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Abstract

The four studies of this thesis provide an overview of the epidemiology of physical activity in
Canada. In the first study two methods of coding activities used in estimating leisure-time
physical activity energy expenditure (LTPAEE), from a questionnaire including 21 specific
activities, and up to three “other” activities were compared. The authors assessed whether the
assignment of activity intensity for “other” activities has an effect on LTPAEE and the
classification of respondents as physically active versus inactive. The results indicate that the
population classification of activity level is not affected by the intensity code; however,
individual level LTPAEE is under-estimated from light and vigorous activities and over-
estimated from moderate activities using the current method. In study two the proportion of
Canadians meeting Canada’s physical activity guidelines for moderate and vigorous activities
was estimated. The prevalence of adults reporting no activity has not changed since 1994/95 and
the prevalence of meeting the guidelines has increased by about 11%. Men, younger adults, those
with higher income and lower body mass index (BMI) meet the guidelines more often than their
peers. The epidemiology of walking among Canadians between 1994 and 2007 was assessed in
the third study. Walking was the most popular activity, regardless of age, sex, BMI or income
group; however, only 30% of walkers walked regularly. Women, older adults, those with lower
BMI and lower household income walk regularly more often than their counterparts. Women,
older adults and lower income Canadians tended to derive 100% of their total LTPAEE from
walking. An evaluation of whether meeting the guidelines for physical activity was associated
with lower odds of chronic conditions and reporting fair/poor health was undertaken in study
four. After adjustment for covariates, the odds of type 2 diabetes, obesity and reporting fair/poor
health were significantly higher among those not meeting the guidelines for both sexes and for

high blood pressure among women. Together these findings provide an understanding of the
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limitations of estimating LTPAEE, provide estimates of the proportion of Canadians meeting the
guidelines for physical activity and provide insight into the relationship between meeting the

guidelines and chronic conditions.
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Chapter 1: General Introduction

Physical inactivity is an important modifiable risk factor for the development of chronic
diseases and much focus has been placed on encouraging Canadians to become more physically
active. In 2004 the burden of physical inactivity in relation to the health care expenditures related
to chronic diseases was estimated to be $5.3 billion.' In 2005, it was estimated that approximately
47% of Canadians (ages 12 years and older) were inactive during their leisure-time (expending
<1.5 keal'kg™'-d™").2 Although research in Canada and other parts of the world demonstrate that the
level of physical activity during leisure-time has increased over the past decade, there has also
been an increase in the prevalence of inactivity-related conditions and diseases over the same
time period.’ This is likely the result of changes to living and working patterns that have led to

less activity in daily living and less physical labour during the working day.*

In response to growing concerns over the impact of physical inactivity on the
development of chronic disease and the impact on overall health, many countries have provided
guidelines for participation in leisure-time physical activity. In 1998 Health Canada and the
Canadian Society for Exercise Physiology released Canada’s Physical Activity Guide to Healthy
Active Living for adults (the Guide) to provide national guidelines that would help Canadians
improve their health through regular physical activity.” These guidelines recommend that
Canadian adults perform either 1) 60 minutes of light effort activity every day of the week, 2) 30-
60 minutes of moderate effort activity at least 4 days per week, or 3) vigorous effort activity for
20-30 minutes on at least 4 days each week.” There has been no rigorous evaluation of whether
Canadians are meeting the guidelines for physical activity, and whether meeting the guidelines
has an impact on the health of Canadians, through a reduction in chronic diseases, likely because

the surveillance tool used to collect information on leisure-time physical activity participation



lacks the information required to easily and accurately assess the recommendations outlined in

the current guidelines.

In Canada the level of leisure-time physical activity is assessed using data from
nationally representative, cross-sectional, self-reported health questionnaires that include
questions on participation in leisure-time physical activities.” Although some questions related to
physical activity at work and active commuting are asked, it is not possible to quantify the
volume of energy expenditure associated with these activities and therefore researchers are
limited to the quantification of leisure-time physical activity energy expenditure (LTPAEE).® The
question on participation in leisure-time physical activity requires respondents to indicate in
which activities from the pre-determined list they participated in during the 3 months prior to the
survey. Up to 21 physical activities, depending upon the survey year, are included in the list and
the respondent has the opportunity report up to three other activities that are not on the list. The
respondent must then indicate the number of times he/she participated in each activity and the
average duration of participation on each occasion. LTPAEE (kcal-kg'-d™) can then be calculated
using a standardized equation as follows:

N; x D, x MET,
365

LTPAEE(kcal -kg ™ -d ™) =)

where N; is number of occasions of activity i over a 12 month period; D; is the average duration,
in hours, of activity i and; MET,; is a constant value for metabolic energy cost of activity i,
expressed as kilocalories per kilogram of body weight per hour.” The level of leisure-time
physical activity is then reported in relation to the LTPAEE using cut-points to denote

respondents as inactive, moderately active or active.

Although collection of self-reported leisure-time physical activity using questionnaires is

cost effective and efficient for collection of population level statistics, there are many limitations



to using these questionnaires that affect the quality of the estimate of LTPAEE and that limit the
ability of researchers to assess different domains of activity that make up the total daily energy
expenditure. In addition, since there is no internationally agreed upon definition or measure of

physical activity, comparisons between countries is difficult.*

1.1 Purpose of Thesis

The objective of the four studies that form this thesis is to provide an overview of the
epidemiology of physical activity in Canada in relation to the recommendations outlined in the
Guide. The studies will: 1) lead to a better understanding of how LTPAEE is estimated using
population surveys, 2) provide current estimates of the proportion of Canadians who meet the
guidelines set out in the Guide, 3) describe the pattern and trends in walking for exercise among
Canadian adults, and 4) provide insight into the associations between not meeting the guidelines

and having a chronic condition or being in fair or poor health.

In study one, the surveillance tool most commonly used to estimate the level of self-
reported leisure-time physical activity among Canadians was assessed. Using data from the 2007
Canadian Community Health Survey (CCHS), an evaluation of whether the assignment of
activity intensity for “other” activities that are not directly asked about on the questionnaire had
an effect on the resultant energy expenditure and classification of respondents as physically active
versus inactive was undertaken. Data from all cycles of the National Population Health Survey
(NPHS) and CCHS were used in study two to estimate the proportion of Canadian adults (ages
18-55 yrs) who met the recommendations for moderate and vigorous physical activity, as
prescribed in the Guide, between 1994 and 2007. Further, the odds of meeting the guidelines was
assessed by various demographic characteristics including age, sex, total household income and
body mass index (BMI). In the third study the authors aimed to extend these findings by
describing the pattern and distribution of walking for exercise, the most commonly reported

3



physical activity among Canadian adults, between 1994 and 2007. In this study, the weighted and
age-standardised prevalence of walking for exercise, walking duration, regular walking (at least 4
times a week) and deriving 100% of LTPAEE from walking were calculated for various
demographic characteristics. In order to better understand the association between meeting the
guidelines for physical activity and self-reported chronic diseases, the fourth study evaluated the
relationship between meeting the guidelines and self-reported hypertension, type 2 diabetes, heart

disease, obesity and low levels of general health.

1.2 Main Hypotheses

Study 1

Hypothesis 1: Leisure-time physical activity energy expenditure will be overestimated for
respondents reporting low intensity physical activities and underestimated for respondents
participating in vigorous activities when specific Met values are applied to activities in the
“other” category.

Hypothesis 2: The overestimation in energy expenditure among those reporting low intensity and
vigorous intensity activities in the other category will result in an overestimation of the
population classification of “moderately active”.

Study 2

Hypothesis 1: The proportion of Canadian adults meeting the guidelines for physical activity has
increased over time.

Hypothesis 2: Canadians will more often meet the moderate guideline than the vigorous
guideline.

Hypothesis 3: Men and younger adults are more likely to meet the guidelines than women and

older adults.



Study 3

Hypothesis 1: The prevalence of walking has increased over time for both men and women and in
all age and income groups.

Hypothesis 2: Among all age, sex and income groups, the frequency of walking (number of times
in 3 months) has increased over time.

Study 4

Hypothesis 1: Those who meet the guidelines for physical activity as set out in Canada’s Physical
Activity Guide will have lower odds of self-reported heart disease, type 2 diabetes, obesity,

hypertension and fair/poor general health.
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Chapter 2: Literature Review

Physical inactivity is a key modifiable public health problem associated with an increased
risk of chronic disease and premature death.' In Canada, increasing the level of leisure-time
physical activity among the adult population is promoted through Canada’s Physical Activity
Guide to Healthy Active Living (the Guide) and targets for increasing physical activity have been
set by the Federal/Provincial/Territorial Ministers responsible for sport, physical activity and
recreation.” > Trend data suggest that the physical activity levels of Canadian adults increased in
the 1980s and 1990s for all age, sex, education and income groups; however, a large proportion
of the population, particularly women, older adults and lower income groups remain sedentary.*

In this section a definition of physical activity is provided and the method used for
measuring population levels of leisure-time physical activity (LTPA) in Canada is described.
Further, statistics on the current level of LTPA among Canadian adults and an overview of the
physical activity guidelines for Canadian adults will be provided. Finally, the most common
physical activity (walking) reported by Canadians will be discussed, and the economic burden

and health risks of physical inactivity will be summarized.

2.1 Defining Physical Activity

Physical activity is defined as any bodily movement produced by the skeletal muscles
that results in a substantial increase in energy expenditure over resting values.’ Total daily
physical activity is comprised of several domains, including LTPA (e.g., exercise, sport),
occupational activity, transportation or commuting and household chores. LTPA includes any
activity performed during a person’s discretionary time which may result in an increase in the

total daily energy expenditure.’



2.2 Measuring Leisure-Time Physical Activity

LTPA is the most commonly measured form of physical activity in population surveys. In
Canada, LTPA is most often assessed using data from nationally representative cross-sectional
surveys in which information on self-reported LTPA is collected via a telephone or in-person
questionnaire modeled after the Minnesota Leisure Time Physical Activity Questionnaire.’ There
are many benefits to using these types of questionnaires in large epidemiological surveys
including the ability to: collect data on large populations at minimal cost; modify questions to
meet the needs of the population being studied and; assess many dimensions of physical activity
and inactivity so that behaviour patterns can be assessed.” However, there are also important
limitations that should be considered when using these self-report questionnaires. Over-reporting
of LTPA often occurs because of social desirability bias and errors in reporting are common since
questionnaires use ambiguous terms such as “physical activity”, “moderate intensity” and
“leisure-time”, which are poorly understood by the general public.® In addition, a single set of
questions is used to assess the entire population, and these questions may not assess the primary
modes of activity for all gender, age, cultural, occupational and income groups.” Most self-report
questionnaires also require respondents to recall the amount of time they perform an activity over
a certain time frame (e.g., past day, 3 months, one year, entire life) which can lead to inaccuracies
in reporting, especially over longer recall periods. Since most physical activity questionnaires
assess only “leisure-time” physical activity, many facets of activity that make up the total daily
energy expenditure are not reported or cannot be accounted for when calculating daily activity
energy expenditure.” These may include lifestyle imbedded activities (e.g., incidental walking and
household chores), activity performed in occupational settings and other incidental activity such
as unstructured play and non-purposeful exercise, all of which may be affected by the increase in
mechanization and automation that has occurred over the past few decades and may, in fact,

contribute to lower daily energy expenditures among the population today.’ In a recent Canadian
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study higher levels of occupational physical activity were associated with lower odds of chronic
disease, in a graded linear fashion, independent of level of LTPA, highlighting the importance of
quantifying the energy expenditure from work activities, as well as from leisure-time activities.'’
Finally, it is difficult to account for changes in concepts about physical activity and exercise over
time. For example, activities like walking, gardening and household chores which may not have
been considered as “exercise” in the past are now being promoted as physical activity and are
likely reported more often by respondents when asked about their LTPA patterns. "’

There are two major sources of surveillance data for assessing LTPA in Canada;
Statistics Canada health surveys (National Population Health Survey (NPHS), and Canadian
Community Health Survey (CCHS)), and the Physical Activity Monitor (PAM) conducted by the
Canadian Fitness and Lifestyle Research Institute (CFLRI). These national surveys collect
information on LTPA in a similar manner, through a self-reported questionnaire in which a list of
physical activities is provided to respondents who indicate the number of times they participated
in each activity and the average duration on each occasion. Respondents are also asked an open-
ended question about other activities they perform in their leisure-time and a limited number of
these activities are recorded along with the frequency and duration of each. Information about the
intensity of each activity is not collected, so energy expenditure is calculated for each activity
using a standard set of metabolic equivalent (MET) values for each activity in the list. As a result
of using standard MET values, the estimate of energy expenditure may be under- or over-
estimated for some respondents since the actual energy expenditure for a given activity can vary
from person to person depending upon how they perform the activity, their body composition and
their skill level." In addition, since the NPHS/CCHS series of surveys uses a standard “other”
category for all activities not included in the pre-set list the estimate of energy expenditure for
some respondents could be further under- or over-estimated. However, there are currently no

studies available in Canada that assess whether using a standard MET value for all activities in
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the “other” category has an effect on the estimate of energy expenditure or the classification of
level of physical activity at either the population or individual level. It is expected that directly
measured physical activity data from the Canadian Health Measures Survey will allow for a
comparison between self-reported LTPA and directly measured physical activity levels; however
quantification of the error created by limiting the list of physical activities in the NPHS/CCHS is
required to quantify potential error in these data since these data will continue to be collected as a

means of providing provincial and regional level estimates of physical activity."

2.3 Level of Leisure-Time Physical Activity

Assessing the prevalence of LTPA among Canadians is essential for monitoring the
health of the nation and assessing whether public health interventions related to physical activity
promotion are having an impact. The data gathered from the NPHS/CCHS self-reported
questionnaires allow for the calculation of leisure-time physical activity energy expenditure (e.g.,
kJkg'd"' or kcal'’kg'-d" or met-min-wk™) and level of physical activity and inactivity can be
defined based on various thresholds of the calculated energy expenditure. The thresholds of
energy expenditure used to define physical inactivity have changed over time. Statistics Canada
uses a cut-point of <1.5 kcal'kg"-d" or 6.3 kI'kg"-d" to indicate “inactivity” which is roughly
equivalent to walking no more than 30 minutes every day, while the CFLRI typically defines
inactivity as <3.0 kcal'kg'-d" or <12.5 kJ'kg™-d”", a value that is equivalent to about 1 hour of
walking each day.'* There are some differences in the prevalence estimates for physical inactivity
between surveys when the same threshold (<3.0 kcal'kg'-d™) is employed; however, the general
trend of an increase in physical activity over time is consistent between surveys.'' The difference
in the prevalence estimates between surveys is thought to emerge as a result of differences in the
collection tool (e.g., the list of physical activities provided to the respondent has changed over

time), differences in the collection methodology (12 month versus 3 month recall period) and
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differences in the response categories for duration of participation.'” "> In addition, the PAM
survey is administered only over the telephone and over-reporting of physical activity is known to
be more prevalent when data are collected via telephone as compared to those collected face-to-
face .

The most recent estimates, using data from the 2007 CCHS, of self-reported LTPA levels
of Canadians (ages 12" yrs) reveal that approximately 47% are considered inactive (expending
<1.5 kcal-kg"-d™"), 24% are moderately active (expending 1.5-2.9 kcal-kg'-d") and 29% are
considered active (expending >3.0 kcal-kg'-d™)."” According to the World Health Report, the
World Health Organization (WHO) estimates the global prevalence of physical inactivity among
adults (aged 15" yrs) to be 17%, while the prevalence of some but insufficient activity (<2.5 hrs
per week of moderate activity) averaged 41% across the 14 sub-regions included in the study."

Analysis of physical activity data across a 20 year period from 1981 to 2000 indicates
that the proportion of Canadian adults who were sufficiently active for health (>3 MET-hours
daily) increased significantly from 20.6% in 1981 to 41.1% in 2000. * A significant increase was
seen among both sexes between 1981 and 2000; however, the prevalence among women was
relatively stable at ~33% since 1995. * There was also a significant increase seen among all age
groups except older adults.* These findings are consistent with a general trend toward increasing
levels of activity among adults in other countries as well."” For example, in the United States
(U.S.) it was reported that the overall prevalence of leisure-time physical inactivity decreased
between 1994 and 2004 from 29.8% to 23.7%.%° This study found a significant decrease among
both men and women between 1994 and 2004 with the greatest declines being among middle-
aged men (50-59 yrs) and older women (aged 60-69 yrs).”’ In Australia small decreases in the
proportion of people who were physically inactive were seen between 1989/90 and 1995 for men
(36 to 34%) and women (36 to 34%).”' Data from the Health Behaviour and Health of the Adult

Finnish Population Survey in Finland shows that the proportion of adults participating in exercise
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during leisure-time on at least 2-3 days each week increased from 44 to 67% among men and
from 42 to 73% among women between 1978 and 2007.*

Assessing temporal trends in physical activity levels using the NPHS/CCHS series of
surveys is difficult since the list of activities presented to the respondents has changed between
survey years. In some years activities were added to the list (e.g., soccer , basketball, in-line
skating), while in other years activities have been removed from the list (e.g., cross-country
skiing, yoga/tai chi)."' This inclusion/exclusion of different activities may lead to an under- or
over-estimate of energy expenditure and could affect the estimate of the individual and
population level of LTPA. For example, the 1994/95 NPHS included yoga/tai chi (MET value
2.5) in the list of activities read to respondents; however, this activity was removed from the list
and included in the “other” category (MET value 4.0) for all subsequent survey years. This leads
to an over-estimation of energy expenditure in all survey years after 1994/95 for respondents who
report yoga/tai chi since it is now coded as an “other” activity. This change in the list of activities
over time may also result in inaccuracies in the estimates of the population level of LTPA when
reporting temporal trends. In order to accurately assess changes between survey years a
standardized list of activities is required; however this requires the researcher to access the micro
data, including information on all other activities, so that activities that have been removed or
added can be recoded to the same MET wvalue for all survey years. This was not done in the most

recent study that reported the twenty year trends in level of physical activity in Canada.’*

2.4 Socio-demographic Factors Affecting Physical Activity

In general, research in Canada and other parts of the world consistently demonstrates that
LTPA levels decrease as age increases and there are clear sex differences, with males being more
active than females, that begin in childhood and continue throughout the lifespan.”’ Physical

activity behaviour is less prevalent among lower income groups and among those with lower
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educational attainment.” Physical activity trend data from Canada indicate that between 1981 and
2000 the differences between education groups narrowed while the differences between income
groups widened over the same time period. * This difference between income groups may reflect
differences in access to recreational resources and greater barriers (e.g., increasing registration
fees, cost of equipment) to becoming involved in organized physical activities. Within Canada,
there is a distinct regional trend in physical activity, with activity energy expenditure increasing
from Eastern to Western Canada, a trend that is seen among both children and adults.”** An
examination of the ethnic differences in physical activity levels demonstrates that certain ethnic
subgroups in Canada are much less active than others, with South Asians being the least active
and whites, others and Aboriginals being the most active.”” These data also indicate that recent
immigrants tend to be less active than longer term immigrants and non-immigrants, again

highlighting South Asians as the least active ethnic group.”

2.5 Physical Activity Guidelines

The overwhelming evidence that physical activity plays an important role in the primary
and secondary prevention of chronic diseases prompted public health officials in many countries
to develop guidelines and recommendations regarding the type and amount of physical activity
needed for maintaining health. In 1997 the Canadian Federal/Provincial/Territorial Ministers
responsible for sport, physical activity and recreation set a national target for reducing physical
inactivity by 10% by 2003 and approved the development of a national physical activity guide for
Canadians.” In response, the Canadian Society for Exercise Physiology and Health Canada
released the Guide for adults in 1998.> The Guide, aimed at adults aged 18-55 yrs, was intended
to target the sedentary population that might be interested in becoming physically active;
however, it was also meant to be inclusive and flexible enough to accommodate those with

special needs.’’ Increasing the activity levels of the sedentary population was chosen as the main
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focus since the evidence indicates that the greatest improvements in health status are seen when
sedentary individuals become physically active.”’ The Guide recommends that adults perform 60
minutes of light activity daily, 30-60 minutes of moderate-vigorous activity at least 4 days per
week, or 20 minutes of vigorous activity at least 4 days per week (Appendix 1).? Other age-
specific guides followed, including Canada’s Physical Activity Guide to Healthy Active Living
for older adults,”> Canada’s Physical Activity Guide for children®, and Canada’s Physical
Activity Guide for youth.*

Several other countries also provide similar guidelines for participation in leisure-time
physical activity. For example, the U.S. Department of Health and Human Services recently
provided new guidelines for aerobic and muscle strengthening activities for Americans.®® This
guideline recommends that adults perform a minimum of 150 minutes of moderate-intensity
aerobic physical activity each week or 75 minutes per week of vigorous-intensity activity or a
combination of moderate and vigorous intensity activity.”” In addition, it is recommended that
adults do muscle strengthening activities of moderate or high intensity on two or more days each
week.*® In the United Kingdom, adults are recommended to achieve at least 30 minutes of
moderate activity on a least 5 days each week.’® Similarly, in Australia it is recommended that
adults accumulate 30 minutes of moderate activity on most, preferably all days of the week.*’
Like the Canadian guidelines, all of these international guidelines suggest that the total amount of
activity can be accumulated by participating in shorter bouts of activity of 10 minutes throughout
the day through participation in a variety of daily activities or can be realized in a single session.

