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Abstract
There is much evidence to suggest the negative impacts that sedentary behaviour
(SB) can have on one’s health. What is less known is the specific effects of individual
SBs. There is evidence to suggest that screen based SBs are adversely associated with
physical health and that non screen based SBs may have beneficial associations with
health. Using data collected by the Comprehensive School of Health Research Group
(CSHR) as part of the SHAPES – PEI project, students self-reported the amount of time
they spent participating in the following five sedentary behaviours: watching/streaming
TV/movies, playing computer/video games, talking on the phone, surfing the internet,
and reading for fun. The objective of this thesis was to estimate the impact of reallocating
one sedentary behaviour with another on ten health outcomes: moderate-to-vigorous
physical activity (MVPA), strength training frequency, flexibility training frequency,
body mass index (BMI), perception of being overweight or underweight, fruit and
vegetable consumption, salt and sugary snack consumption (SSS), sugar sweetened
beverage consumption(SSB), and fast food frequency using an Isotemporal Substitution
Method (ISM). Data for this questionnaire were collected during the 2014/2015 academic
year. A total of 5621 children and youth (49% males) in grades 5 – 12 across Prince
Edward Island (PEI) completed the questionnaire.
Six of the above health outcomes did not meet the assumption of linearity for the
ISM and as a result were dropped from future analysis. Results from the ISM indicated
that replacing TV, computer/video games, internet, and reading for fun with talking on
the phone was consistently associated with decreased likelihood of being physically
inactive. Replacing screen based SBs, talking on the phone, and reading for fun resulted
ii

in similar reductions in the likelihood of not meting strength training guidelines.
Replacing TV and computer/video games with internet, talking on the phone, and reading
resulted in a decrease in the likelihood of living with overweight/obesity with the
detrimental association of TV watching being significantly driven by females.
Computer/video game had the most detrimental association on perceiving oneself as
underweight when replacing all other SBs; significant findings were driven by female
participants exclusively. Internet had the most detrimental impact on perceiving oneself
as overweight when replacing all other SBs. When examining sexes separately, TV use
had a detrimental associated with perceiving oneself as overweight for females, but not
for males. Computer/video game use had a detrimental associated with perceiving oneself
as overweight for males, but not females. Our results suggest that replacing screen-based
SBs with non-screen-based SBs have a neutral or beneficial association with physical
activity and weight status. These findings also highlight that the impact of SB varies
depending on the specific behaviour being performed and across sexes. Future research
should 1) examine the impact of multiple types of non-screen based SB and screen based
SB on different lifestyle behaviours; 2) look at the specific content being viewed when
performing these activities (i.e. educational or leisure); and 3) look at the determinants of
SB on males and females separately.
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Chapter 1: Literature Review
The following literature review was conducted in order to present information on
the importance of reducing sedentary behaviour (SB), particularly with children and
youth. Specifically, this literature review highlights the importance of limiting excessive
SB by considering both cross-sectional data along with temporal trends that have been
noted in the literature. This literature review discusses the risk factors associated with SB,
the correlates of SB, and how it may interact with physical activity (PA), weight status,
and nutrition to play a major role in the health and well-being of children and
adolescents. In addition, I explore the method of isotemporal substitution as a means to
estimate the impact of replacing one SB with another on different health related
outcomes. Finally, I discuss the origin of the data obtained for the present study.
1.1 Sedentary behaviour
SB has been defined in the literature as any waking behaviour with an energy
expenditure equivalent to < 1.5 metabolic equivalents (METs), while in a sitting,
reclining, or lying posture (Tremblay et al., 2017). There are four major contexts in which
participating in SB usually takes place: domestic, recreational, transportation, and
educational/occupational (Tremblay, Colley, Saunders, Healy, & Owen, 2010). Within
these four contexts, SB can be further broken down into two categories: screen-based SB
and non-screen-based SB. Screen-based SBs include: TV watching, playing computer or
video games, and using smartphones or tablets. Non-screen-based SBs include: reading
from a physical book or magazine, doing homework, or inactive transportation such as
driving a car or taking the school bus (Tremblay et al., 2017).
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Screen-based SB are increasingly recognized as important contributors to
unfavourable health indicators in children and youth independent of PA and other healthrelated behaviours (Saunders, Chaput, & Tremblay, 2014). In a systematic review by
Carson et al. (2016), higher durations/frequencies of screen time and television viewing
were associated with unfavourable body composition, and higher clustered
cardiometabolic risk scores. TV viewing and video game use were also associated with
unfavourable behaviour conduct/prosocial behaviour. Screen time has also been
associated with being a current smoker and with higher BMI (Atkin, Sharp, Corder, &
van Sluijs, 2014) and negatively associated with sleep, socioeconomic status, self-esteem,
pro-social behaviour, academic achievement, and psychological well-being (Suchert,
Hanewinkel, & Isensee, 2015; Costigan, Barnett, Plotnikoff, & Lubans, 2013).
Conversely, non-screen-based SBs have been shown to have a non-detrimental or
potentially beneficial association with some health indicators (Saunders & Vallance,
2016). A study investigating the relationship between SB and physical literacy in
Canadian children aged 8–12 showed that PA-related knowledge and understanding and
self-reported PA were both negatively associated with screen-based modes of SB, but
positively associated with non-screen SB. Muscular endurance and aerobic fitness were
negatively associated with screen-based SB and total SB, but not non-screen-based SB
(Saunders et al., 2018). These results are supported by others in the literature. A
systematic review by Carson et al. (2016) concluded that reading time was not
consistently associated with any physical health indicators, whereas screen-based SB
were associated with unfavourable measures of body composition, aerobic and
musculoskeletal fitness, cardiometabolic health, and psycho-social behaviours (Carson et
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al., 2016). Although based on cross-sectional data, the recent evidence suggests that not
all forms of SB have deleterious effects on health.
SB has become a major health concern over the last decade so much so that
specific guidelines have been created in hopes of reducing total SB across the globe. In
Canada, the guidelines for children and youth suggest that children between the ages of
5–17 should limit recreational screen time to no more than 2 hours per day; along with
limiting motorized transportation, extended sitting time, and time spent indoors
throughout the day (CSEP, 2016; Tremblay et al., 2016). Other countries have also
adopted specific guidelines regarding the reduction of screen time and SB (including the
United Kingdom and Australia). In 2011, the United Kingdom Department of Health,
Physical Activity, Health Improvement and Protection released new guidelines pertaining
to SB. For children aged 5–18 the guidelines state that “all children and young people
should minimize the amount of time spent being sedentary (sitting) for extended periods”
(Department of Health, Physical Activity, Health Improvement and Protection, 2011).
For children aged 5-17 years in Australia, the guidelines state that “to reduce health risks,
children should minimize the time they spend being sedentary everyday by limiting the
use of electronic media for entertainment to no more than two hours a day and breaking
up long periods of sitting as often as possible” (Australian Government Department of
Health, 2017). Such guidelines have not yet reached developing countries; however, the
problem of sitting too much still exists (Tremblay et al., 2014). In 2014 the Active
Healthy Kids Canada Report Card on Physical Activity for Children and Youth was
replicated across 14 other countries around the world. In addition to Canada and
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Scotland, both Nigeria and South Africa received a failing grade for SB, suggesting that
this is not just an issue in developed nations (Tremblay et al., 2014).
1.2 Prevalence of sedentary behaviour
Based on the Canadian screen based SB guidelines, approximately 45% of
children 5-17 years old in Canada are meeting this benchmark (ParticipACTION, 2018).
The most current data from Statistics Canada reveal that youth in Canada spend
approximately 3.1 hours in recreational screen time on average (Roberts, Yao, Carson,
Chaput, Jansen, & Tremblay, 2017). Screen time is generally higher for males than
females and has been seen to increase with age (Townsend, Wickramasinghe, Williams,
Bhatnager & Rayner, 2015; Saunder et al., 2018; Saunders & Vallance, 2016: BarrAnderson, Barr- Anderson, Larson, Nelson, Neumark-Sztainer, & Story, 2009). However,
total sedentary time is often higher for girls (Temmel & Rhodes, 2013; Rodrigues, Silva,
Mota, Cumming, Sherar, & Neville, et al., 2010). In a systematic review by Pearson,
Haycraft, Johnston & Atkin (2017) examining the change in sedentary time when
transitioning from primary school to secondary school, the authors found that both
screen-based SB and overall sedentary time increased as children aged. An average
increase of 10-20 min per day per year of sedentary time was seen when transitioning
from primary school to secondary. Based on UK statistics from 2012, 24% of boys and
16% of girls aged 13-15 years in England reported spending 6 or more hours in sedentary
pursuits on weekdays (Townsend et al., 2015). Objectively measured sedentary time data
from the 2003-2004 National Health and Nutrition Examination Survey in the US showed
that boys 6-19 years of age accumulate 6.0-7.9 hours of daily sedentary time and girls
accumulate between 6.1 and 8.1 hours/day (Pate, Mitchell, Byun, & Doda, 2011). A 2010
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Kaiser Family Foundation report stated that children in the US between the ages of 8 – 18
spend approximately 7.5 hours a day using various forms of media which included: TV,
computer, video games, music, print sources and movies (Rideout, Foehr, & Roberts,
2010).
Although the number of scientific publications regarding SB has grown
exponentially since the 90s (LeBlanc et al., 2017); SB and screen time are a relatively
new area of research which makes it difficult to analyze the effects of different types of
screens due to the rapid advancement of technology. In most self-reported questionnaires
the focus of screen time is on TV watching and computer use as opposed to smartphones
and tablets which take up a lot more of today’s youths discretionary screen time (LeBlanc
et al., 2017; Twenge, 2017). In 2016, a paper published by Bucksch et al., showed that
while TV trends are decreasing, use of computers is increasing across a number of
countries. Between 2002 and 2010, TV viewing decreased for 11 year olds from 2.61 to
2.41 hours for boys and from 2.36 to 2.08 hours for girls. Conversely, computer use
increased from 1.32 to 3.98 hours for boys and from 0.73 to 2.32 hours for girls (Bucksch
et al., 2016). In 2016, it was reported that 76% of Canadians owned a smartphone; an
increase of 21% in just two years (Catalyst, 2016). Jean M. Twenge, the author of iGen,
reports a number of statistics throughout her book regarding “new media”, a term used to
describe texting, time on social media, the internet, and gaming. She reports that iGen
high school seniors (those born between 2000 and 2004) spend an average of 2 ¼ hours a
day texting, about two hours a day on the internet, 1 ½ hours a day on electronic gaming,
and about a half hour on video chat. These results come from the Monitoring the Future
Survey, an ongoing study of the behaviours, attitudes, and values of American high
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school students, college students, and young adults. When totaling these numbers
together, an average of six hours a day is spent using new media concurrently resulting in
increased sedentary time (Twenge, 2017). Twenge argues that if students were to spend
an average of 17 hours a day on sleep and school related activities (class time, homework,
and other school activities), 7 hours remain in a 24 hour day. Therefore, it is likely that
the vast majority of their leisure time is spent using new media (Twenge, 2017). In
addition to the increase in smartphone use, iGeners are also spending more time
multitasking, the effects of which we still don’t know (Twenge, 2017). Rather than older
technology being displaced by newer technology, screens are being used concurrently texting while surfing the web, watching TV while posting on social media platforms
(Twenge, 2017; Roberts & Foehr, 2008).
Conversely, we are seeing a decrease in non-screen based SBs. The 2018
ParticipACTION Report Card on Physical Activity for Children and Youth reported
results from the 2014/2015 Canadian Health Measures Survey which showed that youth
aged 12–17 years reported spending less than one hour a day reading (ParticipACTION,
2018). In the late 1970’s, over 60% of American high school seniors read a book or
magazine nearly every day for pleasure, but by 2015, this number plummeted to only
16%. Old media sources are also going out of style. In the early 1990’s, approximately
70% of 10th graders reported reading the newspaper and 60% reported reading
magazines; this number decreased to 10% for both by 2015 (Twenge, 2017).
1.3 Prevalence of overweight and obesity
In the past 40 years obesity rates have continued to increase. Globally, obesity
rates have nearly tripled from 1975 to 2016. In 2016, over 1.9 billion adults aged 18 and
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older were overweight or living with obesity. Over 340 million children aged 5-19 were
overweight or living with obesity in 2016 (WHO, 2017). Once considered a high income
country problem, overweight and obesity are now a concern for low and middle income
countries. Obesity is of growing concern for children and youth worldwide. According to
statistics from the World Health Organization (WHO), the prevalence of overweight and
obesity among children and adolescents aged 5-19 has risen dramatically from just 4% in
1975 to just over 18% in 2016 (WHO, 2017). Statistics from the Canadian Community
Health Survey showed that 12% of 2-17-year olds were overweight and 3% were living
with obesity in 1978/79. By 2004, 18% were overweight and 8% were living with obesity
(Shields, 2006). In 2004, the combined prevalence of overweight/obesity for each sex
was about 70% higher than in 1978/79. And the prevalence of obesity alone was 2.5
times higher (Shields, 2006). In 2015, 12% of Canadian youth aged 5 to 17 were
considered to have obesity (Statistics Canada, 2015).
1.4 Sedentary behaviour and body mass index (BMI)
Adiposity is the most widely studied health indicator with respect to screen time
(Saunders & Vallance, 2016; Carson et al., 2016; Tremblay et al., 2011b). In a systematic
review by Carson et al. (2016), higher frequencies of screen time, TV viewing and
computer use were significantly associated with unfavorable body composition across
longitudinal studies. Among cross-sectional studies, TV viewing and high durations of
screen time were significantly associated with unfavourable body composition. Findings
were inconsistent for the association between body composition, doing homework and
reading; further suggesting that non screen based SB have a neutral effect on one’s health
(Carson et al., 2016). One study looking at the relationship between food intake,
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television viewing, and weight status found that children who were overweight or obese
watched more television per day (3.3 hours/day) than those who were normal weight (2.7
hours/day). Children were asked about the frequency of weekly consumption of six
different food items: potato chips or peanuts, fried foods, sweet treats, ice cream, fast
foods, and fruits and vegetables. Children who were obese consumed fast foods and
fruits/vegetables more frequently while watching television than those who were
overweight or normal weight (p<0.05). Children who watched more than 4 hours of TV
per day had a higher odd of being obese (OR=3.19; p=0.03) than those who watched 2-4
hours per day (p>0.05) (Borghese et al., 2014). Results from a systematic review
conducted in 2011 indicated that children who watched more than 2 hours of television
per day were at an increased risk of being overweight/obese (Tremblay et al., 2001b).
Longitudinal studies indicated a dose-response relationship, in that more daily screen
time is associated with an increased risk of becoming overweight or obese (Tremblay et
al., 2011a). Although there are fewer studies that have examined the effects of other types
of screen based SBs (i.e. computer use, video gaming, smart phone use), there is a lot of
evidence to suggest TV viewing can have a negative impact on adiposity, and it is likely
that other screen behaviours have a similar effect (Saunders & Vallance, 2016; Carson et
al., 2016).
1.5 Sedentary behaviour and perception of weight
Just as important as BMI to the overall well-being of youth is weight perception
(Park, 2011). Weight perception is defined as the evaluation of one’s weight as
underweight, normal weight, or overweight irrespective of body mass index (Bhurtun &
Jeewon, 2013). As rates of overweight and obesity continue to increase among children
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and youth, those who are overweight may perceive themselves as normal weight
(Kaltiala- Heino et al., 2003), which means that there might be a potential discordance
between actual weight and perceived weight (Park, 2011; Brener, Eaton, Lowry,
&McManus, 2012). Results from a 2007 student survey on 87,418 high school students
found that approximately one quarter (27.6%) of students perceived their weight to be
different than it actually was. Boys were more likely than girls to have incongruence
between BMI-based weight status and perceived weight. Girls were more likely to overestimate their weight, while boys were more likely to under estimate (Park, 2011). Brener
and colleagues (2012) found that over 20% of sampled students (n=2032) who were
overweight or at risk of being overweight perceived themselves as underweight. Even
though people have become heavier, beauty standards for men and women have remained
the same. Children and youth are exposed to mass media now more than ever. The ideal
body image is portrayed not only on TV, but on social media apps, video viewing
platforms, websites, magazines, and computer/video games. Being exposed to these
images on a regular basis can result in adolescents feeling dissatisfied with bodies
regardless of their actual size (Park, 2011).
Knowing what environmental and social determinants play a role in weight
perception is of particular importance because they are associated with nutritional habits
and weight management practices and can be significant risks factor for eating disorders
and mental health disorders such as depression (Smolak, 2004; Mamun et al., 2007).
Females, in general, have been found to be more concerned with body weight than males.
And females who believe they are overweight are more likely to be dissatisfied with their
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body. Whereas males who perceive themselves as underweight are more likely to be
dissatisfied with their bodies (Page & Allen, 1995).
Considering that males typically view underweight negatively and females view
underweight positively and overweight negatively, it is important to consider both ends of
the spectrum as females and males do not have the same body ideals. Screens of any kind
are likely the number one medium for exposure to ideal body images; therefore, it would
be important for researchers to know which screen based behaviours have the most
detrimental impact on weight perception for both males and females. Evidence related to
weight perception and SB is limited, but since weight perception and BMI are strongly
correlated (Park, 2011), it is important that researchers consider how SB influences both
health outcomes. For example, there is substantial evidence to suggest that higher
frequencies of TV watching are positively associated with BMI (Borghese et al., 2014;
Carson et al., 2016; Danner, 2008), but are higher frequencies of TV time also linked
with greater body dissatisfaction (Khambalia, Hardy& Bauman, 2011)?
1.6 Prevalence of healthy and unhealthy food consumption
In 2014 only 45% of those who completed the Canadian Health Measures Survey
(CHMS) reported consuming fruits and vegetables at least 5 times per day (Colapinto,
Graham, & St-Pierre, 2018). In 2016, this number dropped to 30% (Statistics Canada,
2017). When looking at frequency of fruit and vegetable consumption in youth aged 12 to
18 in Canada the average times/day was 5.3 in 2007 and dropped slightly to 5.2 in 2014
(Colapinto, Graham, & St-Pierre, 2018). Based on the recommended food guide servings
in Canada’s Food Guide, this number is inadequate for all age groups, regardless of sex,
over the age of 9. Females, individuals who were not overweight, and those from higher
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income households were significantly more likely to report consuming fruits and
vegetables at least five times a day in 2014 (Colapinto et al., 2018).
Consumption of sugar sweetened beverages (SSBs) have been identified as a
potential cause for the increasing rates of obesity because of their high caloric content
with no nutritional value (Vanderlee, Manske, Murnaghan, Hanning, & Hammond, 2013;
Brownell, Thomas, & Frieden, 2009). Between 1977 and 2001, consumption of energy
from soft drinks almost tripled from 50 to 144 kcal per person per day amongst
Americans. Conversely, milk consumption decreased from 143 kcal to 99 kcal per person
per day (Nielsen, Barry, & Popkin, 2004). Beverage consumption accounts for 10–15%
of calories consumed by children and youth (Brownell et al., 2009) and Canadian youth
are no exception to increased frequency of SSBs. Of a sample of 10,188 youth from
Ontario and PEI, approximately 44% reported consuming three or more SSBs/day
(Vanderlee et al., 2013). Self-reported SSB consumption from the COMPASS Study
reported students in grades 9-12 consumed SSBs 5.2 times/week on average (Godin,
Chaurasia, Hammond, & Leatherdale, 2018)
Synonymous with SSB, increased caloric intake from energy dense foods may
play a role in the increasing rates of obesity. Between 1997 and 1998, a sample of 178
13-17 year olds completed a 24 hour recall. Unhealthy foods and drinks such as cakes,
cookies, salty snacks, and carbonated beverages were among the top contributing food
groups for total energy, protein, and fat consumption (Phillips, Jacobs- Starkey, & GrayDonald, 2004). A sample of 4400 students enrolled in grades 7–12 found that roughly
75% of boys and girls reported eating at a fast food restaurant at least once in the
previous week (French, Story, Neumark-Sztainer, Fulkerson, & Hannan, 2001). Females
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who reported eating at a fast food restaurant three or more times per week reported 45%
greater soft drink consumption, 100% greater cheeseburger consumption, 60% greater
French fry consumption, 23% less fruit consumption and 29% less vegetable
consumption compared to those who reported never eating at a fast food restaurant during
the past week. Males who reported eating at a fast food restaurant three or more times a
week reported 42% greater soft drink consumption, 73% greater cheeseburger
consumption, 53% greater French fry consumption, 27% less fruit consumption and 32%
less vegetable consumption compared to those who reported never eating a fast food
restaurant in the past week (French et al., 2001). Self-reported frequency of lunches
purchased from fast food restaurants from the COMPASS study revealed students in
grades 9–12 eat out less than once a week (0.8 times/week) on average (Godin, et al.,
2018). Data from the 2009-2010 SHAPES questionnaire administered to students in PEI,
Quebec, and Ontario found that 40% of children and youth reported eating food
purchased from a fast food restaurant once a week or less (Lilico, Hammond, Manske, &
Murnaghan, 2014). Although more recent findings from Canadian samples suggest fast
food restaurant frequency is not that high, it is still concerning that more energy dense
foods may be replacing healthier alternatives (Godin, et al., 2018; Lilico et al., 2014).
1.7 Sedentary behaviour, nutritional adequacy, and other food related behaviours
Recent studies have shown that screen based SB can have an impact on what type
of food is being consumed. This relationship between SB and food intake may be one
explanation for the link between SB and health indicators noted above. TV viewing has
been linked with an increased consumption of energy dense junk foods and sugar
sweetened beverages and negatively associated with fruit and vegetable intake (Carson et

