical activity occurring during “school hours”, was defined as physical activity
between 8:00am to 3:59pm and physical activity between 7:00-7:59am and 4:00-
8:59pm was defined as “non-school hours”. Steps were normalized to hourly-
accumulated steps during these periods, by dividing total steps by eight and six
hours, respectively. Because others consider active-transport during “non-school
hours”,*® 2 % we repeated the analyses to include physical activity achieved

from 8:00-8:59am and from 3:00-3:59pm as non-school hour physical activity

(APPENDIX I). The outcome variables by and large followed a normal distribution.
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The normality assumption of the physical activity data was assessed using
distributional diagnostic plots and log-transformation. Differences in physical
activity levels and participant characteristics from 2009 to 2011 were assessed
using t-tests and chi-square tests respectively. To account for the clustering of
students’ observations within schools, multilevel linear regression methods were
used to examine the effect of APPLE Schools on children’s physical activity.
Specifically, we used mixed models with schools as a random effect. We created
an interaction term defined as the product of the binary variables intervention
(0O=comparison schools, 1=APPLE Schools) and time (0=2009, 1=2011) to assess
the effect of APPLE Schools. This term represents the two-year change among
students attending APPLE Schools relative to the change among students
attending comparison schools. All models included gender, household income,
and parental educational attainment to adjust for their confounding potential.
For each outcome we also fit a three-way interaction term between the main
effect of interest and gender (intervention time x gender) and overweight
(intervention x time x overweight). The Intraclass Correlation Coefficient of each
outcome was also calculated. STATA version 12 (StataCorp, College Station, TX,
USA) was used to perform the statistical analyses. This study, including data
collection and informed parental consent forms, was approved by the Health

Research Ethics Board at the University of Alberta.

6.3 Results

Characteristics of grade five students within intervention and comparison
schools in 2009 and 2011 are presented in Table 1. In 2009, children
accumulated 12,311 (3767) and 10,555 (5491) steps/day on school days and non-
school days, respectively. Students were on average 10.9 years and 49.5% were

girls. Approximately 25% of children came from households of low income or
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parent education and 33.8% of the entire cohort were overweight or obese. In
2011, the proportion of overweight students was slightly lower (31.9% vs. 33.8%
x*=0.75, p=0.39), household income (>$100,000: 45.1% vs. 37.5% X’=7.26,
p=0.007) and parental education were higher (University or graduate school:
34.8% vs 29.2% x*=6.25, p=0.012). The distribution of boys and girls was identical
in both the intervention and comparison schools. Compared to students that
provided valid pedometer data, those that did not were more likely to be boys
(44.6% vs. 31.1% Xx*=36.09 P<0.001), and overweight (38.5% vs. 33% x°= 4.33
p=0.037). Additionally, the failure to provide valid pedometer data was more

common in 2011 compared to 2009 (42.2% vs. 34.9% x*= 10.86 p<0.001).

In 2009, students from intervention schools achieved ~2000 (12.9%) fewer steps
daily than students from comparison schools (10,707 vs. 12,292 steps/day,
p<0.001; Table 1). Differences in physical activity were most evident on non-
school days compared to school days. Relative to students from comparison
schools, students from intervention schools were also more likely to be
overweight (31.3% vs. 38.3%; x°=4.7, p=0.03) and to come from households
making less than $50,000 annually (18.1% vs. 34.7%; x*=23.1, p<0.001).

Daily and hourly step-counts increased between 2009 and 2011 in both
intervention and comparison schools, though the increase was less pronounced
in children from comparison schools (Table 1). Specifically, during a typical week,
physical activity increased by 21.1% in APPLE Schools and by 6.7% in comparison
schools. In multilevel analyses, adjusted for gender and socioeconomic status
proxies, children with three vyears of “exposure” to the APPLE Schools
intervention (2011) achieved an additional 2152 steps/day on school days (95%
Cl: 1415, 2888), 2936 steps/day (95% Cl: 1802, 4069) on non-school days, and
2341 steps/day (95% Cl: 1604, 3079) during a typical week compared to children
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with only one year of exposure (2009). In adjusted multilevel analyses, three
years of exposure to APPLE Schools was associated with greater steps per hour
during both school hours (+87 steps/hour; 95% Cl: 39; 135) and non-school hours
(+239 steps/hour; 95% Cl: 153, 324) than those with one year of exposure to the

intervention.

A significant interaction was observed between group and time in the adjusted
multilevel model, such that children from APPLE Schools experienced increases
of 1221 steps/day (95% Cl: 306, 2135) on school days, 2001 steps/day (95% ClI:
600, 3402) on weekend days, and 1399 steps/day (95% Cl: 485, 2312) during a
typical week beyond the increases observed on these days among children from
comparison schools (Table 2). The intervention effect was also significant when
assessing the change in hourly steps outside of school hours between APPLE
Schools and comparison schools (B**=137; 95% Cl: 31, 242). Exposure to APPLE
Schools effectively normalized physical activity levels in the intervention schools
relative to those in the comparison schools (Post intervention steps/day during a
typical week: APPLE School=12966 vs. comparison school=13120, p=0.67). None
of the three-way interaction terms for gender or overweight were statistically
significant for any outcome, therefore we are certain that there were no gender-

specific or weight-group-specific effects of the intervention.

6.4 Discussion

To our knowledge, this is the first comprehensive study of the effectiveness of
CSH on physical activity levels in elementary school children that used full-time,
school-based facilitators dedicated to healthy living in each school. The data
presented here support observational studies'® and randomized controlled

trials™ > ¥ % py providing experimental evidence that creating environments
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that support healthy eating and active living leads to changes in physical activity
in children. Furthermore, the data presented here expand on these studies by
demonstrating that a more intensive form of CSH elicits significant, clinically
relevant increases in physical activity. Finally, and most importantly, the results
of this study provide evidence that behaviours learned while “exposed” to CSH
extend beyond the school environment and are transferred to non-school days.
Collectively, these data provide compelling evidence that the APPLE Schools
model of CSH is an effective approach for the promotion of physical activity in

youth.

CSH programs that successfully elicited behaviour change in children have

13, 15

included formal curricula or customizable strategies, actions, and resources

1011, 14 These programs

developed by school-committees based on local needs
have been implemented by generalist teachers, expert physical education
teachers, or program champions. APPLE Schools extended the concept of a
“program champion” by offering the placement of a full-time health facilitator in
each school for the duration of the intervention. The “School Health Facilitators”
are hired as new school staff members. Their role in the school is dedicated to
facilitating the development and implementation of healthy living programming
and curricula. Additionally, the project generates annual research reports with
school-specific outcomes. These reports provide an opportunity to reflect on
achievement of goals and objectives throughout the project and to further tailor
the project to meet schools’ needs. Finally, the APPLE Schools project developed
Professional Learning Communities to provide networking and professional

development opportunities for teachers. Similar to other models of CSH,'® " **

14,16, 21 the APPLE Schools program successfully increased physical activity in
youth. Importantly, the effect observed with APPLE Schools (~2900 steps/day on

weekends) was substantially greater than that seen with other studies. The data
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presented here reinforce the concept that CSH interventions generally yield
positive results compared to those that target single components such as school,

4751 Together the data support the notion that CSH is an

family, or community.
effective model for increasing physical activity-related behaviours in youth and
extend it by suggesting that this is possible within socioeconomically

disadvantaged schools.