To date there has been minimal evaluation of whether Canadians are meeting the
guidelines for physical activity or whether meeting the guidelines has had an impact on the health
of Canadians. This may be partly explained by the fact that physical activity surveillance data in
Canada are collected using a questionnaire that lacks the information required to accurately and

easily assess the recommendations outlined in the current guidelines. However, in order to
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monitor whether Canadians are meeting the recommendations set out in the Guide, it is essential
to provide ongoing monitoring of the level of physical activity in relation to these

recommendations.

2.6 Walking for Exercise
Walking is the most commonly promoted physical activity among the general public
since it can easily be incorporated into activities of daily living, it requires no specialized training
or equipment and it is a safe activity for most people, with relatively low risk of injury.*® Regular
walking is associated with many health benefits including a reduced risk of death,”

0-41 stroke™ and, type 2 diabetes,* and it is associated with long-term

cardiovascular disease,
maintenance of weight loss*, a reduction in blood pressure,* and higher high-density lipoprotein
cholesterol.* The Guide promotes a minimum of 30 minutes per day of walking as a way to
increase daily moderate-intensity physical activity and improve health among Canadian adults.”
Several epidemiological studies have been performed in the U.S. describing the
prevalence and pattern of walking behaviour since walking is the most commonly reported LTPA
among all adult Americans.*® *** Eyler et al.* reported that in 1999-2000, 34% of the U.S.
population met the public health recommendations for walking (walking 5 times per week for 30
minutes at a time) while 45.6% were occasional walkers (walked but did not meet the
recommendations) and 20.7% never walked. The trends in walking among U.S. adults between
1987 and 2000 reveal that the prevalence of walking increased among men (3.8%) and women
(6.6%) in all sub-groups studied; however, the median frequency of walking remained stable at
2.9 times per week and the median duration remained at 30 minutes per session. This study also
reported that, overall, 21.1% of men and 19.6% of women met the national recommendation of at

least 30 minutes of walking on at least 5 days per week.* Reis et al.*™ assessed total daily walking

from all domains using questionnaire data from the 2002-2003 National Physical Activity and
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Weight Loss Survey and found that 49% of adults (51% of men, 47% of women) walked at least
5 times per week for at least 30 minutes each time while 17% reported no walking. In this study
walking prevalence was significantly higher among Americans with lower educational attainment
and was significantly lower among those with a higher body mass index (BMI).*

Data from the 2005 CCHS revealed that 70% of Canadians reported participation in
walking for exercise during their leisure-time, making walking the most commonly reported
activity that year.* However, to date there are no Canadian studies that describe the
epidemiology of walking among Canadian adults or whether Canadians are meeting the

guidelines for walking as set out in the Guide.

2.7 Economic Burden of Physical Inactivity

Physical inactivity and its associated chronic diseases not only impact the health of the
population but also directly and indirectly impact the national economy. Given that physical
inactivity is a modifiable risk factor, information on the economic burden of inactivity is useful
for public health policy and planning of health care resources.

A few studies have assessed the economic burden of physical inactivity in Canada.’® >’
The most recent of these used disease costing information from the 1993 and 1998 Economic
Burden of Illness in Canada (EBIC) reports.”' In this analysis direct costs included those
associated with the diagnosis and treatment of diseases such as expenditures related to hospital
visits, drugs, physician care, care from other institutions (e.g., rehabilitation centres) and other
associated health care expenditures (e.g., other health professionals, administration etc). Indirect
costs included expenditures related to lost productivity, such as wages lost due to illness, injury,
disability or premature death.”’ According to this study, the total economic burden of physical

inactivity in Canada in 2001 was $5.3 billion, of which $1.6 billion corresponded to direct costs

and $3.7 billion to indirect costs.”’ This estimate was determined using the costs associated with
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coronary artery disease, stroke, hypertension, colon cancer, breast cancer, type 2 diabetes and
osteoarthritis. The three most expensive diseases related to physical inactivity were coronary
artery disease, osteoporosis and stroke which, together, accounted for 75% of the total burden.”!
Previous work in Canada reported about $2.1 billion of direct costs attributable to physical
inactivity, or 2.5% of the total health care costs in 1999, an estimate that is slightly higher than
that reported in 2001, likely due to differences in the definition of physical inactivity between the
two studies.>

Data from other developed countries also show considerable costs associated with
physical inactivity. For example, it has been estimated that the total health care cost (including
direct and indirect costs) of physical inactivity in England amounts to £8.2 billion per year.*®
More detailed cost analyses have been undertaken to estimate the direct health care costs
attributable to physical inactivity in Australia and the U.S. (Table 1). Although the figures cannot
be directly compared across countries, these data indicate that physical inactivity places a

significant burden on the health care system.

Table 1: Direct health care costs ($ millions) attributable to physical inactivity of major chronic
diseases associated with physical inactivity in Canada, the United States and Australia. Adapted

from Katzmarzyk and Janssen, 2004; Colditz, 1999 and Stephenson et al., 2000.%"

Chronic Disease Canada ($CDN) United States ($US) Australia (SAUS)
Coronary Artery Disease 471.4 8900 161

Type 2 diabetes 169.0 6400 27.5
Hypertension 211.6 2300 -

Colon Cancer 50.2 2000 15.7

Breast Cancer 63.8 380 16

Stroke 411.0 - 101
Osteoporosis 242.8 2400 -

Note: “Osteoporotic fractures
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2.8 Health Risks Associated with Physical Inactivity

The WHO estimated that of the 58 million deaths projected for 2005, 35 million (60%) of
them would be the result of chronic diseases.>* Chronic diseases, including heart disease, stroke,
cancer, chronic respiratory diseases and diabetes, are by far the leading cause of mortality in the
world and are considered to be at epidemic levels globally.” Approximately half of the global
burden of disease is caused by chronic diseases with cardiovascular diseases being the leading
contributor.>* Physical inactivity, unhealthy diets and tobacco use are considered to be the
principal modifiable risk factors shared by these chronic diseases and the relationship between
them is similar throughout all regions of the world.>* Excess body weight, resulting from a
combination of increased energy consumption and decreased energy expenditure, is also
considered to be an important risk factor contributing to the global burden. The WHO estimates
that about 1.9 million people die each year as a result of physical inactivity.>* The global burden
of chronic diseases is indeed substantial and will continue to grow if a reduction in the major
modifiable risk factors does not occur.

A considerable amount of epidemiological research has been conducted outlining the
associations between physical inactivity and chronic disease. The first modern study to assess the
effects of activity on health was undertaken in the late 1940s when Morris and colleagues
examined the effects of active occupations on health in the London Bus Study.’® In this study
conductors who spent 90% of their shift on their feet and climbed the stairs of the double-decker
buses several times each day had lower rates of coronary heart disease than the bus drivers who
were predominately sedentary during the work day.>® Throughout the twentieth century, scientists
around the world continued to build the evidence of a link between physical activity and health.
Several important occupational and LTPA studies were undertaken in various parts of the world,
including studies of Finnish lumberjacks,”’ U.S. railroad workers,™ the San Francisco

Longshoreman Study,” the College Health Study® and studies of entire communities such as the
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61-62 and the Tecumseh Community Health Study.® In these early

Framingham Heart Study
studies the effect of physical activity on cardiovascular disease was assessed but the results built
the ground work for studies to be undertaken on other chronic diseases including type 2 diabetes,
cancer, pulmonary disease and many other chronic conditions.’

In 1992 the American Hearth Association released a position statement declaring that
physical inactivity is a major and independent risk factor for coronary artery disease.®* This
statement greatly heightened the awareness of public health officials to the need to promote
physical activity among the population.” Then, in 1996, the U.S. Department of Health and
Human Services released a landmark report entitled “Physical Activity and Health: A Report of
the Surgeon General”.! More recently the U.S. Department of Health and Human Services has
released the 2008 Physical Activity Guidelines for Americans.”® The 2008 guidelines outline the
beneficial affects of physical activity on a variety of health conditions as shown in Table 2.

Several recent reviews have shown a linear relationship between level of physical activity
and mortality risk.®>°® A review by Lee and Skerrett concluded that, on average, expending a
minimum of 1,000 kcal per week through physical activity was accompanied by a 20-30 %
reduction in mortality risk and that further reduction in risk was seen with expenditures higher
than 1,000 kcal per week.®® Similarly, a meta-analysis by Katzmarzyk et al (2003) showed an
inverse dose-response relationship between physical activity and all-cause mortality among all
gender and age groups, that physical activity is inversely related to all-cause mortality
independent of adiposity and that people who increase and maintain a high level of physical
activity are at lower risk of all-cause mortality than those who consistently maintain low levels of

activity.”
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Table 2: Health benefits of regular physical activity for adults and older adults. Adapted from US

Department of Health and Human Services, 2008.%

Strength of Evidence Health Benefits

Strong » Lower risk of:
= early death
= coronary heart disease
= stroke
* high blood pressure
= adverse blood lipid profile
= type 2 diabetes
= metabolic syndrome
= colon cancer
* breast cancer
» Prevention of weight gain and weight loss (particularly when
combined with reduced caloric intake)
= Improved cardiorespiratory and muscular fitness
= Prevention of falls
= Reduced depression
= Better cognitive function (for older adults)

Moderate to strong = Better functional health (for older adults)
= Reduced abdominal obesity

Moderate * Lower risk of:
* hip fracture
* Jung cancer
» endometrial cancer
= Weight maintenance after weight loss
= Increased bone density
* Improved sleep

There have been two Canadian studies undertaken to assess the impact of physical
inactivity on the development of chronic diseases by calculating population attributable fractions
(PAF).”"%" The results showed that a high proportion of deaths due to stroke (26%), osteoporosis
(23%), type 2 diabetes (20%) and cardiovascular disease (19%) could be prevented if physical
inactivity were eliminated.’"®” As shown in table 3, these Canadian figures are similar to those
reported by other countries such as Australia and the United States.”> >

An examination of the PAFs for several major chronic diseases which are related to

physical inactivity by the WHO found the highest attributable burden for ischemic heart disease
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(22%), followed by colon/rectal cancer (16%), diabetes mellitus (14%), ischemic stroke (11%)
and breast cancer (10%), a pattern that was the same for both sexes and among all WHO
regions.'® These results are difficult to compare to the Canadian studies since differences in
disease grouping (e.g., which ICD codes are used to create the chronic disease categories) and the

values for relative risk used to calculate the PAF are not the same between the studies.

Table 3: List of diseases and associated relative risks (RR), and computed population attributable
fractions (PAF) associated with physical inactivity. Adapted from Katzmarzyk and Janssen, 2004;

Colditz, 1999 and Stephenson et al., 2000.%"

Canada United States Australia
Disease RR PAF (%) RR PAF (%) RR PAF (%)
Coronary artery disease 1.45 19.1 2.0 22 1.5 18
Stroke 1.60 243 - - 2.0 16
Hypertension 1.30 13.8 1.5 12 - -
Colon cancer 1.41 18.0 2.0 22 1.5 19
Breast cancer 1.31 14.2 1.2 5 1.1 9
Type 2 diabetes 1.50 21.1 1.5 12 1.3 13
Osteoporosis 1.59 24.0% 2.0 18 1.4 18

Note: “Osteoporotic fractures; 'Incidence of falls

Katzmarzyk®” has also shown that physical inactivity has a detrimental effect on the life
expectancy of Canadians. After removal of all physical inactivity related deaths, it was
determined that life expectancy could be increased by 10 months if all physically inactive
Canadians adopted regular physical activity.®’ In this analysis, coronary artery disease and stroke
were reported to have the greatest effect on life expectancy, while hypertension had the least.”’
Other studies have also examined the relationship between physical inactivity and life
expectancy, yet they are not directly comparable to this study since the comparisons were made
between inactive and active subjects rather than to the general population. All of these studies

reported an increased life expectancy among active compared to inactive subjects and one study
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also reported that active men and women had higher life expectancies than the general population
(2.9 and 5.9 yrs, respectively).”’

Given the impact that physical inactivity has on the development of chronic disease and
the resultant economic burden these diseases place on the health care system, understanding the
relationship between health conditions and the volume and intensity of physical activity is
important for the development of physical activity guidelines. Currently, there is no information
available in Canada on the relationship between the volume and intensity of physical activity

recommended by the Guide and the prevalence of chronic diseases among Canadian adults.
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Abstract

The purpose of this study was to determine the impact of two different calculation methods for
total leisure-time physical activity energy expenditure (LTPAEE) and LTPAEE from different
intensity activities on the classification of level of physical activity in the population. Nationally
representative cross-sectional data from the Canadian Community Health Survey Cycle 4.1
(2007) was used for this study (N=64,397). LTPAEE was calculated using a metabolic equivalent
(MET) value of 4.0 for all activities in the “other activity” category for method 1 (currently
employed by Statistics Canada) and using activity-specific MET values for method 2. The
weighted prevalence and 95% confidence intervals of active (> 3 kkd), moderately active (1.5-2.9
kkd) and inactive (< 1.5kkd) were determined for each method by demographic characteristics.
The agreement between the two methods was assessed overall and for light, moderate and
vigorous activities. There was no difference between methods in the proportion classified as
active, moderately active or inactive for any of the subgroups studied and there was no difference
in the distribution or mean LTPAEE between methods. However, assessment of the agreement
showed a large number of outliers and a tendency to underestimate LTPAEE from light and
vigorous activities while overestimating LTPAEE from moderate activities at the individual level.
The results of this study should be considered when performing inferential statistics on the

relationship between physical activity and health outcomes.

Key words: physical activity, surveillance, leisure-time, energy expenditure, Canadian

Community Health Survey
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Introduction

Physical inactivity is a key modifiable risk factor in the development of chronic diseases
and is recognized as an important public health burden in Canada.' In 2004 the burden of physical
inactivity in relation to the health care expenditures for chronic diseases was estimated to be $5.3
billion.> An analysis of the twenty year trends in physical activity among Canadian adults
indicates that although physical activity increased in the 1980s and 1990s there is still a high
proportion of Canadians who are inactive during their leisure-time.’

Monitoring physical activity levels in Canada is important for public health surveillance
and to effectively monitor the success of population level interventions that are intended to
increase the level of physical activity.* Total daily energy expenditure from physical activity is
generally thought to include four separate domains: leisure- time, commuting or active transport,
chores or personal care and occupation.’ Physical activity surveillance in Canada has focused
primarily on self-reported levels of leisure-time physical activity (activities not related to work),
assessed using data from Statistics Canada health surveys. In these surveys, nationally
representative information on participation in leisure-time physical activities is collected using a
questionnaire modeled after the Minnesota Leisure Time Physical Activity Questionnaire.® In
short, survey respondents are asked by an interviewer about their participation in specific leisure-
time physical activities over the previous three months according to a pre-set list and are given
the opportunity to record up to three “other” physical activities (e.g., martial arts, curling,
football) not included in the pre-set list. The frequency and duration of each activity are also
recorded and this information is used to calculate energy expenditure using the metabolic
equivalents (METS) assigned to each activity.

When calculating leisure-time physical activity energy expenditure using data from the

Canadian Community Health Survey (CCHS) and National Population Health Survey (NPHS)
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datasets all “other” activities listed are assigned a MET value equal to the average of all of the
listed activities, regardless of the actual energy expenditure of that activity.” For example,
according to the compendium of physical activities, as published by Ainsworth et al.,* yoga has
an assigned MET value of 2.5 whereas field hockey has a MET value of 8.0 yet both of these
activities would be assigned a value of 4.0 METS since they are classified as “other” activities in
the NPHS/CCHS. As a result, the actual average daily energy expenditure could be over- or
under-estimated for survey respondents. The purpose of this study is to determine the impact that
the category “other activities” has on the calculation of average daily energy expenditure and to
determine whether this affects the population classification of physically inactive versus
physically active.

Materials and Methods

Sample

In this study data from the master file of the CCHS (version cycle 4.1, 2007), conducted
by Statistics Canada, were used. The purpose of the CCHS is to provide nationally representative,
cross-sectional data on health determinants, health status and health system utilization. The
CCHS targets Canadians ages 12 years and older who live in private dwellings but excludes those
living on Indian Reserves or Crown lands, those residing in institutions, full time members of the
Canadian Forces and those living in certain remote regions of the country. The sample covers
approximately 98% of the Canadian population.” A detailed description of the survey design,
sample and interviewing procedures can be found elsewhere.’ The total sample of the survey was
65,946 (29,964 male, 35,982 female). After restricting the dataset to only those respondents who
had a valid answer to the question on leisure-time physical activity the total sample size for the
analysis was 64,397 (28,953 male, 35,444 female). There was no difference in the mean age or

mean body mass index between those included and those excluded from the sample.
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Measures

The questions on physical activities used for this analysis specifically asked about
physical activities not related to work, that is, leisure-time activities that were performed during
the 3 months prior to the interview.'® At the time of the interview the interviewer reads a list of 21
activities (as listed in Table 1) to the respondent and records whether the respondent participated
or not in each activity. The respondent was then asked if he/she participated in any other activities
not already listed and up to 3 “other activities” were recorded in text format. If the respondent did
not perform any activity the option “no activity” was chosen and no further questions on leisure-
time physical activity were asked. For each physical activity reported the respondent was also
asked about the frequency and duration of participation on each occasion.'® For the purpose of
this study, duration for each activity was calculated using the average duration in hours as
assigned by the CCHS since time was collected as a categorical variable in minutes. For example,
category 1 (1-15 min) was coded 0.2167 hrs, category 2 (16-30 min) was coded as 0.3833 hrs,
category 3 (31-60 min) was coded as 0.75 hrs and category 4 (more than 1 hour) was coded as 60
min ''. Daily leisure-time physical activity energy expenditure (LTPAEE) was calculated in
kilocalories per kilogram of body weight per day (kkd) using the following equation:

N; x D, x MET,
365

LTPAEE[kg-kg™'-d']=>]

where Njis number of occasions of activity i over a 12 month period; Dj is the average duration,
in hours, of activity i and; MET; is a constant value for metabolic energy cost of activity i,
expressed as kilocalories per kilogram of body weight per hour."' LTPAEE was also calculated
separately for light activities (MET<3.0), moderate activities (MET 3-5.99) and vigorous

activities (MET > 6.0) using this formula.
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Table 1: Metabolic equivalent (MET) values assigned to each physical activity listed in cycle 4.1

of the Canadian Community Health Survey."'

Activity MET value (kcal/kg/hr)
Low intensity

Bowling 2.0
Moderate intensity

Walking for exercise 3.0
Gardening or yard work 3.0
Swimming 3.0
Popular or social dance 3.0
Home exercise 3.0
Fishing 3.0
Weight training 3.0
Baseball of softball 3.0
Bicycling 4.0
Downhill skiing or snowboarding 4.0
Tennis 4.0
Ice skating 4.0
Exercise class or aerobics 4.0
Other activity (up to 3 can be recorded) 4.0
In line skating or rollerblading 5.0
Soccer 5.0
Volleyball 5.0
High intensity

Basketball 6.0
Ice hockey 6.0
Jogging or running 9.5

Note: the MET value for the category “other activity” is calculated as the average of the met
values of all activities listed, except for the activity “jogging or running” which is assigned a met

value of 7.0 when the average is calculated."’