12

al., 2016; Barr-Anderson et al., 2009). Borraccino and colleagues (2016) collected data
on 58,928 children aged 11-15 from 3500 schools across Italy as part of the Health
Behaviour in School-aged Children survey. Looking to assess the relationship between
unhealthy food consumption and SB, they found that screen based behaviours were
strongly associated with unhealthy food consumption. The odds ratio of consuming
unhealthy foods for 11 year olds increased from 1.77 (95% CI:1.52, 2.06) for 2-4
hours/day of TV watching or computer use to 4.31 (95% CI: 3.29, 5.65) for 6 or more
hours/day of TV or computer use (Borraccino et al., 2016). Cameron and colleagues
(2016) found that carbohydrate intake significantly mediated the relationship between TV
viewing and BMI and video game playing. Fat intake significantly mediated the
relationship between video game playing and BMI. No relationships were seen between
computer use and macronutrient intake. Similar patterns were also observed among 13
and 15 year old children (Cameron et al., 2016). A study based on data from Project EAT
showed that girls and boys who reported high computer/video game use (4 or more
hours/day) consumed almost 300 and 400 more calories per day than those in the low-use
category (1 or less hours/day), respectively. Both girls and boys who reported higher
durations of reading/ homework consumed a significantly smaller percentage of total
energy from fat than those in the low group (Utter, Neumark- Sztainer, Jeffery, & Story,
2003). Data from the 2007 Canadian Community Health Survey showed a positive
association between duration of TV viewing and obesity for both men and women and
computer use. Reading was not associated with obesity (Shields & Tremblay, 2008).
These findings further support the idea that non-screen based SB may be more beneficial
to one’s health than screen based SB.
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The increase in unhealthy foods and decrease in fruits and vegetables is likely
partially mediated by the advertisements being shown on TV (Klepp, Wind,
Boureaudhuij, Rodigo, Due, Bjelland, & Brug, 2007). Studies have shown that children
can consume up to 45% more calories when exposed to food advertising (Harris, Bargh,&
Brownell, 2010). Other possible causes for this relationship include mindless eating or
skipping breakfast (Bargh & Morsella; Bargh, 2013; Cornell, Rodin, & Weingarten,
1989; Niemeier, Raynor, Lloyd-Richardson, Rogers, & Wing, 2006). Based on data from
the 2004 Canadian Community Health Survey, children 12 years and older who were
classified as “breakfast non-consumers” had higher proportions of being classified as
physically inactive and a higher average daily ‘screen time’ than those classified as
“breakfast consumers” (Barr, DiFrancesco & Fulgoni, 2014). Obese children consume
fast foods and fruits and vegetables more frequently while watching television than those
who are normal weight or overweight (Borghese et al., 2014).
Sleep has also been linked to the consumption of unhealthy foods. Shorter sleep
durations are associated with increased calorie consumption, poor dietary habits and
obesity (Chaput, 2014; Baron, Reid, Kern, & Zee, 2012). The less time people spend
sleeping, the more time they spend awake which gives them more opportunities
throughout the day to eat. Late night screen use may be one cause for later bedtimes and
late wake up times (Sampasa-Kanyinga, Hamilton, & Chaput, 2017). As a result, children
and youth may end up skipping breakfast and purchasing lunches from fast food
restaurants. Fast food restaurant frequency has been positively associated with total
energy intake, daily servings of soft drinks, and TV viewing and inversely associated
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with daily servings of fruits and vegetables and milk (French, Story, Neumark- Sztainer,
Fulkerson, & Hannan, 2001).
1.8 Importance of physical activity
PA has proven to have a number of important health benefits. The idea that PA
can lead to a longer life and help prevent chronic illness dates back several decades
(Morris & Crawford, 1958; Pffenbarger & Wing, 1978; Warburton. Nicol, & Brein,
2006). People who exercise regularly are at decreased risk for hypertension, obesity,
cardio-vascular related death, hypercholesterolemia, diabetes mellitus, osteoporosis, and
cancer (as cited in Warburton, Nicol, & Brein, 2006). PA can also create positive
physiological changes such as increased cardiac output, increased oxygen carrying
capacity in the blood, increased mitochondrial density, increased capillary density to help
with blood flow, and better utilization of fuel systems (Bassett & Howley, 2000).
Of growing concern is the lack of children and youth participating in PA. With
PA levels staying relatively stagnant over the last decade despite a growing number of
initiatives being implemented throughout Canada, the need for researchers to explore all
types of movement behaviours is necessary to better understand the risks and
consequences of physical inactivity (Colley, Carson, Garriguet, Janssen, Roberts, &
Tremblay, 2017; Tremblay, Prince, Ham, & Barnes, 2016; ParticipACTION, 2016). In
2016, a more comprehensive set of guidelines was developed for children and youth that
encompassed guidelines not only for daily MVPA but also for SB, light physical activity
(LPA), and sleep (Chaput, Carson, Gray & Tremblay, 2014; CSEP, 2016).
In addition to impacting physical health, PA can also benefit mental health,
quality of life, and academic achievement. Several studies have outlined the importance
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PA can have on improving self-esteem in children and youth (Lubans, Richards, Hillman,
Faulkner, Beauchamp, Nilsson… Biddle, 2016; Biddle & Asare, 2011). In a study
examining the relationship between PA, leisure time screen use, and depressive
symptoms in Australian youth aged 10–16 years, increased opportunities to be active
outside of class, being active in physical education class, greater involvement in sports
teams at school and outside of school were all independently associated with lower odds
for depressive symptoms. In addition, meeting recommended guidelines for PA and
leisure-time screen use were also independently associated with lower odds for
depressive symptoms (Kremer, Elshaugh, Leslie, Toumbourou, Patton, & Williams,
2014). Youth participating in organized leisure time activities (i.e. sport teams) has been
associated with higher school engagement, lower levels of school related stress and better
academic achievement (Badura, Sigmund, Geckova, Sigmundova, Sirucek, van Dijk, &
Reijneveld, 2016). Results from the 2015 Youth Risk Behaviour Survey showed that PA
was associated with higher self-reported letter grades (Rasberry et al., 2017).
1.9 Prevalence of physical activity
Insufficient PA is one of the leading risk factors of death worldwide (WHO,
2018). Death caused by non-communicable diseases due to physical inactivity are 100%
preventable. Despite this fact, it causes about 3.2 million deaths each year (WHO, 2018).
Worldwide trends show that the majority of children and youth are not achieving the
recommended PA guidelines (Tremblay et al., 2014). In 2013, 2 in 10 adults and 1 in 10
children and youth were meeting the Canadian Physical Activity Guidelines (Statistics
Canada, 2016). PA recommendations in Canada for children aged 5–17 is at least 60
minutes of MVPA involving aerobic activities and at least three days a week of muscle
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and bone strengthening activities (CSEP, 2016). According to the 2018 ParticipACTION
Report Card, approximately one third of children and youth in Canada are meeting the
PA recommendations within the Canadian 24-Hour Movement Guidelines
(ParticipACTION, 2018). In Canada, children (5 to 11) and males are more likely than
youth (12 to 17) and females to meet PA guidelines (Roberts et al., 2017; Colley, Carson,
Garriguet, Janssen, Roberts, & Tremblay, 2017). Based on data collected for the
Canadian Health Measures Survey, MVPA levels have stayed relatively constant from
2007 to 2015. Fewer than 10% of children accumulated 60 minutes of MVPA every day,
and one third accumulated an average of 60 minutes a day (Colley et al., 2017). Of 15
countries who were surveyed on PA for a global perspective, 10 received a grade of D+
or less on overall PA (Tremblay et al., 2014). These countries included: England,
Columbia, Ghana, South Africa, Australia, Ireland, Canada, United States, and Scotland.
This suggests that physical inactivity is not only a concern in North America, but globally
(Tremblay et al., 2014). Prevalence of PA is fairly well known at a national level, and in
some of the larger Canadian provinces, but little is known about the PA status of PEI
residents, especially within different age groups.
1.10 Physical activity and sedentary behaviour
Although physical inactivity and SB can have detrimental effects on health
independent of each other, a relationship between the two does exist (Tremblay et al.,
2011; Janssen & LeBlanc, 2010). A cross-sectional study looking at the associations
between SB, PA, and exercise found that computer use was negatively correlated with the
number of days/week males (aged 18 – 24) were engaged in vigorous exercise, strength
training, and MVPA in the past year. TV watching, for females, was negatively correlated
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with vigorous exercise and duration of exercise. Studying, for females, was positively
associated with duration of exercise and strength training (Buckworth & Nigg, 2004). A
survey conducted in 2007 across 10 British towns with 13-16 year old children showed
that lower levels of SB were significantly related to higher levels of self-reported PA
(Ussher, Owen, Cook, & Whincup, 2007). Higher durations of screen time and computer
use have also been associated with lower muscular endurance/strength and flexibility
(Carson et al., 2016).
Typically, we see PA levels decline and sedentary time increase throughout
adolescence (Brodrsen, Steptoe, Boniface, & Wardle, 2007; Nelson,Neumark-Stzainer,
Hannan, Sirard, & Story, 2006). Adolescence is a critical developmental period in which
youth will solidify behaviours that will persist into adulthood (Arnett, 2004). In addition,
it is important for researchers to identify bad behaviours before they become engrained in
an individual’s lifestyle (Sampasa- Kanyinga, Hamilton, & Chaput, 2018). For these
reasons, interventions that focus on reducing SB, especially screen based SB, and
increasing PA are important to implement at a young age.
One of the ways that SB has been hypothesized to impact health is through the
displacement method (Melkevik, Torsheim, Iannotti, & Wold, 2010). There has been
some debate as to whether PA is correlated with SB in that SB is displacing time that
could otherwise be spent participating in PA. Some studies have found that time spent
being sedentary is not correlated to PA and therefore they do not directly displace one
another (Pearson, Braithwaite, Biddle, van Sluijs, & Atkin, 2014; Biddle, Gorely, &
Marshall, 2004). Other studies have found opposing results and suggest that associations
do exist between the two (Saunders et al., 2017; LeBlanc et al., 2015; Muthuri et al.,
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2014). In a large scale international study, total sedentary time (measured by
accelerometer) was positively associated with not meeting PA guidelines, not spending
time outside after school, TV in the bedroom and computer in the bedroom. This means
children who were more sedentary were less physically active, spent less time outside
after school, and had a computer and TV in their bedroom. Total screen time (selfreported data) was positively associated with TV in the bedroom, computer in the
bedroom, and not meeting the PA guidelines. This means that children who spent more
time pursing screen based SB were less active and were more likely to have a TV and a
computer in their bedroom (LeBlanc et al., 2015). These trends are similar across
different countries, once again suggesting that this is a global concern and not just a
national concern (LeBlanc et al., 2015; Muthuri et al., 2014). A systematic review
investigating correlates of PA and SB within sub–Saharan African countries found that
living in an urban area, having a higher socioeconomic status and being a girl was
associated with lower levels of PA, higher levels of SB, and worse performance on
aerobic fitness measures (Muthuri et al., 2014).
1.11 The problem with sedentary behaviour
The information in this literature review was intended to support the idea that SB
can have a magnitude of health consequences on the human body in addition to having a
detrimental impact on other important lifestyle behaviours such as PA, weight status,
food intake, and risk of smoking. Today’s children and youth are spending more of their
leisure time pursuing screen based activities than in previous decades, and it has been
well established that screen based SBs have adverse health consequences and that non
screen based SBs have a neutral or potentially beneficial health effect (Saunders &
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Vallence, 2016). Therefore, it is likely that replacing screen-based SBs with non-screen
based SBs may have a beneficial impact on different lifestyle behaviours and overall
health. This is an important topic to explore as the effects of specific SBs on health
indicators are relatively limited. The majority of screen time research has been conducted
on TV viewing, but due to the rapid advancements in technology, less is known about
newer screen based devices, such as smart phone use, and if they have the same
deleterious effects on our health (Saunders & Vallence, 2016). It is also important to
know how different forms of screen based SB compare to non-screen SB. Knowing what
impact different SBs can have on different lifestyle behaviours can be of particular
relevance to policy makers when attempting to inform the public on ways to improve
their overall health. The purpose of this thesis was to investigate this using a method
known as isotemporal substitution.
1.12 Isotemporal substitution
One way to investigate the potential benefit of replacing one SB with a different
form of SB using cross-sectional data is isotemporal substitution. There are 24 hours in a
day and participating in one activity means that you will not be participating in another.
The risks or benefits of different SBs depend not only on the type of behaviour but also
on the behaviour it replaces (Makary, Willett, Hu, & Ding, 2009). For example, spending
one hour of your day reading instead of one hour watching TV could show the benefits of
reading but also the benefits of not watching TV for that time.
ISM offers specific insight into the effect of replacing one time-dependent activity
with another time-dependent activity compared to traditional non-substitution approaches
(Stamatakis et al., 2015; Mekary et al., 2009). Many studies looking at the effects of SB
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have used regression based analyses with adjustments made for PA and other covariates.
This provides important basic knowledge, but is not as intuitive and leaves no
information on how replacement of SBs with other health behaviours may be beneficial
(Ekblom-Bak, Ekblom, Bergström, & Börjesson, 2015).
Based on regular regression analyses, we know that research suggests screen
based SB to have a harmful association to our health, but what is less documented is the
impact of replacing one form of SB with another. For example, would replacing one hour
of TV watching with one hour of reading yield the same health benefits as replacing one
hour of reading with one hour of talking on the phone? Previous studies have used this
approach to look at the effects of displacing different types of activity with PA on
depression, mortality, and non-communicable diseases (Mekary, Lucas, Pan, Okereke,
Willett, Hu, & Ding, 2013; Matthews et al., 2015). An Australian study looking at men
and women aged 45 and older (n= 267, 119) assessed the displacement effects of SB,
sleeping, standing, walking, and MVPA on all-cause mortality. Using cox regression to
calculate the hazard ratio, they found beneficial associations for replacing sitting with
sleeping <7 h/day (0.94), with standing (0.95), with walking (0.86) and with MVPA
(0.88); and for replacing screen time with sleeping <7h/day (0.95), standing (0.97),
walking (0.87), and MVPA (0.89). Screen time included television watching or using a
computer. Sleeping for >7 h/day, screen time, and sitting were associated with increased
mortality risk. Standing, walking, and MVPA were all associated with a decreased risk of
mortality (Stamatakis et al., 2015).
It is well documented that replacing one hour of sedentary time with one hour of
any type of PA or standing is associated with reduced risk of mortality and other health
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related diseases such as type II diabetes, CV disease, and metabolic syndrome
(Stamatakis et al., 2015; Mekary et al., 2009; Loprinzi, Cardinal, Lee, & Tudor- Locke,
2015). However, PA levels in Canada remain relatively stable (Colley et al., 2017;
ParticipACTION, 2018). As mentioned above, the effects of specific SBs on different
lifestyle behaviours, and the impact of replacing one form of SB with another is less
documented. Using isotemporal substitution with data from the SHAPES-PEI survey we
hope to identify whether a benefit exists to swapping screen based SB with non-screen
based SB. Because the displaced activities can generate different health effects, and
because the number of available hours for discretionary activities is limited, determining
the relative effects of time spent in these activities is of particular importance when
creating evidence based guidelines (Mekary et al., 2009). Knowing this information can
be useful when creating public health policies for youth at the national, provincial, and
community level as we hope to know what SB will result in the greatest overall health
change. This information will also be useful when developing intervention based studies.
For example, if we want children and youth to reduce total TV time by one hour, we want
to know what SB would be best to reallocate that time to. Although replacing one SB
with another may not possess as many health benefits as replacing SB with PA, it is our
hope that this may be a more practical and more convenient adaptation children and
youth are willing to make to their daily lifestyles.
1.13 SHAPES
The School Health Action Planning and Evaluation Systems (SHAPES) project
originally began in 2000 and has since been administered in over 3500 Canadian schools,
with over 650,000 students. SHAPES is a national survey tool that was developed by the
Centre for Behavioural Research and Program Evaluation (CBRPE), in collaboration with
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researchers across the country. SHAPES was originally designed to support the collection
and use of local data for planning, evaluating, and field research, and to help incorporate
these activities with policy and practice. SHAPES was designed to serve three core
purpose: 1) To support evidence informed health planning; 2) To support public health
field research; and 3) To strengthen public health evaluation. The initial development of
the SHAPES system started with the tobacco module, followed by the PA module, and
then the eating behaviours module (Cameron, Manske, Brown, Jolin, Murnaghan, &
Lovato, 2007).
SHAPES-PEI was a provincial, school based survey that uses a cross-sectional
study design to monitor youth health behaviours in order to identify trends for policy and
planning, and develop strategies for interventions. The survey asks students about PA,
SB, eating behaviours, tobacco use, academic achievement, mental health, and bullying.
This project first started in PEI in 2007 as a response to the need for a more coordinated
approach to school health data collection at the school and provincial level and has
operated in conjunction with the Canadian Student Tobacco and Alcohol Drug Survey
(CSTADS), formerly known as the Youth Smoking Survey (YSS) (Cameron et al., 2007).
Similar to SHAPES, CSTADS is a biennial survey that is administered to youth in grades
7–12 across Canada and collects information regarding tobacco use, alcohol use, drug
use, bullying, school connectedness, and mental health. Although funding for SHAPESPEI has ceased, CSTADS continues to be used as a survey tool on PEI (“2018/19
Canadian Student Tobacco Alcohol Drug Survey”, n.d.)
SHAPES-PEI is funded by the PEI Department of Education Early Living and
Culture and the PEI Department of Health and Wellness. The survey has been
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implemented by the Comprehensive School Health Research located at UPEI. This
survey data was collected every two years between 2008 and 2014 and completed by
randomly selected students in grades 5–12 across PEI. SHAPES-PEI is unique in that it
surveys almost an entire population within the province making it an almost
representative sample as compared to other survey tools similar to SHAPES that are often
only able to capture a subset of the population (i.e. because other provinces are much
larger; therefore it is difficult to represent the entire population). Results from the survey
were summarized and administered to the individual schools, school board, and
applicable provincial authorities (Burkhalter, Zarnke, & Rynard, 2015; “SHAPESSchool Health..” n.d). Although this data was used to identify trends in a number of
different health related behaviours, it has never been used to identify relationships
between SB and other health related behaviours.
1.14 Research questions and hypothesis
The main research question we hope to address in this thesis is: What relationship
exists between different SBs and other lifestyle behaviours? Specifically, there are five
SBs we intend to look at: talking on the phone, watching/streaming TV shows or movies,
playing video/computer games, surfing the internet, and reading for fun. Using
isotemporal substitution we will be interchanging these behaviours to see the estimated
impact on self-reported MVPA, frequency of strength training activities, smoking status,
fruit and vegetable consumption, sugar sweetened beverage consumption, salt and sugary
snack consumption, fast food restaurant frequency, BMI, perceived underweight, and
perceived overweight.
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It is hypothesized that substituting screen-based SB (TV, video/computer games,
and internet use) with non-screen-based SB (reading and talking on the phone) will result
in a higher likelihood of meeting the Canadian PA guidelines and eating more fruits and
vegetables, and lower likelihood of being overweight or obese, perceiving oneself as
underweight or overweight, having unhealthy eating patterns, and being a current or
former smoker.