Weekends and after-school hours are recognized as “critical windows” for
physical activity promotion in youth®® because they are characterized by low

23-28

physical activity. Previous studies implementing CSH have recognized the

11, 13-16, 53, 54

need to promote physical activity outside of school hours, though few

reported stratified findings, and of those that did, increases were negligible or

> 1% The data presented here suggest that including a staff

non-significant.
member within the school dedicated to promoting healthy living increases
physical activity on school- and non-school days. Importantly, the increased
physical activity levels were more pronounced than those on weekdays and
during school hours. To foster positive physical activity behaviour during these
times, School Health Facilitators regularly informed parents about opportunities
for physical activity in their community and coordinated with local providers.
Collectively, these data reinforce the key principle of CSH - that coordinated

efforts between schools, community stakeholders, and parents are achievable

and lead to measurable changes in healthy living behaviours in children.

From the current study, it appears that Alberta Health’s Healthy Weights
initiative increased physical activity in students from comparison schools.
However, because this initiative was implemented in all publically funded schools
across Alberta (including intervention schools), it is difficult to quantify its effect

given there is no control group to compare outcomes against.
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The strengths of the current study include the use of an objective measure of
physical activity, a large sample size, adjustments for non-ambulatory and non-
wear time activities, measured height and weight, and adjustments for
socioeconomic factors. The study has a few limitations, however, that should be
acknowledged. First, schools were not randomly selected or assigned to
intervention or comparison groups, possibly increasing the risk of selection bias
and exaggerating the effect size associated with the intervention. Another
potential source of selection bias is the low compliance rate with pedometer
wear-time criteria. However rates of non-compliance were similar between
comparison and intervention schools therefore, it is unlikely that this influenced
the observed effect size. Last, parent responses and student records in activity

diaries remain subjective and prone to bias.

6.5 Conclusion

The APPLE Schools program significantly increased physical activity in children,
particularly outside of school hours. Accordingly, the data from this study add to
the evidence-base for the effectiveness of CSH and provide evidence to support
investing in broader implementation of such programs for their potential to

prevent obesity and consequent chronic disease.
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6.7 Tables

Table 6.1 Characteristics of grade five students attending APPLE Schools and comparison schools
in 2009 and 2011

APPLE Schools Comparison Schools

2009 2011° 2009 2011°
Number of schools 10 10 20 20
Number of students 198 196 454 309
Physical Activity
(mean (SD))
School days' 11371 (3306) 13375 (3653)° (132878253) 13550 (4188)°
Non-School days' 9048 (5317) 11944 (6,651)° (15224116) 12044 (6072)"°
Typical week’ 10707 (3331) 12966 (3898)° (132727992) 13120 (4127)°
School hours’ 850 (233) 933 (222)° 944 (271) 978 (271)°
Non-school hours’ 762 (356) 986 (419)° 861 (423) 954 (491)°
Gender (%)
Girls 47.2 51.0 50.8 49.1
Boys 52.8 49.0 49.2 50.9
Household Income (%) b
<50,000 34.7 33.2 18.1 17.8
50,001-100,000 40.0 31.2 37.2 31.8
>100,001 25.3 35.6 44.6 50.4
Parental Education (%) b
Secondary or less 31.9 26.0 27.9 19.8
College 39.1 39.9 42.8 45.1
University/Graduate 29.0 34.1 29.3 35.1
Overweight (%) 38.3 35.2 31.3 30.1

APPLE Schools - Alberta Project Promoting active Living and healthy Eating Schools; SD -
standard deviation; Typical week - 5 school days and 2 non-school days (weekend day or
holiday)

" P-values of differences between 2009 and 2011 derived using chi-square test or t-test
where appropriate: see text

? p-value <0.001; ® p.value <0.05; " steps/day; i steps/hour
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Table 6.2 Intervention effect and increases in physical activity between 2009 and 2011 among grade five students attending APPLE Schools and those attending
comparison schools.

Increase in PA in Increa.se in PAin Group x Time Interaction \
APPLE Schools Comparison schools ICC
B’ 95%Cl B’ 95%Cl B 95%Cl
School days (steps/day) 2152 1415, 2888 931 387, 1475 1221 306, 2135 0.037
Non-school days (steps/day) 2936 1802, 4069 935 106, 1764 2001 600, 3402 0.000
Typical week (steps/day) 2341 1604, 3079 943 401, 1485 1399 485, 2312 0.018
School hours (steps/hour) 87 39, 135 40 4,75 47 -12, 107 0.069
Non-school hours (steps/hour) 239 153, 324 102 39, 165 137 31, 242 0.022

B* represents the increase in physical activity between 2009 and 2011 and was derived from multilevel regression analysis that accommodated clustering
of students within schools and adjusted for the confounding potential of gender, parental educational attainment, and household income.

B** represents the intervention effect: the increase in physical activity among students attending APPLE Schools relative to the increase among students
attending comparison schools. The estimations accommodated for clustering of students within schools and adjusted for the confounding potential of
gender, parental educational attainment, and household income.

* Intraclass Correlation Coefficient
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7 Do school-based physical activity interventions increase or
reduce inequalities in health?

Vander Ploeg KA, Maximova K, McGavock J, Veugelers PJ. Do school-based
physical activity interventions increase or reduce inequalities in health?
Submitted to Social Science & Medicine Nov, 2013.

7.1 Introduction

Physical activity is associated with improved physical and mental health among
children.! However, the majority of children do not meet the recommended 60
minutes of daily moderate to vigorous physical activity.> > Similar to other health
outcomes (i.e. obesity, poor diet, smoking), the prevalence of physical inactivity
is more common among socioeconomically disadvantaged children.*® This

discrepancy in physical activity may contribute to the well-established and robust

9,10 11,12
d d.

inequalities in health during both childhoo and adulthoo Accordingly,
interventions that reduce the inequity in physical activity among
socioeconomically disadvantaged children may reduce health inequalities later in

life.

Schools are an ideal setting to deliver health promotion programs to children,®
and various approaches to school-based health promotion have been studied.
Programs are deemed successful if the average physical activity level increases.
However, the concern has been raised that intervention effects may be more
robust among the healthiest children, and less effective among high-risk

children.**

That is, even where school-based health promotion programs are
successful at improving physical activity across the population of participating
students, they have the potential to create new or perpetuate existing health

disparities in the prevalence of physical activity among children.’® *” This has
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been expressed in the literature as the “inequality paradox”,'® or the “inverse

care law”.'® Several studies have attempted to overcome this paradox and
reduce inequities by implementing programs in schools located in disadvantaged

20-24

communities, while others have used a targeted approach, tailoring

interventions to the characteristics of specific groups at risk of poor health

25-28

behaviours or outcomes. Some of these equity-based interventions have

reported increases in children’s physical activity.?* 2% 2% 26 28

However, to our
knowledge, no experimental studies exist comparing the effectiveness of a
population-based intervention between children in socially disadvantaged and

middle income neighbourhoods.

To overcome this limitation and determine if school-based health promotion
exacerbate or reduce inequalities in health, the present study compared the
two-year change in objectively measured physical activity among low-active,
active, and high-active grade five students attending schools with and without
health promotion programs. We also compared changes in physical activity
among students by body weight status groups and socioeconomic backgrounds
to examine whether health promotion is equally effective among those who

would benefit the most.