LTPAEE was first calculated (method 1) using the MET values provided by Statistics
Canada, as listed in Table 1, with all activities in the “other” category being assigned an intensity
of 4.0 METS."" According to the CCHS, the MET values listed in Table 1 were adopted from the
Canadian Fitness and Lifestyle Research Institute (CFLRI) and are considered to be conservative
values for the metabolic costs of activities since individuals tend to over-estimate intensity,

frequency and duration of their physical activity.'' A second calculation of LTPAEE (method 2)
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was made using the activity codes outlined in Table 1 for all listed physical activities, not
including those in the other category. After removing respondents who did not have a valid
answer for duration or number of occasions, a total of 8211 (12.8%) respondents reported at least
one other activity with 1140 reporting two and 295 reporting three activities. The text entries of
9941 “other activities” were assessed individually and assigned an activity code and intensity
(MET) according to the 2000 Compendium of physical activities and these MET values were then
used in the calculation of LTPAEE.® The most commonly reported other activities included
badminton, curling, football, road hockey and martial arts. When assigning MET values from the
Compendium, the “general” or “moderate” MET value was used when the activity had multiple
intensity options available since actual intensity was unknown. For example, there are eight
categories for canoeing/rowing which range in intensity from 3.5-12.0 METS. In this case, the
activity code 18070 (canoeing, rowing, for pleasure, general) was selected for all respondents
who reported canoeing or rowing in the “other” category.® If an activity listed in the “other
category” should have been coded in the original list it was recoded with the MET values
according to Table 1. Any text entries that indicated non-leisure activities (e.g., work activities)
were excluded from the calculation of LTPAEE and any activities that could not be coded (e.g.,
activities for which there was no code available in the Compendium) were listed as “other” for
method 2 and were assigned a MET value of 4.0.
Statistical analysis

Based on the calculated LTPAEE, respondents were categorized as inactive (expending
<1.5 kkd), moderately active (expending > 1.5 kkd and <3.0 kkd) or active (expending > 3.0 kkd)
separately for method 1 and method 2. The distribution and measures of central tendency of
LTPAEE from method 1 and method 2 were determined for the entire sample and separately for
only those respondents reporting an “other” activity overall, by sex and by age group (12-19, 20-

39, 40-59, 60-79, 80" yrs). Spearman correlation was used to assess the degree of association
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between the two methods in the calculation of LPATEE. A Bland-Altman plot for agreement was
used to compare the LTPAEE from method 1 and method 2 (method 1-method 2).'* The
difference in LTPAEE between methods was also assessed by activity intensity (light, moderate,
vigorous). All estimates and 95% confidence intervals (95% CI) were computed using SAS
procedures and were weighted to represent the Canadian household population aged 12 years and
older. The bootstrap technique was used to account for survey design effects and significant
differences were determined from non-overlapping 95%CIs."> '*

Results

The results of the Spearman correlation indicated a significant association (p<0.0001)
between LTPAEE calculated from method 1 and method 2 (r=0.98). As shown in Table 2, the
prevalence of those classified as active, moderately active and inactive was not different between
calculation methods, a finding that was consistent for both men and women and among all age
groups.

An examination of the distribution of total LTPAEE revealed no difference in the
distribution of energy expenditure between methods overall, by sex (Table 3) or by age group
(data not shown) when the total sample was assessed. When the distribution was assessed among
only those reporting an “other” activity there was no significant difference in the medians
between methods however, method 2 was significantly higher at the 75" percentile overall and
for females and at the 50™ and 75™ percentile for males (Table 3).

The Bland-Altman plot shows that, although there is generally good agreement between
the methods, there are a large number of outliers, especially outside the lower 95% confidence
limits and at higher mean LTPAEEs (Figure 1). Examination of the percent difference in
LTPAEE by activity intensity shows that method 1 tends to under-estimate the energy

expenditure from light and vigorous activities (Figure 2, Panels A and C) and over-estimate the
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energy expenditure from moderate activities (Figure 2, Panel B). In all cases the over- and under-
estimation tends to increase as energy expenditure increases.
Discussion

The results from the present study indicate that the classification of “other” activities in
the NPHS/CCHS surveys does not affect the population classification of physical activity level
overall or by sex and age groups. Similar to previous Canadian studies the prevalence of physical
inactivity was lower among men compared to women (46% versus 52%, respectively) and
increased with increasing age in both sexes, regardless of which calculation method was used.*
Physical inactivity was highest among women in the oldest age group (~75%) and lowest among
males in the youngest age group (~24%).

When the data were assessed on an individual respondent level, however, differences in
the calculated total LTPAEE were found, overall and by activity intensity. The results showed
that the level of disagreement between the calculation methods was higher at higher overall
LTPAEE and that method 1 tended to under-estimate energy expenditure from light and vigorous
activities while over-estimating energy expenditure from moderate intensity activities. These
results are not surprising given that the list of activities included in the CCHS/NPHS series of
surveys includes activities that are predominately assigned MET values that fall within the
moderate category with only one activity (bowling) in the light category and three activities
(basketball, jogging or running, ice hockey) in the vigorous category. As a result, the majority of
individuals who participate in light or vigorous activities must report these as “other” activities
and since all other activities are assigned a MET value of 4.0 which is considered “moderate”

intensity this results in an over- or under-estimation of LTPAEE for these respondents.
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Table 2: Prevalence (%) and 95% confidence intervals (95%CI) of active, moderately active and inactive as classified according to method 1 and

method 2 by sex and age group.

Active (= 3 kkd) Moderately Active (1.5 to 2.9 kkd) Inactive (< 1.5 kkd)

Males Method 1" Method 2° Method 1 Method 2 Method 1 Method 2
All ages 29.4 (28.6 —30.2) 30.1 (29.3 - 30.9) 23.9(23.2-24.7) 23.6 (22.9-24.4) 46.6 (45.8-47.5) 46.3 (45.4-47.1)
12-19 55.1(52.8—-57.4) 56.2 (53.9 - 58.6) 20.2 (18.2-22.1) 19.7 (17.7-21.7) 24.7 (22.6 - 26.9) 24.1 (21.9-26.2)
20-39 30.4 (28.9-31.9) 31.5(30.0-33.1) 25.1(23.7-26.4) 23.6 (22.2-25.1) 454 (43.8-47.1) 44.8 (43.2-46.5)
40-59 23.0 (21.6 —24.3) 23.5(22.2-24.38) 24.6 (23.3-25.9) 24.3 (23.1-25.6) 52.5(51.0-54.0) 52.2(50.7-53.7)
60-79 24.0 (22.6 —25.5) 24.1 (22.6 —25.5) 25.2(23.6 —26.8) 25.3(23.7-26.9) 50.8 (48.9-52.7) 50.6 (48.7—52.5)
80+ 15.0 (12.1 — 18.0) 149 (11.9-17.8) 21.9(18.7-25.2) 21.9 (18.6 —25.1) 63.0 (59.0 — 67.0) 63.3 (59.3 -67.3)
Females

All ages 22.7(22.0-23.3) 22.9 (22.2-23.5) 249 (24.2 —25.6) 24.9 (24.2 —25.6) 52.4 (51.6-53.2) 52.2 (51.4-53.0)
12-19 40.5 (38.2-42.8) 41.2 (38.9-43.5) 25.0 (23.0-27.1) 24.7 (22.7-26.7) 34.4 (32.2 -36.7) 34.1 (31.8—-36.3)
20-39 23.1(21.9-24.3) 23.3(22.2-245) 25.1(23.7-26.4) 25.2(23.8-26.5) 51.8(50.3 -53.3) 51.5(52.9-52.9)
40-59 20.3 (19.1 = 21.5) 20.6 (19.4-21.8 25.8 (24.6 -27.0) 25.7 (24.5-26.9) 53.9(52.4-55.4) 53.7(52.2-55.2)
60-79 17.9 (16.7 - 19.0) 17.8 (16.7—-18.9) 24.4 (23.1 -25.8) 24.6 (23.2 -26.0) 57.7(56.2 — 59.3) 57.6 (56.0 — 59.2)
80+ 7.9 (6.3-9.5) 7.9 (6.3-9.95) 17.1 (149 -19.2) 17.1 (149 -19.4) 75.0 (72.5-1717.5) 74.9 (72.4-171.5)

"For method 1 a MET value of 4.0 was assigned to all other activities. "For method 2 intensity values from the 2000 Compendium of Physical

Activities were assigned for “other” activities in the calculation of LTPAEE ®
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Table 3: Weighted percentiles (25", 50™, 75™) and 95% confidence intervals (95%CI) of total

leisure-time physical activity energy expenditure (kkd) for method 1 and method 2.

Energy expenditure (kkd) percentiles

25 95%CI 50 95%CI 75 95%ClI
Total Sample (N=64,397)
Total *M
ethod 1 0.52 (0.50, 0.54) 1.48 (1.45, 1.51) 298 (2.96, 3.00)
"Method 2 0.52 (0.50, 0.54) 1.48 (1.45, 1.51) 3.02 (298, 3.07)
Male Method 1 0.58 (0.55, 0.62) 1.61 (1.36, 1.20) 327 (3.19, 3.36)
Method 2 0.58 (0.56, 0.62) 1.64 (1.59, 1.70) 335 (3.27, 3.43)
Female Method 1 0.47 (0.45, 0.49) 133 (1.30, 1.37) 272 (2.65, 2.78)
Method 2 047 (0.45, 049 134 (1.31, 1.37) 2.76  (2.69, 2.83)
Respondents reporting an “other” activity (N=8211)
Total
Method 1 1.51 (1.45, 1.58) 2.73 (2.62, 2.83) 459 (4.44, 4.74)
Method 2 1.64 (1.57, 1.71) 3.00 (2.84, 3.08) 5.00 (4.80, 5.12)
Male Method 1 1.58 (1.49, 1.66) 2.84 (2.68, 3.00) 492 (4.69, 5.14)
Method 2 1.70 (1.61, 1.78) 3.20 (3.06, 3.34) 542 (5.16, 5.68)
Female Method 1 1.43  (1.33, 1.53) 2.61 (2.48, 2.74) 428 (4.06, 4.50)
Method 2 1.53 (1.42, 1.64) 2.75 (2.62, 2.88) 445 (4.28, 4.63)

" In method 1 the metabolic equivalent (MET) values as outlined by Statistics Canada were

utilized in the calculation of leisure-time physical activity energy expenditure (LTPAEE) ',

" In method 2 the MET values from the 2000 Compendium of Physical Activities were utilized

for “other” activities in the calculation of LTPAEE ®
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Figure 1: Difference (method 1 - method 2) in total leisure time physical activity energy
expenditure (LTPAEE) compared to the mean LTPAEE of method 1 and method 2. The dotted

line represents the 95% confidence intervals.
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expenditure (LTPAEE) from light activities (Panel A), moderate activities (Panel B) and vigorous
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Although the method of calculation does not appear to affect the classification at the
population level, the over- or under-estimation of total LTPAEE at the individual level could be
problematic if the data were to be compared to a direct measure of physical activity (e.g.
pedometers or activity monitors). For example, when performing inferential statistics on the
relationship between physical activity and other variables of interest, this misclassification will
introduce error. In a recently published study data from the National Health and Nutrition
Examination Survey were used to compare estimates of adherence to recommended levels of
physical activity between accelerometer and self-reported data.'® The results of this study showed
that adherence by adults ranged between 2.3-3.8% for directly measured activity compared to 25-
33% for self-reported activity.'® If comparisons, such as this, are to be performed using Canadian
datasets the self-reported data should be interpreted with caution.

There are some limitations of the analysis that should be considered when interpreting the
results of this study. Since the recoding of activities was done based on reading text entries rather
then speaking to the respondents directly, some activities were not recoded because the text was
unclear or the activity was not included in the Compendium and there was no opportunity to
obtain more detailed information about the activity.® As a result, a small number of activities
reported by respondents (N=67) still needed to be coded as “other” in the calculation of LTPAEE
for method 2. In addition, text entries of activities that should have been included in the original
list, and non-leisure activities (e.g., work activities) were sometimes included in the “other”
category. Although the number of these cases was relatively small, these coding problems may
have accounted for small differences in LTPAEE between the two methods. A second limitation
is that respondents are not asked to indicate the intensity of the activities listed in the original list
or those entered in the “other” category. Therefore, when calculating LTPAEE it was assumed
that the energy expenditure (MET value) was constant for a given activity for all persons.

However, it is known that MET values can vary from person to person depending upon how they
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perform the activity, their body composition and their skill level.'” This assumption may have
resulted in an under- or over-estimation of the actual energy expenditure for both calculation

methods and the classification of the other activities using only the general category from the
Compendium may have affected the comparison between methods.®

Some methodological limitations should also be considered when estimating LTPAEE
using data from the CCHS, including reporting biases related to social desirability, difficulties in
accurately reporting physical activity behaviour, and difficulties recalling the duration and
frequency of physical activities over a long time period.'® Leisure-time physical activity is only
one facet of the total daily energy expenditure; however, due to the design of the CCHS
questionnaire it is not possible to accurately assess the other components that comprise total daily
energy expenditure, regardless of which method of analysis is used. For example, a recent study
in Canada found that higher levels of occupational physical activity were associated with a lower
odds of chronic disease, in a dose response fashion, independent of level of leisure-time physical
activity, highlighting the importance of quantifying the energy expenditure from work activities,
as well as from leisure-time activities."’

Both methods of calculation used in this manuscript are limited by the fact that they do
not allow for the quantification of energy expenditure from sources other than leisure-time
physical activities; however, it is anticipated the nationally representative, directly measured
physical activity data that are being collected by the Canadian Health Measures Survey will
overcome these biases and complement the current surveillance systems in Canada.*® In addition,
assumptions related to physical activity intensity, time and duration had to be made in the
calculation of LTPAEE since detailed information on these components were not asked during
the interview. These assumptions may have resulted in an under- or over-estimation of LTPAEE.
For example, it was assumed that all respondents performed the activities at the same intensity;

however, it is known that the energy expenditure for a given activity can vary widely depending
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upon body mass, adiposity, age, sex, efficiency of movement and the geographic and
environmental conditions in which the activity was performed.® Finally, since the CCHS uses a
three month recall period for reporting participation in leisure-time physical activity, the
assumption is made that the behaviour and thus energy expenditure is consistent over the entire
year. However, it is known that participation in and energy expenditure from leisure-time
physical activity varies by season among Canadians and this may have lead to an over-or under-
estimation in participation depending upon the season in which the respondent recalled
performing the activities.”

In conclusion, in this study the authors demonstrated that the “other” category does not
affect the calculation of LTPAEE at the population level, nor does it affect the population
categorization of persons as being active, moderately active or inactive. The other category does
appear to affect the calculation of LTPAEE at the individual level which will impact analyses that
rely on individual-level data. The results also highlight the need for more robust measures of
physical activity in the population since it is difficult to accurately assess the scope of physical

activity energy expenditure through self-reported questionnaires.
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Abstract

The purpose of this study was to determine the proportion of Canadian adults (ages 18-55 yrs)
who met the guidelines for moderate and vigorous physical activity in Canada’s Physical Activity
Guide to Healthy Active Living. Leisure-time physical activity energy expenditure (LTEE) from
moderate and vigorous intensity activities was calculated using data from the National Population
Health Surveys (1994-1998) and the Canadian Community Health Surveys (2001-2007). The
prevalence was estimated for: 1) no leisure time physical activity, 2) meeting only the moderate
guideline, 3) meeting both the moderate and vigorous guidelines, and 4) meeting the guidelines
through a combination of moderate and vigorous activities. Logistic regression was used to
determine the odds of meeting the guidelines by various demographic characteristics. The
prevalence of no activity did not change appreciably over time, ranging from 6.5% to 10%,
depending upon the survey year. Reporting of no activity was more prevalent among older adults,
lower income groups and those with a body mass index (BMI) > 30 kg/m®. Overall, 65% of adults
met the guidelines for physical activity in 2007, which has increased from 54% in 1994/95. Men,
younger adults, those with higher income and lower BMI more often meet the guidelines. Among
all subgroups, meeting the guidelines was most often accomplished through participation in
moderate intensity activities. These findings should be considered when designing and
implementing public health interventions that promote participation in daily physical activity.
Key Words: Canada’s Physical Activity Guide to Healthy Active Living, physical activity,

leisure time, energy expenditure
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Introduction

In 1998, Canada’s Physical Activity Guide to Healthy Active Living (the Guide) was
launched by the Canadian Society for Exercise Physiology and Health Canada in an effort to
provide national guidelines that would help Canadians improve their health through regular
physical activity.! The recommendations in the adult Guide (18-55 yrs) were developed based on
a comprehensive review of the literature relating to the physiological, medical, psychosocial and
behavioural benefits of regular physical activity.” Recommendations for adults in relation to the
types of activities to perform, how often to perform them, and for how long on each occasion are
provided in the Guide. According to the Guide, adults should perform either 1) 60 minutes of
light effort activity every day of the week, 2) 30-60 minutes of moderate effort activity at least 4
days per week, or 3) vigorous effort activity for 20-30 minutes on at least 4 days each week.'

Since the release of the Guide, there have been very few studies undertaken to determine
whether Canadian adults are meeting the recommendations for physical activity. Data from the
1997 Physical Activity Monitor (PAM), indicate that one-third of Canadians aged 25-55 yrs met
one of the three patterns of physical activity recommended by the Guide through participation in
leisure-time physical activity.® Further, it was reported that 29% of adults participate in physical
activities four or more days each week but do not meet the guidelines because of inadequate
duration or intensity, and that younger adults were more likely to meet the guidelines than older
adults.” A second study that was undertaken to assess whether the Guide has had an impact on
leisure-time physical activity levels found that only 4% of respondents were able to provide an
unprompted response of any acceptable physical activity guideline.* Unprompted recall was
associated with being sufficiently active (energy expenditure >1.5 kcal-kg™'-d™", equivalent to
walking 30 min each day) while prompted recall was not.* An analysis of the secular trends in
leisure-time physical activity levels presented in the same study showed that, among adults, the

percentage of those who were sufficiently active increased between 1994 and 2005 by about 11%,
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however; in this study the prevalence of Canadian adults who were meeting the guidelines for
physical activity per se was not assessed.* Despite the increase in self-reported physical activity
levels over the past decade there has also been an increase in the prevalence of inactivity-related
diseases over the same time period.” Therefore, the purpose of this study is to assess the temporal
trend in the proportion of Canadians meeting the guidelines for moderate and vigorous physical
activity through participation in leisure-time physical activity by various demographic
characteristics.
Materials and methods

Sample

Data from the master files of the cross-sectional National Population Health Survey
(NPHS) 1994/95, 1996/97 and 1998/99 and of the Canadian Community Health Survey (CCHS)
cycles 1.1 (2001), 2.1 (2003), 3.1 (2005) and 4.1 (2007), conducted by Statistics Canada were
used for this study. The purpose of the NPHS/CCHS series of surveys is to provide nationally
representative, cross-sectional data on health determinants, health status and health system
utilization. The target population of the NPHS/CCHS series of surveys is Canadians 12 years of
age and older who live in private dwellings but excludes those living on Indian Reserves or
Crown lands, those residing in institutions, full time members of the Canadian Forces and those
living in certain remote regions of the country. The sample covers approximately 98% of the
Canadian population.® Records with missing values for the questions on frequency or duration of
physical activity were dropped from the analysis. The initial sample size of respondents aged 18-
55 years for each survey year was 11398 (1994/95), 47557 (1996/97), 9768 (1998/99), 80308
(2001), 75434 (2003), 74493 (2005), 36071 (2007). After restricting the sample to respondents
with no missing values the total sample size for each of the survey years was as follows: 10972

(1994/95), 46708 (1996/97), 9646 (1998/99), 75675 (2001), 74383 (2003), 73663 (2005), 35565
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(2007). Thus, the number of respondents with missing values ranged from 122 to 4633 (1.1% to
5.6%) across all survey years.
Measures

Energy expended while participating in leisure-time physical activities was determined
using the responses to the question on leisure-time physical activity. Respondents were read a list
of activities (see Table 1) and were asked to indicate the number of times they performed the
activity over the past 3 months and the average duration on each occasion. Respondents were also
asked an open-ended question about participation in leisure-time physical activities not included
in the list and up to 3 “other activities” were recorded in text format. If the respondent did not
perform any leisure-time physical activity in the previous three months the option “no activity”
was selected and these respondents were classified as having no reported leisure-time physical
activity.”

According to the Guide,' there are three ways Canadian adults can meet the
recommendations for physical activity: 60 minutes of light effort activity every day of the week;
30-60 minutes of moderate effort activity at least 4 days per week or; 20 minutes of vigorous
effort activity at least 4 days per week. Since there is only one activity (bowling) in the
NPHS/CCHS list that is considered light effort (< 3 METSs) it was not possible to determine
whether respondents were meeting the light guideline. Therefore, for the purpose of this study,
only moderate and vigorous activities were assessed and energy expenditure from light activity
(bowling) was not included in the determination of whether respondents met the guidelines.