25

Chapter 2: Methods
2.1 Study design
The SHAPES-PEI survey is a cross-sectional study that has collected data
biennially from 2008-2009 to 2014-2015 across the province of PEI. In the first year of
each cycle, student-level data were collected on tobacco use, PA, healthy eating,
sedentary behaviour, and mental fitness. The second year of the cycle included
knowledge synthesis and exchange activities to address health priorities based on data
collection for that year. A provincial School Health Grant program provided funding to
schools to take evidence-based action in response to their local survey results. During the
first two cycles (2008/2009 and 2010/2011), school-level data were collected on
programs and policies. Each year a provincial report was produced, along with a profile
report on students sent to each participating school and school board (Comprehensive
School Health Research Group, 2012, 2014, 2016). Data for each cycle were collected
between November and April of the academic year.
All schools in PEI excluding federally funded schools such as schools on First
Nation Reserves, schools for special needs children, schools with fewer than 20 children
in the eligible grades, and schools that did not contain a grade in the survey range (i.e. 5 –
12) were eligible to participate in the SHAPES-PEI survey. Of the 60 schools that were
invited to participate in the SHAPES-PEI survey, 53 agreed. Questionnaires were
administered during class time by a teacher and instructions provided by the SHAPESPEI research team were read to students. At least one member of the research team was
present at each school during data collection. Each student sealed his or her completed
survey in an envelope. Class sets of completed surveys were then sealed in a larger
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envelope and transported back to UPEI for packaging. Completed questionnaires were
then sent to Propel Centre for Population Health Impact at the University of Waterloo and
three data-files were created for SHAPES-PEI researchers: a Master Data-file (SPSS
format) and codebook (PDF format), a de-identified data-file and codebook, and a
frequency microdata file with all de-identified variables. We were provided copies of the
de-identified data-files and codebooks for all four cycles along with data description
documents for the most recent three cycles (2010/2011, 2012/2013, 2014/2015). For the
present study, data were analyzed from the 2014/2015 cycle only as it is the most recent
cycle and has the most detailed data pertaining to SB.
For the purposes of this thesis we describe in detail how the SHAPES-PEI survey
was distributed for the 2014/2015 cycle. Within the 53 participating schools the following
grades completed the following survey modules:
x

All students in Grade 5 completed the SHAPES-PEI questionnaire

x

Two thirds of the students in Grade 6 were randomly assigned a SHAPES-PEI
questionnaire, and one third were assigned a CSTADS Module A questionnaire

x

Two thirds of the students in grades 7 to 12 were randomly assigned a SHPAESPEI questionnaire and one third was assigned a CSTADS Module B
questionnaire.

Random assignment was based on the order of surveys provided in the classroom
package. The surveys were organized in a specific order before being placed inside the
classroom envelope: two SHAPES surveys followed by one CSTADS survey. This
pattern was repeated until the total number of surveys needed for each classroom was
completed. The surveys were then handed out to students in that order. What student was
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handed what survey was completely random, but the number of surveys provided in each
class allowed for the two thirds distribution of the SHAPES survey (M. Munro-Bernard,
personal communication, April 30, 2019).
2.2 Ethics
Original ethics was obtained by the Comprehensive School Health Research
(CSHR) Group from the UPEI Research Ethics Board. The school board consent process
varied across cycles as the provincial school board went through several structural
changes over the course of SHAPES-PEI data collection. For the 2014/2015 cycle, the
English Language School Board required that researchers obtain written consent from the
board superintendent in order to conduct research within their schools. Written consent
from the superintendent of La Commission scolaire de langue française was also
obtained. Active information with active consent was used for children under the age of
14 and active information with passive consent was used for children 14 years of age or
older (Murnghan, Morrison, Laurence, & Bell, 2014). Parents of all children under the
age of 14 were required to sign a consent form. Active information in this case included a
letter of information explaining the nature of the questionnaire and what it entailed.
Active consent required a parent or legal guardian to give written permission for their
child to participate in the study, whereas passive consent provided an opportunity for a
parent to retract permission to participate (Range, Embry, & MacLeod, 2001). With
passive consent, in order for a parent to remove their child from participating in the study
they needed to call a member of the SHAPES-PEI research team. The classroom
instructions, which were verbally read to students, reminded them that they were given
parental permission to participate in the survey. Regardless, students were told their
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participation was voluntary and they did not have to answer any questions they did not
feel comfortable answering or did not want to answer. Their active agreement to
participate was considered their assent (M. Munro-Bernard, personal communication,
August 14, 2018).
2.3 Participants
The sample for the present study consisted of existing participants from the
SHAPES-PEI study. Across four cycles of data, a total of 25,550 children and youth took
part in this survey, many of whom would have participated in more than one cycle of the
survey. Within the participating schools, children and youth were eligible to participate if
they were in grades five through twelve and ranged in age from 10–18 years. A total of
7519 children and youth were eligible to participate in the study. A total of 5621 students
completed the survey and were included in the analysis for the present study (2014/2015
cycle) making the response rate about 75%. Surveys were administered in both French
and English as required. Students with disabilities and/or English as a second language
were eligible to participate at the discretion of the school administration and staff. All
records for which sex was not given, or could not be computed, were removed as well as
records missing demographic information (Burkhalter et al., 2015).
In order to protect the anonymity of individuals, only SHAPES-PEI researchers
and the Propel Centre for Population Health Impact were given access to the Master
Data-file. The De-Identified Data-file used in the present study did not contain: school
board identifier, school board name, school name, elementary/secondary school stratum
identifier, health region smoking rate stratum, age, height, weight, or postal code.
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2.4. Variables of interest
The below section outlines each variable that was included in the regression
model along with any steps taken to derive the variable from the original SHAPES-PEI
format. The first section outlines the 10 outcome variables which include: aerobic
physical activity, strength training, flexibility training, BMI, perception of
weight(underweight/overweight), SSB, fruits and vegetables, SSS, and fast food
consumption. The exposure variable is defined as the five different types of sedentary
behaviours (i.e. watching/ streaming TV shows or movies, computer/video game use,
internet use, talking on the phone, and reading for fun). The confounding variables
included in ach model were: sex, grade, ethnicity, parental education, and school ID. No
specific psychometric properties or validation studies were used in the creation of these
questions, however relevant specialists were contacted for their professional opinion (i.e.
Sport, Recreation, and Physical Activity coordinator was contacted regarding the physical
activity questions). Formatting of questions was also based on previous public health
surveys (M. Munro-Bernard, personal communication, July 30th, 2019).
+$-$*$   '  (
+$-$*$*$#   #
The following question was asked regarding aerobic PA: “Mark how many
minutes of hard PA you did on each of the last seven days”. This includes PA during
physical education class, lunch, after school, evenings, and spare time. Responses
included hours for each day of the week ranging from 0 to 4 and minutes for each day
ranging from 0 – 45. The same question with the same response options was asked for
MPA.
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According to the Canadian Society for Exercise Physiology, youth between the
ages of 5–17 are considered to be meeting the aerobic PA guidelines if they are
accumulating at least 60 minutes per day of MVPA (Tremblay, 2016). For the purposes
of this thesis, the derived variable for PA level was defined so that youth are considered
to have met the guidelines if they achieved at least 7 hours of PA/week. If children were
missing data on any given day, it was recalculated as a zero rather than missing so total
PA for the week was always divided by 7 days. The hours for VPA and MPA were
summed together for each day to get total PA for each day. Finally, all seven days were
summed together to get total PA time per week. If this value was less than 7 hours/week,
youth were considered to not be meeting Canada’s aerobic PA guidelines. If this value
was 7 or greater, youth were considered to be meeting the guidelines.
2.4.1.2 Strength Training
The following question was asked regarding strength training: “In the last 7 days,
how many days did you do exercises to strengthen or tone your muscles, such as push
ups, wall climbing or weight lifting?” Response options ranged from 0 to 7 days. Two
categories were derived based on the Canadian PA Guidelines. Meeting strength training
guidelines for children and youth between the ages of 5–17 are stated as follows: Muscle
and bone strengthening activities should each be incorporated at least three days per week
(Tremblay et al., 2016). A response of 3–7 was recoded as 1.00 = meeting strength
training guidelines and a response of 0–2 was recoded as 2.00 = not meeting the
guidelines.
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The following question was asked regarding flexibility training: “In the last 7
days, how many days did you do exercises for flexibility, such as stretching or yoga?
Response options ranged from 0 to 7 days”. A response of 0–2 was recoded as 1.00 = low
flexibility training and a response of 3–7 was recoded as 2.00 = high flexibility training.
+$-$*$- 
As part of the original questionnaire, children and youth were asked to report
their height and weight. BMI was calculated based on these self-reported values. Based
on raw BMI values, a derived variable for BMI categories was created based on age, sex
and World Health Organization (WHO) guidelines: underweight (<5th percentile or <-2
SD), normal weight (5th percentile -<85th percentile), overweight (85th percentile-<95th
percentile or >+1 SD) or obese (>95th percentile or >+2 SD) (Burkhalter et al., 2015;
WHO, n.d; CDC, n.d.). I further collapsed these categorizes in order to fit the criteria for
log binomial regression. Participants were coded as 1 if they were classified as either
normal weight or underweight and coded as 2 if they were classified as obese or
overweight. Only 2.8% of the sampled population was considered underweight. With
such a small percentage included in this category we felt it was justifiable to combine
these two weight classifications into one category without it making a statistically
significant difference in our results.
+$-$*$. !
The following question was asked regarding perception of weight: “How do you describe
your weight?” a) Very underweight ; b) Slightly underweight; c) About the right weight;
d) Slightly overweight; e) Very overweight
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Those who chose the response very underweight or slightly underweight were recoded as
1.00 = underweight and everyone else was recoded as 2.00 = not underweight to create
the newly derived variable UNDERWEIGHT_2. Those who chose the response very
overweight or slightly overweight were recoded as 1.00 = overweight and everyone else
was recoded as 2.00 = not overweight to create the newly derived variable
OVERWEIGHT_2.
+$-$*$/  !  

The following question was asked regarding beverage consumption: “Yesterday
from the time you woke up until the time you went to bed, how many servings of the
following did you drink?” There were 12 different types of beverages listed. See
Appendix A for all sub questions. A derived variable for sugar sweetened beverages was
created by summing together the number of servings recorded for fruit flavored drinks;
regular pop or soft drinks; sports drinks; high energy drinks; hot chocolate, cappuccino,
or Frappuccino; slurpees, slushies, or snow cones; and shakes. Values could range
between 0 and 42 servings/day. If a student recorded 1 or no servings per day they were
coded as 1.00. If a student recorded 2 or more servings per day they were coded as 2.00.
+$-$*$0   
The following question was asked regarding food intake: “Yesterday, from the
time you woke up until the time you went to bed, how many times did you eat the
following foods?” There were 18 different food items asked about in the questionnaire.
See Appendix A for all sub questions. A derived variable for fruits and vegetables was
created by summing together the number of times per day each of the following items
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was consumed: fruit (not including juice), dark green vegetables, dark orange vegetables,
and other vegetables. This variable was named FRUITVEG. Values could range between
0 and 24 times/day. It is important to note that the SHAPES-PEI survey did not record
total food servings but rather times per day; therefore, the statistical tests involving this
variable will only give us a general indication of whether children are more likely to eat
more nutritious foods. Values reported in the SHAPES–PEI provincial health reports
were compared to Canada’s Food Guidelines (Comprehensive School Health Research
Group, 2016). Therefore, for the purpose of this analysis, times/day were treated as
servings/day. Based on Canada’s Food Guide, children aged 9–13 should be getting 6
servings of fruits and vegetables/day and youth between the ages of 14–18 should be
getting 7 (females) to 8 (male) servings/day. These recommendations are based on the
2007 guidelines which focused on serving sizes of specific foods. Canada’s Food Guide
has since been updated to focus on portions instead of servings. In order to develop a
criteria for meeting/not meeting the guidelines, the old guidelines that focus on servings
was used for the purpose of this study. For the purpose of our calculation, age was based
on grade. The following steps were taken to derive a dichotomized variable:
x

If students were in grade eight or lower and FRUITVEG consumption was
equal to or greater than 6, the new derived variable FRUITVEG_2 was
coded as 1.00.

x

If students were in grade eight or lower and FRUITVEG consumption
was less than 6, the new derived variable FRUITSVEG_2 was coded as
2.00.
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x

If students were in grades 9 – 12, they were classified as female, and
FRUITVEG consumption was equal to or greater than 7, FRUITVEG_2
was coded as 3.00.

x

If students were in grades 9 – 12, they were classified as female, and
FRUITVEG consumption was less than 7, FRUITVEG_2 was coded as
4.00.

x

If students were in grades 9 – 12, they were classified as male, and
FRUITVEG consumption was equal to or greater than 8, FRUITVEG_2
was coded as 5.00.

x

If students were in grades 9 – 12, they were classified as male, and
FRUITVEG consumption was equal less than 8, FRUITVEG_2 was coded
as 6.00.

x

Those who were coded as 1, 3, and 5 were recoded to 1.00 = meeting
Canada’s guidelines for fruit and vegetable consumption

x

Those who were coded as 2, 4, and 6 were recoded to 2.00 = not meeting
Canada’s guidelines for fruit and vegetable consumption.

+$-$*$1


  # 
Using data from the same question as above a derived variable for salt and sugary

snacks was created by summing together the number of times per day each of the
following items was consumed: french fries or other fried potatoes; one package of candy
or one chocolate bar; one slice of cake or pie, two cookies, one donut, one brownie, or
other baked sweets; ice cream, ice cream bar, frozen yogurt, or popsicle; or salty snacks.
Values could range from 0 to 30 times/day. If a student recorded 1 or no servings per day
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they were coded as 1. If a student recorded 2 or more servings per day they were coded as
2. The food options chosen to form this category were based on what was previously used
in SHAPES-PEI provincial reports. In the 2014-2015 provincial report, “other foods”
were identified as those that provided few nutrients and were generally high in fat, sugar,
and salt. The number of times youth ate any of the foods that fit the above criteria during
the previous day were summed to show their total daily frequency of non-food group
consumption (CSHR, 2015). Of the 18 food items that were asked about in the
questionnaire, 5 of these were identified as snacks high in fat, salt, and sugar. The one
additional food item(s) that we chose to add to this group that the SHAPES report did not
include was french fries or other fried potatoes. We felt that french fries could also be
considered a snack rather than a meal.
+$-$*$2 
The following question was asked regarding food related behaviours: In a usual
week (Monday to Friday) how many times do you do the following? Using response data
from sub question E – Eat lunch purchased at a fast food place or restaurant (see
Appendix A for additional sub questions), a derived variable for fast food consumption
was created. Response options ranged from 0–6 times/week. If a student recorded 0–2
times/week as their response, they were coded as 1.00 = low fast food consumption. If a
student recorded 3–6 times/week as their response, they were coded as 2.00 = high fast
food consumption.
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   '"  (
The following question was asked regarding SB: “On average, about how many