7.2 Methods

7.2.1 Study Design

This was a quasi-experimental pre-post design with a parallel non-equivalent
comparison group. The Alberta Project Promoting active Living and healthy
Eating in Schools (APPLE Schools) was a school-wide intervention that was

launched in January 2008 and lasted through June 2011. Cross-sectional samples
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of grade five students were recruited for measurement each year in the spring
term for the duration of the project. Grade five students were of interest
because most are pre-pubescent. Pre-pubescent boys and girls have similar body

29, 30

compositions, and have not experienced pubertal weight gain®! or marked

declines in physical activity.>*3

The APPLE Schools intervention targeted schools “in need of health promotion”.
Accordingly, schools were not randomly assigned to intervention and
comparison groups. Schools were considered to become an intervention school if
they were located in socioeconomically disadvantaged neighbourhoods and the
school principal was willing to support the intervention and research. Based on
these criteria, an advisory panel representing five school jurisdictions identified
10 potential schools in the City of Edmonton, Alberta that would benefit from
the intervention and therefore qualify for the study. All 10 schools invited
elected to participate in the intervention. The comparison schools consisted of a
sample of 20 schools also located in Edmonton drawn from a sample of
randomly selected schools that participated in the 2008 “Raising health Eating
and Active Living Kids” (REAL Kids) Alberta survey.®® All 20 schools that were

invited agreed to participate in the research.

7.2.2 Population

All grade five students within each school were invited to participate in the
study. In 2009, among the 10 APPLE Schools, all 412 grade five students were
provided with home surveys and consent forms for their parents to complete
and return to school. A total of 358 parents completed surveys (completion rate
= 86.9%) and provided their consent for their child to participate in the

evaluation. All students with parent consent assented to participate and
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completed student surveys; 198 of these students also provided complete
pedometer recordings and were included in analyses (completion rate = 48.1%).
In 2011, only 339 students were enrolled in grade five within the APPLE Schools,
however, the survey completion rates and the number of complete pedometer
recordings were similar (57.8%). In 2009 and 2011, 845 and 680 surveys,
respectively were provided to grade five students within the 20 comparison
schools. Completion rates of the survey and pedometer recordings were similar
in comparison schools in 2009 (53.7%) and 2011 (45.4%). Comparison schools

also had fewer grade five students in 2011 than in 2009.

7.2.3 APPLE Schools: the intervention

APPLE Schools uses a Comprehensive School Health (CSH) approach “to make the
healthy choice the easy choice”. CSH is described as, “an internationally
recognized framework for supporting improvements in students’ educational
outcomes while addressing school health in a planned, integrated, and holistic

7 3% The framework encompasses the whole school environment and

way
addresses actions in four inter-related pillars, including: social and physical
environments; teaching and learning; healthy school policy; and partnerships
and services.® In the United States, CSH is more commonly referred to as
“Coordinated School Health”, while the synonymous term “Health Promoting
Schools” is used in Australia and Europe.’” A key component of the APPLE
Schools CSH intervention was the placement of a full-time School Health
Facilitator (SHF) in each school. Their role was to facilitate the development and
implementation of the project, to ensure that it met the schools’ unique needs
for health promotion, and that it aligned with the core principles of CSH. The

overall aim of the project was to create and sustain supportive physical and

social environments that cultivate a healthy lifestyle with the involvement of key
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stakeholders i.e., parents, students, staff, and community.

To reach low-active children and those at high risk of inactivity intervention
schools offered a variety of non-competitive, enjoyable activity choices like Go-
Girls/Go-Boys weekly intramurals, dance, skipping and yoga clubs, walking
initiatives, and playground programs. APPLE Schools also had easy and ready-to-
use equipment in classrooms to facilitate increased activity in class-time outside
of physical education. Steps were also taken to improve access to after-school
physical activity facilities and programs, and to improve traffic safety to promote
and support active transportation. To reach parents, schools regularly organized
school-wide activities where students and parents collectively took part in
promotions and events. Monthly school newsletters where also distributed to
parents describing affordable, easily accessible, and seasonally appropriate
activities for children to participate in outside of school. Comparison schools did
not have access to a SHF or the health promotion materials used in APPLE

Schools.

7.2.4 Outcome of interest: physical activity

Daily physical activity was measured using the Omron Hj-720ITC time-stamped
pedometer (Omron, Toronto Ontario, Canada). The accuracy and validity of the
Omron pedometer has been demonstrated under various conditions.>**
Evaluation assistants traveled to schools to distribute pedometers and
administer a short survey to students. Students were asked to wear their
pedometers for nine consecutive days on the right hip directly in line with their
right knee during all waking hours unless showering, swimming, or taking part in

activities that an adult deemed unsafe. Students were also asked to keep a log of

their daily activities, including the duration and whether or not the pedometer
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was worn. On the third day of data collection, evaluation assistants returned to
schools to encourage students to wear the pedometers and to complete their
activity diaries. On the ninth day, research staff traveled to schools to collect

pedometers and activity diaries, and download data to computers.

7.2.5 Assessment of potential confounders

Students’ gender was self-reported in the student survey. Evaluation assistants
measured students’ standing height and body weight. Height was measured to
the nearest 0.1 cm. Body weight was measured to the nearest 0.1 kg on
calibrated digital scales. Students removed their shoes for both measurements.
Body Mass Index (BMI) was calculated as weight divided by height? (kg/m?). We
defined overweight using the International Obesity Task Force BMI cut-off points
adjusted to age and sex specific categories for children and youth.*? Information
on household income (£550,000; $50,001-$100,000; and >$100,000) and level of
parental educational attainment (secondary or less, college, university or above)

were determined from parent responses in the home survey.

7.2.6 Statistical Analyses

Pedometer records from the first and ninth days were not considered in data
analysis due to differing administration and collection times. A valid physical
activity data file was defined as a minimum of eight hours of wear-time* on a
minimum of two school days and one non-school day. Using the methods we
established previously,” pedometer steps were complimented with step
equivalents of non-ambulatory and non-wear time activities recorded in
students’ activity diaries. Students’ step-counts were averaged to represent a

typical week, which was defined as five school days (Monday-Friday) and two
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non-school days (Saturday, Sunday, holidays).

T-tests and chi-square tests were used to test for differences in physical activity
levels and participant characteristics between students attending schools
participating in the APPLE Schools intervention and students attending
comparison schools in 2009 and 2011. To account for the clustering of students’
observations within schools, multilevel linear regression methods were used to
examine the effect of the intervention on children’s physical activity. We created
an interaction term defined as the product of the binary variables year (0 = 2009,
1 = 2011) and intervention (No = comparison schools, Yes = APPLE Schools) to
examine the effect of APPLE Schools. This term represents the two-year change
among students attending APPLE Schools relative to the change among students
attending comparison schools. Students were categorized as low-active, active,
and high-active based on step count tertiles according to the evaluation year and
intervention status. These categories were also generated for girls and boys
separately. Students were also stratified by body weight status, household
income, and parental educational attainment. Multilevel analyses were adjusted
for potential confounders (see footnote in Table 2). We define “relative inequity”
as the difference in the number of steps taken per day between children
attending interventions schools and comparison schools. This was calculated
from the difference in the adjusted means of the number of steps taken per day
in intervention and comparison schools divided by the adjusted mean steps per
day in intervention schools. The “change in equity” was defined as the difference
in relative inequity from 2009 to 2011. This was calculated by adding the relative

difference in 2011 to the absolute value of the relative difference in 2009.