For each survey year, weekly leisure-time energy expenditure (LTEE) in met-min-wk™'
was calculated from all moderate and vigorous activities using the following equation:

N, x D, x MET,
13

LTEE[met-min-wk '] =)
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where Ni is number of occasions of activity i during the three months prior to collection; Di is the
average duration, in minutes, of activity i on each occasion, and; METi is a constant value for
metabolic energy cost of activity i. The mid-point of the time category was used in the calculation
of LTEE for the first three categories (e.g., 7.5 min, 23.5 min and 45.5 min) and 60 minutes for
category 4. In order to ensure comparability between survey years, some activities were recoded
because the list of activities changed between survey years. Activities denoted with an asterisk (*)
in Table 1 were not consistently included in the survey list. Activities that were removed from the
survey list (yoga or tai chi and cross country skiing) were recoded into the other category and
assigned a MET value of 4.0 for all survey years. For activities that were added to the survey
(basketball, in-line skating or rollerblading and soccer) the “other, specify” text was reviewed to
find all cases for which these activities were reported and the activities were recoded with the
appropriate MET value as shown in Table 1. Activities included in the other category were
assigned a MET value of 4.0 for all survey years.”

Energy expenditure from moderate effort activities was calculated using those activities
with an intensity code between 3 and 5.9 METs (Table 1). The minimum energy expenditure to
meet the moderate guideline (MG) was set at 360 met-min-wk™', assuming 30 minutes per day, 4
days per week, performing activities with an intensity of 3 METs (e.g., walking at 3 mph).
Energy expenditure from vigorous activities was calculated using those activities with an
intensity > 6 METS (see Table 1) and the minimum target required to meet the vigorous guideline
(VG) was set at 480 met-min-wk™' (assuming 20 minutes per day, 4 days per week at an intensity
of 6 METS). Respondents with a total energy expenditure (moderate plus vigorous activities) >
360 metmin-wk ' were considered as having met the guidelines through a combination of
moderate and vigorous intensity activities. The total number of respondents meeting the
guidelines was determined by summing the total who met only the MG, both the MG and VG and

those who met the guidelines through a combination of moderate and vigorous activities.
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Table 1: Leisure-time physical activities included in NPHS/CCHS series of surveys, listed

according to activity intensity (metabolic equivalent (MET) value.(Statistics Canada 2007).

Activity MET value (kcal/kg/hr)
Low intensity

Bowling 2.0
Moderate intensity

Walking for exercise 3.0
Gardening or yard work 3.0
Swimming 3.0
Popular or social dance 3.0
Home exercise 3.0
Fishing 3.0
Weight training 3.0
Baseball of softball 3.0
Bicycling 4.0
Downhill skiing or snowboarding 4.0
Tennis 4.0
Ice skating 4.0
Exercise class or aerobics 4.0
Other activity (up to 3 can be recorded) 4.0
In line skating or rollerblading 5.0
Soccer 5.0
Volleyball 5.0
High intensity

Basketball 6.0
Ice hockey 6.0
Jogging or running 9.5

* Activity was not consistently included in the survey list. Yoga or tai chi was removed after the
1994/95 NPHS and cross country skiing was removed after the 1996/97 NPHS. Basketball was
added in NPHS 1996/97, in-line skating or rollerblading was added in 1998/99 NPHS and soccer
was added in CCHS 2003.

"The met value for the category “other activity” was calculated as the average of the met values
of all activities listed, except for the activity “jogging or running” which was assigned a met
value of 7.0 when the average was calculated (Statistics Canada 2007a)
Statistical analysis

The prevalence and 95% confidence intervals were estimated for no reported leisure-time

physical activity, meeting only the MG, meeting both the MG and VG guideline, and for meeting
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the guidelines through either moderate or vigorous activities (or a combination). These outcomes
were assessed by sex, age group (18-25, 26-35, 36-45, 46-55 years), total household income from
all sources (<$15,000, $15,000-29,999, $30,000-49,999, $50,000-79,999, > $80,000), and body
mass index (BMI) category (<25.0 kg/m?, 25.0-29.9 kg/m?, >30.0 kg/m?) for each survey year.
BMI was calculated using self-reported weight (kg) divided by height squared (in meters).
Logistic regression was used to determine odds ratios, adjusted for age, sex, household income
and BMI, assessing the probability of meeting the guideline for physical activity. All estimates
were age-standardised to the 2006 Canadian Census population by the direct method and
weighted to represent the Canadian household population aged 18-55 years using SUDAAN to
account for the complex survey design and significant differences were determined from non-
overlapping 95%ClIs.*
Results

Overall, between 6.5% and 10% of adults reported participating in no leisure-time
physical activity across survey years, which has not changed dramatically over time and is similar
among women and men (data not shown). As shown in Figure 1, the prevalence of reporting no
physical activity increased as age category increased for all survey years, and was higher among
those in the highest BMI category and those in the lower income groups.

For any given survey year more men than women met the guidelines for physical activity
(Table 2). Overall, the prevalence of meeting the guidelines increased over time from about 54%
in 1994/95 to 65% in 2007 (range 54.3-66.7%) and an increase was seen among all subgroups. In
general, the prevalence of meeting the guidelines was higher in successively higher income
groups, however, the gap between income groups decreased over time.

As shown in Table 3, the probability of meeting the guidelines was slightly higher for
men than women in the early survey years but this difference has disappeared since about 2001.

The odds of meeting the guidelines increased as income category increased for most survey years;
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however, in the later years the lowest income category had higher odds of meeting the guidelines
than those in the second income category. The odds of meeting the guidelines also increased as
age category decreased, with those in the lowest age group being 56-99% more likely to meet the
guidelines than those in the highest age group. Respondents in the lower BMI categories were
more likely to meet the guidelines than those in the highest BMI category but no difference was
seen between the lower two groups.

The majority of Canadians are meeting only the MG (range 47.8-54.0%) with only 4.3-
10.3% meeting both the MG and VG; however, there was a much greater increase over time in
the later group (Table 4). The prevalence of meeting the MG was higher among women (range
46.9-56.6%) than men (range 46.3-51.4%) for all survey years while more men (range 6.6-12.7%)
than women (range 2.0-7.9%) meet both guidelines. An examination of the prevalence by age
group showed that, with the exception of 1994/95 and 1996/97, the prevalence of meeting only
the MG tended to be the highest in the oldest age category, while for all survey years the
prevalence of meeting both guidelines decreased with increasing age. Those in the youngest age
group had a much higher prevalence (7.9-20.5%) of meeting both guidelines compared to those in
the oldest age group (2.0-5.0%). Meeting only the MG increased slightly with increasing income
and for most survey years the lowest prevalence was among those in the $15,000-$29,999 income
group. The same trend was seen between income groups for those meeting both guidelines;
however, the difference between groups was larger. Only a small difference in the prevalence of
meeting the MG was seen between BMI groups (depending upon survey year), but a greater
difference was seen between groups when assessing those who met both guidelines. For all
subgroups studied, only a very small percentage of respondents met only the VG and these data

are not reported due to high coefficients of variation.
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Figure 1: Prevalence (%) of no activity by age group (panel A), body mass index category (panel

B) and income group (panel C).
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Table 2: Age standardised* and weighted prevalence (%) and 95% confidence intervals for meeting the physical activity guideline, by survey

year.
1994/95 1996/97 1998/99 2001 2003 2005 2007

% 95% CI % 95% CI %  95% CI % 95% CI Y% 95% CI % 95% CI % 95% CI
Total 543 (53.0-55.6) 58.8 (57.8-58.4) 624 (61.0-63.7 583 (57.7-58.8) 66.1 (65.5-66.7) 66.7 (65.6—67.8) 64.7 (62.3-64.6)
Male 56.5 (54.7-58.5) 59.6 (58.2-59.0) 64.9 (63.0-66.9 59.4  (58.6-60.3) 67.7 (66.8—68.5) 67.0 (65.8—-068.2) 66.2 (63.0-65.8)
Female 52.1 (50.4-53.8) 58.0 (56.6-58.7) 59.8 (58.0-61.5 572 (56.5-57.9) 64.5 (63.6—65.3) 66.4 (65.2-67.6) 63.3 (61.2-63.8)
Age Group (yrs)
18-25 644 (61.4-065.8) 69.0 (66.8-71.1 69.9 (66.9-72.7 65.6 (64.4-66.9) 72.8 (71.4-74.1) 732 (71.6-74.7) 71.6 (69.7-73.5)
26-35 532 (50.9-54.0) 57.9 (56.1-59.7 61.4 (58.7-63.9 584 (57.3-594) 66.4 (65.3-67.5) 66.9 (65.5-68.3) 64.4 (62.6-66.1)
36-45 535 (51.0-54.8) 57.1 (55.2-58.9 60.0 (57.6-62.3 559 (55.0-56.7) 64.8 (63.7-66.0) 65.3 (63.9-66.6) 63.6 (61.9-652)
46-55 48.8 (46.1-50.8) 54.0 (52.1-55.9 60.3 (57.7-629 553 (54.2-56.5) 622 (61.1-63.3) 63.4 (62.0-64.8) 61.2 (59.4-63.0)
Household Income
<$15,000 50.1 (46.3-53.9) 557 (52.2-59.1 54.8 (50.5-59.0 52.7 (50.8 -54.6) 59.7 (57.3-62.0) 59.4 (56.8-62.0) 59.5 (56.2-62.7)
$15,000-29,999 489 (45.7-52.1) 534 (51.0-558 583 (55.1-61.5 493 (47.8-50.7) 55.0 (53.1-56.8) 57.6 (55.5-59.8) 544 (51.8-57.0)
$30,000-49,999 52.5 (50.0-55.0) 569 (54.8-58.9 59.8 (57.2-623 52.7 (51.5-53.8) 60.5 (59.0-61.9) 60.5 (58.7-62.4) 57.3 (55.0-159.6)
$50,000-79,999 56.5 (54.0-59.0) 62.1 (60.1-64.1 63.8 (61.2-66.4 59.1 (58.0-60.2) 65.6 (64.4—-66.7) 66.1 (64.6—67.5) 62.4 (60.6-64.2)
$80,000+ 63.2 (59.4-66.9) 67.2 (64.0-70.2 719 (68.9-74.6 67.3 (66.1 —68.5) 75.1 (74.1-76.0) 70.3 (68.5-72.1) 65.1 (62.5-67.7)
Body Mass Index (kg/m?)
<25.0 552 (534-57.1) 59.8 (58.4-61.2) 62.7 (60.9-64.4 59.3 (58.4-60.2) 66.8 (66.1 —67.6) 68.7 (67.6-169.8) 66.0 (64.6-67.5)
25.0-29.9 56.0 (53.7-58.3) 60.6 (58.9-62.3) 65.8 (63.7-679 603 (59.3-61.2) 68.6 (67.5-169.6) 68.5 (67.1-69.8) 67.1 (65.5-68.6)
>30.0 47.5 (44.2-50.8) 52.5 (49.5-55.5) 589 (55.2-62.5 514 (49.9-52.9) 61.6 (60.1-63.1) 593 (57.5-61.1) 589 (56.7-61.1)

*Age standardised to the 2006 Census population.
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Table 3: Odds ratios and 95% confidence intervals (95% CI) for meeting the guidelines for physical activity by survey year (1994/95 to 2007),

adjusted by age, sex, total household income and body mass index.

1994/95 1996/97 1998/99 2001 2003 2005 2007
Odds  95% CI Odds  95% CI Odds  95% CI Odds  95% CI Odds  95% CI Odds  95% CI Odds  95% CI
Sex
Male 1.20 (1.08 —1.34) 1.04 (093-1.16) 1.21 (1.07-1.36) 1.03 (0.98-1.08) 1.07 (1.01-1.14) 093 (0.87-0.98) 1.03 (0.95-1.12)
Female 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Age Group (yrs)
18-25 1.97 (1.64-2.37) 1.99 (1.71-2.33 1.69 (1.39-2.06) 1.56 (1.43-1.70) 1.75 (1.59-192) 1.68 (1.53-1.84) 1.61 (1.37-1.89)
26-35 1.24 (1.06 —1.44) 1.22 (1.07-138) 1.12 (0.95-133) 120 (1.12-1.28) 1.30 (1.21-1.40) 1.24 (1.14-1.34) 1.27 (1.11-1.44)
36-45 1.20 (1.03-1.39) .12 (0.99-1.26) 0.99 (0.85-1.15) 1.02 (0.96-1.09) 1.13 (1.05-1.22) 1.12 (1.04-1.21) 1.11 (0.99-1.24)
46-55 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Household Income
<§$15,000 0.56 (0.45-0.70) 0.62 (0.50-0.76) 0.50 (0.40-0.63) 0.54 (0.49-0.60) 0.50 (0.45-0.56) 0.61 (0.54-0.70) 0.77 (0.65-0.92)
$15,000-29,999  0.56 (0.46 —0.69) 0.57 (0.49-0.67) 0.57 (0.47-0.70) 047 (0.44-0.51) 041 (0.37-0.45) 0.58 (0.52-0.64) 0.64 (0.54-0.75)
$30,000-49,999  0.62 (0.51-0.75) 0.65 (0.55-0.76) 0.58 (0.49-0.69) 0.53 (0.49-0.57) 0.51 (0.47-0.56) 0.65 (0.59-0.71) 0.72 (0.62—-0.83)
$50,000-79,999  0.74 (0.62—0.89) 0.79 (0.67-094) 0.71 (0.59-0.85) 0.70 (0.65-0.75) 0.63 (0.59-0.68) 0.82 (0.75-0.90) 0.87 (0.77—1.00)
$80,000+ 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Body Mass Index
(kg/m?)
<25.0 1.29 (1.10-1.52) 1.29 (1.11-1.51) 1.18 (1.00-1.39) 137 (1.28—1.47) 125 (1.16-1.35) 1.43 (1.33-1.53) 1.35 (1.19-1.53)
25.0-29.9 1.25 (1.05-1.49) 1.36 (1.16—1.59) 125 (1.06-148) 139 (1.30-149) 129 (1.20—1.40) 1.46 (1.35-1.58) 1.30 (1.15-1.48)
>30.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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Table 4: Age standardised* and weighted prevalence (%) and 95% confidence intervals for meeting the moderate guideline only or meeting both

the moderate and vigorous guideline by survey year. Age standardised 2006 Census population.” Coefficient of variation between 16-33%.

1994/95 1996/97 1998/99 2001 2003 2005 2007
% 95% CI %  95% CI %  95% CI %  95% CI %  95% CI % 95% CI %  95% CI
Met Moderate Guideline Only
Total 478 (46.5-49.0) 502 (49.2-51.2) 540 (52.5-554) 485 (479-49.1) 53.6 (53.0-542) 534 (52.6-54.1) 51.0 (50.1-51.9)
Male 463 (444-48.1) 47.1 (456-48.6) 514 (49.3-53.6) 458 (45.0-46.6) 50.7 (49.8—-51.5) 49.8 (48.9-50.7) 48.5 (47.2-49.8)
Female 485 (475-509) 533 (51.9-547) 56.6 (54.7-584) 51.1 (504-51.8) 565 (557-573) 469 (56.0-57.8) 53.4 (522-545)
Age Group (yrs)
18-25 534 (50.4-56.5) 52.1 (49.9-543) 53.0 (499-56.2) 458 (44.5-472) 540 (48.7-51.4) 47.5 (46.3-48.8) 459 (43.8—48.0)
26-35 459 (43.6-482) 485 (46.7-504) 529 (499-558) 48.0 (469-49.0) 52.6 (51.3-53.8) 529 (51.7-54.0) 492 (47.4-50.9)
36-45 478 (455-50.0) 502 (48.4-52.1) 52.70 (50.2-552) 48.1 (47.2-49.0) 540 (52.8—552) 543 (53.1-554) 528 (51.2-54.4)
46-55 453 (42.6-48.1) 504 (48.4-524) 570 (543-59.6) 513 (50.2-52.4) 56.8 (55.7-57.8) 57.1 (55.8—58.5) 544 (52.7-56.1)
Household Income
<$15,000 46.7 (43.0-50.2) 494 (458-53.0) 485 (44.1-53.0)0 462 (443-48.1) 506 (483-53.00 50.6 (48.1-53.1) 50.6 (57.2-54.1)
$15,000-29,999 432 (40.2-46.2) 47.1 (44.6-49.6) 529 (49.5-563) 433 (41.8-448) 47.1 (453-49.0) 490 (469-51.1) 46.0 (43.4-48.6)
$30,000-49,999 47.1 (44.7-495) 493 (473-513) 537 (51.0-564) 458 (44.7-469) 513 (49.8-52.8) 51.0 (494-52.5) 485 (46.4-50.6)
$50,000-79,999 50.0 (47.4-52.6) 524 (503-54.6) 555 (52.8—-58.1) 492 (48.1-50.2) 54.1 (53.0-553) 538 (52.5-55.1) 50.1 (484-51.9)
$80,000+ 51.6 (47.8-554) 550 (51.9-58.1) 579 (546-61.1) 526 (514-539) 575 (564-58.6) 558 (54.0-57.6) 52.5 (49.9-55.1)
BMI Category (kg/m?)
<25.0 488 (47.0-50.7) 509 (49.5-52.4) 545 (52.5-564) 492 (483-50.1) 53.8 (53.0-54.6) 545 (53.6-—554) 51.5 (50.3-52.7)
25.0-29.9 473 (44.7-49.8) 50.7 (49.0-52.4) 548 (524-572) 492 (482-503) 540 (53.0-55.1) 532 (52.0-54.4) 510 (49.4-52.6)
>30.0 443 (41.0-47.6) 472 (443-502) 539 (502-57.5) 459 (444-473) 53.6 (52.1-55.1) 50.8 (49.1-52.5) 50.0 (48.0-52.0)
Met Moderate and Vigorous Guideline
Total 43  (3.8—-43) 54 (499-5.8) 6.0 (54-6.7) 6.6 (63-6.9) 9.1 (8.8-9.5) 99 (94-104) 10.3  (9.7-10.8)
Male 6.6 (57-17.6) 7.5 (6.8-8.2) 83 (73-94) 89 (84-93) 12.0 (11.5-12.6) 123 (11.7-13.1) 12.7 (11.8-13.6)
Female 20  (1.6-2.6) 33 (29-3.9) 3.7 (3.0-45) 45 (42-47) 63 (5.9-6.7) 7.5 (7.0-8.1) 79 (7.2-8.5)
Age Group (yrs)
18-25 79  (64-9.8) 112 (9.9-12.7) 11.3 (9.4-13.6) 141 (13.2-15.0) 175 (16.5-18.6) 199 (18.6-21.3) 20.5 (18.8-22.3)
26-35 47  (3.9-5.7) 55 (4.7-64) 62 (5.0-7.7) 6.8 (6.3-7.4) 9.8 (9.2-10.6) 103 (19.6-11.0) 11.0 (10.1-12.1)
36-45 3.5 (27-4.6) 43 (3.6-5.1) 49 (3.8-6.3) 50 (4.7-54) 7.7 (7.1-8.3) 7.7  (7.1-8.4) 7.6 (6.8—-8.3)
46-55 20 (1.4-3.1) 23 (2.8-239) 3.1 (23-41) 26 (23-3.0) 40 (3.6-44) 46 (41-52) 50 (43-57
Household Income
<$15,000 28" (1.8-4.4) 41 (3.1-5.6) 42 (29-6.0) 46 (3.8-54) 60 (49-72) 64 (54-17.6) 59 (44-10.0)
$15,000-29,999 3.1 (2.3-42) 36 (29-45) 49 (3.6-6.6) 39 (33-45) 50 (43-539) 64 (5.5-173) 52 (43-79)
$30,000-49,999 33 (25-44) 49 (4.1-59) 56 (45-17.0) 42 (3.8-4.7) 6.1 (5.6-6.7) 6.7 (6.0-7.6) 6.8 (5.8-10.1)
$50,000-79,999 42  (33-52) 6.0 (5.1-7.1) 55 (45-6.7) 6.7 (62-173) 83 (7.7-9.0) 89 (82-9.7) 94 (8.4-12.4)
$80,000+ 79  (6.0-10.3) 81 (6.7-9.8) 112 (9.1-13.8) 10.1 (9.4-10.8) 13.7 (13.9-145) 107 (9.7-11.7) 9.2 (8.0-13.4)
Body Mass Index (kg/m”)
<25.0 4.1 (3.5-4.9) 5.8 (52-6.3) 6.0 (5.1-17.1) 69 (6.5-73) 9.7 (93-10.2) 10.6 (10.0-11.3) 10.8 (10.1-11.6)
25.0-29.9 57 (47-7.0) 5.8 (5.1-6.7) 7.8 (6.5-94) 7.1 (6.5-7.7) 10.8 (10.1-11.5) 113 (10.6-12.1) 123 (11.3-134)
>30.0 161 (1.0-2.6) 3.1 (23-45) 3.6 (23-5.5) 35 (3.0-42) 52 (4.5-6.0) 63 (5.5-173) 62 (52-73)
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Discussion

The results of this study indicate that approximately 65% of Canadian adults meet the
current guidelines for moderate and vigorous leisure-time physical activity as set out in the
Guide.' Up to 10% of Canadian adults did not report any leisure-time activity suggesting that
25% report participating in some leisure-time activity but do not meet the minimum
recommendation outlined in the Guide. Given that the energy expenditure threshold of 360
met-min'wk™ is equivalent to walking at a moderate pace (3METS) for 30 minutes 4 days per
week, the results of this study highlight the need to focus not only on those who do not report any
activity but also those who participate in very low levels of activity.