hours a day do you do the following?” a) Watching/streaming TV shows or movies; b)
Playing video/computer games; c) Talking on the phone; d) Surfing the internet;
e) Reading for fun
Students were able to respond with one of the following options: None, less than one
hour a day, one to two hours a day, more than two but less than five hours a day, or five
or more hours a day. Due to range of hours for each available option, the value for each
option was recoded to the middle of their chosen range for the purposes of this analysis.
For example, if a student selected “more than two but less than five hours a day” for
surfing the internet their response was recoded to 3.5 hours/day. Each SB was recoded
and summed together to create a new variable for total sedentary time.
+$-$,  
The following covariates were included in each model to try and control for
variability: ethnicity, sex, parental education, grade, and school ID. Parental education
was used to represent socio economic status. School ID was included to control for
variance between schools across different parts of the island (i.e. rural versus urban).
2.4.3.1 Ethnicity
In the SHAPES-PEI survey the following question was asked regarding ethnicity:
How would you describe yourself? (Mark all that apply) a) White; b) Black; c) Asian; d)
Aboriginal; e) Latin American/Hispanic; and/or f) Other
In the SHAPES-PEI data set each option above was identified as its own variable.
A new derived variable was created to include all options in one variable. In addition, a
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new category was created for those who identified as multiple ethnicities. For example,
those who identified as ‘white’ and ‘other’ were re-categorized as ‘identify as multiple
ethnicities’. Based on these new categorizations a dichotomized variable was created for
ethnicity where 1= white and 2= non-white. For clarity, those who identified themselves
as both white and another ethnicity were categorized as non–white in the dichotomized
variable.
2.4.3.2 Sex
The following question was asked regarding sex: Are you female or male? a)
Female b) Male. Females were coded as 1.00 and males were coded as 2.00. Original
SHAPES-PEI values were used in the final analysis; no modifications were made to this
variable.
2.4.3.2 Parental Education
The following question was asked regarding parental education: What is the
highest level of education that your mother (or other adult female in the home) has
completed? a) Less than high school; b) high school; c) college; d) University; e) I don’t
know. Original SHAPES-PEI values were used in the final analysis; no modifications
were made to this variable.
2.4.3.3 Grade
The following question was asked regarding school grade: What grade are you in?
a) 5; b) 6; c) 7; d) 8; e)9; f)10; g)11; h)12. Original SHAPES-PEI values were used in the
final analysis; no modifications were made to this variable.
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2.4.3.4 School ID
A school ID number was assigned to each school that participated. This was a
variable not included in the de-identified data set that we originally obtained. However,
this information was provided to us upon request. We did not get the school name
associated with the school ID only the number.
2.5 Isotemporal substitution method
Isotemporal substitution was used to estimate the effect of replacing one activity
or behaviour with another activity or behaviour for the same amount of time (Mekary et
al., 2009). This method, compared to other non-substitution methods, can provide
potentially insightful findings. For example, replacing one hour of surfing the internet
with one hour of talking on the phone will result in X amount of change in BMI. Because
displaced activities can be very diverse and therefore generate different health effects and
because available hours for discretionary activities are limited within a 24 hour period,
determining the relative effects of time spent pursuing different SBs can be of particular
importance when trying to make public health recommendations (Mekary et al., 2009).
For the purposes of this study, each model was set up to include four of the five
SBs (β1-β4), total SB (β5), and other covariates (β6- β11) which included parental
education level, sex, grade, ethnicity, and school ID. The dependent variable was the
health behaviour of interest. An example of a model where reading is substituted for
other types of SBs and its effect on BMI would look like this:
BMI (DV) = TV Time (β1) + Talking on phone (β2)+ Internet use (β3) + Computer/Video
Game Use (β4) + Total Sed Time (β5) + other covariates (β6- β11)
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By eliminating one component of the model, in this case reading, the coefficient for total
sedentary time represents the omitted activity (reading) and the remaining coefficients
represent the impact of substituting one hour of that activity instead of reading while
holding other activity types constant (Mekary et al., 2009).
2.6 Statistical analysis
All data were analyzed using SPSS version 23.0 (IBM Corp, Armonk, USA). It is
important to note that many steps were taken prior to the final analysis to ensure accuracy
of results. Upon initial observation, several health outcomes had the potential to be
analyzed using linear regression based on the continuous nature of the data. This included
PA time and BMI. Normality tests were used to assess skewness and kurtosis. Residual
plots were also assessed. Unfortunately, these outcomes did not meet the assumption of
homoscedasticity and the plotted residuals were not normally distributed. These two
outcomes were then dichotomized to fit the criteria for logistic regression, which does not
require the outcome variable to be measured on a continuous scale. Unfortunately,
logistic regression produces results as odds ratios (OR) which are often an over
estimation of relative risk (RR) and are harder to interpret (Diaz- Quijano, 2012; Zou,
2003; Barros & Hirakata, 2003).
Diaz – Quijano, 2012 reported that cox regression with robust variance using a
constant for the time variable is a good alternative to logistic regression and produces
results in RR. Proportional hazard ratios have been used as a statistical method as a way
to measure the effects of replacing one behaviour with others (Mekary et al., 2013;
Stamatakis et al., 2015; Fishman et al., 2017; Ryan, Wellburn, McDonough, Martin, &
Batterham, 2017). However, after further inquiry this test was also deemed inappropriate
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as we were not analyzing time–to–event data. After a series of meetings with a
biostatistician, it was suggested that we pursue either log binomial regression or Poisson
regression with robust variance given the distribution of our outcomes as neither of these
required normally distributed data and results were given in relative risk (M. McIssac,
personal communication, Nov 6, 2018). One assumption of Poisson regression is that
outcome data are count data (data that can only take on non-negative integer values).
Because of this, Poisson regression could only be used with the following variables: fruit
and vegetable consumption, salt and sugary snack consumption, sugar sweetened
beverage consumption, fast food restaurant consumption, strength training, and flexibility
training. The remaining four health outcomes: BMI, MVPA, perceived underweight, and
perceived overweight were analyzed using log binomial regression due to the nature of
the variable.
In order to use isotemporal substitution as a means for comparing different types
of SB, there needs to be a linear association between our independent and dependent
variables. In order to check for this we needed to test whether the model fit was better or
worse when the independent variables were treated as continuous using values recategorized into hours/day as described above. Each model was re-run with each SB
treated as categorical data (e.g. 1 = 0 hours/day, 2 = <1 hour/day, 3 = 1-2 hours/day, etc).
Bayesian Information Criterion (BIC) values for each model were recorded to check to
see whether the model fit was better when the SB variables were treated as continuous or
categorical (see Appendix B). Based on our findings, it was determined that six of the
ten health behaviours showed a better model fit when treated as continuous variables,
thereby meeting the assumption of linearity and allowing us to use them in isotemporal
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substitution analyses. These six health outcomes included: average aerobic PA, strength
training, BMI, perceived underweight, perceived overweight, and fruit and vegetable
consumption. The other four health behaviours did not meet the assumption of linearity
when the independent variable was modelled as continuous. However, when these four
dependent variables were transformed from count data to a dichotomized variable they
met the assumption of linearity. Because there was no a priori theoretical justification as
to why we would dichotomize these other four variables they were not included in the
main analysis; therefore, the results for these four variables (i.e. flexibility, SSB, SSS,
and fast food consumption) are included in Appendix C for information, but these results
should be interpreted with caution. For the final analyses, fruit and vegetable
consumption was not included as it was the only food behaviour that met the assumption
of linearity. The focus of the final analysis is on PA and weight status.
A participant characteristics table was created to describe the population sample
for the 2014/2015 cycle (see Table 1.). This included descriptive statistics (frequency
distribution) on grade, sex, parental education level, ethnicity, BMI, and perceived weight
status. Independent samples t-tests were used to assess mean differences between sexes
for all SBs (hours/day), total sedentary time (hours/day), total screen time (hours/day),
MVPA (hours/day), and strength training (days/week). Although data were not normally
distributed, results can be normally approximated with a t test when sample sizes are
large (≥30) (Penn State Eberly College of Science, n.d.). Even with violations to
normality, information from Leard Statistics states that the independent samples t-test is
fairly robust. If sample sizes are relatively equal, only strong violations of normality may
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interfere with results. If sample sizes are large, even skewed distribution are not overly
problematic (Leard Statistics, n.d.).
The non-parametric, Mann-Whitney U test was explored as a potential alternative.
Mann-Whitney U is most commonly used to interpret whether there are differences in the
distributions of two groups or differences in the medians of two groups depending on the
shape of the distributions (Leard Statistics, n.d). Results of the Mann-Whitney yielded
significant differences between the two groups; however, reported medians for both
groups were the same. This suggested to us that there were differences occurring
somewhere between the two groups; however, a comparison of the median values was
not a good enough indication as to where the differences existed. Given the reasons
listed above, we felt that the t tests were the most appropriate test to use and would allow
us to provide information on the average time spent in these behaviours and make
comparisons to existing literature as mean values are most notably reported in the
literature.
Due to the lack of non-parametric post hoc tests to check for specific interactions
across grades, means and confidence intervals (95% CI) were provided for total screen
time, total sedentary time, and all SBs (Figures 1-9). Confidence intervals can be useful
in place of statistical testing because they provide a range of values based on the sampled
data, are easier to understand, and still provide information about significance (Beck,
Weeks, Montlepare, & MacDonald, 2016; Brandstätter, 1999). Confidence intervals that
overlap are considered not significant and confidence intervals that do not overlap are
considered significant. If confidence intervals overlap but the mean estimate is outside of
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the 95% parameters, significance may exist but further statistical testing needs to take
place (Baldi & Moore, 2014)
Initial log binomial regression was used to assess the relationship between each
individual SB and each health outcome (i.e. the relationship between TV and MVPA).
Supplementary log binomial regressions were performed to assess the impact of replacing
each SB with another on each of the five health outcomes. Significance was defined as
p<0.05. The exponentiated values of the coefficients (Exp(B)) with 95% confidence
intervals were used to estimate relative risk. Due to varying amounts of missing data for
each independent variable and dependent variable, the number of participants the
analyses was conducted on varies slightly for each model (see Tables 3 – 7).
Multi-level modelling was examined where participants were nested within
schools; however, considering the variance explained by the schools was < 5.0% for all
outcomes, with the exception of BMI (variance explained = 8.5%), log binomial
regression was used instead. Even though variance was slightly higher for BMI, it was
still included as an outcome in the final analysis because we included school ID as a
covariate in all models to control for it. In addition, models were run with and without
School ID included as a covariate and it had very little effect on the relative risk and no
effect on significance.
Potential sources of bias included those children who were less than 14 years of
age and came from low income households as these children were less likely to obtain
active consent from a legal guardian to participate in the survey. All data was selfreported which can often result in under or over reporting depending on the health
outcome. For example, the amount of aerobic physical activity someone participates in
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per day is often over reported whereas the amount of unhealthy food or drink consumed
per day may be under reported. Parental education was included in all models as an
indicator for socio economic status (SES) as there was no specific question pertaining to
household income. There was no way to control for self- reported data other than to be
cognizant when interpreting results.

45

Chapter 3: Results
3.1 Descriptive statistics
Data for the 2014/2015 cycle of SHAPES PEI were collected on 5621 children
(2766 males) aged 10–18 from across Prince Edward Island. Analyses are presented for
the total sample and for males and females separately. Results are displayed in Table 1.
There was a fairly equal distribution of males and females surveyed from each grade with
the smallest sample of participants coming from Grade 8. The majority of participants
identified as Caucasians while the remaining 12.5% identified as other ethnicities (see
Appendix D for further breakdown). Based on reported frequencies, 40% of participants
identified university as the highest level of education their mother received, while 28.3%
of participants identified university as the top level of education their father received.
Forty-five percent of participants were categorized as being a normal weight based on
their self-reported height and weight values. Fifteen percent of participants reported that
they perceived themselves as being either slightly underweight or very underweight and
23% of participants reported perceiving themselves as slightly overweight or very
overweight.
Independent samples t-test were used to assess mean differences between sexes
for all five SBs (hours/day), total sedentary time (hours/day), total screen time
(hours/day), MVPA (hours/day), and strength training (days/week). The SB with the most
reported time overall was watching or streaming TV/movies (M=1.92 hours/day; 95%
CI=1.88, 1.96 for all participants). For males, the most reported SB was computer video
games (M=1.70 hours/day; 95% CI=1.63, 1.76) and for females it was watching TV
(M=1.69 hours/day; 95% CI=1.65,1.74). Males reported spending more time participating
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in computer/video games than females (M=1.70 hours/day; 95% CI=1.63, 1.76 for males
and M=0.58 hours/day; 95% CI=0.54, 0.62 for females). Females reported spending more
time in all other SBs than males (see Table 1). Males reported spending an average of
4.38 hours/day (95% CI=4.26, 4.50) pursuing screen based behaviours, whereas females
reported an average of 3.78 hours/day (95% CI=3.68, 3.88). Total sedentary time was
similar between both males and females (M=5.55 hours/day; 95% CI=5.41, 5.69 for
males and M=5.51hours/day; 95% CI=5.38, 5.64 for females). Males reported spending
slightly higher frequency of strength based activities as compared to females (M=2.94;
95% CI=2.85, 3.03 and M=2.61 times/week; 95% CI=2.52, 2.69 respectively) and more
time participating in MVPA (M=2.15 hours/day; 95% CI=2.08, 2.21 for males and
M=1.70 hours/day; 95% CI=1.65, 1.75 for females). No overlap between 95% CI
occurred between males and females for any of the above variables with the exception of
total sedentary time.
Figure 1 shows estimates with 95% CI for total SB across grades 5 to 12. Average
time ranged from a low of 4.72 hours/day in grade 5 to a high of 6.16 hours/day in grade
10. Grade 5 students spent significantly less time being sedentary than those in grades 8
through 12. Grade 6 and 7 students spent significantly less time being sedentary than
those in grades 9 through 12. Grade 8 students spent significantly less time being
sedentary than those in grade 10 and significantly more than those in grade 5, but there is
no significant difference between grade 8 and the other grades. Students in grade 10 spent
significantly more time being sedentary than those in grades 5 through 8. Students in
grades 11 and 12 spent significantly more time being sedentary than those in grades 5 – 7.
There was no significant difference between students in grade 5, 6, and 7 and students
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Table 1. Descriptive statistics
Grade
5
6
7
8
9
10
11
12

All participants (n=5621)
%
17.5
11.0
10.6
9.0
12.7
14.1
12.6
12.6

17.2
10.7
10.6
8.7
12.4
14.5
12.5
13.3

17.8
11.2
10.6
9.4
13.0
13.7
12.6
11.8

Ethnicity
White
Other

87.5
12.5

85.2
13.9

88.0
11.0

Mother’s Education
Less than high school
High school
College
University
I don’t know

3.1
14.3
19.7
40.0
21.4

2.7
14.8
18.3
39.7
22.9

3.5
13.9
21.2
40.2
19.9

Father’s Education
Less than high school
High school
College
University
I don’t know

7.2
17.6
18.8
28.3
26.4

6.4
18.2
18.8
28.5
25.9

8.0
16.9
18.7
28.0
26.8

Males (n=2766)
%
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Females (n=2855)
%

BMI
Underweight
Healthy Weight
Overweight
Obese
Perception of weight
Underweight (not
underweight)
Overweight (not overweight)

MVPA (h/day)
Strength training (days/week)
TV (h/day)
Video/computer games (h/day)
Talking on the phone (h/day)
Internet (h/day)
Reading (h/day)
Total sedentary behaviour
(h/day)
Total Screen Time (h/day)

1.9
45.2
12.3
6.2

2.0
42.8
14.4
8.4

1.8
47.6
10.3
4.0

15.0 (82.4)

18.7 (78.6)

11.4 (86.2)

23.0 (74.5)

20.9 (76.4)

25.0 (72.6)

Mean (95% CI)
1.92 (1.88, 1.96)
2.77 (2.71, 2.83)
1.62 (1.59, 1.66)
1.12 (1.09, 1.16)
0.53 (0.50, 0.56)
1.32 (1.29, 1.36)
0.93 (0.89, 0.96)
5.53 (5.43, 5.62)

Mean (95% CI)
2.15 (2.08, 2.21)*
2.94 (2.85, 3.03) *
1.55 (1.50, 1.60) *
1.70 (1.63, 1.76) *
0.45 (0.41, 0.48) *
1.14 (1.09, 1.19) *
0.72 (0.68, 0.76) *
5.55 (5.41, 5.69)

Mean (95% CI)
1.70 (1.65, 1.75)*
2.61 (2.52, 2.69) *
1.69 (1.65, 1.74) *
0.58 (0.54, 0.62) *
0.61 (0.57, 0.65) *
1.50 (1.44, 1.56) *
1.12 (1.07, 1.17) *
5.51 (5.38, 5.64)

4.07 (3.99, 4.15)

4.38 (4.26, 4.50) *

3.78 (3.68, 3.88) *

*Indicants a significant difference between males and females.
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grades 9 – 12. These 95% CI suggest to us that children in grades 5, 6, and 7 are
spending less time being sedentary throughout the day than children in grades 9 through
12.

   

















Figure 1. Mean estimates and 95% confidence intervals for total sedentary time.
Figure 2 shows estimates with 95% CI for total screen time. Average time ranged
from a low of 3.14 hours/day in grade 5 to a high of 4.69 hours/day in grade 10. Grade 5
students spent significantly less time on screen based devices than those in grades 7
through 12. Grade 6 students spent significantly less time on screen based devices than
those in grades 8 through 12. Students in grade 7 spent significantly less time on screen
based devices than those in grades 9 through 12. Students in grade 8 spent significantly
less time on screen based behaviours than those in grades 10 through 12. Grade 10
students spent significantly more time on screen based devices than those in grades 8
through 12. There were no significant differences between grades 9 through 12. These
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95% CI suggest that children and youth in grades 5, 6, 7, and 8 are spending less time on
screen based behaviours than those in grades 10 through 12.

   
















Figure 2. Mean estimates and 95% confidence intervals for total screen time.
Figure 3 shows estimates with 95% CI for time spent watching/streaming TV or
movies. Averages ranged from a low of 1.44 hours/day for grade 5 students and a high of
1.73 hours/day for grade 12 students. Students in grade 5 and 7 spent significantly less
time watching TV than students in grades 8 through 12. There was no significant
difference between students in grades 5 through 7 and 8 through 12. These 95% CI
suggest that students in grades 5 through 7 spent similar amounts of time watching TV or
movies. Students in grades 8 through 12 spend similar amounts of time on TV.
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Figure 3. Mean estimates and 95% confidence intervals for TV use.
Figure 4 shows estimates with 95% CI for time spent playing computer/video
games. Averages ranged from a low of 1 hour/day in grade 12 and a high of 1.19
hours/day in grade 6. No significant differences existed between grades.


   

















Figure 4. Mean estimates and 95% confidence interval for computer/video game use.
Figure 5 shows estimates with 95% CI for time spent surfing the internet.
Averages ranged from a low of 0.52 hours/day in grade 5 to a high of 1.89 hours/day in
grade 12. There was no overlap in confidence intervals from grade 5 through 10. There
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were no significant differences between grades 10 through 12 for internet use. These
results suggest that there is a consistent increase in internet use until grade 10 at which
time internet use plateaus.


   

















Figure 5. Mean estimates and 95% confidence intervals for internet use.
Figure 6 shows estimates with 95% CI for time spent talking on the phone.
Averages ranged from a low of 0.31 hours/day in grade 5 to a high of 0.74 hours/day in
grade 10. Students in grade 5 and 6 spent significantly less time talking on the phone than
students in grades 7 through 12. Students in grade 7 spent significantly less time talking
on the phone than students in grades 9 through 12. Students in grades 10 and 11 spent
significantly more time talking on the phone than students in grades 5, 6, and 7. There
was overlap in confidence intervals between grades 5 and 6 and 8 through 12, suggesting
there were no significant differences. These results suggest that students in grades 5 and 6
spent similar amounts of time talking on the phone (±0.01 hours/day) and students in
grades 8 through 12 spent similar amounts of time on the phone (±0.17 hours/day).
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Figure 6. Mean estimates and 95% confidence intervals for talking on the phone.

Figure 7 shows estimates and confidence intervals for reading for fun. Averages
ranged from a low of 0.74 hours/day in grade 10 to a high of 1.27 hours/day in grade 5.
Students in grade 5 spent significantly more time reading for fun than those in grades 7
through 12. Students in grade 6 spent significantly more time reading for fun than those
in grades 8 through 12. There was overlap between 95% CI for grades 5 and 6, 6 and 7,
and grades 8 through 12. These results suggest that children in grades 5 and 6 were
spending similar amounts of time reading for fun and students in grades 8 through 12
were spending similar amounts of time reading for fun and that students in grades 5 and 6
were spending significantly more time reading for fun than those in grades 8 through 12.
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Figure 7. Mean estimates and 95% confidence intervals for reading for fun.

Figure 8 shows the percentage of females meeting and not meeting the screen
time guidelines. A high of 41.8% of females were meeting the guidelines in grade 5 and a
low of 13% were meeting the guidelines in grade 9. Significantly more females were
meeting the guidelines in grade 5, 6, and 7 compared to females in grades 8 through 12.
There were no significant differences between females in grades 5 and grade 6 and grade
6 and grade 7. Significant differences existed between grades 5 and 7 in that more
females were meeting the guidelines in grade 5. No significant differences existed
between grades 8 through 12. These results suggest that significantly more females were
meeting the guidelines in grades 5 through 7 and fewer females in grades 8 through 12
were meeting the guidelines (overlap in 95% CI). There were no significant differences
between those in grades 5 and 6. These results suggest that the percentage of females in
grades 8 through 12 not meeting screen time guidelines are similar and significantly more
than those in grades 5 through 7.
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Figure 8. Percentage of females meeting and not meeting screen time guidelines across
grades. Data are presented as mean ± 95 confidence intervals.