To generate cumulative distribution plots based on students’ step-counts,

students were stratified according to the evaluation year and intervention status,
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and where appropriate by overweight status, household income, and parental
educational status. Next, students were ranked by step counts and their position
in the distribution was plotted against their mean steps per day during a typical
week. We used STATA version 12 (StataCorp, College Station TX, USA) to perform
the statistical analyses. The Health Research Ethics Board at the University of
Alberta approved this study including data collection and informed parental

consent forms.

7.3 Results

Characteristics of grade five students within intervention and comparison
schools in 2009 and 2011 are presented in Table 1. The average age of students
was 10.9 years and 49.5% were girls. The proportion of girls and boys was similar
in the intervention and comparison schools. Approximately one quarter and one
third of all students came from low-income and low-education households.
However the proportion of youth from low-income and low-educated homes
was higher in intervention schools than in comparison schools (household
income < $50,000: 31.9% vs. 18.0% x°=40.08, p<0.001; parental educational
attainment < secondary school: 29.2% vs. 24.1% x2=5.44, p=0.02 in intervention
and comparison schools respectively; Table 1). One third of all students were
overweight or obese and, more of these students were from intervention schools

(36.9% vs. 31.0% x=8.30, p=0.004).

In 2009, students from intervention schools accumulated approximately 2000
fewer steps per day than students from comparison schools (10827 vs. 12265
steps/day, 95% Cl: -2173; -703; Table 2) equating to a 13.3% difference in daily
physical activity levels. From 2009 to 2011, physical activity levels increased in

both intervention (+2341; p<0.001) and comparison schools (+942; p=0.004).
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Daily physical activity level increased 13.0% (effect size = 1399; 95% Cl: 485;
2312) more in children from intervention schools than in children from
comparison schools. “Exposure” to the APPLE Schools intervention effectively
increased physical activity levels of children living in disadvantaged
neighbourhoods to the extent that they approximated those of children living

“average” neighbourhoods (13168 vs. 13207 steps/day, 95% Cl: -830; 751).

In 2009, the proportion of students meeting the recommended levels of daily
physical activity was substantially lower in students in the intervention schools
compared to comparison schools (Figure 1a). The discrepancy in activity levels
between intervention and comparison schools was most pronounced among
children classified as low-active, particularly boys (Table 2). Following the 2-year
intervention, children within the low-active group from intervention schools
experienced an increase in activity 15.3% greater than that of low-active children
from comparison schools (effect size = 1124; 95% Cl: 522; 1727). This increase in
physical activity following the APPLE Schools intervention was greater for
children in the low-active group than those in active (+13.3%; effect size = 1391;
95% Cl: 1005; 1778) and high-active groups (+12.4%,; effect size = 1695; 95% Cl:
542; 2848) (Table 2). Daily physical activity increased among children attending
APPLE Schools within each physical activity category, however physical activity
increased only among children above the ~50™" percentile from comparison
schools (Figure 1a). This figure also shows that by 2011 steps were approximately
equal between the entire distribution of children from APPLE Schools and
comparison schools, regardless of baseline physical activity level or socio-

economic status.
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7.3.1 Sub-group analyses

In 2009, girls from intervention schools were also less active than girls from
comparison schools across all activity groups. However, activity levels were most
similar between girls from intervention and comparison schools in the low-active
group (Table 2). In 2011, daily physical activity levels among girls in the
intervention schools exceeded those of girls from comparison schools (Figure 1).
In fact “active” girls from the Intervention schools were significantly more active
than “active” girls from comparison schools (12155 vs. 11656 steps/day, 95% Cl =
174; 824). The largest relative increase among girls was observed among this

group.

In 2009, healthy weight and overweight children from intervention schools were
11.1% and 16.8% less active than children of the same body weight status from
comparison schools; taking 1241 (95% Cl: -2103; -380) and 1716 (95% Cl: -2788; -
643) fewer steps daily. Following the intervention, activity levels increased
among overweight and normal weight children from intervention schools such
that they were nearly equal to those among children from comparison schools
(normal weight: 13531 vs. 13313, 95% Cl: -697; 1132; overweight: 12631 vs.
12807, 95% Cl: -1418; 1068). While activity levels increased among both weight
status groups, the increase, relative to comparison schools was more
pronounced among overweight children from APPLE Schools (Table 2). From
2009 to 2011, all overweight children from intervention schools accumulated
more steps daily, while daily step counts increased only among overweight
children above the ~40™" percentile in comparison schools (Figure 1b). Following
the intervention, across the distribution, the mean number of steps taken per
day among overweight children from intervention schools and comparison

schools were approximately equal (Figure 1b).
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Across all income and education groups in 2009, children from intervention
schools were less active relative to those from comparison schools. The relative
inequity in physical activity levels between intervention groups was greatest
between children whose parents were low-educated (i.e., having a secondary
school education or less) (-20.7%; 10083 vs. 12168 steps/day; 95% Cl: -3398; -
772), and least among children from low-income households (-12.7%; 10606 vs.
11952 steps/day; 95% Cl: -2984; 292) (Table 2). From 2009 to 2011, children
within the low-education and low-income groups from intervention schools
experienced increases in physical activity 23.8% (effect size = 2498; 95% Cl: 703;
4293) and 23.6% (effect size = 2779; 95% Cl: 427; 5131) greater than children
within these groups from comparison schools, respectively (Table 2). These
increases were more pronounced than those observed among children within
the middle (+1.1%; effect size = -37; 95% Cl: -1562; 1488) and high (+20.7%;
effect size = 2365; 95% Cl: 782; 3948) education, and within the middle (+8.8%;
effect size = 873; 95% Cl: -991; 2738) and high (+13.4%,; effect size = 1412; 95%
Cl: -499; 3323) income groups (Table 2). The increase in daily step counts among
the entire distribution of students from low-income and low-education
households among APPLE Schools relative to those from comparison schools to

evident in Figure 1 c-d.

7.4 Discussion

This study provides compelling evidence that school-based health promotion
reduces health inequities among children. First, we showed that after two years
of a CSH program, physical activity levels of children living in disadvantaged
neighbourhoods increased to the extent that they approximated those of
children living “average” neighbourhoods. Second, we showed that the least

active children become more active. Third, we showed that overweight and
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socioeconomically disadvantaged subgroups were evenly, if not favorably,

reached.

The concern has been raised that school-based programs may be less effective
for high-risk children, particularly among those attending schools in

14,15

disadvantaged areas. Children living in disadvantages areas are more likely to

be physically inactive, be overweight and suffer form chronic disease.*°
Environments in socially disadvantaged neighbourhoods often lack access to
outdoor playgrounds and recreational facilities, and high crime rates and

51-53

violence make it unsafe to play outside. Several studies have responded to

this concern by developing interventions that specifically target children
attending schools in these “obeseogenic environments”.??* >* These Programs
have been implemented by generalist teachers, experts in physical activity, or
program champions, and have included formal curricula and resource packages
for teachers, students, and parents, provided equipment and training for
classroom teachers, and have made changes to the social and physical

environments. 2% 21 23 2454

The duration of these programs has ranged from 12
weeks® to 3 years.”! Interventions with shorter implementation periods (i.e. 12

or 20 weeks) demonstrated statistically significant increases in physical

20, 54 21,23, 24

activity, while those implemented for longer periods did not. Here we
demonstrate that the provision of a SHF within the school environment, without
any major changes to the built environment, is an efficacious approach for
increasing physical activity levels of children living in socially disadvantaged
neighbourhoods, and that these increases are stable over time. More
importantly, the results presented here extend findings from previous
interventions by demonstrating that CSH programs in schools in disadvantaged
areas can improve activity levels such that they approximate those of children

living in randomly selected “average” neighbourhoods in Alberta, Canada.
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Previous studies have demonstrated increases relative to children from equally
disadvantaged neighbourhoods, but because of study design limitations, were

.2* 3% Accordingly,

unable to show that they brought children to the average leve
the present study demonstrates that CSH is an efficacious approach to bridge the

gap in health inequalities in school-aged children.