The data also show that older adults, lower income groups and those with higher BMI are
less likely to meet the guidelines than their counterparts. The finding that in the later years those
in the lowest income category were more likely to meet the guidelines than those in the second
lowest income category may be explained by a higher prevalence of walking among those in the
lower income category, a finding that was recently reported by Bryan and Katzmarzyk.” Since
walking has been highly promoted as a way to increase daily physical activity it is possible that
those in the lowest income category who walk as a mode of transportation have been more often
reporting this as leisure-time physical activity.

Overall, more Canadians tend to meet the guidelines through participation in moderate
intensity physical activity rather than vigorous intensity physical activity. This study also shows
that meeting the guidelines through participation in moderate intensity physical activity is more
prevalent among those subgroups that tend to have the lowest participation in leisure-time
physical activity (women, older adults, lower income groups, higher BMI). This finding may be
limited by the fact that the list of activities included in the NPHS/CCHS surveys are
predominately moderate in intensity but may also be related to the fact that moderate intensity

activities tend to more enjoyable to participate in and more accessible to the general population.
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In Canada there are very few studies in which an assessment was undertaken to determine
whether Canadian adults are meeting the guidelines for leisure-time physical activity and it is
difficult to compare the results of these studies since they each define and analyse leisure-time
physical activity differently. The Canadian Fitness and Lifestyle Research Institute reported that
in 1997 one-third of Canadian adults (aged 25-55 yrs) met one of the patterns of physical activity
as outlined in the Guide, that the likelihood decreased with age and that there was no difference in
the prevalence between income groups.’ Unlike the current study, this study reported on meeting
the patterns of leisure-time physical activity (duration, frequency, intensity) outlined in the Guide
but did not assess the volume of energy expenditure associated with meeting the guidelines.’

The results from a recently conducted provincial telephone survey among suburban
British Columbia residents indicate that 35.8% of respondents met the required frequency,
intensity and duration as set out in the Guide through a combination of leisure-time physical
activities.' In this survey the International Physical Activity Questionnaire (IPAQ) was used to
assess leisure-time physical activity. The IPAQ differs from the NPHS/CCHS surveys in that it
includes a 7 day recall period and measures time spent participating in light, moderate and
vigorous activities without actually recording the activity that was performed.'' Therefore, the
calculation of LTEE when using data from the IPAQ cannot be directly compared with data from
the NPHS/CCHS.

An analysis of the secular trends in leisure-time physical activity levels among
Canadians, conducted by Cameron et al,* compared the levels pre- and post-release of the Guide
using data from the NPHS and CCHS. The authors of this study concluded that there was an
increase in the prevalence of adults who were sufficiently active, expending > 1.5 kg-kcal"-d”!
(equivalent to 30 minutes of walking daily), from 38% in 1994 to 49% in 2005 and that the
annual increase was not different pre- (1.4%) and post-release of the guide (1.0%).* Although

these data indicate that leisure-time physical activity levels have increased over time among
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adults, they do not specifically address whether Canadian adults are meeting the
recommendations as set out in the Guide.

Data from two other Canadian studies assessing the trends in leisure-time physical
activity have also shown that daily energy expenditure has increased over time, is higher among
men than women and among younger adults compared to older adults.'> "> One of these studies
which assessed the twenty year trends in leisure-time physical activity using data from the
Canada Fitness Survey and the PAM, reported that the prevalence of adults reporting no activity
decreased over time from about 19% in 1981 to around 2.5% in 1995 after which it has remained
relatively stable."? The prevalence of no activity as reported by Craig et al."” is quite a bit lower
than that reported (range 6.5% - 10%) in the current study. The lower prevalence estimates
resulting from use of data from the PAM survey is likely the result of differences in the collection
methodology since the PAM has a different list of activities, has a 12 month rather than 3 month
recall period and has different response categories for time spent on each occasion.'* In addition,
the PAM survey is administered only on the telephone and physical activity reporting is known to
be higher when data are collected via telephone as compared to those collected face-to-face."

Similar results to those reported in this study have been shown among American adults.
In 2007, 64.5% of US adults met the Centers for Disease Control (CDC)/American College of
Sports Medicine (ACSM) physical activity recommendation of performing 150 minutes per week
of moderate activity or 75 minutes per week of vigorous intensity activity (expending 450-750
met-min-wk™).'® In that study, men (68.9%) were more likely than women (60.4%) to meet the
recommendations, the prevalence decreased with increasing age (74% among 18-24 yrs olds
versus 51.2% among those > 65 yrs) and those classified as obese (BMI > 30kg/m’) had a lower
prevalence than those in the normal and overweight categories.'” Trend data from Behavioral
Risk Factor Surveillance System also show that the prevalence of no leisure-time physical

activity has declined significantly (p<0.0001) in the US from 29.8% in 1994 to 23.7% in 2004
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and, similar to the results of this study, there was no difference in the prevalence between men
and women."'®

Some limitations related to the calculation of LTEE in the current study should be
considered when interpreting these results. As a consequence of the survey methodology, it had to
be assumed that the pattern of participation in the leisure-time activities reported was equally
distributed over all weeks within the three month recall period and that all respondents performed
the activity at the same intensity on all occasions. In addition an assumption was made that the
behaviour and thus energy expenditure was consistent for each respondent over the entire year.
Also, the NPHS/CCHS series of surveys are cross-sectional and, therefore, each year different
respondents are surveyed so longitudinal analyses cannot be performed on physical activity
behaviour from these data sets. Given that the list of activities in the NPHS/CCHS contains
predominately “moderate” activities (MET values between 3 and 5.99) it was not possible to
assess LTEE from light activities (MET < 3.0) and the calculation of LTEE from vigorous
activity was likely underestimated since there are only 3 vigorous activities on the list. Activities
not included in the list are recorded in an “other” category and a recent study indicates that
leisure-time physical activity energy expenditure tends to be overestimated from moderate
activities and underestimated in individuals who participate in light or vigorous activities as a
result of activities being recorded in the other category.'” An expansion of the list to include more
light and vigorous activities would likely change the estimates of those meeting the guidelines
and improve the ability of researchers to assess activity participation in accordance with the
Guide. In this study only leisure-time physical activities were assessed so the contribution of
other activities (work, commuting, household chores) to the total daily energy expenditure is
unknown. The addition of questions on national surveys that allow energy expenditure related to
non-leisure activities to be calculated would allow the assessment of total daily energy

expenditure and allow researchers to determine if respondents are meeting the guidelines through
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other modes of activity. A recent Canadian study showed that higher levels of occupational
physical activity were associated with a lower odds of chronic disease, in a dose response fashion,
independent of level of leisure-time physical activity, highlighting the importance of quantifying
the energy expenditure from work activities, as well as from leisure-time activities.” Finally, the
data from the NPHS/CCHS are self-reported and it is known that over-reporting of physical
activity often occurs because of social desirability bias and errors in reporting can occur since
questionnaires use ambiguous terms such as “physical activity”, “moderate intensity” and “leisure
time”, which are poorly understood by the general public.”' In addition, due to the design of self-
report questionnaires, respondents are required to recall the amount of time they perform an
activity over a certain time frame (e.g., past 3 months) which can lead to inaccuracies in
reporting. It is anticipated that the directly measured physical activity data that will be available
from the Canadian Health Measures Survey will allow a better quantification of total energy
expenditure among Canadians and will provide insight into the daily energy expenditure of those
who do not participate in leisure-time activities.*

In conclusion, these data indicate that although less than 10% of adults report no leisure-
time physical activity, only 65% of adults are actually meeting the current Canadian guidelines
for moderate and vigorous physical activity. This highlights the need for continued interventions
targeted at increasing participation in leisure-time activity among those who do not participate in
any activity and those who participate in so little leisure-time activity that they are expending <
360 met-min-wk'. The current study extends the knowledge of the epidemiology of leisure-time
physical activity in Canada showing that the prevalence of “no activity” among Canadian adults
has not changed over time, even though the prevalence of meeting the guidelines has increased in
all subgroups studied. Further public health efforts are required to increase the level of leisure-
time physical activity energy expenditure among those who are not meeting the recommendations

outlined in the Guide.
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Abstract

Objectives: Regular walking is associated with many health benefits and is of particular interest
for the promotion of daily physical activity. The purpose of this study is to describe the
epidemiology of walking for exercise among Canadian adults aged 18-55 years.

Methods: Nationally representative cross-sectional data from the National Population Health
Survey and Canadian Community Health Survey from 1994/95 to 2007 were used for this study.
The weighted and age-standardised prevalence of walking for exercise, walking duration, regular
walking (at least 4 times a week) and deriving 100% of the total leisure-time physical activity
energy expenditure (LTPAEE) from walking were calculated.

Results: Overall, 70% of Canadian adults walked for exercise at least once during the previous
three months; however, only 30% of the population reported walking regularly, a figure that has
remained relatively stable since 2001. Women, older adults, those with lower body mass index
(BMI) and those with lower total household income reported regular walking more often than
their counterparts. Women, older adults and lower income Canadians also tended to derive 100%
of their total LTPAEE from walking more often then men, young adults and those in higher
income groups.

Conclusion: Walking is a popular physical activity for Canadian adults, regardless of age, sex,
BMI or income group, however, the prevalence of regular walking varies between demographic
subgroups. Public health strategies that focus on promoting walking for exercise should consider
these results when defining target audiences and designing interventions.

MeSH terms: walking, leisure-time, physical activity, energy expenditure, Canadian Community

Health Survey, National Population Health Survey
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Introduction

Regular walking has many health benefits, including a reduced risk of death,'
cardiovascular disease,”” stroke,” and type 2 diabetes.’ Brisk walking is associated with long-
term maintenance of weight loss®, a reduction in blood pressure,” and higher high-density
lipoprotein cholesterol.’ Prospective studies have shown that volume and intensity of walking are
associated in a dose response manner with the risk of certain chronic diseases among women.* > ®
Although the risk of adverse effects such as musculoskeletal injuries or cardiac events are higher
among those participating in physical activity, the benefits of regular moderate-intensity physical
activities such as walking are thought to outweigh these risks.” '°

Walking is of particular interest for promoting physical activity among inactive
populations because it is an activity that is of low cost, can be incorporated into daily life,
requires no special equipment or skills and is a safe form of activity with a relatively low risk of
injury compared to more intense activities.” Walking at least 30 minutes most days of the week is
promoted in Canada’s Physical Activity Guide to Healthy Active Living as a way to increase
daily leisure-time activity and improve health.'"' Walking is the most popular activity among
Canadians, with 70% of respondents in the 2005 Canadian Community Health Survey (CCHS)
reporting participation in “walking for exercise”.'” Studies from the U.S. indicate that walking is
the most prevalent activity among all population sub-groups.'> "

There are no comprehensive studies of the leisure-time walking behaviour of Canadians.

Thus, the purpose of this study is to describe the patterns and trends of walking for exercise

among Canadian adults between 1994 and 2007.
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Methods

This study utilised data from the National Population Health Survey (NPHS) 1994/95,
1996/97 and 1998/99 and the CCHS 2001, 2003, 2005 and 2007, conducted by Statistics Canada.
The main purpose of the NPHS/CCHS surveys is to provide nationally representative data on
health determinants, health status and health system utilization. Both surveys target Canadians
ages 12" years living in private dwellings but excludes those living on Indian Reserves or Crown
lands, residing in institutions, living in certain remote regions and full-time members of the
Canadian Forces. The sample of the NPHS/CCHS covers ~98% of the Canadian population.'® In
this study the sample was restricted to ages 18-55 years since this is the range included in the
adult version of Canada’s Physical Activity Guide.'' The initial sample size of respondents aged
18-55 years for each survey year was 11398 (1994/95), 47557 (1996/97), 9768 (1998/99), 80308
(2001), 75434 (2003), 74493 (2005), 36071 (2007). After restricting the sample to respondents
with no missing values the total sample size for each of the survey years was as follows: 10972
(1994/95), 46708 (1996/97), 9646 (1998/99), 75675 (2001), 74383 (2003), 73663 (2005), 35565
(2007). Thus, the number of respondents with missing values ranged from 122 to 4633 (1.1% to
5.6%) across all survey years.

Participation in leisure-time physical activities was assessed using questions based on the
validated Minnesota Leisure-Time Physical Activity Questionnaire.'” Respondents were
explicitly asked to report on their participation in “walking for exercise”, as well as a list of up to
20 other leisure-time activities (soccer, gardening, etc.) and up to three additional activities. For
each activity, the respondent was asked about the frequency of participation (number of occasions
in the past 3 months) and the duration of participation on each occasion.'®

Leisure-time physical activity energy expenditure (LTPAEE) and energy expenditure

from walking (EEW) were calculated separately in met-min-wk™' as follows:
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. x D, x MET,
13

LTPAEE[met-min-wk']1=>" N

where N;j is number of occasions of activity i; D; is the average duration, in minutes, of activity i;
MET; is a constant value for metabolic energy cost of activity i and 13 is the number of weeks in
the 3 month recall period. The MET values for each activity reported were assigned as per the
Statistics Canada standard.' Since duration was collected as a categorical variable, average
duration was used in the calculation by taking the mid-point of the first three time categories (7.5
min, 23.5 min and 45.5 min) and 60 minutes for category 4.

Prevalence and 95% confidence intervals (95% CI) of walking for exercise for each
survey year were determined overall, by sex, age group (18-25, 26-35, 36-45 and 46-55 years),
body mass index (BMI) (<25.0, 25.0-29.9 and >30.0 kg/m”) and total household income from all
sources (<$15,000, $15,000-29,999, $30,000-49,999, $50,000-79,999 and > $80,000). BMI was
calculated using self-reported weight (kg) divided by height squared (meters).

Pattern of walking behaviour was examined based on duration, frequency and total
volume (met-min-wk™") of walking. For each survey year, the prevalence and 95% CIs for walking
duration and regular walking (4+ times/week) were assessed by demographic characteristics. The
percentage of EEW in relation to total LTPAEE was determined and the prevalence and 95% Cls
were estimated by demographic variables for those with 100% of their LTPAEE being comprised
only of walking.

All estimates were weighted to represent the Canadian household population aged 18-55
years and were age-standardized by the direct method to the 2006 Census population. In order to
account for the complex survey design SUDAAN was used to calculate all estimates and 95%Cls,

and significant differences were determined from non-overlapping 95% CIs."”
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Results

The prevalence of walking for exercise fluctuated between 1994/95 and 2003, after which
it remained relatively stable around 70% (Table 1). For all survey years a higher proportion of
women reported walking compared to men (range 72.5%-78.0% for women, 57.0%-63.4% for
men). Adults in the youngest age group reported the lowest prevalence of walking (range 59.6%-
67.7%) while those in the oldest group reported the highest (range 66.1%-72.8%). There was no
difference in the prevalence of walking across BMI categories and the prevalence has remained
stable within BMI categories since 2003. Prevalence of walking tended to be highest among the
highest income group for each survey year; however, the lower income group had the greatest
difference between survey years.

As shown in Figure 1, the majority of Canadians report walking 16 to 60 minutes on each
occasion and this trend was consistent for all survey years. No difference was seen in the
distribution of walking frequency from 1994/95 to 2007 with the highest proportion of
respondents (28%-40%) walking 1-15 times in 3 months (Figure 2). For all survey cycles, a large
proportion of the population reported walking 75-90 times over 3 months (range 16-22%) (Figure
2). Overall, the prevalence of regular walking increased slightly between 1994/95 and 2001 (4%)
but remained relatively stable since at ~30% (Table 2). Women, older adults and those in the
lowest BMI category reported regular walking more often then men, younger adults and those in
the higher BMI categories. The largest differences were seen between income groups where the
prevalence decreased as income category increased. Those in the lowest income group had the
highest prevalence but showed no change between 1994/95 and 2007 (42.6% versus 41.6%,
respectively) while those in the highest income group had the lowest prevalence and the largest

difference between survey years (18.5%-26.8%).
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Table 1: Age-standardised” Prevalence (%) and 95% Confidence Intervals (95% CI) of Leisure-Time Walking' among Canadian Adults (18 to55

years).
NPHS 1994/95 NPHS 1996/97 NPHS 1998/99 CCHS 2001 CCHS 2003 CCHS 2005 CCHS 2007
% 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI
Total 65.6 64.6 - 67.0 66.3 65.3-67.2 70.2 69.0-71.4 65.0 64.4-65.5 69.0 68.3 - 69.6 70.7 69.8 - 71.7 69.6 68.7-70.6
Male 57.2 55.4-59.1 58.3 57.9-59.7 62.8 60.9 - 64.7 57.0 56.2-57.8 61.8 60.9 - 62.8 63.4 62.2 - 64.6 62.3 60.9 - 63.6
Female 74.2 72.7-175.7 74.1 72.9-753 77.7 76.1-79.2 72.5 71.8-73.2 76.0 75.3-76.8 78.0 77.0-79.0 77.0 75.9-78.0
Age Group (yrs)
18-25 64.8 61.5-67.8 62.3 60.2 - 64.3 67.7 64.6 - 70.7 60.9 59.6 - 62.2 65.3 63.9 - 66.7 67.0 65.3 - 68.6 67.1 65.2 - 68.9
26-35 66.2 63.9 - 68.4 66.6 67.8 —68.3 69.9 67.4-72.2 65.1 64.1 - 66.1 69.3 68.2-70.3 70.8 69.5-72.1 68.6 66.9 - 70.2
36-45 65.9 63.6 - 68.0 67.4 65.7-69.1 71.0 68.8-73.1 64.9 63.9 - 65.9 69.5 68.4-70.5 71.4 70.3-72.5 70.5 68.9 -72.1
46-55 66.1 63.6 - 68.6 67.7 65.8 —69.5 71.5 69.0 - 73.8 67.9 66.8 - 68.9 70.8 69.7-71.9 72.8 71.5-74.0 71.5 69.8-73.2
Body Mass Index (kg/m?)
<25.0 66.5 64.7 - 68.2 66.4 65.2-67.6 70.8 68.9 - 72.6 65.2 64.4 - 66.0 68.6 67.8 - 69.5 70.8 69.7-71.9 69.5 68.3-70.7
25.0-29.9 63.9 61.5-66.1 65.5 63.8-67.2 69.2 67.0-71.4 64.8 63.8 - 65.9 68.3 67.2-69.3 70.7 68.4-71.9 69.6 67.9-71.2
>30.0 66.8 62.2 - 69.2 66.6 63.8 -69.3 71.8 68.3-75.1 64.4 62.9 - 65.8 69.2 67.7-70.6 70.5 68.9 71.9 70.2 68.1-72.3
Household Income
<§15,000 66.5 61.9 - 69.1 65.8 62.1-69.3 69.2 64.5-73.5 66.1 64.2-67.9 69.7 67.5-71.9 71.2 68.9-73.4 71.3 68.0 - 74.4
$15,000-29,999 60.3 57.2-63.4 63.4 60.6 - 66.1 70.6 67.0-73.9 62.7 61.3-64.1 64.9 63.0 - 66.8 67.8 65.7 - 69.8 65.9 63.3 - 68.5
$30,000-49,999 66.2 63.9 - 68.4 66.1 64.1 -68.0 67.7 64.9 -70.4 62.7 61.6 - 63.8 65.3 63.8 - 66.7 68.2 66.4 - 69.8 65.8 63.7-67.9
$50,000-79,999 67.5 64.8 -70.0 68.5 66.4—70.5 71.4 68.7-73.8 65.0 63.9 - 66.1 69.7 68.5-70.8 70.5 69.2-71.8 69.1 67.3-70.9
$80,000+ 68.7 65.0-72.2 69.4 66.4—-172.2 75.6 72.6 -78.3 67.6 66.5 - 68.7 72.1 71.0-73.2 72.6 70.9 -74.3 71.7 69.3 -74.0

Note: *Estimates and 95% confidence intervals have been standardised to the 2006 Census population. "Participation in walking for

exercise during leisure-time at least once in the 3 months prior to the interview.
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Figure 1: Duration of walking (minutes) on each occasion among Canadian adults (18-55 yrs)
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Table 2: Age standardized* Prevalence (%) and 95% Confidence Intervals (95% CI) of Walking Regularly (at Least 4 Times Each Week) among

Canadian Adults (18-55 years).