Figure 9 shows the percentage of males meeting and not meeting the guidelines.
A high of 26.3% of males were meeting the guidelines in grade 6 and a low of 10.1%
were meeting the guidelines in grade 12. Significantly more males in grades 5 and 6 were
meeting screen time guidelines than males in grades 9 through 12. Significantly more
males in grades 5-8 were meeting screen time guidelines compared to those in grade 12.
Overlap in 95% confidence intervals occurred between grades 5 through 8 and grades 7
through 11 which meant a similar percentage of males in all of these grades were meeting
screen time guidelines. Results suggest that the percentage of males meeting the screen
time guidelines was significantly higher in grade 5 compared to grades 9 through 12.
Results indicate that a similar percentage of males were not meeting the guidelines
throughout grades 8 through 12. Mean estimates and 95% CI were relatively similar for
all grades amongst males.
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Figure 9. Percentage of males meeting and not meeting screen time guidelines across
grades. Data are presented as mean ± 95 confidence intervals.
3.2 Relationships between individual sedentary behaviours and health outcomes
The relationship between individual SBs and each outcome are presented in Table
2. Results are displayed as relative risk with 95% confidence intervals for all participants
and males and females separately. Watching/streaming TV shows or movies had a
significant detrimental association with four of the five health outcomes (p<0.01). There
was no significant estimated impact on perceived underweight (p>0.05). Computer/video
game use had a significant detrimental association with most health outcomes (p<0.01),
with the exception of BMI (females only), perceived underweight (males only), and
perceived overweight (females only) (all p values >0.05). Internet use had a strong
detrimental association with aerobic PA levels (RR=1.14; p <0.01), strength training
(RR=1.10; p<0.01), and perceived overweight (RR=1.14; p<0.01) in that more time spent
using the internet would result in a higher likelihood of being physically inactive and
perceiving oneself as overweight. A weaker association existed between internet use and
BMI (RR=1.06 and 1.07 for males and females respectively). Findings were not
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Table 2. Relationship between individual sedentary behaviours and outcome variables.
Watching/streaming TV shows or movies
Physical activity levels (not
meeting guidelines)

Strength training (low
strength training)
BMI (overweight/
obese)
Perceive self as underweight

Perceive self as overweight

Computer/video games use

Talking on the phone

All
Males
Females
All
Males
Females
All
Males
Females
All
Males
Females

ࢼ
1.12
1.16
1.08
1.10
1.10
1.10
1.10
1.10
1.14
0.98
0.98
1.02

95% CI
(1.09, 1.15)
(1.11, 1.22)
(1.04, 1.12)
(1.08, 1.13)
(1.07, 1.14)
(1.07, 1.13)
(1.06, 1.15)
(1.05, 1.16)
(1.08, 1.22)
(0.93, 1.03)
(0.92, 1.04)
(0.94, 1.10)

P
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
0.46
0.46
0.70

ࢼ
1.11
1.24
1.11
1.09
1.13
1.10
1.12
1.09
1.02
1.09
0.98
1.20

95% CI
(1.08, 1.14)
(1.19, 1.28)
(1.07, 1.15)
(1.07, 1.10)
(1.11, 1.16)
(1.07, 1.12)
(1.08, 1.15)
(1.04, 1.13)
(0.93, 1.11)
(1.05, 1.14)
(0.93, 1.03)
(1.12, 1.29)

P
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
0.75
<0.01
0.45
<0.01

ࢼ
1.03
1.06
0.99
1.02
1.01
1.01
1.00
1.09
0.97
0.98
1.00
1.01

95% CI
(0.99, 1.07)
(0.99, 1.14)
(0.94, 1.04)
(0.99, 1.04)
(0.96, 1.06)
(0.98, 1.05)
(0.95, 1.06)
(1.02, 1.16)
(0.90, 1.06)
(0.92, 1.05)
(0.91, 1.10)
(0.92, 1.11)

P
0.18
0.10
0.75
0.27
0.71
0.50
0.91
0.01
0.52
0.56
0.95
0.89

All
Males

1.13
1.13

(1.09, 1.17)
(1.07, 1.19)

<0.01
<0.01

1.08
1.18

(1.05, 1.11)
(1.13, 1.23)

<0.01
<0.01

1.08
1.16

(1.03, 1.12)
(1.09, 1.23)

0.01
0.01

Females

1.12

(1.07, 1.17)

<0.01

1.02

(0.96, 1.08)

0.58

1.02

(0.97, 1.08)

0.47

Internet Use
Reading for fun
95% CI
P
95% CI
P
ࢼ
ࢼ
Aerobic physical activity
All
1.14
(1.12, 1.17)
<0.01
1.04
(1.01, 1.07)
0.02
level (not meeting guidelines) Males
1.20
(1.16, 1.25)
<0.01
1.02
(0.96, 1.08)
0.58
Females
1.09
(1.06, 1.13)
<0.01
1.01
(0.98, 1.05)
0.49
Strength training (not
All
1.10
(1.08, 1.12)
<0.01
1.02
(1.00, 1.04)
0.06
meeting strength training
Males
1.12
(1.09, 1.14)
<0.01
1.01
(0.97, 1.04)
0.79
guidelines)
Females
1.08
(1.06, 1.11)
<0.01
1.02
(0.99, 1.05)
0.19
BMI (overweight/obese)
All
1.04
(1.00, 1.07)
0.05
0.99
(0.94, 1.03)
0.57
Males
1.06
(1.01, 1.11)
0.02
0.96
(0.90, 1.04)
0.31
Females
1.07
(1.02, 1.13)
<0.01
1.07
(1.00, 1.14)
0.04
Perceive self as underweight
All
0.96
(0.91, 1.00)
0.06
1.01
(0.96, 1.06)
0.82
Males
0.98
(0.93, 1.05)
0.59
1.05
(0.98, 1.13)
0.14
Females
0.97
(0.90, 1.04)
0.39
1.03
(0.95, 1.11)
0.50
Perceive self as overweight
All
1.14
(1.11, 1.18)
<0.01
1.04
(1.01, 1.08)
0.03
Males
1.17
(1.12, 1.22)
<0.01
1.01
(0.95, 1.08)
0.70
Females
1.12
(1.08, 1.16)
<0.01
1.04
(1.00, 1.09)
0.07
Note: Results indicate the RR of reallocating 1 hour/day of each SB with 1 hour/day of the listed behaviour. All analyses have been adjusted for sex, grade, ethnicity, mother’s
education, father’s education, and school site.

58

significant for the relationship between internet use and perceived underweight (males
and females combined and males and females separately) and BMI when males and
females were combined (p>0.05). Conversely, reading only had a significant detrimental
association with PA for all participants (RR=1.04; p=0.02), BMI for females only
(RR=1.07; p=0.04), and perceived overweight for all participants (RR=1.04 ;p=0.03).
Talking on the phone had a significant detrimental association with BMI for males only
(RR=1.09; p=0.01) and perceived overweight for all participants (RR=1.08; p<0.01) and
males (RR=1.16; p<0.01). In summary, the three screen based behaviours had the
strongest detrimental association with PA levels, strength training, perceived overweight,
and BMI in that more screen time was associated with increased likelihood of being
physically inactive, perceiving oneself as overweight, and being overweight/obese.
3.3. Estimation of reallocating one sedentary behaviour for another on each health

,$,$* #   #'3*& #(
The relationship between all SBs and the likelihood of not meeting the aerobic PA
guidelines are shown in Table 3. Talking on the phone appears to be the best behaviour to
replace others with the hopes of decreasing the likelihood of being physically inactive.
Replacing one hour of TV time or one hour of computer/video game use with one hour of
talking on the phone results in a 9% decrease in the likelihood of being physically
inactive (p <0.01). Replacing one hour of internet use with one hour of talking on the
phone results in a 13% decrease in the likelihood of being physical inactive (p <0.01).
Replacing one hour of reading with one hour of talking on the phone results in a 5%
decrease in the likelihood of being physically inactive (p=0.03). Replacing one hour of
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computer/video games (p=0.04) or internet use (p<0.01) with reading also yielded
significant results showing a decrease in the likelihood of being physically inactive.
Of the three screen based behaviours, internet use appears to have the most
significant estimated impact on the likelihood of someone meeting/not meeting the
guidelines in that those who spend more time surfing the internet have a higher likelihood
of being physically inactive. For males, the biggest estimated impact was seen when
replacing one hour of talking on the phone with one hour of computer video game use
which resulted in a 23% increase in the likelihood of being physical inactive (p<0.01). A
similar effect was seen when replacing one hour of reading with one hour of computer/
video game use (22% increase; p<0.01). For females, the most significant estimated
impacts were seen when replacing one hour of talking on the phone with any of the three
screen based behaviours: there was an increase in the likelihood of being physically
inactive. P values were all < 0.01 and the estimated impact of replacing these screen
based behaviours with talking on the phone ranged from a high of 15% for internet use
and a low of 11% for TV use.
When comparing males and females separately there are several notable
differences. Significance was seen for males (but not females) when replacing one hour
of TV with one hour of computer/video game use (13% increase in the likelihood of
being physically inactive) (p<0.01). When replacing one hour of internet use with one
hour of computer/ video game use, an 8% increase in the likelihood of being physically
inactive was seen only in males (p=0.03). Significance was seen only for females when
replacing one hour of TV with one hour of talking on the phone (9% decrease in the
likelihood of being physically inactive (p<0.01).
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Table 3. Reallocating sedentary behaviour to assess likelihood of not meeting the aerobic physical activity guidelines (<1 hour/day).
Replacing TV with:
Computer/ Video Games
Talking on Phone
Surfing Internet
Reading for Fun
Replace Computer/ Video Games
with:
TV
Talking on the Phone
Surfing Internet
Reading for Fun

All participants
RR (95% CI)
P value
n=5144
1.01 (0.96, 1.06)
0.83
0.91 (0.86, 0.96)
<0.01
1.06 (1.01, 1.11)
0.02
0.96 (0.92, 1.01)
0.10

Males
RR (95% CI)

RR (95% CI)

P value

<0.01
0.08
0.17
0.06

n=2644
1.03 (0.97, 1.10)
0.91 (0.85, 0.97)
1.04 (0.98, 1.10)
0.97 (0.91, 1.02)

0.34
<0.01
0.19
0.22

n=2500
1.13 (1.05, 1.21)
0.92 (0.84, 1.01)
1.05 (0.98, 1.13)
0.93 (0.86, 1.00)

n=5156
1.00 (0.95, 1.04)
0.91 (0.86, 0.95)
1.05 (1.01, 1.10)
0.96 (0.92, 1.00)

Females
P value

n=2505
0.85
<0.01
0.02
0.04

0.89 (0.83, 0.95)
0.81 (0.75, 0.88)
0.93 (0.87, 1.00)
0.82 (0.76, 0.88)

Replace talking on the phone
with:
TV
Computer/ Video Games
Surfing Internet
Reading for fun

n=5181
1.11 (1.05, 1.17)
1.11 (1.06, 1.16)
1.17 (1.11, 1.23)
1.06 (1.01, 1.12)

<0.01
<0.01
<0.01
0.02

1.09 (1.00, 1.19)
1.23 (1.13, 1.34)
1.14 (1.05, 1.25)
1.01 (0.92, 1.11)

Replace internet with:
TV
Computer/Video Games
Talking on the Phone
Reading for Fun

n=5175
0.96 (0.91, 1.00)
0.96 (0.92, 1.00)
0.87 (0.83, 0.92)
0.92 (0.88, 0.96)

0.05
0.04
<0.01
<0.01

0.96 (0.89, 1.03)
1.08 (1.01, 1.16)
0.89 (0.82, 0.97)
0.89 (0.83, 0.95)

n=2651
<0.01
<0.01
0.05*
<0.01

n=2523

0.97 (0.90, 1.04)
0.88 (0.82, 0.95)
1.01 (0.85, 1.07)
0.93 (0.88, 0.99)

0.36
<0.01
0.88
0.03

n=2658
0.08
<0.01
<0.01
0.86

1.11 (1.03, 1.19)
1.14 (1.07, 1.22)
1.15 (1.08, 1.23)
1.06 (1.00, 1.13)

<0.01
<0.01
<0.01
0.06

0.25
0.03
<0.01
<0.01

n=2659
0.97 (0.92, 1.03)
1.00 (0.94, 1.06)
0.89 (0.83, 0.95)
0.94 (0.89, 0.99)

0.30
0.99
<0.01
0.01

n=2516

Replace reading with:
n=5148
n=2501
n=2647
TV
1.04 (1.00, 1.09)
0.08
1.08 (1.00, 1.16)
0.05
1.04 (0.98, 1.10)
0.18
Computer/Video Games
1.04 (1.00, 1.09)
0.05*
1.22 (1.13, 1.31)
<0.01
1.07 (1.01, 1.14)
0.03
Talking on the Phone
0.95 (0.90, 1.00)
0.03
1.00 (0.91, 1.10)
0.97
0.94 (0.88, 1.00)
0.06
Surfing the internet
1.10 (1.05, 1.14)
<0.01
1.13 (1.05, 1.22)
<0.01
1.08 (1.02, 1.13)
<0.01
Note: ISM indicate the RR of reallocating 1 hour/day of one SB with 1 hour/day of another SB on the listed outcome. All analysis have been adjusted for sex,
grade, ethnicity, mother’s education, father’s education, and school site
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The relationship between all SBs and the likelihood of not meeting the strength
training guidelines are displayed in Table 4. Reading for fun and talking on the phone
appear to have similar, beneficial relationships with frequency of strength training as
compared to the three screen based behaviours. Looking at the first column of Table 4,
we can see that talking on the phone has a slightly greater association than reading for fun
on the three screen based behaviours, and that, when replacing one hour of talking on the
phone with one hour of reading, there is an increase in the likelihood of participating in
insufficient amounts of strength training activities per week (4% increase; p=0.03). When
replacing talking on the phone with the other three screen based behaviours, the greatest
detrimental association is seen when reallocating time to internet use - 11% increase in
the likelihood of participating in low amounts of strength training activities per week
(p<0.01).
Convergence issues occurred when TV and talking on the phone were excluded
from the model and analysis was split by sex. Because of this, data were not able to be
computed and differences between the sexes cannot be compared when reallocating time
spent watching TV to other modes of SB and when reallocating time spent talking on the
phone to other SB. Significance was seen for males (but not females) when reallocating
one hour of computer/video games with one hour of TV, resulting in a 5% decrease in the
likelihood of not meeting the strength training guidelines (p=0.02). Among males, the
biggest estimated impact was seen when replacing one hour of talking on the phone with
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Table 4. Reallocating sedentary behaviour to assess the likelihood of low strength training (<3 days/week).
Replacing TV with:
Computer/ Video Games
Talking on Phone
Surfing Internet
Reading for Fun
Replace Computer/ Video Games
with:
TV
Talking on the Phone
Surfing Internet
Reading for Fun

All participants
RR (95% CI)
P value
n=5085
1.00 (0.97, 1.03)
0.93
0.92 (0.89, 0.95)
<0.01
1.02 (0.99, 1.05)
0.18
0.95 (0.93, 0.98)
<0.01

Males
RR (95% CI)

RR (95% CI)

1.06 (1.01, 1.11)
0.92 (0.87, 0.97)
1.02 (0.98, 1.07)
0.95 (0.91, 0.99)

n=
0.01
<0.01
0.31
0.03

-

n=2477
0.83
<0.01
0.09
<0.01

P value

n=2472

n=5097
1.00 (0.97, 1.04)
0.92 (0.89, 0.95)
1.02 (1.00, 1.05)
0.96 (0.93, 0.98)

Females
P value

0.95 (0.91, 0.99)
0.87 (0.82, 0.92)
0.97 (0.93, 1.07)
0.90 (0.86, 0.94)

Replace talking on the phone
with:
TV
Computer/ Video Games
Surfing Internet
Reading for fun

n=5121
1.09 (1.05, 1.13)
1.08 (1.05, 1.12)
1.11 (1.07, 1.15)
1.04 (1.00, 1.07)

<0.01
<0.01
<0.01
0.03

1.09 (1.03, 1.15)
1.15 (1.09, 1.21)
1.11 (1.05, 1.18)
1.03 (0.97, 1.10)

Replace internet with:
TV
Computer/Video Games
Talking on the Phone
Reading for Fun

n=5116
0.98 (0.95, 1.02)
0.98 (0.95, 1.01)
0.90 (0.87, 0.93)
0.94 (0.91, 0.96)

0.30
0.14
<0.01
<0.01

0.98 (0.94, 1.03)
1.04 (0.99, 1.08)
0.90 (0.85, 0.96)
0.93 (0.89, 0.97)

n=2620

0.02
<0.01
0.2
<0.01

1.00 (0.96, 1.05)
0.92 (0.88, 0.96)
1.01 (0.97, 1.05)
0.95 (0.91, 0.99)

n=2495

0.89
<0.01
0.64
<0.01
n=

<0.01
<0.01
<0.01
0.36
n=2488
0.47
0.13
<0.01
<0.01

-

-

n=2628
1.00 (0.96, 1.04)
0.99 (0.96, 1.0)
0.91 (0.87, 0.95)
0.94 (0.31, 0.97)

0.80
0.70
<0.01
<0.01

Replace reading with:
n=5089
n=2473
n=2616
TV
1.05 (1.02, 1.08)
<0.01
1.05 (1.01, 1.10)
0.03
1.06 (1.02, 1.10)
<0.01
Computer/Video Games
1.05 (1.02, 1.08)
<0.01
1.11 (1.07, 1.17)
<0.01
1.06 (1.02, 1.10)
<0.01
Talking on the Phone
0.96 (0.93, 1.00)
0.03
0.97 (0.91, 1.03)
0.29
0.97 (0.94, 1.01)
0.11
Surfing the internet
1.07 (1.05, 1.10)
<0.01
1.08 (1.03, 1.13)
<0.01
1.07 (1.03, 1.11)
<0.01
Note: ISM indicate the RR of reallocating 1 hour/day of one SB with 1 hour/day of another SB on the listed outcome. All analysis have been adjusted
for sex, grade, ethnicity, mother’s education, father’s education, and school site.
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one hour of computer/video game use (15% increase in likelihood of not meeting the
strength training guidelines; p<0.01).
,$,$, !
The relationship between all SBs and the likelihood of being overweight or obese
are displayed in Table 5. Replacing one hour of TV use or one hour of computer/video
game use with any other SB has a positive estimated impact on the likelihood of being
overweight/obese meaning that both of these behaviours appear to be equally as harmful
to the likelihood of being overweight or obese for all participants. Internet use, talking on
the phone, and reading for fun all show similar estimated impacts with similar levels of
significance when replacing computer/video game use or TV use (See Table 5).
When comparing males and females separately, replacing one hour of TV use
with one hour of computer/video game use had a significant impact on females only
(18% decrease in the likelihood of being overweight/obese) (p<0.01). When replacing
one hour of TV use with one hour of talking on the phone we see a 17% decrease in the
likelihood of being overweight/obese for females only (p<0.01). Reading for fun had a
significant impact on males only when replacing TV and computer/video games (11%
decrease in likelihood of being overweight or obese; p=0.01). The most significant
estimated impact for males is seen when one hour of reading is replaced with one hour of
talking on the phone (14% increase in the likelihood of being overweight/obese; p=0.01).
The most significant estimated impact for females is seen when one hour of
computer/video games is replaced with one hour of TV use (22% increase in the
likelihood of being overweight/obese). When examining males and females separately,
no significant findings were seen with respect to replacing internet use with any other SB.
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Table 5. Reallocating sedentary behaviour to assess the likelihood of being overweight/obese.
Replacing TV with:
Computer/ Video Games
Talking on Phone
Surfing Internet
Reading for Fun
Replace Computer/ Video Games
with:
TV
Talking on the Phone
Surfing Internet
Reading for Fun

All participants
RR (95% CI)
P value
n=3441
1.02 (0.96 1.08)
0.62
0.92 (0.85, 0.98)
0.02
0.93 (0.88, 0.99)
0.02
0.90 (0.85, 0.96)
<0.01

Males
RR (95% CI)

RR (95% CI)

P value

0.93
0.86
0.20
0.01

n=1719
0.82 (0.72, 0.92)
0.83 (0.74, 0.92)
0.91 (0.83, 1.00)
0.92 (0.84, 1.01)

<0.01
<0.01
0.06
0.08

n=1722
1.00 (0.92, 1.07)
1.01 (0.92, 1.10)
0.95 (0.88, 1.03)
0.89 (0.81, 0.97)

n=3448
0.98 (0.93, 1.04)
0.90 (0.85, 0.96)
0.91 (0.87, 0.97)
0.89 (0.84, 0.94)

Females
P value

n=1723
0.58
<0.01
<0.01
<0.01

1.00 (0.93, 1.08)
1.01 (0.92, 1.09)
0.95 (0.88, 1.03)
0.89 (0.81, 0.96)

Replace talking on the phone
with:
TV
Computer/ Video Games
Surfing Internet
Reading for fun

n=3465
1.09 (1.02, 1.17)
1.11 (1.05, 1.19)
1.01 (0.95, 1.09)
0.98 (0.92, 1.05)

0.02
<0.01
0.71
0.60

0.99 (0.91, 1.09)
1.00 (0.92, 1.09)
0.95 (0.87, 1.04)
0.89 (0.81, 0.98)