Within disadvantaged schools, there remain subgroups of students who are
more “in need” of health promotion than others. These groups include students
who are low-active and overweight, those whose parents are low-educated, and
those from low-income households.'’ Similar to students living in disadvantaged
neighbourhoods, students within these groups may be less likely to benefit from
health promotion programs than healthier or more advantaged subgroups.
Recent systematic reviews have attempted to determine whether school-based
health promotion reduces or exacerbates health inequalities, but were unable to
do so because few studies report subgroup effects or effects were examined only

16,5558 T the best of our knowledge, this is the

for specific population subgroups.
first experimental study to demonstrate that school-based health promotion can
improve physical activity among the entire distribution of students, and reduce
health inequalities by improving physical activity levels more favourably amongst
the most disadvantaged subgroups. The APPLE Schools CSH program was
implemented school-wide and did not specifically target disadvantaged
subgroups. To reach the unique needs of each school as well as the various
subgroups within schools, each APPLE School formed an “APPLE Core
Committee” comprised of the SHF and key stakeholders i.e., students, staff,
parents, community partners. The role of the committee was to collaboratively
identify goals and develop “Action Plans” to support students in creating and

sustaining positive behaviour change. The program also generated annual

research reports with school-specific outcomes. These reports provided an
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opportunity to reflect on achievement of goals and to further tailor the project
to meet schools’ needs. All “actions” taken in the APPLE Schools to improve
students’ health were designed to be multifaceted and touch on the four pillars
of CSH. The data presented here support the notion that multifaceted
interventions generally yield larger effect sizes compared to those that target
single components such as policy, built environments, education, or

14,1559, 60 1t s possible that other multifaceted or CSH

family/community.
programs have also reduced inequities, but to show this would require further

analysis.

The findings from the present study are also consistent with the idea that
“upstream” interventions are more likely to reduce health inequalities than

“downstream” interventions.'® % ©?

Upstream interventions aim to prevent
unhealthy behaviour and promote those that improve health through policy, and
changes to the social and physical environments, while downstream
interventions focus on individual factors including education. Downstream
approaches are said to exacerbate inequalities because they favour people with
better social and economic resources and are therefore, better able to benefit
from health promotion or interventions.'® ® APPLE Schools used a CSH,
upstream approach, to create school environments that made “the healthy
choice the easy choice”.®® To facilitate increased “uptake” of the intervention in
terms of physical activity, all APPLE Schools offered more opportunities for
physical activity outside of physical education class, partnered with local
recreational facilities to reduce costs and improve access, and created “safe
school zones” and “walking school buses” to promote increased active
transportation to and from school. The effectiveness of the program as a whole

4

has been shown to improve diet quality and weight loss,®* and to improve

children’s activity levels outside of school hours and on weekend days — periods
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that are characterized by physical inactivity.®® The demonstrated success of
APPLE Schools in improving health behaviours, particularly among the least
active children and those from the most disadvantaged circumstances, adds to
the evidence-based for the effectiveness of school-based health promotion to
improve health outcomes and reduce health inequalities among school-aged

children.

Strengths of the current study include the use of an objective measure of
children’s PA, the large sample size, adjustments for non-ambulatory and non-
wear time activities, measured height and weight to assess body weight status,
and the ability to adjust for parental educational attainment and household
income. However, there are a few limitations of the current study that should be
addressed. First, schools were not randomly selected or assigned to an
intervention or control condition, possibly increasing the risk of selection bias
and exaggerating the effect size associated with the intervention. Another
potential source of selection bias were the low compliance rates with pedometer
inclusion criteria. These rates, however, were similar among intervention and
comparison schools. As such, it is unlikely that this influenced the size of the
observed effect. Additionally, when parent and student consent and survey
completion rates are considered, the participation rate improved considerably
such that they approximated 80-85%. Last, parent responses and student records

in activity diaries also remain subjective and prone to bias.

7.5 Conclusion

Our study demonstrated that school health programs in socioeconomically
disadvantaged neighborhoods can reduce inequalities in physical activity.

Although the school health programs were mostly ecological in nature and did
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not specifically target student subgroups, they were effective in increasing PA
levels relatively evenly among low-active, active and high active students.
Likewise they evenly reached normal weight and overweight students and those
of distinct socioeconomic background. The health and other benefits that result
from the increase in physical activity may contribute to the reduction in
inequalities in health. Investments in school based health promotion, therefore,
are not only essential to improve PA levels and to prevention of childhood

obesity, but they may also reduce health inequalities.
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7.7 Tables

Table 7.1 Characteristics of grade 5 students attending APPLE Schools and comparison schools in
2009 and 2011

2009 2011
APPLE* Comparison APPLE* Comparison
Schools schools Schools schools
Gender (%)
Girls 47.2 50.8 51.0 49.1
Boys 52.8 49.2 49.0 50.9
Weight Status !
Normal weight 61.7 68.7 64.8 69.9
Overweight/obese (%) 38.3 31.3 35.2 30.1
Household Income (%) i !
<50,000 34.7 18.1 33.2 17.8
50,001-100,000 40.0 37.2 31.2 31.8
>100,001 25.3 44.6 35.6 50.4
Parental Education (%)
Secondary or less 31.9 27.9 26.0 19.8
College 390.1 42.8 39.9 45.1
University or graduate 29.0 29.3 34.1 35.1

" APPLE Schools = Alberta Project Promoting active Living and healthy Eating Schools; SD =
standard deviation; "=p <0.05; ¥ p<0.001
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Table 7.2 Inequity in physical activity levels (steps/day) by grade five students attending APPLE Schools and comparison schools over a two year interval (2009

to 2011) of a Comprehensive School Health intervention.

2009 2011 Group x Change
APPLE comparison Relative APPLE comparison Relative Time 95% ClI in
95% Cl 95% Cl k