NPHS 1994/95 NPHS 1996/97 NPHS 1998/99 CCHS 2001 CCHS 2003 CCHS 2005 CCHS 2007

% 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI
Total 26.1 24.8-27.5 29.3 28.3-30.3 27.0 25.6-28.4 29.5 28.9-30.1 29.8 29.2-304  29.8 29.2-30.4 30.0 29.1-30.9
Men 250 229-272 26.4 24.9-28.0 25.1 23.0-27.4 27.1 26.2-28.1 27.8 26.8 -28.7 27.0  262-279 27.3 259-28.7
Women 27.1 25.4-28.8 315 302-329 285 26.7-30.5 312 30.5-32.1 315 30.6-32.3 32.0 31.2-329 32.1 31.0-333
Age Group (yrs)
18-25 25.6 22.4-29.1 29.3 26.8-32.0 22.8 18.5-26.5 27.8 26.5-29.2 26.0 24.5-27.6 28.1 26.8-29.4 27.9 25.9-30.1
26-35 24.6 22.3-27.1 27.4 25.7-29.2 23.8 21.3-26.1 27.4 26.2 -28.6 26.6 25.5-27.7 276  26.6-28.6 27.6 26.1-293
36-45 25.8 234-284 26.9 253-28.6 27.0 245-29.7 27.8 26.8 -28.9 30.1 28.9-313 29.1 28.0 -30.1 30.3 28.7-32.0
46-55 28.3 25.6-31.1 334 31.2-35.6 329  299-36.1 343 33.1-354 352 34.0-36.5 33.8 32.5-35.1 333 31.6-35.0
BMI Category (kg/m?)
<25.0 27.5 25.6-29.3 30.7 29.3-32.1 28.2 26.2-30.2 31.3 30.3-32.2 32.0 31.0-32.9 32.4 31.5-333 324 31.1-33.7
25.0-29.9 24.0 21.8-26.3 26.8 25.1-28.6 26.5 24.1-29.0 274 26.3-28.5 27.7 26.6 - 28.8 273 26.2-283 27.5 259-29.2
>30.0 252 21.7-29.0 25.8 23.2-28.5 24.4 20.7 -28.6 27.6 26.0-29.3 26.6 25.1-28.1 25.4 23.9-26.9 26.4 243 -28.5
Household Income
<$15,000 42.6 38.3-47.0 415 37.6-45.5 43.1 38.0-48.4 434 529-572 36.6 36.8-424 456  42.7-485 41.6 38.0-45.4
$15,000-29,999 304 27.0-34.0 34.0 31.0-37.2 30.5 26.7-34.5 349 51.1-55.0 359 33.9-37.8 36.7 34.7-38.9 37.2 34.1-40.4
$30,000-49,999 270  242-30.0 28.0 25.9-30.2 260  232-29.0 30.5 53.4-56.2 30.8 29.4-322 315 30.0-32.9 314 29.2-33.7
$50,000-79,999 22.3 19.7-25.1 24.8 22.7-27.0 23.1 20.7-25.8 272 53.2-55.8 27.7 26.5-28.9 28.1 27.0-29.2 273 25.6-29.2
$80,000+ 18.5 152-223 22.9 20.2-25.7 21.2 18.2-24.6 24.7 52.5-554 26.6 25.5-27.7 25.5 23.8-273 26.8 24.4-294

Note: *Estimates and 95% confidence intervals have been age standardised to the 2006 Census population.
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Analysis of EEW revealed that a higher proportion of women compared to men derived
100% of their LTPAEE from walking (Table 3). The prevalence was higher among those in the
older age categories, with those in the oldest age category more than doubling those in the
youngest, a trend that was seen for all survey years except 2007. The prevalence was higher in the
higher BMI groups; however, there was no distinct trend seen between years. A consistent trend
was seen between income groups with prevalence being highest among the lowest income group

(range 21.2%-26.6%) and lowest among the highest income category (range 4.1%-8.0%).

Discussion

In the current study, up to 70% of adults reported walking for exercise at least once
during the recall period, a figure that has remained stable since 2001. As previously reported by
Gilmour,' this study confirms that walking is more prevalent among women than men. In a study
among U.S. adults only a small increase in walking prevalence among women (6.6%) and men
(3.8%) between 1987 and 2000 was seen and, similar to the present study, no difference in
walking frequency or duration of walking per week was noted between survey years."

The finding that walking is more prevalent among women, older adults and those in
higher income groups is consistent with several other studies.">"” For example, Rafferty et al.,
reported that walking was more prevalent among women compared to men (46.5% versus
30.0%), was higher among older age groups and those with higher education and income in the
1998 Behavioural Risk Factor Surveillance System."? The lower prevalence of walking in the
American study compared to the present study may be reflective of differences in study design as
only respondents who reported walking as either their first or second activity were included."
These results are contrary to a few recently published reports that assessed total daily walking
within all domains of daily physical activity.**' Craig et al. showed that in 2004, 30% of

Canadian adults walked at least 1 hour/day and the prevalence was lower among women and low

79



Table 3: Age standardized* Prevalence (%) and 95% Confidence intervals (95% CI) of Canadian Adults for whom 100% of Their Total Leisure-

Time Physical Activity Energy Expenditure was Obtained through Walking.

NPHS 1994/95 NPHS 1996/97 NPHS 1998/99 CCHS 2001 CCHS 2003 CCHS 2005 CCHS 2007
% 95% C1 % 95% C1 % 95% CI % 95% C1 % 95% CI % 95% CI % 95% C1
Total 10.4 94-114 16.5 15.7-17.4 11.3 10.2-12.6 13.7 13.2-14.2 9.0 8.6-94 8.9 82-9.6 10.9 10.0-11.8
Male 8.4 7.1-9.9 14.0 129-153 9.0 7.6-10.7 10.4 9.8-11.1 7.4 6.8-7.9 6.9 62-7.6 8.3 72-94
Female 11.9 10.6-13.3 18.5 17.4-19.6 13.2 11.7-14.9 16.1 155-16.8 10.3 9.7-10.9 10.5 9.7-11.3 13.0 12.0-14.1
Age Group (yrs)
18-25 5.9 44-78 10.8 9.5-124 6.7 51-8.6 8.4 7.6-94 5.7 49-6.5 5.5 48-6.3 7.1 6.0-84
26-35 9.5 79-114 14.5 13.1-159 10.4 84-129 12.5 11.7-13.5 7.5 6.9-82 8.4 7.5-94 9.3 93-11.9
36-45 10.7 9.0-12.6 16.8 154-183 12.2 10.4-142 14.0 13.2-15.0 9.4 8.6-10.2 8.9 8.0-9.8 9.4 9.4-12.0
46-55 14.1 11.8-16.7 222 20.1-24.4 14.6 122-175 18.1 17.1-19.2 12.4 11.6-132 11.8 10.8-12.8 12.6 21.6-15.9
Body Mass Index (kg/m?)
<25.0 9.9 86-114 15.9 147-17.2 10.8 94-124 13.2 12.5-13.9 8.5 8.0-9.0 8.6 7.8-9.4 11.3 102-12.5
25.0-29.9 10.6 9.0-125 14.6 13.2-16.2 10.4 8.5-125 12.4 11.6-13.3 7.8 72-8.5 7.6 6.8-8.3 8.9 7.9-10.1
>30.0 11.5 8.7-15.1 18.8 16.4-213 15.3 12.3-19.0 16.1 14.7-17.6 10.9 9.8-12.1 11.3 10.0-12.7 11.5 99-132
Household Income
<$15,000 21.2 17.6 -254 250 21.4-29.0 23.7 19.2-28.9 26.6 24.5-28.7 21.2 19.0-23.6 21.6 19.0-24.4 24.8 21.4-28.6
$15,000-29,999 14.1 11.3-17.6 19.6 17.3-222 15.5 21.8-18.7 20.9 19.3 -22.6 17.2 15.4-19.2 14.5 12.8-16.3 22.8 19.8 —26.1
$30,000-49,999 12.0 10.1 -14.1 17.7 16.1 -19.4 11.8 9.6-144 16.5 15.4-17.7 11.8 10.6-13.0 11.4 10.2-12.6 13.8 11.9-16.0
$50,000-79,999 6.7 52-8.6 11.9 10.6-13.3 7.3 58-92 11.5 10.7-12.5 7.3 6.6-8.0 8.0 72-9.0 10.0 87-114
$80,000+ 4.1 26-64 8.0 6.6-9.8 4.9 3.6-6.6 7.7 6.9-85 43 39-48 6.7 56-79 7.4 6.0-9.2
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income earners, older adults and those with higher education.”® In an American study regular
walking (2 5 days/week, > 30 minutes/day) also decreased with advancing age in women and
with increasing BMI in both sexes, and was higher in men and those with less education.”’ Since
in these studies walking was measured within all domains of physical activity, they likely
captured walking in occupational settings which may explain the higher prevalence among men
and those with less education since the current study only included leisure-time walking.’

In this study, women, older adults, those with higher BMI and in lower income groups
more often derived 100% of their weekly LTPAEE from walking. This finding has important
implications for public health interventions since these populations tend to have the lowest
prevalence of physical activity participation; however,* further research is required to determine
whether these subgroups are performing sufficient volumes of walking to realise the full range of
health benefits. Further analysis of the activities contributing to the LTPAEE of men, younger
adults and higher income groups is also required to ascertain whether these groups are performing
sufficient activity to attain health benefits.

There are several limitations in these analyses that should be noted. Firstly, in the
NPHS/CCHS surveys, self-reported data using face-to-face or telephone interviews are collected,
and the proportion of telephone interviews has changed across survey years. Results of a mode
study indicate that significantly more people were classified as inactive when interviewed face-to-
face (42.3%) compared to those who were interviewed over the telephone (34.4%).% It is
unknown what effect the mode of collection has on the estimates of walking prevalence.
Secondly, the estimates of walking behaviour reported here may be underestimated since other
facets that make up total daily energy expenditure (commuting, occupation, household tasks, etc.)
were not accounted for. Thirdly, assumptions related to activity intensity, time and duration were
made in the calculation of LTPAEE and EEW. Since intensity was not asked during the interview

it was assumed that all respondents performed the activities at the same intensity. Also, since
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activity duration was collected as a categorical variable, the actual time was not available so an
average time was used. Frequency was reported as the number of occasions over a three month
period, so for this analysis it was assumed that the frequency was equally distributed over the
three months. Fourthly, the CCHS/NPHS questionnaire has not been validated as a means of
measuring walking behaviour explicitly. Finally, the results are applicable to the population
included in the sample of the CCHS/NPHS, therefore, results may not reflect the walking patterns
among those not included in the survey.

In conclusion, it was demonstrated in this study that although walking has been a
consistently popular activity among Canadian adults, regardless of age, sex, BMI or income
group, only 30% of respondents walk regularly. Regular walking was higher among women,
those in the older age groups and those with lower BMI and with higher household income.
Deriving 100% of energy expenditure from walking was more prevalent among women, older
adults and those in the highest BMI category. The popularity of walking among all population
subgroups underscores the importance of public health interventions to promote walking as a

viable means to increase participation in daily physical activity among Canadian adults.
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Abstract

Background: Physical activity is associated with a reduced risk of chronic disease. In this study
the relationship between meeting the guidelines for physical activity described in Canada’s
Physical Activity Guide and heart disease, type 2 diabetes, hypertension, obesity and low levels
of general health is described.

Methods: Leisure-time energy expenditure (LTEE) was calculated from leisure-time physical
activities reported by adults who participated in the 2007 Canadian Community Health Survey.
Respondents were classified as meeting the guidelines for physical activity or not, and were
categorized into quartiles of LTEE separately by sex. Logistic regression was used to determine
the odds for all conditions associated with not meeting the guidelines and by quartile of LTEE,
adjusting for covariates.

Results: The odds of type 2 diabetes, obesity and fair/poor health were significantly higher
among those not meeting the guidelines for both sexes and for high blood pressure among
women. Significantly higher odds were seen between the lowest and highest quartiles of LTEE
for type 2 diabetes and high blood pressure and across all quartiles for obesity and fair/poor
health for both sexes.

Conclusions: Canadian adults meeting the physical activity guidelines have lower odds of
chronic diseases and fair/poor health than those not meeting the guidelines.

Key words: chronic disease, physical activity, leisure time, general health, Canadian Community

Health Survey
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Chronic diseases, including heart disease, hypertension, obesity and type 2 diabetes, are
the leading cause of morbidity in the world and are considered to be at epidemic levels globally.'
Approximately half of the global burden of disease results from chronic diseases with
cardiovascular diseases being the leading contributor.” In 2004 the burden of physical inactivity
in relation to health care expenditures related to chronic diseases was estimated to be $5.3 billion
in Canada.’ Physical inactivity is an important contributor to the development of chronic diseases;
however, recent data suggest that despite an increase in self-reported leisure-time physical
activity levels among Canadians over the past decade there has been an increase in the prevalence
of inactivity-related conditions and diseases over the same time period.*

The weighted evidence indicates that there are many health benefits associated with
regular physical activity including a lower risk of coronary heart disease,’ stroke,® hypertension,’
breast and colon cancer,® type 2 diabetes,” and osteoporosis.'® In addition, regular physical
activity may be protective against some psychological disorders such as depression and anxiety, "'

dementia,'? hip fractures " and may increase longevity '*'°

and reduce the risk of prolonged
disability in old age.'® Although the risk of adverse effects such as musculoskeletal injuries or
cardiac events are higher among those participating in physical activity, the benefits of
participating in regular moderate-intensity physical activities are thought to outweigh these
risks.'’

Even though leisure-time physical activity accounts for a small proportion of total daily
energy expenditure in most individuals, it is important to assess the association between meeting
the guidelines for physical activity as set out in Canada’s Physical Activity Guide to Healthy

Active Living and prevalent chronic disease.'® Therefore, the purpose of this study is to evaluate

whether meeting the guidelines for physical activity is associated with a lower odds of reporting
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certain chronic conditions including hypertension, type 2 diabetes, heart disease and obesity and
of reporting fair/poor general health.
Methods

Data from the master file of the 2007 Canadian Community Health Survey (CCHS)
conducted by Statistics Canada were used for this study. The CCHS sample covers approximately
98% of the Canadian population ages 12" years who live in private dwellings but excludes those
living on Indian Reserves or Crown lands, in institutions, in certain remote regions of the country
and full time members of the Canadian Forces." The sample size for respondents aged 18-65
years who answered the questionnaire was 46,634 (21,576 male, 25,058 female). All respondents
who answered the survey questions on leisure time physical activity were included in the
analysis; records with missing values were dropped (45,958 total, 21,118 male, 24,840 female).
There was no difference in the mean age or BMI between those in the initial sample and those
who were dropped as a result of missing values.

Energy expended while participating in leisure-time physical activities was determined.
Respondents were read a list of activities and were asked to indicate the number of times they
performed the activity over the past 3 months and the average duration on each occasion. An
open-ended question about participation in leisure-time physical activities not included in the list
was also asked and up to 3 “other activities” were recorded.”’

Weekly leisure-time energy expenditure (LTEE) in met-min-wk ' was calculated from all

activities reported using the following equation:

N, x D, x MET,

LTEE[met-min-wk '] =) 3

where Ni is number of occasions of activity i during the three months prior to collection; Di is the
average duration, in minutes, of activity i on each occasion, METi is a constant value for
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metabolic energy cost of activity i and 13 is the number of weeks in the 3 month recall period.”!
The MET values assigned by Statistics Canada were used for all activities in the list except those
in the “other” category. The text entries of all “other activities” (N=9941) were assessed
individually and assigned an activity code and intensity (MET) according to the 2000
Compendium of physical activities and these MET values were then used in the calculation of
LTEE.* The mid-point of the time category was used in the calculation of LTEE for the first
three categories. For example, category 1 (1-15 min) was coded 7.5 min, category 2 (16-30 min)
was coded as 23.5 min, category 3 (31-60 min) was coded as 45.5 min and category 4 (more than
1 hour) was coded as 60 min.”' Respondents were classified as having met the guideline for
physical activity (LTEE > 360 met-min-wk ™), or having not met the guideline (LTEE < 360
met-min-wk ™) according to their total weekly LTEE. This cut point assumed participation in
moderate-intensity leisure time physical activity (at least 3 METS) on at least 4 days per week for
at least 30 minutes on each occasion, according to the minimum guidelines set out in Canada’s
Physical Activity Guide.'® Respondents were also categorized into quartiles of LTEE, separately
for men (<237.0; 237.0-654.9; 655.0-1354.9; > 1355.0 met-min-wk'l) and women (<224.0; 224.0-
599.9; 600.0-1199.9; > 1200.0 met-min-wk™").

The presence of self-reported physician-diagnosed chronic conditions was assessed from
questionnaire responses. Respondents were considered as having high blood pressure if they
answered yes to any one of the three questions asked about high blood pressure (Do you have
high blood pressure? Have you ever been diagnosed with high blood pressure? In the past month
have you taken any medication for high blood pressure?).’ Type 2 diabetes was determined using
the Ng-Dasgupta-Johnson algorithm.* Briefly, this algorithm classifies CCHS respondents who
report having diabetes as being either type 1, type 2 or gestational cases using the responses to

seven questions related to diabetes onset and diabetes medications.” Heart disease was
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determined from the question: Do you have heart disease?”* Body mass index (BMI) was
calculated for all non-pregnant respondents using self-reported weight and height (kg/m?) and the
cut point for obesity was set at > 30 kg/m>.** General health was categorized into two groups
(excellent/very good/good versus fair/poor) using the responses to the question “...in general,
would you say your health is excellent, very good, good, fair or poor.”

Descriptive statistics were computed separately by sex for all variables including the
prevalence (%) and 95% confidence intervals (95% CI). Logistic regression was used to
determine the odds ratios for having type 2 diabetes, heart disease, high blood pressure, obesity or
fair/poor general health among those who did not meet the guidelines for physical activity by
comparison to those that did meet the guidelines, and by quartile of LTEE. Logistic regression
models were run separately by sex and were adjusted for age (model 1), and additionally for total
household income (<$15,000, $15,000-29,999, $30,000-49,999, $50,000-79,999 and > $80,000),
smoking status (smoker, former smoker, non-smoker), alcohol intake (regular drinker, occasional
drinker, did not drink in the past 12 months) and BMI (model 2). An analysis to assess the linear
trend across quartiles of LTEE was also performed. Data were analyzed using SUDAAN SAS
Callable to account for the complex survey design and all estimates were weighted to represent
the Canadian household population aged 18-65 years.”

Results

The descriptive characteristics of the sample are shown in Table 1. Overall, the highest
prevalence of a chronic condition was seen for obesity (16.8%), followed by high blood pressure
(16.2%), fair/poor health (9.4%), type 2 diabetes (4.0%) and heart disease (2.7%). With the
exception of high blood pressure and fair/poor general health, men had a higher prevalence of all

chronic conditions than women, and men smoked and drank regularly more so than women.
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Among men and women the odds of having type 2 diabetes, reporting fair/poor health
and being obese was higher among those who did not meet the guidelines for physical activity
compared to those who did meet the guidelines, even after adjustment for covariates (Table 2). In
addition, for women the odds of having high blood pressure was significantly higher among those
who did not meet the guidelines in both models, a relationship that was not seen among men in
model 2.

Table 1: Descriptive characteristics, Canadian adults aged 18-65 years, Canadian Community

Health Survey cycle 4.1, 2007.