Replace internet with:
TV
Computer/Video Games
Talking on the Phone
Reading for Fun

n=3458
1.08 (1.02, 1.15)
1.10 (1.04, 1.16)
0.99 (0.92, 1.07)
0.97 (0.92, 1.03)

0.01
<0.01
0.84
0.39

1.05 (0.97, 1.14)
1.05 (0.97, 1.13)
1.07 (0.98, 1.16)
0.93 (0.86, 1.02)

Replace reading with:
TV
Computer/Video Games
Talking on the Phone
Surfing the internet

n=3443
1.11 (1.05, 1.19)
1.13 (1.07, 1.20)
1.02 (0.95, 1.10)
1.03 (0.97, 1.10)

<0.01
<0.01
0.55
0.32

1.13 (1.04, 1.24)
1.13 (1.04, 1.23)
1.14 (1.03, 1.25)
1.07 (0.99, 1.17)

n= 1725
1.00
0.91
0.19
0.01

1.22 (1.08, 1.39)
1.01 (0.89, 1.15
1.12 (1.00, 1.26)
1.13 (1.00, 1.28)

n=1737

<0.01
0.85
0.06
0.05

n=1728
0.89
0.92
0.23
0.02

1.21 (1.09, 1.36)
0.99 (0.87, 1.13)
1.10 (0.99, 1.24)
1.11 (1.01, 1.23)

<0.01
0.88
0.08
0.04

0.21
0.12
0.12

n=1727
1.10 (1.00, 1.21)
0.90 (0.80, 1.00)
0.90 (0.81, 1.01)
1.02 (0.94, 1.11)

0.04
0.07
0.07
0.66

0.01
0.01
0.01
0.11

n=1721
1.08 (0.99, 1.19)
0.89 (0.79, 1.00)
0.90, 0.81, 0.99)
0.99 (0.91, 1.08)

n=1731
0.19

n=1722

0.08
0.06
0.03
0.76

Note: ISM indicate the RR of reallocating 1 hour/day of one SB with 1 hour/day of another SB on the listed outcome. All analysis
have been adjusted for sex, grade, ethnicity, mother’s education, father’s education, and school site.
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The relationship between all SBs and the likelihood of perceiving oneself as
underweight are displayed in Table 6. No specific SB seems to have a beneficial impact
on reducing the likelihood of perceiving oneself as underweight. However,
computer/video games appear to be consistently bad. The strongest relationship can be
seen when replacing one hour of internet use with one hour of computer/video game use
for all participants (18% increase in likelihood of perceiving oneself as underweight,
p<0.01). When examining females and males separately significant findings are only
noted amongst females. Significant findings were only associated with reallocating time
spent playing computer/video games for all participants and females.
,$,$.   !
The relationship between all SBs and the likelihood of perceiving oneself as
overweight are displayed in Table 7. Similar to the above outcome, there is no specific
SB that has beneficial impact on reducing the likelihood of perceiving oneself as
overweight. However, internet use appears to be consistently bad. Replacing internet with
computer/video games, talking on the phone, or reading for fun all result in a decrease in
the likelihood of perceiving oneself as overweight (p<0.01). No significant estimated
impact was seen when one hour of surfing the internet was reallocated to one hour of TV
use (p>0.05). When examining males and males separately, many differences in regards
to the estimated impacts can be seen. These results will be discussed further in Chapter 5.
As noted in Chapter 2, the results for sugar sweetened beverages, fruit and
vegetable consumption, salt and sugary snacks, and flexibility training are included in
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Appendix C. These results should be interpreted with caution and are therefore are not
described in more detail here.
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Table 6. Reallocating sedentary behaviour to assess the likelihood of perceiving oneself as underweight.
Replacing TV with:
Computer/ Video Games
Talking on Phone
Surfing Internet
Reading for Fun
Replace Computer/ Video Games
with:
TV
Talking on the Phone
Surfing Internet
Reading for Fun

All participants
RR (95% CI)
P value
n=5034
1.14 (1.06, 1.23)
<0.01
1.02 (0.92, 1.11)
0.74
0.97 (0.89, 1.05)
0.40
1.04 (0.96, 1.12)
0.32

Males
RR (95% CI)

RR (95% CI)

P value

0.87
0.66
0.88
0.11

n=2593
1.24 (1.09, 1.40)
1.00 (0.87, 1.14)
0.96 (0.85, 1.08)
1.01 (0.91, 1.13)

<0.01
0.95
0.49
0.83

n=2441
1.01 (0.91, 1.11)
1.03 (0.90, 1.17)
1.01 (0.91, 1.12)
1.09 (0.98, 1.20)

n=5043
0.88 (0.82, 0.94)
0.89 (0.82, 0.97)
0.85 (0.79, 0.91)
0.91 (0.85, 0.97)

Females
P value

n=2444
<0.01
0.01
<0.01
0.01

1.00 (0.91, 1.11)
1.04 (0.92, 1.16)
1.01 (0.91, 1.12)
1.08 (0.99, 1.19)

Replace talking on the phone
with:
TV
Computer/ Video Games
Surfing Internet
Reading for fun

n=5068
0.99 (0.90, 1.08)
1.12 (1.03, 1.22)
0.95 (0.87, 1.04)
1.02 (0.94, 1.12)

0.75
0.01
0.29
0.62

0.97 (0.86, 1.11)
0.97 (0.87, 1.10)
0.97 (0.86, 1.11)
1.06 (0.94, 1.20)

Replace internet with:
TV
Computer/Video Games
Talking on the Phone
Reading for Fun

n=5065
1.04 (0.96, 1.12)
1.18 (1.10, 1.27)
1.05 (0.96, 1.16)
1.07 (1.00, 1.16)

0.34
<0.01
0.27
0.06

0.99 (0.90, 1.10)
1.00 (0.90, 1.10)
1.01 (0.88, 1.15)
1.07 (0.97, 1.18)

Replace reading with:
TV
Computer/Video Games
Talking on the Phone
Surfing the internet

n=5038
0.96 (0.89, 1.04)
1.10 (1.03, 1.17)
0.97 (0.89, 1.06)
0.93 (0.86, 1.00)

0.31
0.01
0.55
0.06

0.92 (0.83, 1.02)
0.93 (0.84, 1.02)
0.94 (0.83, 1.06)
0.93 (0.84, 1.03)

n=2599
0.96
0.54
0.84
0.09

n=2463

0.81 (0.71, 0.91)
0.80 (0.70, 0.91)
0.77 (0.69, 0.87)
0.82 (0.73, 0.92)

<0.01
<0.01
<0.01
<0.01

n=2605
0.67
0.66
0.69
0.39

1.00 (0.88, 1.15)
1.24 (1.09, 1.42)
0.96 (0.84, 1.11)
1.02 (0.90, 1.15)

0.96
<0.01
0.60
0.82

0.96
0.88
0.18

n=2608
1.05 (0.94, 1.19)
1.30 (1.16, 1.45)
1.06 (0.93, 1.21)
1.06 (0.96, 1.18)

0.39
<0.01
0.39
0.26

0.12
0.10
0.34
0.15

n=2596
0.98 (0.88, 1.10)
1.22 (1.08, 1.37)
0.98 (0.86, 1.11)
0.95 (0.85, 1.05)

n=2457
0.87

n=2442

0.77
<0.01
0.75
0.32

Note: ISM indicate the RR of reallocating 1 hour/day of one SB with 1 hour/day of another SB on the listed outcome. All analysis
have been adjusted for sex, grade, ethnicity, mother’s education, father’s education, and school site.
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Table 7. Reallocating sedentary behaviour to assess the likelihood of perceiving oneself as overweight.
Replacing TV with:
Computer/ Video Games
Talking on Phone
Surfing Internet
Reading for Fun
Replace Computer/ Video Games
with:
TV
Talking on the Phone
Surfing Internet
Reading for Fun

All participants
RR (95% CI)
P value
n=5034
0.96 (0.91, 1.01)
0.14
0.95 (0.89, 1.01)
0.09
1.04 (0.98, 1.10)
0.18
0.95 (0.90, 1.00)
0.07

Males
RR (95% CI)

RR (95% CI)

P value

0.02
0.35
0.20
0.25

n=2593
0.87 (0.80, 0.95)
0.89 (0.83, 0.97)
1.01 (0.94, 1.08)
0.94 (0.88, 1.01)

<0.01
<0.01
0.89
0.08

n=2441
1.10 (1.01, 1.19)
1.05 (0.95, 1.15)
1.06 (0.97, 1.15)
0.95 (0.87, 1.04)

n=5043
1.04 (0.99, 1.10)
0.99 (0.93, 1.04)
1.08 (1.03, 1.13)
0.99 (0.94, 1.04)

Females
P value

n=2444
0.15
0.63
<0.01
0.70

0.91 (0.84, 0.98)
0.95 (0.87, 1.03)
0.96 (0.88, 1.04)
0.86 (0.79, 0.93)

Replace talking on the phone
with:
TV
Computer/ Video Games
Surfing Internet
Reading for fun

n=5068
1.06 (1.00, 1.12)
1.01 (0.96, 1.07)
1.10 (1.04, 1.17)
1.01 (0.96, 1.07)

0.07
0.62
<0.01
0.77

0.96 (0.87, 1.05)
1.05 (0.97, 1.14)
1.02 (0.93, 1.12)
0.92 (0.84, 1.00)

Replace internet with:
TV
Computer/Video Games
Talking on the Phone
Reading for Fun

n=5065
0.97 (0.92, 1.02)
0.93 (0.89, 0.98)
0.92 (0.86, 0.97)
0.92 (0.88, 0.97)

0.25
<0.01
<0.01
<0.01

0.95 (0.88, 1.04)
1.04 (0.96, 1.13)
0.99 (0.91, 1.09)
0.90 (0.83, 0.98)

Replace reading with:
TV
Computer/Video Games
Talking on the Phone
Surfing the internet

n=5038
1.05 (1.00, 1.11)
1.01 (0.96, 1.06)
1.00 (0.94, 1.05)
1.09 (1.04, 1.15)

0.06
0.72
0.88
<0.01

1.05 (0.96, 1.15)
1.16 (1.07, 1.26)
1.10 (1.00, 1.20)
1.11 (1.02, 1.21)

n=2599
0.02
0.20
0.32
<0.01

n=2463

1.15 (1.05, 1.25)
1.03 (0.94, 1.12)
1.15 (1.07, 1.25)
1.08 (1.00, 1.17)

<0.01
0.55
<0.01
0.07

n=2605
0.34
0.21
0.66
0.06

1.12 (1.04, 1.22)
0.97 (0.89, 1.07)
1.13 (1.04, 1.22)
1.06 (0.98, 1.13)

<0.01
0.57
<0.01
0.14

0.27
0.30
0.87
0.02

n=2608
1.00 (0.93, 1.07)
0.87 (0.80, 0.94)
0.89 (0.82, 0.96)
0.94 (0.88, 1.00)

0.96
<0.01
<0.01
0.05

0.26
<0.01
0.04
0.01

n=2596
1.07 (1.00, 1.14)
0.93 (0.85, 1.00)
0.95 (0.88, 1.02)
1.07 (1.00, 1.14)

n=2457

n=2442

0.06
0.06
0.16
0.04

Note: ISM indicate the RR of reallocating 1 hour/day of one SB with 1 hour/day of another SB on the listed outcome. All analysis
have been adjusted for sex, grade, ethnicity, mother’s education, father’s education, and school site.
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Chapter 4: Discussion
The purpose of this thesis was to estimate the impact of reallocating one sedentary
behaviour with another to assess the relationship on PA and weight status using
isotemporal substitution. It was hypothesized that substituting screen based SB with non–
screen based SB would result in a higher likelihood of meeting both the aerobic and
strength components of the Canadian PA guidelines and a lower likelihood of being
overweight or obese, and perceiving oneself as underweight and overweight. This chapter
starts by discussing frequency of screen time and total sedentary behaviour for children
and youth in Prince Edward Island in comparison to other Canadian samples. A more indepth look at the five health outcomes outlined in Chapter 3 is discussed, followed by a
brief overview of the results included in Appendix C. Potential mechanisms that may
influence the relationships seen in our results are also discussed, followed by an overview
of the limitations that need to be considered when interpreting and understanding the data
analysis. Lastly, a discussion regarding future directions that may lead to more
comprehensive data analysis pertaining to sedentary behaviour.
4.1 Comparisons between PEI youth and Canadian youth
When looking at a large sample of children and youth across PEI, it is important
to make comparisons to other Canadian populations to assess whether possible
differences may exist. Males reported spending an average of 2.15 hours/day (CI= 2.08,
2.21) participating in MVPA and females reported participating an average of 1.70
hours/day (CI=1.65, 1.75). Accelerometer derived data from two cycles of the Canadian
Health Measures Survey reported that boys aged 5 to 17 reported an average of 60.1
minutes of MVPA per day and girls reported an average of 47.1 minutes of MVPA per