Schools schools 0 inequity’ | Schools schools ° inequity’ | effect’ equity’
Overall’ 10827 12265 2173;-703  -13.3% | 13168 13207 -830;751 -0.3% 1399  485;2312  +13.0%
Girls & boys
Low-active 7366 8508 -1608;-674  -15.5% | 9096 9113 -517;483 -0.2% 1124  522;1727  +15.3%
Active 10489 11897  -1675-1139  -13.4% | 12470 12486 -304;273 -0.1% 1391 1005;1778  +13.3%
High-active 14345 16509  -3095-1233  -15.1% | 17399 17868 -1466;527 2.7% 1695  542;2848  +12.4%
Girls
Low-active 7424 7874 -962;62 -6.1% 9315 8895 -108;947 +4.5% 870  139;1600  +10.6%
Active 9911 11100 -1503;-876  -12.0% | 12155 11656 174,824 +4.1% 1689  1238;2139  +16.1%
High-active 13108 15319  -3170-1252  -16.9% | 15716 16268 -1583;478  -3.5% 1658  329:2987  +13.4%
Boys
Low-active 7462 9666 -2895;-1513  -29.5% | 8946 9657 -1481;59 -7.9% 1493 498;2488  +21.6%
Active 11492 12836 -1858;-830  -11.7% | 13351 14125 -1346;-204  -5.8% 569  -133;1272  +5.9%
High-active 15655 17659 -3297:-712  -12.8% | 19178 19472 -1696;1108  -1.5% 1710  -88;3508  +11.3%
Weight status
\T{er;‘i' 11159 12400 -2103;-380  -11.1% | 13531 13313 -697;1132 -1.6% 1459  337:2581  +12.7%
;X;;St 10214 11930 -2788,-643  -16.8% | 12631 12807  -1418;1068  -1.4% 1540  -50;3131  +15.4%
Incomem
<50,000 10606 11952 2984292 -12.7% | 13165 11732 597;3463  +10.9% | 2779  427;5131  +23.6%
igbogcl)g) 10782 12112 -2530;-131  -12.3% | 12985 13442 -1921;1007  -3.5% 873  -991;2738  +8.8%
>100,001 10994 12909 -3340;-490  -17.4% | 12709 13213 -1810;803 -4.0% 1412 -499;3323  +13.4%
Education
<Secondary 10083 12168 -3398;-772  -20.7% | 13150 12737 -1125;1951  +3.1% 2498  703;4293  +23.8%
College 10999 12212 -2277;-149  -11.0% | 12590 13840 -2358:-142  -9.9% 37 -1562:1488  +1.1%
University 10776 12487 -2955:-468  -15.9% | 13535 12882 -703;2011  +4.8% 2365  782;3948  +20.7%
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or graduate

T ((APPLE Schools — comparison schools)/APPLE Schools)*100

s, represents the interaction of intervention and time: the increase in physical activity among students attending APPLE Schools relative to the increase
among students attending comparison schools. The estimations accommodated for clustering of students within schools and are adjusted for potential
confounders

i’ | relative difference in 2009| + Relative difference in 2011

g adjustments for potential confounders included: gender, parental educational attainment, and household income

L adjustments for potential confounders included: parental educational attainment and household income

m: adjustments for potential confounders included: gender
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7.8 Figures
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Figure 7.1 Mean number of steps taken per day among a) all students; b) overweight or obese
students; c) students from low-income households; d) students whose parents are low-educated
from APPLE Schools and comparison schools in 2009 and 2011.
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8 General discussion

8.1 Summary of key findings

Establishing healthy habits in childhood is critical for the prevention of obesity
and consequent comorbid conditions. Physical activity is one of the most
important factors for obesity prevention. While the knowledge-base examining
correlates and determinants of physical activity in children is substantial and has
been reviewed several times,™ relatively little is known about these factors from
a Canadian, particularly Albertan, context. This information is necessary to better
inform, develop, and tailor interventions that are effective in preventing

increases in obesity among Canadian children.

Schools are considered an ideal setting to deliver interventions that increase
physical activity and prevent childhood obesity.> ® Yet to date, most school-

710 Wwithout effective health

based interventions have had limited success.
promotion programing and policies, children’s lifetime risk of obesity will
continue to rise. Accordingly, there is a strong need for evidence-based research

on effective school-based obesity prevention programs.

The first objective of the current thesis was to further our understanding of the
levels and patterns of physical activity among children in Alberta, Canada, and
the ability of various physical activity measures to identify children at risk of
obesity. This objective was assessed in two research papers. We revealed that
consideration should be given to activities not captured by pedometers as
including non-ambulatory and non-wear time activities may improve the ability
to accurately assess children’s activity levels, and to identify children who are

obese. It was also evident that health-policy decision makers should consider
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targeting physical activity levels in girls, outside of school hours and on
weekends as these variables and windows of time are characterized by low levels

of activity.

Building on the conclusions from the first objective, we sought to assess a viable
strategy to improve children’s physical activity outside of school. Parents, their
beliefs and support of physical activity were an appealing choice because
children spend the majority of their time in their care. While the literature
supports that parents play a significant role in shaping the health behaviours of
their children,'! there are significant gaps in the literature on parenting in regard
to physical activity. The second objective, therefore, aimed to fill this gap and
determine whether parental beliefs and support of physical activity were
associated with children’s physical activity outside of school, and with children’s
body weight status. This objective was accomplished through two
interconnected papers using self-reported physical activity data in a population-
based sample, and pedometer-measured physical activity data in a smaller
sample of children in Alberta, Canada. The conclusions of these studies suggest
that health promotion strategies and programs that educate parents on how to
effectively support their children in developing healthy physical activity habits
may contribute to increases in children’s physical activity, particularly on
weekend days when activity levels are low, and to preventing overweight among

children.

The conclusions of the first two objectives were fed back into the APPLE Schools
intervention to improve its effectiveness. This lead to the third objective of the
current thesis, which was to assess the ability of school-based health promotion
to improve children’s physical activity during and beyond school hours, and to

determine if school-based health promotion increases or reduces health
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inequalities. This objective was also examined through two interconnected
papers. We found that creating environments that support physical activity leads
to positive changes in children’s physical activity. Equally important, we shed
some light on the mode of action by revealing that behaviours learned and
supported while “exposed to CSH” extend beyond the school environment and
transfer to weekend days and after school hours. We also found that school
health programs in socioeconomically disadvantaged neighbourhoods reduce
inequalities in physical activity. And, although the school health programs were
mostly ecological in nature and did not specifically target student subgroups,
they were effective in increasing physical activity levels relatively evenly among
low-active, active, and high active students. Likewise they relatively evenly
reached normal weight and overweight students, as well as, those of distinct
socioeconomic backgrounds. These studies provide further evidence to support
health-policy decision makers to justify investing in broader implementation of
effective CSH interventions for physical activity promotion and obesity

prevention in the long-term.

The results of this thesis provide researchers and policy decision makers with
evidence on current physical activity patterns in children from an Albertan
context. They also provide them with evidence to support a potential strategy for
physical activity promotion and for the effectiveness of an existing school-based

health promotion program. In a culture replete with barriers to physical activity>

12-15 16, 17

and an increasing prevalence of obesity, now more than ever, physical
activity policies and promotion programs should be evidence-based and
comprehensive in nature to ensure the health of future generations of

Canadians.
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8.2 Positioning findings in existing literature

In recent years, there has been increasing interest in the use of pedometers to

1824 pedometers are

assess physical activity levels in various research settings.
generally worn at the waist and are most sensitive to vertical accelerations of the
hip, which are characteristic of ambulatory activities.” A limitation of their use is
that they either “miss” or substantially underestimate non-ambulatory activities
such as biking, skiing, and skating. Additionally, pedometers are not waterproof
and therefore cannot be worn during water-based activities like swimming. Until
now, the impact of omitting these and other non-ambulatory activities from
children’s pedometer-assessed physical activity has largely been unknown.
Findings from the current thesis suggest that unadjusted pedometer measured
step counts misclassified 31.6% of children as not meeting the 13,500-step/day
Canadian physical activity recommendation. This is slightly higher than the
amount of misclassification reported in a similar study by Ottevaere et al. of 12-
18 year olds.”® However, the discrepancy in findings likely results from older
children’s and adolescents’ preference for ambulatory activities and younger
children’s preference for non-ambulatory activities.?” Further, younger children

tend to be less compliant with wear-time recommendations,®®

thereby
increasing the amount of misclassification. Regardless of the extent of
misclassification, from these studies, it is clear that including additional
information derived from activity diaries leads to different interpretations of

physical activity levels among young people.