Total (%) Men (%) Women (%)
Chronic Disease
High blood pressure 16.2 16.2 16.3
Type 2 diabetes 4.0 4.6 3.5
Heart disease 2.7 3.2 2.3
Body Mass Index
<25.0 kg/m’ 50.3 51.6 59.3
25.0 - <30 kg/m’ 33.0 40.5 25.2
>30 kg/m’ 16.8 18.0 15.5
General Health
Excellent to good 90.6 91.0 90.3
Fair or Poor 9.4 9.0 9.7
Smoking Status
Smoker (occasional, daily) 25.9 28.9 22.9
Former smoker 38.3 40.3 36.4
Non-smoker 35.8 30.8 40.7
Total Household Income
<$15,000 7.0 6.0 7.8
$15,000-29,999 13.4 11.0 15.5
$30,000-49,999 24.6 23.8 25.3
$50,000-79,999 37.3 39.7 35.1
$80,000+ 17.9 19.5 16.4
Alcohol Intake
Regular drinker 67.4 75.5 59.5
Occasional drinker 15.5 10.6 20.2
Did not drink in past 12 mos. 15.7 12.3 19.1
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Table 2: Odds ratios (95% confidence intervals) for certain chronic conditions and general health by not meeting the guidelines for physical

activity (leisure time physical activity energy expenditure < 360 met-min-wk ™), Canadian adults aged 18-65 years, 2007.

Men

"Model 1

‘Model 2

Women

"Model 1

‘Model 2

Type 2 diabetes

Did not meet guidelines
Met guidelines

Heart disease

Did not meet guidelines
Met guidelines

High blood pressure
Did not meet guidelines
Met guidelines

Obesity

Did not meet guidelines

Met guidelines

Fair/Poor General Health

Did not meet guidelines

Met guidelines

1.43 (1.17-1.75)
1.00

1.24 (0.99-1.55)
1.00

1.13 (1.01-1.28)
1.00

1.30 (1.15-1.46)
1.00

2.08 (1.81-2.40)

1.00

1.41 (1.15-1.73)
1.00

1.16 (0.93-1.46)
1.00

1.12 (0.99-1.26)
1.00

1.31 (1.16-1.47)
1.00

1.93 (1.66-2.23)
1.00

1.76 (1.40-2.21)
1.00

1.27 (0.96-1.67)
1.00

1.29 (1.16-1.44)
1.00

1.73 (1.56-1.92)
1.00

2.38 (2.10-2.70)
1.00

1.66 (1.31-2.09)
1.00

1.21 (0.92-1.60)
1.00

1.25 (1.12-1.39)
1.00

1.67 (1.50-1.85)
1.00

2.23 (1.97-2.53)
1.00

"Model 1: adjusted for age.

*Model 2: adjusted for age, total household income, smoking status, alcohol intake and body mass index.
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An examination of the odds ratios by quartile of LTEE indicates a significantly higher
odds of type 2 diabetes, high blood pressure, obesity and fair/poor health between the highest and
the lowest quartile for both men and women (Tables 3 and 4). Among men the odds of type 2
diabetes and high blood pressure among those in the lowest quartile of LTEE were significantly
higher compared to the reference group (Table 3), whereas for women those in the lowest two
quartiles of LTEE had significantly higher odds than the reference group (Table 4). Among both
men and women the odds of obesity and fair/poor health were higher between all quartiles

compared to the reference group.

Discussion

In this study it was shown that adults meeting the guidelines for leisure-time physical
activity as set out in Canada’s Physical Activity Guide (expending > 360 met-min-wk™") are less
likely to self-report certain chronic conditions such as type 2 diabetes, high blood pressure and
obesity or to report fair/poor general health. For some chronic conditions there was a trend across
quartiles of LTEE indicating that those expending lower levels of energy expenditure through
leisure-time activities have a higher probably of experiencing a chronic condition.

In this study the odds of reporting heart disease was not higher among those not meeting
the guidelines or between quartiles of LTEE but there was an increased odds of type 2 diabetes
and high blood pressure among those who did not meet the guidelines, and between the lowest
and highest quartiles of LTEE. Another recent Canadian study using data from the 2003 CCHS
did not report a decreased odds of heart disease or diabetes among adults (18-64 yrs) classified as
moderately active (LTEE 1.5-2.99 kkd or 630 met-min-wk ™) compared to sedentary adults,
however, this study did report a decreased odds of heart disease among those classified as active
(LTEE = 3.0 kkd or 1260 met-min-wk™).?® These studies differed in the fact that the present study

only assessed those with type 2 diabetes rather than including all types of diabetes (e.g., type 1
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Table 3: Odds ratios (95% confidence intervals) for chronic conditions and general health by quartile of leisure time energy expenditure

(met-min-wk ™) for Canadian men ages 18-65 yrs.

"Model 1 ‘Model 2
. P for P for

Quartiles of LTEE <237.0 237.0 - 654.9 655.0-1354.9 >1355.0 trend <237.0 237.0 - 254.9 655.0 - 13549 >1355.0 trend
Chronic Conditions
Type 2 diabetes 1.52(1.13-2.03)  0.91(0.68-1.23)  0.95 (0.70-1.28) 1.00 0.003 1.50 (1.11-2.01)  0.93(0.69-1.25)  0.95 (0.70-1.28) 1.00 0.005
Heart discase 1.31(0.94-1.82) 0.91 (0.65-1.27) 0.97 (0.68-1.39) 1.00 0.10 1.20 (0.86-1.68) 0.88 (0.63-1.24) 0.96 (0.67-1.37) 1.00 0.26
High blood pressure 1.23(1.04-1.46)  1.10(0.93-1.30)  1.09 (0.91-1.29) 1.00 0.02 1.21(1.02-1.44)  1.10(0.93-1.30)  1.08 (0.91-1.28) 1.00 0.03
Obesity 1.61 (1.37-1.90) 1.41 (1.20-1.66) 1.28 (1.08-1.00) 1.00 <0.0001 1.65 (1.40-1.94) 1.44 (1.22-1.69) 1.29 (1.09-1.53) 1.00 <0.0001
General Health
Fair-Poor 3.40 (2.67-4.33) 2.07 (1.60-2.67) 1.36 (1.04-1.77) 1.00 <0.0001 3.06 (2.39-3.94) 2.01 (1.55-2.61) 1.34 (1.03-1.75) 1.00 <0.0001

"Model 1: adjusted for age (y).

*Model 2: adjusted for age (y), total household income (<$15,000, $15-29,999, $30-49,999, $50-79,999, $80,000") smoking status (smoker, former

smoker, non-smoker), alcohol intake (regular drinker, occasional drinker, did not drink in the past 12 months) and body mass index (kg/m®)

(except for obesity model)
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Table 4: Odds ratios (95% confidence intervals) for chronic conditions and general health by quartile of leisure time physical activity energy

expenditure (met:min-wk ™) for Canadian women ages 18-65 yrs.

"Model 1 *Model 2

. P for P for
Quartiles of LTEE <224.0 224.0 —599.9 600.0 -1199.9 >1200.0 trend <224.0 224.0-599.9  600.0 -1199.9 >1200.0 trend
Chronic Conditions
Type 2 diabetes 2.45(1.75-3.42) 1.92 (1.33-2.77) 1.41(0.98-2.02) 1.00 <0.0001 2.21(1.57-3.09) 1.81 (1.25-2.63) 1.36 (0.95-1.95) 1.00 <0.0001
Heart disease 1.54 (0.98-2.41) 0.98 (0.61-1.58) 1.02 (0.62-1.68) 1.00 0.04 1.45(0.92-2.29) 0.95 (0.58-1.54) 1.02 (0.62-1.69) 1.00 0.08
High blood pressure 1.61 (1.39-1.86) 1.33 (1.13-1.56) 1.15(0.98-1.35) 1.00 <0.0001 1.53 (1.31-1.77) 1.29 (1.10-1.51) 1.13 (0.96-1.33) 1.00 <0.0001
Obesity 2.57 (2.19-3.01) 2.11(1.81-2.46) 1.53 (1.31-1.79) 1.00 <0.0001 2.44 (2.08-2.86) 2.05 (1.76-2.40) 1.51 (1.29-1.76) 1.00 <0.0001
General Health
Fair-Poor 3.66 (2.98-4.50)  1.93(1.56-2.39)  1.37(1.09-1.73) 1.00 <0.0001  3.33(2.71-4.10)  1.82(1.47-226)  1.34(1.06-1.69) 1.00 <0.0001

"Model 1: adjusted for age ().
*Model 2: adjusted for age (y), total household income (<$15,000, $15-29,999, $30-49,999, $50-79,999, $80,000") smoking status (smoker, former

smoker, non-smoker), alcohol intake (regular drinker, occasional drinker, did not drink in the past 12 months) and body mass index (kg/m®)

(except for obesity model).
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1% controlled for energy expenditure

and gestational) in the analysis and the study by Probert et a
from occupational physical activity. Research on the association of total daily energy expenditure
(including energy expenditure from all domains of activity) is required to better understand the
relationship between daily energy expenditure and chronic diseases.

In a second Canadian study, in which longitudinal data from the National Population
Health Survey were used, the odds of two year incident heart disease were significantly higher
among those in the light energy expenditure group (<1.5 kkd or 630 met-min-wk™") compared to
those expending a moderate amount of energy (1.5-2.9 kkd or 630-1218 met-min-wk™).?” In the
current study a higher odds of heart disease among those with lower LTEE or among those not
meeting the guidelines for physical activity was not found, however, the in this study the authors
assessed prevalent heart disease rather than incident heart disease.

There is an increasing body of evidence that indicates that regular participation in
physical activity above the recommended levels is associated with a reduced risk of certain
chronic diseases. For example, a recent systematic review of prospective cohort studies reported
that moderate physical activity lasting 30 min or more each day can substantially reduce the risk
of type 2 diabetes compared to sedentary individuals.” Data from the Nurses Health Study
showed that ~30% of new cases of obesity among women could be prevented by participating in
30 min of moderate activity (brisk walking) each day and by decreasing television viewing by
10h each week.”” A meta-analysis of randomized controlled trials indicated that aerobic exercise
was associated with a mean reduction across all blood pressure levels of 3.9/2.6 mmHg and a
mean reduction among hypertensive patients of 4.9/3.7 mmHg.* Several studies have also shown
that 30 minutes per day of moderate physical activity is also effective in preventing coronary
heart disease.’'”> For example, men in the Health Professionals Follow-up Study who walked
briskly for at least 30 minutes per day were 18% less likely than those who did not meet this

criterion to develop coronary heart disease during the 12 yr follow.> Similarly, women in the
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Nurses Health Study who participated in 3 hours per week of brisk walking had a 30-40% lower
rate of myocardial infarction than sedentary women.*> All of these studies indicate that regular
participation in moderate intensity exercise, as promoted by the Canadian Physical Activity
Guide, is associated with a decreased risk of chronic diseases. However, the benefits related to
different intensities and volumes of exercise (the dose response relationship) required to decrease
risk of chronic disease is an ongoing subject of research.

This study has some limitations. The calculation of LTEE from the CCHS allows only an
estimate of energy expenditure from leisure-time activities. Therefore, energy expenditure from
household tasks, commuting and work related activities are not accounted for. A recent Canadian
study showed that higher levels of estimated occupational physical activity were associated with
lower odds of chronic disease, in a dose response fashion, independent of level of leisure time
physical activity, highlighting the importance of quantifying the energy expenditure from work
activities, as well as from leisure activities.*® In addition, some assumptions related to intensity,
duration and frequency had to be made when estimating LTEE. For example, intensity was
considered to be the same for all respondents reporting the same activity, an average duration was
used in the calculation of LTEE and the frequency was assumed to be constant over the entire
year even though the recall period was only three months. As a result of these assumptions, the
estimate of energy expenditure may be under- or over-estimated. For example, it is known that
participation in and energy expenditure from leisure time physical activity varies by season
among Canadians and as such assuming consistent energy expenditure over a 12 month period
may have affected the estimate of LTEE for some respondents.*®

Since the CCHS is a cross-sectional survey this study is also limited to reporting on the
association between prevalent chronic diseases and LTEE and reverse causality could not be

controlled for since the history of physical activity participation and the timing of diagnoses of
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the chronic diseases are unknown. In addition, the respondent’s perception of his/her general
health at the time of collection may have been affected by life circumstances, including the
respondent’s mental health at the time, environmental factors or pre-existing chronic conditions
that could not be controlled for in the analytical model. In addition, the authors did not control for
nutritional factors (e.g., salt intake, dietary fat) that may affect the development of chronic
diseases. Finally, the CCHS collects information on self-reported physician-diagnosed chronic
conditions and as such the actual prevalence of these chronic conditions may be under-estimated
if a respondent is unaware of existing conditions.

In conclusion, this study found that meeting the guidelines for physical activity is
associated with lower odds of self-reported chronic conditions and fair/poor general health.
Further, there was a linear graded relationship between volume of activity and certain self-
reported chronic conditions. Future studies that include more robust measures of physical activity
(e.g., accelerometers) from all domains would aid in more precisely defining the volume of daily

physical activity that is associated with chronic diseases and other health outcomes.
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Chapter 7 General Discussion

The studies included in this thesis provide an overview of the epidemiology of physical
activity in Canada in relation to Canada’s Physical Activity Guide to Healthy Active Living (the
Guide).! This is an important area of study since physical activity is an independent risk factor for
many chronic diseases and is costly to the Canadian health care system. It was reported in a
Canadian study that an estimated $150 million in direct health care expenditures each year could

be saved if a 10% reduction in physical inactivity was realized.”

There are currently two goals related to increasing the level of physical activity among
Canadians. The first of these was endorsed in June 2003 by the Federal and Provincial/Territorial
ministers responsible for sport, recreation and fitness. At that time the Ministers called for an
increase in the prevalence of adequate physical activity in every jurisdiction by 10 percentage
points by the year 2010.> The second goal was announced in 2005 as part of the Integrated Pan-
Canadian Healthy Living Strategy (the Strategy).* The Strategy calls for a 20% increase, over a
10 year period from 2005-2015, in the proportion of Canadians participating in moderate to
vigorous physical activity for at least 30 minutes per day as measured by the Canadian
Community Health Survey (CCHS) and the Physical Activity Benchmarks/Monitoring Program.*
According to the Strategy, using baseline data from the 2003 CCHS, the proportion of the
population participating in at least 30 minutes per day of physical activity would need to increase
from 50.4% to 60.5% by 2015 if they goal is to be realized.* Ongoing monitoring of the level of
physical activity in relation to the recommendations put forth in the Guide is essential, not only
for determining whether these goals have been met but also for determining whether the Guide is

having an impact on the level of participation in daily physical activity and on the health of

Canadians.
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To date, level of physical activity, as it relates to the national goals and the
recommendations of the guide, has not been assessed in Canada. Only one study has been
undertaken to assess adherence to the recommendations of the Guide and since this study used
data from a year prior to the release of the Guide it does not provide up-to-date information from
which to monitor changes in activity levels. This initial report, produced using data from the 1997
Physical Activity Monitor (PAM), showed that one-third of Canadians aged 25-55 years met one
of the three patterns of physical activity recommended by the Guide through participation in
leisure-time physical activity.” The report also indicated that 29% of adults participated in
physical activities four or more days each week but did not meet the guidelines because of
inadequate duration or intensity, and that younger adults were more likely to meet the guidelines
than older adults.” Unfortunately, this early report did not assess the volume of activity associated
with participating in the activity patterns outlined in the Guide and, therefore, the results cannot
be directly compared to the studies undertaken in this thesis. Although, limited in their scope, as a
result of limitations of the NPHS/CCHS surveys, studies two and three in this thesis provide
important information about adherence to the guidelines among Canadian adults over the past 13
years and these studies are useful in assessing whether Canadian adults are meeting the goal of
the Strategy. Study two found an increase in the prevalence of those meeting the guidelines of
about 11% between 1994 and 2007. However, since 2005 (the baseline year set by the Strategy)
there has been a drop in the prevalence of adults meeting any guideline from 66.7% in 2005 to
64.7% in 2007, partially as a result of a decrease in prevalence of those meeting the moderate
guidelines (3%) and a 1% increase in those reporting no activity. Study three shows that although
the prevalence of walking has increased over time among those reporting some LTPA, the
proportion reporting no activity has remained relatively stable over the past few years suggesting

that further intervention is required to encourage sedentary Canadians to start participating. This
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may also be key to reaching the goal set out in the Strategy since the data show that there has

been relatively little change in the prevalence of meeting the guidelines since 2003.

Ongoing monitoring should continue over the years leading up to 2015; however the
ability of researchers to monitor whether Canadians are meeting the guidelines is limited by the
types of questions asked as part of the CCHS and the fact that children under 12 years of age are
not included in the survey sample. Directly measured data from the Canadian Health Measures
Survey (CHMS) may provide a better forum for assessing adherence to the recommendations of

the Guide and these data are expected to be released in 2011.

7.1 Strengths and Limitations of this Thesis

A strength of the studies presented within this thesis is that data from large, cross-
sectional health surveys conducted by Statistics Canada, namely the National Population Health
Survey (NPHS) and CCHS were used. These surveys provide the advantage of having very large
sample sizes that are designed to be representative of the Canadian population. This allows for the
analysis of most variables of interest by population subgroups and allows the results to be
generalized to the majority of the Canadian population. In addition, all survey years have
included questions related to leisure-time physical activity and, with the exception of a change in
the list of activities provided to the respondent, the questions have been asked consistently and
remained unchanged since 1994. Another strength of this thesis is that the authors corrected for
changes made to the list of activities over time by recoding the activities to ensure the lists were
the same for all surveys years, a procedure that not been done in recent studies that have
published physical activity data using the NPHS and CCHS.°

However, there are some disadvantages of using these survey data for analyzing level of

physical activity in the population. Firstly, since the NPHS and CCHS are cross-sectional surveys
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it is not possible to assess changes in physical activity behaviours over time in the same
individuals in a longitudinal fashion. Secondly, the survey questionnaire allows for only the
analysis of leisure-time physical activity energy expenditure (LTPAEE) and therefore accurate
estimations of total daily energy expenditure cannot be made since there are no data available on
the other domains of activity (e.g., commuting, daily chores, work activity).” Thirdly, the estimate
of LTPAEE from self-reported questionnaire data are likely not accurate for a variety of reasons
as outlined in Table 1. Fourthly, the questionnaire wording and format of response categories
require researchers to make assumptions about the pattern of physical activity over the three
month recall period and about the time spent participating in the activity on each occasion. For
example, time is collected as a categorical variable and therefore researchers must use an average
time in the calculation of LTPAEE and this average may not represent well those respondents
who are at the extremes of the category. ® Although this may not affect the overall classification
of respondents at the population level it likely does affect individual level analyses. Fifthly, the
NPHS and CCHS changed their mode of collection over the years and a significant mode effect
has been observed for the physical activity variable. A study by St-Pierre and Béland found that
increasing the percentage of interviews conducted by telephone from 53% in the 2000/01 CCHS
to 70% in the 2003 CCHS resulted in a significant decrease in the prevalence of physical
inactivity from 42.3% to 34.4%.’ This mode effect likely affected the results presented in studies
2 and 3 of this thesis since data from multiple years of the NPHS and CCHS were used in the
analyses. Finally, the NPHS and CCHS series of surveys only include information on Canadians
ages 12 years and older and exclude Canadians living on Indian reserves, Crown lands, military
bases and in institutions.'® Therefore, the data are only representative of the collection population
and no generalizations can be made in regards to the non-surveyed population. This is especially

problematic for researchers interested in children and aboriginals living on reserve as there are no
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other readily available large datasets from which to estimate level of physical activity for these

populations.

Table 1: Potential sources of error in the estimate of leisure-time physical activity energy

expenditure using data from the National Population Health Survey and the Canadian Community

Health Survey.

Source of error

Effect on estimate of leisure-time physical activity energy
expenditure and health variables

List of activities has changed
over time (addition of some
activities, removal of others)

Metabolic equivalent (MET)
values used in the calculation
are standard for all
respondents

Problems with recall

Confusing questionnaire
wording

Social desirability bias

Single set of questions for
entire population

An increase or decrease in the actual energy expenditure results
from moving activities into or out of the “other” category.’

It is known that the energy expenditure for a given activity can
vary widely depending upon body mass, adiposity, age, sex,
efficiency of movement and the geographic and environmental
conditions in which the activity was performed '

Physical activity questionnaires require respondents to recall
activities performed in the past and, depending upon the length
of the recall period, errors in reporting can occur since
respondents cannot remember accurately.'”

Physical activity questionnaires tend to use ambiguous wording

such as “leisure-time” and “physical activity”."”

Since physical activity is a desirable behaviour respondents are
likely to over-report their participation in activity."?