70

day. Results from SHAPES-PEI are self-reported values which is likely why the values
are so much higher. Although the averages found amongst SHAPES participants are quite
a bit higher, findings are consistent in that males between the ages of 10–18 typically
report participating in more PA than females (Colley et al., 2017; Roberts et al., 2017;
Koezuka et al., 2006). Males reported spending more time playing computer/video games
than females which is also consistent with the literature (LeBlanc et al., 2015a; Saunders
et al., 2013).
Similar to the rest of the Canadian population, the majority of children and youth
in PEI are not meeting the Canadian screen time guidelines (79.3%) of no more than two
hours/day (ParticipACTION, 2018). Data from the Canadian Health Measures Survey
showed that 50% of children and youth aged 5 to 17 were meeting screen time guidelines
(Roberts et al., 2017). It is interesting to note that in the present dataset the decline in
those meeting the guidelines is much more prominent among females and seems to
plateau around grade 9. Between grades 9 and 12 there is a change of only 1.3%. Similar
to our findings in Table 1, fewer males are meeting the screen time guidelines compared
to females, but what’s more interesting is that this percent does not change as drastically
throughout the grades as it did in females. For males, a high of 25.9% are meeting the
screen time guidelines in grade 6, and a low of 10.1% are meeting guidelines in grade 12.
This is a marginal difference of 15.8%. For females, a high of 40.7% are meeting
guidelines in grade 5, and a low of 13.6% are meeting the guidelines in grade 11. This is
a marginal difference of 27.1%. Previous findings have consistently shown that boys
engage in more screen time and are less likely to meet screen time guidelines than girls,
while girls are likely to accumulate more total sedentary time and more non-screen based
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time (Temmel & Rhodes, 2013; Rodrigues et al., 2010; LeBlanc 2015b). We see similar
results with SHAPES-PEI data in that more females appear to be meeting screen time
guidelines (22.9%; CI=21.3, 24.5) than males (16.7%; CI=15.3, 18.2); females report
more time pursuing non-screen based behaviours (1.73 hours/day; CI=1.67, 1.79) than
males (1.15 hours/day; CI=1.10,1.20), and males report more time engaged in screen
based behaviours (4.38 hours/day; CI=4.26, 4.50) than females (3.78 hours/day; CI=3.68,
3.88). Where our findings differ is in the total amount of sedentary time: both males and
females report spending a similar amount of time (5.55 hours/day; CI=5.41, 5.69 and 5.51
hours/day; CI=5.38, 5.64 respectively). There is substantial overlap between confidence
intervals meaning there is no significant difference between the two. Although males
reported spending almost triple the amount of time using computer/video games (1.70
hours/day vs. 0.58 hours/day), females reported similar, but slightly higher values for all
other SBs which reflects the similarity in total sedentary time.
4.2 Physical Activity
For this analysis we were fortunate in the sense that we were able to run analyses
on both components of the Canadian PA guidelines; aerobic and resistance exercise.
Below is a further breakdown of each outcome.
4.2.1 Not meeting aerobic physical activity guidelines
As mentioned in Chapter 3, talking on the phone appears to be the best SB to
reallocate time to in order to increase the likelihood of meeting the PA guidelines for all
participants. This may be due to the fact that the act of talking on the phone is a social
behaviour, and may help to facilitate and/or organize opportunities for PA. In 2018, four
focus groups were conducted with a total of 60 students across the island to facilitate
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conversation around a pilot survey. Students and project staff provided feedback
regarding new questions added to the survey as well as recommendations and
modification to existing questions. Of particular interest were the comments made in
regards to the sedentary behaviour talking on the phone. When asked about this question,
some students interpreted this question to mean texting on a smart phone (MunroBernard, 2018). Although this information would change how we define this type of
behaviour (i.e. screen based on non-screen based), it would still be considered a social
behaviour (i.e. communicating).
If students interpreted the question as stated, some potential mechanisms may
include: walking while talking and improved communication skills. If students are having
longer conversations with their friends, they may get bored sitting in one place for a long
time and as a result get up and pace around their room or household which increases the
amount of LPA being performed throughout the day. If we look at data from the 2011
Compendium of PA, sitting talking on the phone has an estimated energy expenditure of
1.5 METs, whereas standing while talking on the phone has an estimated energy
expenditure of 1.8 MET, and walking around the household has an energy expenditure of
2.0 METs (Ainsworth et al., 2011). Although talking on the phone has typically been
defined as a SB, unlike other SBs, it may offer an opportunity to increase LPA
throughout the day, which, consequently, would result in a decrease in total sedentary
time. Talking on the phone can improve communication skills which may be linked to
social competence and confidence, two factors that are associated with higher levels of
PA (Trost et al., 2006; Reynolds et al., 1990).
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If students interpreted the question to mean texting on the phone, this would still
be considered personal communication but rather than verbal communication it would be
written communication. George & Odgers, 2015 reported children who spent more time
chatting with friends online or via text message spent more time with those friends in
person as well and this has been associated with higher quality friendships and wellbeing. In turn, this form of communication with friends could facilitate more participation
in PA. A systematic review examining the reason for participating in sport and PA among
children and youth found that social interaction and enjoyment with peers were seen as
reasons to be physically active (Allender, Cowburn, & Foster, 2006).
Surfing the internet appeared to be the worst behaviour for all participants.
Unfortunately, there is limited information about internet use as this has received
relatively less focus than TV and computer/video games. One study looking at the
association between problematic internet use and PA among a group of Korean
adolescents found that physically active subjects were less likely to be problematic
internet users compared to physically inactive participants (Park, 2014). “Surfing the
internet” is a fairly broad term and therefore makes it difficult for us to speculate on
potential mechanisms as they may depend on the content being viewed and on what
device it is being viewed on. For example, when thinking about the answer to this
question, participants may have considered surfing the internet to mean using educational
resources to aid in the completion of homework or assignments. Conversely, others may
have thought that surfing the internet included use of social media websites such as
Facebook or video viewing platforms such as YouTube. With the rapid advancements in
technology, surfing the internet is no longer limited to a desk top computer. Surfing the
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internet can be done on a tablet, gaming system, or smart phone. Results from an
American survey reported that 91% of teens aged 13-17 use the internet on their mobile
device (Lenhart, 2015a).
When looking at males exclusively, computer/video games were the worst
behaviour. These results suggest that in order to increase the likelihood of being
physically active males should reduce the amount of time they spend playing
computer/video games. Reading and talking on the phone appeared to be equally as
beneficial to replace other screen based behaviours. A systematic review found that video
game use was significantly associated with lower levels of cardiorespiratory fitness
(Carson et al., 2016). Our findings conflict with what was found in the 2000-2001 cycle
of the CHMS in that males aged 12–19 who reported spending 0-5 hours/week playing
video games were more likely to be physically active than those who reported playing
none (Koezuka et al., 2006 ). Their results suggest that video game use may not
necessarily be replacing time spent on PA which is supported by studies conducted in
both Singapore and Hong Kong in that computer use may actually promote a more social
and physically active lifestyle (Lee & Kuo, 2002 ; Ho & Lee, 2001). Other researchers
believe in the displacement theory in that computer/video game use is displacing time
that could otherwise be spent doing PA or other in person social activities (Kruat et al.,
1998). Several studies, including the current study, support this theory and have found
that computer/video game use is inversely related to PA (Melkevik, Torshim, Iannoti, &
Wold, 2010; Fotheringham, Wonnacott, & Owen, 2000).
When looking at females exclusively, computer/video game use and internet use
had similar, detrimental estimated impacts and talking on the phone was the best
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behaviour overall. These results suggest that to increase the likelihood of being physically
active, females who spend a lot of time playing computer/video games or surfing the
internet could reallocate that time to talking on the phone. As mentioned previously,
talking on the phone is a social behaviour and may promote participation in PA amongst
children and youth; especially females, since they typically spend more time pursuing
social behaviours (Flintoff, & Scraton, 2001; Lenhart, 2015a). Conversely,
computer/video gaming and internet use are two behaviours which can be done in
isolation. Results from Table 2 show that computer/video game use and internet use were
the two behaviours that had the strongest detrimental associated for females and that
talking on the phone had neither a detrimental nor a beneficial relationship to PA. It
therefore makes sense that if you were to reallocate time spent on activity that is
adversely associated with PA to time spent on an activity that has a neutral association
that it’s likely to result in a beneficial association.
4.2.2 Not meeting strength training guidelines
Results for not meeting strength training guidelines match our findings for not
meeting the aerobic PA guidelines, further solidifying the notion that talking on the
phone is the best sedentary behaviour to replace others when attempting to increase the
likelihood of meeting both components of the PA guidelines. In order to increase the
likelihood of participating in strength based activities males should aim to decrease the
time they spend playing computer or video games and instead focus on more non–screen
based behaviours such as reading or talking on the phone. It is likely that the same
mechanism that drive the relationship between computer/video game use and aerobic PA
are the same mechanism that drive the relationship between computer/video game use
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and resistance training. Unfortunately, we were not able to draw the same conclusions
about females due to convergence issues. However, if we examine the last column of
Tables 3 and 4 it could be speculated that results would be the same for strength training
as they were for aerobic PA. Unfortunately, research on the relationship between
sedentary behaviour and strength training is relatively limited. A study by Saunders et al.
(2018) looking at the associations between physical literacy and different modes of
sedentary behaviour and found no association between grip strength and different modes
of sedentary behaviour in 8-12 year old Canadian children. However, results from the
same study suggest that physical literacy is more negatively associated with screen based
SB, especially computer/video game use compared to non-screen based SB (Saunders et
al., 2018). Future health behaviour questionnaires should focus on both MVPA as well as
resistance training so more information can be added to the literature and further
comparisons can be made (i.e. are associations between different SBs the same for both
aerobic PA and resistance PA).
4.3 Weight Status
For the purpose of this thesis weight status encompasses three health outcomes:
BMI, perceiving oneself as underweight, and perceiving oneself as overweight.
Monitoring children and youth’s perception of weight can be of particular importance to
monitor in addition to BMI as it provides us with a greater understanding of the
challenges we, as health researchers, face when trying to find solutions to pediatric
obesity (Park, 2011).
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4.3.1 BMI
Reading for fun, taking on the phone, and internet use all appear to have similar,
positive estimated impacts when replacing time spent watching TV and playing
computer/video games for all participants. Since Table 2 reveals a neutral relationship
between internet use, reading for fun, talking on the phone, and BMI (p>0.05), it is
unlikely that time spent on these activities are a beneficial behaviour on their own, but
rather a less detrimental behaviour than computer/video games and TV use. Increased
food consumption while watching TV or playing computer/video games has been
supported in the literature as a potential mechanism for increased BMI. During meal
times, TV viewing can act as a distraction and cause people to over eat even when they
aren’t hungry (Bellisle, Dalix, & Slama, 2004; Francis & Birch, 2006). A study looking
at 22 male adolescents aged 15 to 19 found that males consumed more food after playing
a video game for one hour then they did when sitting for one hour (Chaput, Visby, Nyby,
& Klingenberg, 2011).
Advertisements on TV and product placements in video/computer games can act
as primers for eating behaviours that occur subconsciously (Bargh & Morsella, 2008).
Priming research has demonstrated that a number of social and physical behaviours can
be activated by relevant external stimulus without a person’s intent to behave that way or
without awareness of the influence (Bargh, 2013). Translating this information into eating
behaviours, exposure to the sensory properties, in this case sight, of palatable food
increases subjective desire and consumption even though someone is already fully
satiated (Cornell, Rodin, & Weingarten, 1989).
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Rapid advancements in technology are causing screen based devices to be used
more and more in the bedroom, and not only that, but at times that are detrimental to a
child’s health, such as bed time. Later bed times and shorter sleep times caused by
increased screen time may be another reason why TV and computer/video games are
associated with an increased likelihood of being overweight/obese. A study looking at the
effects of partial sleep restriction on feeding behaviour and appetite related hormones
found that sleep restriction was associated with a reduction in leptin, increase in ghrelin,
and an increase in hunger and appetite (Spiegel et al., 2004). Shorter sleep durations
during school nights have also been associated with higher consumption of energy dense
food in school aged children (Weterlund, Ray, & Roos, 2009).
When examining males exclusively, reading is the best behaviour to replace
others to decrease likelihood of being overweight/obese. No one screen based SB is more
detrimental than another. As mentioned above, reading has neither a beneficial or
detrimental impact on BMI for males so when it is replacing all other SBs that have a
detrimental estimated impact, the resultant is a positive change (i.e. a decrease in the
likelihood of being overweight/obese). Because males tend to value reading less, report
enjoying it less, and report less time doing it (Van der Bolt, & Tellegen, 1996; Marinak &
Gambrell, 2010; Merisuo-Storm, 2006) it is possible to speculate that when they do sit
down to read they are doing it for shorter periods of time and focusing solely on the one
task meaning they would be less likely to consume excess amounts of food and could
move on to other behaviours when finished reading (i.e. PA). From a more practical stand
point, it is simply more difficult to eat when reading a book than when watching TV
which may be one reason why reading is not as highly associated with increased BMI.
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TV use appears to be the worst screen behaviour for females when replacing
computer/video games or talking on the phone. Table 2 shows that computer/video game
use and talking on the phone both have neutral associations with BMI and that TV use
has the strongest detrimental association. Females that took part in the SHAPES survey
reported more time watching TV than their male counterparts which makes sense as to
why we would see a stronger detrimental association. TV time was also the most reported
sedentary behaviour for females. Talking on the phone appears to produce the most
positive estimated impact for females. What is interesting to note is that when one hour of
talking on the phone is replaced with one hour of reading there is an 11% increase in the
likelihood of being overweight/obese (p=0.04). These findings suggest that reading is
potentially detrimental to weight for females but only when it is replacing talking on the
phone. This may be attributed to the fact that talking on the phone is a social behaviour
and may facilitate more interaction that involves light PA and reading is an isolated
behaviour.
4.3.2 Perceiving oneself as underweight
Based on reported rates amongst PEI children and youth in Prince Edward Island,
males reported that they perceived themselves as underweight more frequently than
females (18.7% and 11.4% respectively). These findings are consistent with what has
been found in the literature (Park, 2011; O’Dea & Caputi, 2001). Significant findings
from the isotemporal substitution models appear to be driven by female participants. No
significant findings are seen when males are looked at separately. Because results for all
participants and females are very similar (i.e. in both impact and significance) I will only
focus on the results of females.
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Computer/video game use has the most detrimental association with perceiving
oneself as underweight. Any other sedentary behaviour is better, but we see the most
positive estimated impact when computer/video game use is replaced with internet use
(23% decrease in likelihood of perceiving oneself as underweight, p<0.01). These
findings are intriguing in that replacing one screen based SB with another screen based
SB appears to have a potentially beneficial estimated impact. This relationship and its
underlying mechanisms are more difficult to explain than others in the current study. If
we refer to Table 2, we can see that computer/video game use is the only sedentary
behaviour that has a strong, detrimental association to perceiving oneself as underweight
(RR=1.20, p<0.01). All other behaviours have no effect based on insignificant findings
suggesting that they have neither a detrimental or beneficial estimated impact on
perceiving oneself as underweight. Although insignificant, the relative risk for internet
use is the only value below 1.00 suggesting there may be a beneficial relationship
between internet use and weight status in that females who spend more time on the
internet are less likely to perceive themselves as underweight. This makes sense for
females especially as mass media advertisements (that would be prevalent on a number of
websites) directed towards young female adolescents can have negative effects on their
self-perception. Unrealistic beauty standards can have a negative impact on female’s
perception of weight, in that, females will be less likely to perceive themselves as
underweight and may even consider themselves overweight even if they are normal
weight because they are comparing themselves to public figures who can sometimes be
underweight but are perceived by society as the “ideal body weight” (Martin & Gentry,
1997). What’s more difficult to explain is why computer/video games use seems to
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increase the likelihood of perceiving oneself as underweight. One possible mechanism
may be the comparison adolescent females are making to female video game characters.
Female video game characters’ physique can be different from females being used in
advertisements for clothes or fashion products. Their physique is often disproportionate
to human body measurements in that they may have large heads and tiny bodies or
unrealistic hip to chest ratios (Canada’s Centre for Digital and Media Literacy, n.d). They
can be depicted wearing armor or elaborate outfits which may make them appear larger
and/or more masculine or overly sexualized (Dill & Thill, 2007). Because of these
unrealistic body shapes, young females may have more difficulty comparing their body
shape to female video game characters and as a result perceive themselves as more
underweight. Future studies should consider looking at how weight perception differs
among males and females, especially in males and females who play copious amounts of
video games.
4.3.3 Perceiving oneself as overweight
A higher percentage of females (25.0%) reported perceiving themselves as
overweight than males (20.9%). These results are similar to findings from previous
literature (Park, 2011). When examining all participants together we can see that internet
use appears to be the most detrimental SB when estimating the impact on perceiving
oneself as overweight. Interestingly, TV appears to have no significant association when
replacing other behaviours or when it is being replaced. Computer/video game use,
talking on the phone, and reading for fun all have similar, beneficial estimated impacts
when replacing internet use. The results for all participants combined should be
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interpreted with caution as many differences exist between males and females in the type
of sedentary behaviour that is most detrimental.
Examining males and females separately may explain why we see a lack of
significant findings amongst all participants combined. When replacing one hour of TV
with one hour of computer video game use we see a 10% increase in the likelihood of
perceiving oneself as overweight for males (p=0.02) and a 13% decrease in the likelihood
of perceiving oneself as overweight for females (p<0.01). Additionally, we can see that
replacing one hour of TV with one hour of talking on the phone results in an 11%
decrease in the likelihood of perceiving oneself as overweight for females only (p<0.01).
Based on these findings, increased TV use is associated with a higher likelihood of
perceiving oneself as overweight in females but not in males. Increased computer/video
game use is associated with a higher likelihood of perceiving oneself as overweight in
males, but not in females. As stated previously, males reported more time playing
computer/video games and females reported more time watching TV. Both behaviours
have been reported as having negative associations to body composition (Carson et al.,
2016). It is not that TV use is not bad for males, but computer/video game use has a
stronger, detrimental association. The opposite can be said for females. We see other
similar trends throughout which suggest that the relationship between individual SBs and
perception of weight differ by sex. Overall, reading appeared to be the best behaviour for
males and computer/video games the worst. Computer/video games and talking on the
phone were the best behaviours for females when replacing TV or internet.
Perception of weight is unique in that it shows the importance of examining sexes
separately because the effect of reallocating time spent in one SB with another is not the
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same for both males and females. One possible explanation is that the determinants for
why someone perceives themselves as overweight is different between the sexes. Body
dissatisfaction is prevalent among both sexes but the factors that predict body image
concerns differ between the two (Presnell, Bearman, & Stice, 2004; Mäkinen, PukkoViertomies, Lindberg, Slimes, & Aalberg, 2012). Research suggests that the perception of
weight and level of body dissatisfaction differs between males and females. Males who
are either underweight or overweight are less satisfied with their body than those who are
normal weight. Females who are normal weight or underweight are generally more
satisfied with their body but become increasing dissatisfied the more weight they gain
(Austin, Haines, & Veugelers, 2009; Presnell et al., 2009; Mäkinen et al., 2012). The
stereotypical ideal body type is different for men and women. In media, the ideal body
shape for men is depicted as someone who is fairly lean, athletic, and muscular. The ideal
women is depicted as thin, toned, and curvy. Subsequently, males who are underweight
may find themselves wanting to gain weight to become more muscular and males who
are overweight may want to lose weight and gain muscle. Females who are underweight
or normal weight are less likely to do anything to change their body composition,
whereas females who are overweight or obese are more likely to want to lose weight to
become more satisfied with body composition. This speculation is in line with previous
findings that showed girls who perceived themselves as overweight showed the greatest
body dissatisfaction, while boys who believed they were underweight showed the greatest
body dissatisfaction (Page & Allen, 1995). Unfortunately, body dissatisfaction was not
examined in the current study.
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4.4 Additional health outcomes
Our original hypothesis included five other health outcomes, but due to statistical
issues outlined in Chapter’s 2 and 3, these results were not interpreted. To provide a more
complete picture of the impacts of reallocating SBs on different health outcomes a brief
overview of the results included in Appendix C will be discussed here. As stated
previously, these results should be interpreted with caution. For simplicity, I will only be
reviewing the results for all participants and not males and females separately. It is
important to note that not all health outcomes were able to be interpreted in the same way
due to convergence issues. For instance, some health outcomes were modeled with the
more positive behaviour as the response and others were modeled with the more adverse
behaviour modeled as the response, in order to achieve model convergence.
Reading for fun and talking on the phone had similar, positive estimated impacts
when replacing the three screen based behaviours in regards to the likelihood of
participating in flexibility training. The biggest impact was seen when one hour of
reading was reallocated to one hour of computer/video games use resulting in a 12%
increase in the likelihood of participating in low levels of flexibility. Overall,
computer/video games appeared to be the worst behaviour for participation in flexibility
training.
Reading for fun was the best SB to replace others for an increased likelihood of
consuming fruit and vegetables. Talking on the phone was beneficial to replace screen
based SB for an increased likelihood in fruit and vegetable consumption but not when
replaced with reading (15% decrease; p<0.01). TV use and internet use appear to be
equally as detrimental and only marginally worse than computer/video game use. The
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biggest estimated impact occured when either one hour of TV or internet use was
replaced with one hour of reading, resulting in a 33% increase in the likelihood of eating
more fruits and vegetables (p <0.01),
Reading for fun, talking on the phone, and internet use all have similar, beneficial,
estimated impacts on salt and sugary snack consumption. Computer/video game use has
the greatest estimated detrimental impact. Most notably when it replaces one hour of
reading which results in a 14% decrease in the likelihood of consuming a lower amount
of salt and sugary snacks.
Reading for fun and internet use appear to have similar, beneficial estimated
impacts when replacing the other three SB on sugar sweetened beverage consumption.
Computer/video game use and talking on the phone are the most detrimental behaviours
to the consumption of sugar sweetened beverages. The greatest estimated impact was
seen when one hour of talking on the phone was replaced with one hour of reading for
fun resulting in a 12% increase in the likelihood of consuming a low number of SSB.
Reading for fun was the most favourable SB to replace all others in hopes of
decreasing the frequency of purchasing lunches from a fast food restaurant. Significant
findings were only seen for fast food consumption when time was reallocated from any
SB to reading for fun. The most significant impact can be seen when one hour of talking
on the phone is replaced with one hour of reading for fun which results in a 37% decrease
in the likelihood of higher consumption of purchasing lunches from fast food restaurants.
Based on these results, reading for fun would potentially offer the most benefits to
health if discretionary SB can be reallocated to another form of SB. Interestingly, talking
on the phone appears to be detrimental in regards to the consumption of unhealthy foods
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and beverages, but beneficial in increasing the likelihood of consuming fruits and
vegetables and participating in more flexibility training. This particular SB will be
discussed further in limitations as to why we may see conflicting results. Computer/video
game use was the most detrimental behaviour for three of the five health outcomes
(flexibility, salt and sugary snacks, and SSB); however, it was only marginally worse
than the other two screen based SB. Results from Appendix C suggest that all three
screen based behaviours can have a detrimental impact on health, but one is not
ultimately worse than another.
4.5 Nuance of swapping screens for screens
Before moving forward, it is important to point out that for some health outcomes
it appears that reallocating time from one screen based behaviour to another may have a
beneficial association with some health outcomes. For example, when swapping one hour
of computer/video game use for one hour of internet use we see a 9% decrease in the
likelihood of being overweight or having obesity. This is not to say that some screen
based sedentary behaviours are better than others. If we refer back to Table 2 that looks at
the relationship between each individual sedentary behaviour with each health outcome
we can see that talking on the phone and reading are the only two behaviours who have
non-significant findings suggesting that they have a neutral association with the five
outcomes. All three screen based behaviours have a significant, detrimental association to
each of the five health outcomes. But if we look at BMI, for example, we can see that
internet use has a less detrimental association to BMI (Ⱦ=1.04; p=0.05) than TV use
(Ⱦ=1.10; p<0.01) and computer/video game use (Ⱦ=1.12; p<0.01). So by replacing a more
detrimental behaviour (computer/video game use) with a less detrimental behaviour