The finding from the current thesis that relative to self-reported physical activity,
the association of children’s physical activity with obesity is better captured
when pedometer-measured step counts incorporate information from students’

activity diaries is unique in the literature. Also unique is the conclusion that
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adjustments made to raw pedometer data for activities they “miss” may reduce
the chance of selection bias affecting results. We found that pedometer data
from obese children were more likely to be excluded because they did not meet
wear-time criteria. This observation is supported in the literature.’® Overall, the
literature would benefit from a “best-practice” method regarding how to adjust

pedometer data for these activities, as until now, this has not been explored.

Findings from this thesis revealed that children in Alberta are slightly more active
compared to the national average. Specifically, the students sampled in 2009 as
part of this thesis took approximately 1000 more steps per day than children
from another study using a representative sample of children from Canada.*
However, only 27% of the students in our sample met the recommended
number of steps per day (i.e., 13,500) required to obtain health benefits.
Therefore, regardless of how children in Alberta fare in comparison to the

Canadian average, they are not sufficiently active.

In this thesis, low physical activity was particularly evident in girls. This finding is

1-4, 31, 32

highly supported in the literature and is believed to result from girls’

tendencies to engage in more social activities than boys. > Low physical activity

was also evident on weekend days. This finding is consistent with some,*® 3% 3437

but not others.3®*°

We also observed children to be more active during school
than outside of school. Again, there is variability in the literature in regard to

activity accumulated during these windows of time; some report higher levels

|35, 36 | 19, 38, 40

during schoo and others report higher levels outside of schoo It is
thought that the variability in physical activity is related to a number of factors
that are not well understood i.e., age, culture, involvement in sport.24 From such
inconsistencies in findings reported in the literature, it is clear that additional

research is needed to more accurately identify the social and environmental
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determinants of children’s physical activity.

Findings from this thesis are also consistent with reviews and existing literature
on physical activity parenting, which indicate that parental beliefs and support
for physical activity are positively related to children’s physical activity.**
Findings from this thesis advance the literature by demonstrating that parental
beliefs and support are positively associated with children’s physical activity
achieved on weekend days, and negatively associated with childhood
overweight. In the present thesis, encouragement of physical activity was
consistently one of the most important parenting practices for children’s physical

45

activity. Other studies report similar findings.** It is believed that

encouragement is mediated through psychosocial attributes including improved

self-efficacy and liking of and attraction to physical activity.** *°

The findings presented here demonstrating that increases in children’s physical
activity can be achieved by creating environments supportive of active living are

47-51

supported in the literature. However, reviews and meta-analyses suggest

that the effects of physical activity interventions, which are ecological in nature,

10 The increases in physical activity attributable to the

are generally modest.
APPLE Schools CSH program therefore advance the literature, as they were both

statistically significant and clinically meaningful.

The suggestion to promote physical activity outside of school hours and on

4749, 3154 yat few school-based

weekends is recognized in the literature,
interventions have reported outcomes specific to these windows of time. While
the results presented here support the directionality of the findings of those that
did,” >* their magnitude is unique. Until now, findings reported in the literature

on improving physical activity outside of school through school-based health
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promotion have been negligible or non-significant.’" >*

More importantly, the
increases in physical activity we reported were more pronounced on weekend
days and the hours outside of school than those during school and on weekdays.
These findings are novel and thereby establish the APPLE Schools CSH approach

as a promising strategy for physical activity promotion and obesity prevention.

Additionally, findings from this thesis confirm those of other studies that health
promotion programs can effectively increase physical activity among children

from disadvantaged backgrounds.>> >°

Furthermore, and more importantly, they
extend them by demonstrating that CSH approaches implemented in schools
located in disadvantaged neighbourhoods lead to improvements in children’s
physical activity levels who would be considered “in need” of health promotion
such that they approximate those of children living in more advantaged areas.

This finding is novel and important because this discrepancy contributes to clear

and robust inequalities in health during childhood®” and adulthood.®

Within schools located in socioeconomically disadvantaged neighbourhoods
there remain subgroups of students who are more “in need” of health
promotion than others.>® These groups include students who are low-active and
overweight, those whose parents are not highly educated, and those who are
from low-income households. No previous studies had assessed the distribution
of program effects among children of differing levels of activity, health, and
socioeconomic backgrounds. Accordingly, the findings from this thesis suggesting
that all students can receive health benefits from CSH programs, and that these
benefits are relatively evenly distributed among high- and low-need students is
novel. These important findings suggest that CSH may contribute to reductions in

inequalities in health.
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8.3 Methodological considerations

Existing studies have identified several challenges surrounding the measurement

6064 Accurate

of physical activity and statistical analysis of epidemiological data.
measures of physical activity are required to assess levels and patterns of
physical activity and the relationship of physical activity with various factors, and
to determine the effectiveness of physical activity intervention programs.®
Accordingly, measurement techniques used for research and program evaluation
must be valid, practical, reliable, and non-reactive. These properties were
considered when selecting the monitoring device and developing the data
collection and management protocols used in the current thesis. Specifically, we
chose the Omron HJ-720ITC pedometer because it had been previously
validated.®>®’ This pedometer was a practical choice because of its relatively low
cost (i.e. $40/device), as well as, its ability to record hourly steps, store data for
42 days, and automatically reset at midnight, thereby eliminating the need for
students to record their steps at the end of the day. To ensure the reliability of
the physical activity estimates reported in this thesis, a complete day was
considered as 8 or more hours of wear-time,® on at least two school days and
one non-school day i.e., weekend days or holidays."® Further, outlying
observations were identified using cut-points of below 1,000 steps/day and
above 30,000 steps/day'® and subsequently deleted and treated as missing data.
To reduce the likelihood of physical activity estimates being influenced by
reactivity, pedometer records from the first and last day were not considered in

the analysis of data.®

Potential sources of error were also considered when developing and executing
the protocol for the statistical analyses used in this thesis. First, missing data

were considered. Relative to adults, children tend to be less compliant of
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2823 Therefore when students forgot to wear their

pedometer wear time criteria.
pedometer and complete their activity log, steps from other randomly selected
complete days were imputed. Imputations were only carried out within an
individual, within school days and within weekend days. This method of
imputation replaces data more accurately than traditional group-centered

methods that replace missing data with the group mean.”®

Second, in all studies, students were clustered within schools. Accordingly, some
correlation between students within schools was expected. Therefore, the
variances within and between schools were considered through random effects
modeling procedures with schools as the random effect. In the case of studies
five and six, modeling procedures were expanded to address the hierarchical
structure of the data by introducing a variable that indicated the schools’
intervention status at a level above those representing individual student
observations i.e., physical activity, gender, parental educational attainment,

household income, year.

Third, all analyses were adjusted for factors that could potentially confound the
relationship between exposure and outcome variables. Potential confounders
were selected a priori based on knowledge of the subject matter from previous

1-4, 32

studies. These included gender, and parental educational attainment and

3,13,32,71 1-4, 32
Age was hot

household income as proxies of socioeconomic status.
considered because all children participating were between 10 and 11 years old.
Children’s BMI (or body weight status) was not considered because it lies on the
causal pathway, downstream of physical activity.””> There is the potential of
residual confounding in studies three through six if confounding variables exists,

but remain unidentified or if variables were not measured accurately.®! This
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potential source of error could have been eliminated if schools were randomized
to intervention and control groups in studies five and six as this process balances
all known and unknown confounders between groups.®’ However, APPLE Schools
is committed to supporting those schools most in need of health promotion, and

as such, randomization would have been inappropriate.”®

Last, effect modifiers were also considered in the analysis of data. If suspected,
stratified analyses were conducted or interaction terms were added to statistical
models and results were interpreted separately. There were no statistically

significant effect modifiers in any of the studies in the current thesis.

8.4 Strengths and limitations

One of the major strengths of the current thesis is the use of an objective
measure of physical activity for five of the six manuscripts. In pediatric
populations, objective measures are generally preferred over subjective
measures such as self-report because children’s cognitive capacity and sporadic
behaviour make it particularly challenging for them to accurately recall,

475 Objective measures of physical activity may

categorize, and record activities.
be logistically and financially challenging in large population-based studies, as
was the case in the third manuscript, which was the only study in this thesis to
use a self-reported outcome. While self-reported measures are prone to bias and
may produce an overestimation of children’s physical activity,’® this study used a

7. 78 thereby substantiating the accuracy of

validated self-reported questionnaire,
our findings. Other strengths of this thesis include the following: the use of both
observational (Objective 1 and 2) and experimental (Objective 3) epidemiological

study designs; the use of complex statistical approaches including multi-level
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random effects models, linear and logistic regression, Receiver Operating
Characteristics and Area Under the Curve analyses, weighting, adjusting for
potential confounders; the development of a novel approach to deal with
missing data and energy expenditure not captured by pedometers; the high
response rate for school-based research;”® measured BMI; multiple years of

observation; and large sample size.

A few limitations of the current thesis should be acknowledged. The first relates
to the cross-sectional nature of studies three and four, and necessitates caution
with respect to interpretations of directionality and causality of the associations
between parental beliefs and support variables and children’s physical activity.
An additional limitation is that self-reported responses to questions surrounding
children’s physical activity, parental beliefs and support, and socioeconomic
status are prone to bias and may produce socially desirable responses.
Accordingly, for the studies that used categorical or binary variables or
outcomes, there may exist some non-differential misclassification.® For
example, in the studies assessing physical activity parenting (Objective 2),
misclassification bias may have underestimated the actual effect on children’s
physical activity and weight status.®’ Also, although analyses were adjusted for
all known potential confounders, it is possible that some were missed. As such, it
is possible that residual confounding may have prevented the true relationship
of the exposures and outcomes of interest in all objectives from being
observed.®® Further, although the schools that participated in pedometer
research were selected from a population-based sample, the samples of students
and parents in studies one, two, and four are not representative of the Alberta

population. Caution is therefore warranted when generalizing these results.

There are a few limitations specific to studies five and six that should also be
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mentioned. First is the lack of a baseline objective measure of children’s physical
activity. As such, the results presented in this thesis provide a conservative
estimate of the effectiveness of the APPLE Schools intervention in improving
children’s physical activity. Second, the schools were not randomly selected or
assigned to intervention or control groups. Therefore, the generalizability of the

results may be limited.

8.5 Public health implications

Results from the current thesis have a number of important implications for
public health. Findings indicate that immediate policy action is necessary to
increase physical activity levels among Canadian children. Given its modifiable
nature, physical activity is an ideal target for public health interventions. Large-
scale, population-based physical activity interventions have been successful in
effecting change.®’ However, results from this thesis indicate that policy makers
should consider targeting girls, overweight children, and those from
socioeconomically disadvantaged backgrounds. These subgroups of children are
characterized by low levels of physical activity and previous research has raised

III

the concern that “one-size-fits-all” interventions may offer little benefit to those

>9.81.82 indings of this thesis also indicate that

most in need of health promotion.
policy makers should consider extending health promotion strategies to after
school hours and weekends as activity levels are substantially lower during these

windows of time than during school hours and on school days, respectively.

Two important opportunities for health promotion targeting these groups and
times are supported by the results of this thesis. The first involves educating
parents on how to effectively support their children in developing a healthy

active lifestyle. The second involves investing in widespread implementation of
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intensive CSH programs for their potential to increase physical activity, prevent
obesity, and reduce health inequalities. Researchers and policy makers
developing and investing in widespread implementation of interventions to
promote physical activity may want to consider tailoring strategies to target

these groups and time correlates.

8.6 Recommendations for future research

The present work identifies several areas that require future research. First,
validation studies are needed to assess the accuracy of methods used to adjust
pedometer-measured steps so that physical activity outcomes reflect children’s
actual activity levels. These studies would ensure that researchers are using the
best available methods to measure constructs of energy expenditure. Further
they would ensure a unified approach to the assessment and classification of
children meeting physical activity recommendations, thereby enhancing the

comparability of data.

Second, more observational studies are needed to identify key determinants of
children’s behaviour after school hours and on weekends. Understanding the
factors that influence children’s physical activity during these windows of time

can support intervention and policy development.

Third, the relationship between physical activity parenting and children’s health
outcomes should be further assessed. Specifically, more observational studies
are needed to identify additional dimensions of physical activity parenting as the
literature on this field of research is less ample than that of other parenting
practices.’* New methods are also needed to reduce the likely socially desirable

responses to existing questions on parenting behaviours. Future studies should
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also focus on the longitudinal relationship between parental influences and
children’s physical activity. These studies would provide further insight into the
direction of the relationship as well as provide support for intervention studies
to assess whether improving parenting practices improves children’s physical
activity and reduces overweight. Further investigation of this relationship is
needed to provide additional high quality data to influence policy and support

intervention programs.

Fourth, rigorous evaluations of CSH are urgently needed to establish the long-
term health outcomes and benefits of CSH programs. These studies would better
guide public health decision makers in directing resources towards broader
implementation of school-based interventions. Future evaluation of CSH
programs should consider designing studies with longer follow-up periods and a

larger number of schools.

Finally, economic analyses are also needed to establish the cost-effectiveness of
CSH for disease prevention. The negative health consequences of obesity place a
substantial economic burden on the health care system and society.®* ®* Such
studies would likely justify devoting more classroom time and resources to CSH

programs to support healthy eating and activity living behaviours.
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9 Appendix

9.1 Appendix|

Intervention effect and increases in physical activity duringJr and beyondt school hours,
and active transportation between 2009 and 2011 among grade five students attending
APPLE Schools and those attending comparison schools.

. . Increase in PA in .
Increase in PAin Group x Time

. §
APPLE Schools Comparison Interaction Icc
schools

B’ 95%Cl B’ 95%Cl B 95%Cl
School hours 91 43,139 79 43,115 11 -48,71 0.158
(steps/hour)
Non-school hours 176 106,246 54 3,106 121 35,208  0.033
(steps/hour)
Active Transportation
To & from school 117 -81,315 -266  -414,-117 383 136,629 0.133
To school 84  -24,192 -130  -211,-49 214 79,348  0.179
From school 33 99,164 -136  -234,-38 169 5,332  0.110

! during school hours was defined as the hours between 9:00am and 2:59pm

' beyond school hours was defined as the hours of 7:00am to 8:59 am and 3:00 to 8:59pm
B* represents the increase in physical activity between 2009 and 2011 and was derived
from multilevel regression analysis that accommodated clustering of students within
schools and adjusted for the confounding potential of gender, parental educational
attainment, and household income.

B** represents the intervention effect: the increase in physical activity among students
attending APPLE Schools relative to the increase among students attending comparison
schools. The estimations accommodated for clustering of students within schools and
adjusted for the confounding potential of gender, parental educational attainment, and
household income.

% Intraclass Correlation Coefficient

To school” was defined as activity accumulated between 8:00-8:59am

From school . was defined as activity accumulated between 3:00-3:59pm
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