87

(internet use) the resultant change is going to be beneficial. The key message here is that
replacing one type of screen based behaviour with another type is not a beneficial change
that someone should make to increase their health. Instead, the focus should be on
replacing screen based behaviours with more non-screen based behaviours.
4.6 Possible mechanisms
This section will outline three mechanisms that may partially explain why screenbased SB typically have adverse relationships with behavioural health outcomes.
There is accumulating evidence for the importance of adequate sleep and the
impact it can have on both physical health and mental health (Gruber et al., 2014; Chaput,
Carson, Gray, & Tremblay, 2014). The Canadian 24 hour movement guidelines
recommend that children aged 6 to 13 sleep between 9 and 11 hours per night and 8 to 10
hours for those 14 to 17 (Tremblay et al., 2016). Most recent findings indicate that
approximately 75% of Canadian children and youth are meeting sleep guidelines (Roberts
et al., 2017, ParticipACTION, 2018). Many relationships between sleep, screen time, PA,
and body composition have been established in the literature (Sampasa- Kanyinga et al.,
2017). Social media use is growing at a rapid pace and screen based devices are
becoming more prominent in the bedroom (Saunder & Vallance, 2016; LeBlanc et al.,
2017; Lenhart, 2015). Screen based SB have been shown to increase sleep disturbances
(Fonken & Nelson, 2014). Not only do children and youth who use mobile devices at
night time stay up later, but the blue light from screen based devices has been seen to
suppress melatonin levels, ultimately effecting their circadian rhythms, making it more
difficult to fall asleep (Wood, Rea, Plitnick, & Figueiro, 2013; Sampasa- Kanyinga et al.,
2018). These disturbances in sleep patterns and lack of sleep has been linked to less
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participation in PA, a greater risk of childhood overweight/obesity, poor diet quality and
increased food intake, increased risk of depression, and decreased academic achievement
(Chaput, 2014; Lemola, Perkinson-Gloor, Brand, Dewald-Kaufman, & Grob, 2015;
Golley, Maher, Matricciani, & Olds, 2013; Faught et al., 2017). Evidence in the literature
has suggested that children who go to bed later in the evening and wake up later in the
day engage in less MVPA and more sedentary time compared to children who go to bed
earlier and wake up earlier even if the amount of time they sleep is the same (Olds,
Maher & Matricciani, 2011). TV watching, video game use, and shorter sleep durations
are significantly associated with childhood overweight/obesity (Chaput, Brunet, &
Tremblay, 2006). Early research found a dose- response relationship between short sleep
durations and overweight/obesity in children (Chaput, Brunet, & Tremblay, 2006; Sekine
et al., 2002). Sleep is associated with a higher risk of chronic diseases including obesity
(Chen, Beydoun, & Wang, 2008). What’s especially concerning is that late bed times and
late wake up times are associated with a higher risk of obesity regardless of how long a
child is sleeping (Golley et al., 2013).
A gender gap exists between males and females in relation to self-reported
sedentary behaviour. This may explain why we see different results between sexes for
some of the behavioural outcomes. Males consistently report spending more time on
computer video games than females (Saunders et al., 2013; Lenhart 2015; Saunder et al.,
2018) while girls consistently report spending more time on the internet and on social
media (Lenhart, 2015; Leeuw, Brujin, Weert-van Oene, & Schrijvers, 2010; SampasaKanyinga et al., 2017). Girls spend more time pursuing non-screen based SBs compared
to males (Merisuo- Storm, 2006. Temmel & Rhodes, 2013; Rodrigues et al., 2010;
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LeBlanc 2015b; Biddle Soos, Hamar, Sandor, Simonek, & Karsai, 2009). Behaviours
such as internet use, social media, and talking on the phone often facilitate socialization
which has been associated with higher quality friendships and more time spent with
friends in person (Davis, 2013; George & Odgers, 2015). Because of these differences
that exist between sexes, estimated impacts of time reallocation of SBs do not influence
both males and females the same way. More research needs to be done when examining
the different effects of sedentary behaviour among males and females. This information
can be particularly useful to policy makers when considering intervention based studies
in that it may be in their best interest to examine males and females separately.
One likely influential mechanism that would attribute to the direction of the
estimated impact that sedentary behaviour has on different health outcomes is the content
being consumed. For example, educational television content has been linked to greater
cognitive development and academic achievement, whereas recreational TV use,
especially programs that involve violence has been linked to reduced cognitive
development and lower academic achievement (Kirkorian, Wartella, & Anderson, 2008).
Similar to violent TV content, violent video/computer games have been associated with
psychological health. Violent video/computer games have been linked to reduce prosocial
behaviour, increase aggression related thoughts, and decrease behavioral conduct
(Saunders & Vallence, 2016; Carson et al., 2016; Anderson & Bushman, 2001).
Conversely, educational video games have been shown to be positively associated with
GPA (Hastings et al., 2009). And of course active play video games exist to help promote
PA (Biddis, & Irwin 2010). A study by Janssen (2016) looked at the effects of replacing
sedentary video games with active outdoor play and active video games on mental health.
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Using isotemporal substitution, he found that replacing one hour of sedentary video
games with one hour of active video games was associated with more preferable mental
health indicators such as life satisfaction and prosocial behaviour. However, replacing
active video games with active outdoor play was associated negatively to mental health
indicators. Similarly, internet use has been shown to have both positive and negative
effects on health. A survey conducted on 1060 American teens aged 13 to 17 showed that
21% of teens reported feeling worse about their own lives because of what other friends
had posted on social media and 40% said they felt pressure to post content that makes
them look good to others (Lenhart, 2015b). Not unlike magazines and TV commercials
that sexualize celebrities with “perfect” bodies, social media platforms now do the same
thing, which can lead to a decrease in self-esteem by comparing oneself to these
unrealistic beauty expectations (Hargreaves & Tiggemann 2004).
As mentioned previously, internet and social media use can also facilitate social
interaction and lead to better quality friendships. It has also become a very useful and
prevalent tool used to complete homework and assignments. When used for educational
purposes, internet use can facilitate learning and positively affect academic achievement
(Tang & Patrick, 2018). It is evident that discrepancies exist among screen based SBs and
that content being viewed could potentially have a strong mediating effect. Future
research looking at screen based behaviours should focus not only on total time of each
individual behaviour, but also the type of content that is being viewed.
4.7 Strengths and Limitations
The current project displays a variety of strengths and limitation. This study
design was a cross–sectional survey meaning data were collected on one sample at one
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time point. As there were three previous cycles of data, it is likely that a majority of
students completed more than one cycle of this questionnaire; however, it was not
possible to track individual participants across cycles. Using the isotemporal substitution
method can provide good insights into the potential effects and the magnitude of different
SBs, however, it is a mathematical equation that is used to estimate the impact of
reallocating different SBs. Without substitution based interventions, there is no way for
us to draw causal relationships (Saunders et al., 2018; Murnaghan et al., 2014).
The format of the questionnaire posed many challenges when trying to analyze
results. Being as this was a secondary data analysis, the survey questions were already
created and implemented before we completed analysis on the data collected. Almost all
of the data collected were categorical limiting our ability to use standard linear
regression. It also limited the amount of information we were able to gather from these
questions because we had to dichotomize all dependent variables in order to perform log
binomial regression. By dichotomizing our outcome variables, we may have also limited
the statistical power to detect a relationship between the dependent variable and
independent variables (Altman & Royston, 2006). As with many large scale
questionnaires, no formal psychometric testing was done on any of the questions prior to
distribution (LeBlanc et al., 2017). The question that posed the greatest problem was the
one regarding the different types of sedentary behaviour. Each response option was a
range of numbers. In order to perform isotemporal substation we needed to take the
average of each category leading to an additional loss of data (for example if someone
chose the response option 2 – 5 hours per day, they were re-categorized to 3.5 hours
regardless of if they were closer to two hours or five hours). Ultimately, this is what
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inhibited us from including the health outcomes included in Appendix C because treating
these newly categorized variables as continuous provided a model fit that was inadequate
based on the Bayesian Information Criteria.
Because the questionnaires were created and implemented before this analysis
there were a number of confounding factors that we were not able to account for that may
have potentially had an effect on the variability of our outcomes. Typical confounding
factors that were not included in this study that have been included in others that used
survey data include: SES, age, mental health status, substance use, and dietary score
(Sampasa-Kanyinga et al., 2017; Janssen, 2016; Leatherdale & Ahmed, 2011). One factor
that was not included in this analysis was the time at which these questionnaires were
completed by the students. Data collection took place between November and April of
the academic year; however, physical activity levels often differ depending on the time of
year. Because weather is often nicer in November and April in PEI, children and youth
who completed the survey during these months may have reported more participation in
physical activity as compared to those who complete the survey between December and
March. Moving forward, it is important to consider a number of different factors that my
influence that the likelihood of a given health outcome. For example, individuals who
have a more unhealthy eating pattern are more likely to be overweight/obese.
As with any questionnaire, questions are open to the reader’s interpretation. It was
brought to our attention during preparations for a future cycle of SHAPES-PEI that some
students may have interpreted talking on the phone as texting, in which case this SB
would be considered screen based instead of non–screen based. This is one possible
explanation as to why we may see beneficial associations for some health outcomes and
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detrimental effects for others. Something else to consider is that the sub question
regarding reading for fun did not specify what modality was being used. We considered
this behaviour to be non-screen based, but it is possible that children and youth who
reported spending time reading for fun were doing so on electronic devices and not on
print sources, the consequences of which were discussed in previous sections.
The SHAPES-PEI questionnaire also lacked information on sleeping habits of
children and youth. In addition to sedentary behaviour, sleep is also considered a major
determinant to children’s health. Together, these two behaviours make up approximately
80% of a child’s day in regards to movement behaviours (Chaput, Carson, Gray, &
Tremblay, 2014a). By excluding sleep as a component of this survey, it limited our ability
to assess how the different movement behaviours interact with one another to impact
children’s health (Chaput et al., 2014b).
Screen time guidelines within Canada focus specifically on limiting recreational
use (CSEP, 2016). The SHAPES questionnaire did not ask about specific content being
consumed within each type of screen based SB. For example, when asked about internet
use, the question was worded as followed: On average, about how many hours a day do
you spend surfing the internet? We had no way of differentiating between recreational
screen time use and educational screen time use. When interpreting the results for the
percentage of youth meeting/not meeting the guidelines, we have to be cautious as we
don’t know how much of that self-reported screen time is actually recreational.
Not all variables could be examined to their fullest extent due to convergence
issues. This was the major limitation to the statistical test we chose to use for our final
analysis. Because of this, SPSS was unable to compute some results in Table 4. As a
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consequence, we were unable to examine significance amongst females. In addition, not
all outcomes could be interpreted the same way. For example, salt and sugary snacks and
sugar sweetened beverages had to be modelled so that the “good behaviour” was the
outcome of interest (i.e. likelihood of low consumption). Whereas all other behaviours
were modeled so that the “bad behaviour” was the outcome of interest (i.e likelihood of
being physically inactive).
Complete data for the 2014/2015 cycle of SHAPES- PEI was collected on 5621
participants. However, our statistical software excluded participants from analysis if they
were missing any one of the variables included in the model. Because of this there was a
loss of roughly 600 participants for each health outcome we analyzed. This is a
participant loss of about 10%. In addition, BMI was only assessed for roughly 3400
participants as data was omitted for children in grades 5 and 6 due to unreliability. We
must also acknowledge the fact that students may have provided bias responses to
questions pertaining to potentially sensitive topics such as height, weight, perception of
weight, or because students were unable to comprehend the question being asked
(Murnaghan, Morrison, Laurence, & Bell, 2014).
There was a loss of information from choosing to dichotomize the dependent
variables which results in less generalizable findings (Altman & Royston, 2006).
However, the majority of the data already suffered from a loss of information because it
was recorded as categorical. By choosing to dichotomize our dependent variables, the
loss of information from collapsing the categories is likely not a major limiting factor to
our ability to interpret the data. Although not the most common type of regression to use
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when performing isotemporal substitution, log binomial regression has been used when
outcomes are binary (Jansen, 2016; Mekary et al, 2013).
With most health behaviour surveys, information collected was self–reported. It
has been shown in the literature that questions relating to undesirable behaviours are
often under reported (e.g. sedentary behaviour) and desirable behaviours are often over
reported (e.g. PA) (Saunders, Prince, &Tremblay, 2011; Prince et al., 2008) This is
something to take into consideration when interpreting the results as this can lead to an
increase in error and bias when compared to objectively measured data (Saunders et al.,
2018).
Based on a report released by the Department of Education, Early Learning and
Culture, 12551 children and youth were enrolled in grades 5 – 12 across 62 public
schools in September 2014. A total of 107 children and youth were enrolled in private
schools on the island. This report did not included students enrolled in schools on First
Nations Reserves (Department of Education, Early Learning and Culture, 2016). Based
on enrollment numbers, our sample included approximately 44% of children and youth in
grades 5 – 12 across the island. It is important to consider that the SHAPES-PEI data
included results from 53 of the 62 public schools. In addition, one third of children and
youth in grades 6 – 12 were chosen at random to complete a module of the CSTADS
survey instead of the SHAPES- PEI survey. Those who were chosen to complete the
CSTADS survey represented approximately 4100 students in grades 6–12 in public
schools across PEI. Although our study was not truly representative of the PEI population
(i.e. did not include children from small, rural schools or children from First Nation
Reserves), it does nonetheless include a large portion of PEI student in grades 5 – 12.
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Estimated changes for each outcome were relatively small (<15%) meaning our
findings are perhaps not clinically significant; however, our findings were still
statistically significant and are an important contribution to the literature. Our hypothesis
was correct in that non- screen based SBs appear to be better than screen based SBs.
Using Isotemporal substitution as a means to estimate the effect of swapping one type of
behaviour for another in future health surveys that have more refined sedentary behaviour
questions may result in greater changes (i.e >20%). This information can be translated to
the public in a useable format (e.g. 2 in 10 people who replace one hour of internet use
with one hour of reading a book will be less likely to be overweight or have obesity).
Strengths of this study include the large sample size, the use of isotemporal
substitution, and look at both screen based SB and non-based SB. Most sedentary
behaviour research to date has focused on TV watching and computer/video game use;
however, there are many other types of SBs that contribute to a person’s total sedentary
time. The SHAPES-PEI questionnaire asked about five different types of sedentary
behaviour, two of which were non screen based behaviours which enabled us to look at
the differences between screen based SB and non-screen based behaviours. Using
isotemporal substitution, we were able to provide more novel results that indicated the
relative risk of reallocating time from one SB to another SB. Differentiating between
different types of sedentary behaviour and the association they have on health outcomes,
gives us a better indication of what type of sedentary behaviour may be the most
detrimental for a given health outcome. This provides more novel findings as opposed to
a study looking only at the effects of replacing SB as a whole with a different type of
behaviour (i.e. PA). This study included a large sample of PEI students. Over 5600
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students participated in the 2014/2015 cycle of SHAPES from across the province.
Having a larger sample size gave us a good indication of health trends in islands students
in grades 5 – 12. Lastly, the information presented in this study can be of use to future
researchers and policy makers especially when creating intervention based studies.
Targeted reductions in screen time should be assessed differently for males and females
for the most effective results as males and females do not participate in the same types of
SBs for the same amounts of time.
4.8 Future directions
There is a need for a more comprehensive questionnaire that encompasses all
movement behaviours (sleep, light PA, MVPA, sedentary behaviour) that children and
youth participate in during a 24 hour period. Studies that are seeking to explore the
effects of time dependent activities should consider incorporating questions pertaining to
all movement behaviours. This information would allow researchers to use the
isotemporal substitution method and assess which behaviours have the greatest impact on
a child’s health. It is important to consider both movement (MVPA and LPA) and nonmovement (SB and sleep) behaviours because the effects of a healthy behaviour can be
mitigated by the effect of an unhealthy behaviour. For example, while participating in
large amounts of MPA per day would certainly provide many health benefits, its effects
can be diminished if the same child spends the rest of their day sitting in front of the TV
and has poor sleep quality (Chaput et al., 2014)
Two specific considerations that should be made when creating a population
based questionnaire for more effective utilization of data are as follows:
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x

Whenever possible, response options should allow for a wide range of responses
so variable data is continuous in nature making it easier to do linear regression.
Being able to run analysis without having to collapse categories or create specific
derived variables will reduce the loss of information and decrease the risk of
reporting false positive results (Altman & Royston, 2006)

x

Having the questionnaire online so students are not able to skip questions would
result in less missing data. This is also a more environmentally sustainable and
economically affordable solution to continue monitoring the health and well-being
of children and youth.
When creating a health questionnaire with a specific focus on sedentary

behaviour, researchers should consider focusing on more contemporary SBs (e.g. tablet
use, cell phone use, smart watches) and also different types of SBs which would allow for
a more accurate representation of total sedentary time. Example questions could include:
How much time do you spend in a car or bus on a weekday? How much time do you
spend sitting at your desk during a school day? How much time do you spend doing
homework without using your phone, tablet, or computer? Looking at not only different
types of sedentary behaviour, but specific contexts within each type to see if that plays a
role. For example, when examining the effects of reading it would be important to
consider whether participants are reading on a screen based device (i.e. e reader) or a
non-screen based device. It is also important to take into consideration whether the
content being viewed on screen based devices is education or leisure. This information
could provide important context to the area of sedentary behaviour, especially if findings
suggest that content does have an impact on health. If feasible, comparing objectively
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measured SB via a pedometer or accelerometer with self-reported data of the same
sample can add valuable information to the literature regarding the accuracy of selfreported data (Prince et al., 2008).
More longitudinal studies focusing on the long term impacts of sedentary
behaviour are needed to further understand and explain the relationships established
within this thesis especially with children and youth considering childhood is a critical
time period for physical and mental growth (Pearson et al., 2016). In addition to
longitudinal studies, substitution based interventions that replace one type of sedentary
behaviour for another would allow researchers to draw causal relationships on the impact
of reallocating different types of SBs. Postural interventions that alter behavioural
topography may also be more effective in reducing sedentary behaviour (i.e getting
someone to stand while still engaging in their desired task of choice) rather than
attempting to replace one type of behaviour with another (i.e. getting someone to do one
hour of exercise instead of one hour of TV watching) (Spence, Rhodes, & Carson, 2017).
The effects of multitasking are widely unknown and often not a focus of health
behaviour studies which makes it difficult for researchers to know how much time is
actually being spend pursuing different screen time behaviours (LeBlanc et al., 2017).
Although we are seeing a decline in older technologies such as desk top computers and
game consoles, it is possible that newer technologies are not displacing these older
activities but rather they are being used simultaneously (LeBlanc et al., 2017). For
example, if an adolescent spends most of their leisure time watching TV but also surfing
through their cellphone, it is likely that when asked about TV use in a questionnaire, this
additional screen time on a cell phone will not be recorded as it is not the primary task
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being completed. Therefore, it is likely that current estimates of total screen time may be
higher or lower than what is actually happening. Moving forward it is important for
researchers to consider the effect of multi–purpose use. A smart phone can now be used
to watch movies and TV shows, to play games on, to read with, as a musical instrument,
etc. A need for more objective measures such as image capturing is needed in order to
provide a better understanding of how much time children and youth are spending
multitasking on a daily basis (Doherty et al., 2013; Leask, Harvey, Skelton, & Chastin,
2015; McShane, 2018).
A greater understanding of the determinants of sedentary behaviour can help
researchers to better create health policies that aim to reduce total sedentary time and
more specifically, screen based SBs. Future studies need to focus on more than just
intervention based studies. Looking at the psychology of sitting and what environmental
and social cues regulate this type of behaviour (Spence et al., 2017) can be an effect use
of resources for future research. Sitting has become the new norm (Dunstan, Howard,
Healy, & Owen, 2012). PA is more often being referred to in the literature as having
numerous “health benefits” when in reality it is an active state that is necessary for many
biological processes within the human body and shouldn’t be treated as an anomaly
(Booth & Lees, 2006). However, having said this, technology has become an extremely
integrated part of society and it’s unlikely that we, as health researchers, will be able to
reverse these trends by replacing screen time with MVPA or LPA. I believe future health
recommendations for children and youth should focus on ways to integrate screen based
devices into PA practices rather than attempting to eliminate them entirely. And finally I
believe more research should be done on the content being consumed on different types
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of screen based devices and what impact this can have on physical health behaviours.
More specifically, whether educational content being viewed on screen based devices
may have a more positive impact on health than recreational content.
4.9 Conclusion
This study allowed us to look at the estimated impacts of reallocating time spent
in different SB. Based on our results we saw that talking on the phone may be the best
behaviour to replace other forms of screen based behaviours when attempting to increase
PA participation and decrease the likelihood of overweight/obesity. When looking at
sexes separately, reading for fun appears to be a more beneficial replacement than talking
on the phone for males and talking on the phone appears to be a more beneficial
replacement for males. Computer/video game use is the most detrimental behaviour for
males and internet and TV are the most detrimental behaviours for females. Although no
one specific screen based SB was seen to be the most detrimental to health, in general
they were more detrimental to health than non-screen based SB which supports our
original hypothesis. In the future, differences between sexes need to be more closely
examined as the type of SB that is most beneficial is not always the same between males
and females depending on the health outcome of interest. Future studies should continue
to use isotemporal substitution to explore the relationships between different types of SBs
and health related outcomes as it could influence guideline recommendations in the
future. Replacing screen based SBs with non- screen based SBs may have potential
positive impacts on PA participation and decreased BMI
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APPENDIX B
Dependent Variable

BIC Value:
Independent
variables treated as
continuous in
model
19949

BIC Value:
Independent variables
treated as categorical
in model

Difference*

Sugar sweetened
19170
279
beverages
(servings/day)
Salt and sugary
20465
20443
22
snacks (times/day)
Fruit and vegetables
26994
26861
-3
(times/day)
Fast food restaurant
12094
11966
128
frequency
(times/week)
22770
22747
23
Flexibility training
(times/week)
Strength training
23070
23126
-56
(times/week)
6105
6183
-78
MVPA (Meeting/not
meeting the
guidelines)
BMI
4076
4161
-85
(underweight/normal
weight or
overweight/obese)
Perceived
4295
4381
-86
underweight
(underweight/ Not
underweight)
Perceived
5472
5576
-104
overweight
(Underweight/ Not
underweight)
*If the Bayesian Information Criterion (BIC) value is smaller when the IV’s are treated as
continuous then when they are treated as categorical, the model fit is deemed appropriate and a
linear association can be assumed.

134