Questionnaires do not account for differences in types of
activities performed by different gender, age, ethnic or cultural
groups. This may lead to an under-estimation in LTPAEE for
some ethnic subgroups.'

Another strength of the studies outlined in this thesis is that LTPAEE was analyzed in

relation to the volume of physical activity recommended by the Guide." This is the first study that

has used large national datasets to perform such an analysis and the results of these studies

provide valuable information to public health officials and political groups working in the area of

physical activity promotion. This is also the first series of studies using Canadian data that
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include a calculation of LTPAEE in met-min-wk ™ allowing for comparison to recently published
studies from the United States (U.S.) which assessed the proportion of Americans meeting the
recommendations for physical activity and which assessed the pattern and distribution of meeting
the public health recommendations through walking for exercise.

However, there are also some limitations related to using the NPHS and CCHS data to
assess adherence to the guidelines. Due to the questionnaire design the authors were unable to
assess participation in light-intensity physical activities and the estimations related to
participation in vigorous-intensity activities are likely under-estimated since there are only three
vigorous activities included in the pre-set list of activities provided to the respondent. In addition,
many assumptions had to be made in the calculation of LTPAEE from moderate and vigorous-
intensity activities which limited the authors to assessing total volume of activity rather than the
patterns of activity outlined in the Guide. For example, the recommendations in the Guide suggest
participating in at least 30 minutes of activity on a least four days per week and that smaller bouts
of 10 minutes in duration could be added together to accomplish this goal. This level of detail is
not available in the NPHS or CCHS since duration is collected as a categorical variable and

number of occasions is collected over a three month recall period.

7.2 Future Research

There are several areas of research related to this thesis that should be explored further.
The first study in this thesis assessed the questionnaire used for analyzing level of physical
activity in Canada. This study found that the current questionnaire design may result in an under-
or over-estimation of LTPAEE for some respondents when generic intensity codes are used for
activities in the other category. In addition, the current questionnaire is limited by the fact that
energy expenditure from non-leisure activities cannot be assessed. An important area of future

research is to more accurately assess total daily physical activity using directly measured data
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from accelerometers. In addition, using these directly measured data will allow for a comparison
between self-reported LTPAEE and objectively assessed levels of ambulatory physical activity

which will provide researchers with a better understanding of the biases of self-reported data.

In the second study of this thesis an assessment of the prevalence of adults meeting the
guidelines for physical activity was performed. An analysis of the proportion of children and
older adults meeting the physical activity guidelines specific to these age groups would also be
useful information for public health officials and this analysis has never been undertaken.
Unfortunately, currently available self-reported physical activity data are not sufficient for
assessing the level of physical activity of children; however, accelerometer data from a nationally
representative sample collected as part of the Canadian Health Measures Survey (CHMS) will
provide a unique opportunity to perform such analyses on Canadians ages 6 to 79 years,

eliminating many of the limitations of self-reported data."*

A limitation of study 2 of this thesis is that it only assessed the proportion of respondents
meeting the minimal guideline for volume of LTPAEE from moderate and/or vigorous-intensity
activities; however, no analysis of light-intensity activities could be performed and an in-depth
analyses of number of times respondents participated in activity each week and for how long on
each occasion could not be made. In order to better understand the physical activity behaviours of
Canadians these assessments need to be undertaken. There is currently some evidence that
suggests that shorter bouts of higher intensity exercise (e.g., at least 10 minutes in duration) may
be as beneficial to health as longer bouts of lower intensity exercise; however, there is no way to
assess whether Canadians are accumulating activity through a series of short vigorous bouts or
through single, longer sessions of moderate or light-intensity activity using the presently available

data."” These types of analyses have been performed using accelerometer data from the U.S. and
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it is hoped that similar research will be undertaken using the accelerometer data from the

CHMS.'®

Another area of future research is to assess further the types of activities that are
preformed by those meeting the guidelines, as well as, those with very low levels of LTPAEE. In
study 3 of this thesis the authors assessed the most popular activity (walking) performed by
Canadians; however, further assessment of the other activities included in the questionnaire
would aid researchers and public health officials to better tailor physical activity promotion

activities and to provide access to popular activities for less active subgroups.

The fourth study of this thesis provided information on the association between meeting
the guidelines for physical activity and odds of self-reporting a chronic condition. In this study
only a select number of chronic conditions could be analyzed in relation to LTPAEE and the
results were limited by the fact that only self-reported data are available. Using directly measured
data from the CHMS the same type of analysis could be performed on many different variables
(e.g., waist circumference, skinfold measurements, metabolic syndrome, directly measured blood
pressure, level of physical fitness). This is an important area of research that has been lacking in

Canada and in most other areas of the world.
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Chapter 8: Summary and Conclusions

8.1 Summary

The objective of this thesis was to provide an overview of the epidemiology of physical
activity in Canada in relation to the Canadian physical activity guidelines. Together, the four
studies that comprise this thesis lead to a better understanding of the surveillance tool used to
estimate level of physical activity in Canada, of the proportion of individuals meeting the
guidelines for physical activity as set out in Canada’s Physical Activity Guide to Healthy Active
Living (the Guide), the epidemiology of walking for exercise among Canadian adults, and of the
association between the volume of activity recommended by the Guide and certain chronic

. 1
diseases.

The surveillance tool used to collect population level information on leisure-time
physical activity in Canadian surveys was assessed in the first study. An evaluation of the impact
of two different calculation methods for total leisure-time physical activity energy expenditure
(LTPAEE) and LTPAEE from different intensity activities on the classification of level of
physical activity at the population and individual level was undertaken. For the first calculation
method standard metabolic equivalent (MET) values assigned by Statistics Canada were used
while the for other method MET values outlined in the 2000 Compendium of Physical Activities
were used.” > No difference between methods in the population proportion classified as active
(LTPAEE > 3.0 kkd), moderately active (LTPAEE 1.5-2.99 kkd) or inactive (LTPAEE <1.5 kkd)
overall or by sex and age groups was found and there was no difference in the distribution or
mean LTPAEE between methods. However, at the individual respondent level, it was found that
LTPAEE was under-estimated for light (MET<3.0) and vigorous (MET > 6.0) activities and over-

estimated for moderate (MET 3.0-5.99) activities when a standard MET value of 4.0 was used for
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all “other” activities. This finding was not surprising given that the list of activities in the
questionnaire includes predominately moderate-intensity activities, with only 1 light-intensity and
3 vigorous-intensity activities on the pre-set list. This requires respondents to report the majority
of light and vigorous activities in the “other” category and thus leads to an under-or over-estimate
of LTPAEE. The under-or over-estimate of LTPAEE could be problematic when comparing self-
reported data to directly measured physical activity data (from accelerometers) that are soon to be
available from the Canadian Health Measures Survey (CHMS). For example, a study using data
from the U.S. National Health and Nutrition Examination Survey found that adherence to the
recommended level of physical activity by adults ranged between 2.3-3.8% for directly measured
activity compared to 25-33% for self-reported activity.* It will be difficult to accurately make
these types of comparisons using Canadian datasets as a result of the inherent misclassification in

the self-reported data sets.

In the second study the proportion of Canadian adults (ages 18-55 yrs) who met the
recommendations for moderate and vigorous physical activity, as prescribed in the Guide,'
between 1994 and 2007 using data from the National Population Health Survey (NPHS) and
Canadian Community Health Survey (CCHS) was estimated. This study found that the
prevalence of reporting no activity did not change appreciably over time; however; there has been
an approximate 11% increase in the overall prevalence of Canadian adults meeting the guidelines
for physical activity since 1994/95. As was expected, men, younger adults, as well as, those with
higher income and a lower body mass index (BMI) were more likely to meet the guidelines than
their counterparts. Meeting only the moderate guidelines was more prevalent among all
subgroups studied for all survey years and men were more likely to meet both the moderate and
vigorous guidelines than women. This study is the first to assess the prevalence of Canadians

meeting the guidelines for physical activity since the Guide was released in 1998. The findings
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indicate that although the prevalence of meeting the guidelines has increased over time, 35% of
Canadian adults are not participating in enough activity to meet the guidelines. Further public
health efforts need to focus on those with very low levels of activity and those who report no

activity participation.

In the third study the pattern and distribution of walking for exercise, the most commonly
reported physical activity among Canadian adults, between 1994 and 2007 was assessed. In this
study the weighted and age-standardised prevalence of walking for exercise, walking duration,
regular walking (at least 4 times a week) and deriving 100% of the total LTPAEE from walking
were calculated. Contrary to expectations, this study showed that the overall prevalence of
walking for exercise did not increase between 1994/95 and 2007. Walking for exercise was more
common among women, older adults and those in the highest income categories, a trend that was
seen for all survey years. An examination of the frequency of walking revealed no change over
time with the largest proportion of respondents reporting walking 1-15 times in the past three
months and up to 22% reporting walking 75-90 times. Regular walking (at least 4 times per
week) was reported by approximately 30% of adults, a proportion that increased only slightly
since 1994/95 (4%). Women, older adults and those in the lowest income category reported
regular walking more often than their counterparts and tended to more often derive 100% of their
LTPAEE from walking. These findings show that although walking is a popular activity among

all population subgroups, only 30% of the population walks regularly.

In the fourth study an examination of the association between meeting the guidelines for
physical activity and prevalence of self-reported chronic diseases and low levels of general health
was undertaken. In this study respondents were classified as having met the guidelines (LTPAEE
> 360 met'min-wk ™) or not (LTPAEE < 360 met:min-wk™") and logistic regression was used to

determine the odds ratios for having type 2 diabetes, heart disease, high blood pressure, obesity or
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fair/poor general health among those who did not meet the guidelines for physical activity by
comparison to those who did meet the guidelines, and by quartile of LTPAEE. For both men and
women, the odds of having type 2 diabetes, reporting fair/poor health and being obese was higher
among those who did not meet the guidelines for physical activity compared to those who did
meet the guidelines, even after adjustment for covariates. After adjustment for covariates, the
odds of having high blood pressure was significantly higher among those who did not meet the
guidelines for women only. In addition, there was a linear graded relationship between volume of
activity and certain self-reported chronic conditions indicating that those expending lower levels
of energy expenditure through leisure-time activities have a higher probably of experiencing a
chronic condition. However, there was no difference in the odds of having heart disease between
those meeting the guidelines and those not or between quartiles of LTPAEE. These findings
suggest that the volume of physical activity recommended in the Guide may not be enough to

protect against all chronic diseases.

The results with respect to the specific hypotheses are as follows:

Study 1

Hypothesis 1: Leisure-time physical activity energy expenditure will be overestimated for
respondents reporting low intensity physical activities and underestimated for respondents
participating in vigorous activities when specific Met values are applied to activities in the other
category.

Result: The results confirm the hypothesis that leisure-time physical activity energy expenditure
is overestimated for respondents reporting low-intensity physical activities and underestimated
for those reporting vigorous-intensity activities, relative to a method in which specific MET

values are applied to “other” activities.
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Hypothesis 2: The overestimation in energy expenditure among those reporting low intensity and
vigorous intensity activities in the other category will result in an overestimation of the
population classification of “moderately active”.

Result: The study found no difference in the population classification of moderately active.
Overall, 23.9% were classified as moderately active according to method 1 compared to 23.6%
according to method 2. This is likely the result of the fact that once the “other” activities were
recoded a large proportion of respondents had minimal change in their total LTPAEE (as is
shown in Chapter 3, Figure 1). Respondents who had higher total LTPAEE by one method were
likely already classified in the active group since the threshold for “active” is relatively low and
the under-estimation in LTPAEE tended to be at higher total LTPAEE values (e.g., respondents
participating in vigorous activities).

Study 2

Hypothesis 1: The proportion of Canadian adults meeting the guidelines for physical activity has
increased over time.

Result: The results confirm the hypothesis showing that the prevalence of meeting the guidelines
increased over time from about 54% in 1994/95 to 65% in 2007 (range 54.3-66.7%) and an
increase was seen among all subgroups studied.

Hypothesis 2: Canadians will more often meet the moderate guideline than the vigorous
guideline.

Result: As expected, this study found that more Canadians are meeting only the moderate
guideline (between 47.8-54.0% depending upon the survey year) than the vigorous guideline. For
all subgroups studied only a very small percentage of respondents met only vigorous guidelines

and these data could not be reported due to high coefficients of variation.
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Hypothesis 3: Men and younger adults are more likely to meet the guidelines than women and
older adults.

Result: The study found that the probability of meeting the guidelines was slightly higher for men
than women in the early survey years but this difference has disappeared since 2001.
Traditionally women are reported to be less active then men, however, the fact that women and
men are equally likely to meet the guidelines may be due to the fact that the level of energy
expenditure required to meet the minimal guideline (only 360 met'-min-wk'1) is lower than the
traditional cut-point used for denoting respondents as moderately active (1.5-3.0 kcal'kg'-d™") and
this lower target is more attainable for most women. The odds of meeting the guidelines increased
as age category decreased, with those in the lowest age group being 56-99% more likely to meet
the guidelines than those in the highest age group.

Study 3

Hypothesis 1: The prevalence of walking has increased over time for both men and women and in
all age and income groups.

Result: This study showed that, overall, the prevalence of walking for exercise fluctuated between
1994/95 and 2003, after which it remained relatively stable around 70%. No clear increase was
seen among men, women or within age or income groups. The finding of no increase in walking
over time may be related to the fact that walking is a desirable behaviour that is easily and
commonly reported by all respondents since walking is a normal part of everyday life. Also, in
this study, data from 1994 to 2007 were used for the analysis and sedentary behaviours (e.g.,
driving to the store, watching television) were similar over this time frame.

Hypothesis 2: Among all age, sex and income groups, the frequency of walking (number of times

in 3 months) has increased over time.
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Result: The results of this study revealed no difference in the distribution of walking frequency
from 1994/95 to 2007 with the highest proportion of respondents (28%-40%) walking 1-15 times
in 3 months. As with hypothesis 1, this result may be due to the time frame over which the study
reported and related to the ease of reporting walking behaviour.

Study 4

Hypothesis 1: Those who meet the guidelines for physical activity as set out in Canada’s Physical
Activity Guide will have lower odds of self-reported heart disease, type 2 diabetes, obesity,
hypertension and fair/poor general health.

Result: The odds of self-reported type 2 diabetes, obesity and reporting fair/poor health was lower
among those not meeting the guidelines, even after adjustment for covariates. In addition, for
women the odds of having high blood pressure was significantly higher among those who did not
meet the guidelines in both models which may be reflective of the fact that the effects of physical
activity on blood pressure among women is greater than it is among men. There was no
difference in the odds of reporting heart disease among those who met and those who did not
meet the guidelines for either men or women. This may be because the level of energy
expenditure is too low to have an effect or could be related to the fact that the prevalence of heart

disease in the sample population was very low (2.7%).

8.2 Conclusions

Physical inactivity continues to be a public health challenge in Canada and throughout
the world.™ ¢ Although Canada has been a leader in promoting physical activity and providing
recommendations for appropriate levels of physical activity through the Guide, a high proportion
of Canadians are not meeting the recommendations as set out in the Guide." Although data
suggest that leisure-time physical activity levels have increased in Canada over the past decade

the evidence that there has also been an increase in the prevalence of physical inactivity related
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chronic conditions is cause for concern.” Physical inactivity is an important independent risk
factor for a wide variety of chronic diseases and ongoing, valid measurements of all domains of
physical activity, including work, commuting, daily chores and leisure-time participation is

critical in understanding this phenomenon.

Assessing the epidemiology of physical activity in Canada and throughout the world is
hampered by the fact that obtaining valid estimates of population levels of physical activity are
complicated and expensive. Currently, population-level questionnaires are used to assess some
aspects of the total daily energy expenditure (predominately leisure-time activities) and these
estimates are biased by the many limitations of self-reported questionnaires.® Measuring
participation in activities from all domains using directly measured physical activity data from
accelerometers will allow for a more accurate assessment of total daily physical activity and will

allow researchers to quantify the bias of self-reported physical activity data.

The studies in this thesis provide important information to public health officials and
policy makers who are planning activities related to the promotion of physical activity in Canada
and also for the upcoming revision of the Guide.' In addition, these studies clearly define the
limitations of Canada’s current surveillance tool and point out considerations that should be made
when comparing data from self-reported questionnaires with the soon to be available

accelerometer data from the Canadian Health Measures Survey.
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Appendix 1
Canada’s Physical Activity Guide to Healthy Active Living
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RO I N

to Healthy Active Living

Physical activity improves health. j IL

Every little bit counts, but more is even

better - everyone can do it!

Get active your way -
build physical activity

into your daily life...
* at home "
® at school ‘

* at work F-

* at play 5

* on the way (¢
...that’s +y

active living!

Increase

Endurance
Activities
P ool Hean Agence de santé ™ Canadian Society for
Agency of Canada  publique du Canada q Exercise Physiology
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Choose a variety of
activities from these
three groups:

Endurance

4-7 days a week

Continuous activities
for your heart, lungs
and circulatory system.

Starting slowly is very
safe for most people.
Mot sure? Consult your
health professional.

For a copy of the
Guide Handbook and
more information:
1-888-334-9769, or
www.paguide.com

Eating well is also
important. Follow
Canada’s Food Guide

to Healthy Eating to
make wise food choices.

Get Active Your Way, Every Day-For Life!

Scientists say accumulate 60 minutes of physical activity
every day to stay healthy or improve your health. As

you progress to moderate activities you can cut down to

30 minutes, 4 days a week. Add-up your activities in periods
of at least 10 minutes each. Start slowly... and build up.

Time needed depends on effort

Very Light| Light Effort Moderate Effort Vigorous Effort | Maximum
Effort 60 minutes  30-60 minutes 20-30 minutes | Effort
* Strolling | » Light walking * Brisk walking = Aerobics * Sprinting
* Dusting » Volleyball » Biking * Jogging * Racing

* Easy garden Raking leaves * Hockey

» Stretching m » Basketball

You Can Do It - Getting started is easier than you think

Physical activity doesn’t have to be very hard. Build physical
activities into your daily routine.

« Start with a 10 minute walk—
gradually increase the time.
*» Find out about walking and

s Walk whenever you can-— get
off the bus early, use the stairs
instead of the elevator.

* Reduce inactivity for long
periods, like watching TV,
* Get up from the couch and

cycing paths nearby and
use them.
* Observe a physical activity

stretch and bend for a few
minutes every hour.
» Play actively with your kids.
* Choose to walk, wheel or
cycle for short trips.

class to see if you want to try it.
* Try one class to start — you don't
have to make a long-term
commitment.
* Do the activities you are doing
now, more often.

Benefits of regular activity: Health risks of inactivity:

= better health

* improved fitness

# better posture and balance

* better self-esteem

= weight control

* stronger muscles and bones

» feeling more energetic

* relaxation and reduced stress

= continued independent living in
later life

J‘.f!‘..'] IVE LIVING

» premature death

» heart disease

* obesity

* high blood pressure
» adult-onset diabetes
* DsteOporosis

» stroke

* depression

* colon cancer

.
B il

Mo changus. parmitied. Fermission b photooopy >
this documst in s anfraty not
£n Hewitsy Arzéce Bivin,

Bl
Cal. Wo HIR-4Z BE-1E [SEN D-002-80027.7
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All studies in this thesis involved the use of secondary data and therefore the project proposal
underwent an expedited ethics review through the Queen’s University Health Sciences and
Affiliated Teaching Hospitals Research Ethics Board. The proposal was approved by the
Research Ethics Board on November 7, 2008. Access to the master files of both the National
Population Health Survey and the Canadian Community Health Survey were granted to the lead
investigator in accordance with Statistics Canada’s internal polices in regards to privacy and
confidentiality. In addition, all manuscripts underwent internal review at Statistics Canada prior

to submission for publication.
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1
QUEEN’'S UNIVERSITY HEALTH SCIENCES & AFFILIATED TEACHING @

HOSPITALS RESEARCH ETHICS BOARD Que

HIVRHRITY

November 6, 2008 This Ethics Application was subject to:

O Full Board Review
Meeting Date:
| Expedited Review

Ms, Shirley Bryan
School of Kinesiology and Health Studies
Queen's University

Drear Ms. Bryan,

Study Title: The epidemiology of physical activity in Canada
Co-Investigators: Dr. Tan Janssen

I am writing to acknowledge receipt of your recent ethics submission. We have examined the protocol for
your project (as stated above) and consider it to be ethically acceptable. This approval is valid for one year
from the date of the Chair’s signature below. This approval will be reported to the Research Ethics Board,
Please artend carefully ro the following list of ethice requirements you must fulfill over the course of your
study:

B

s

%

Reporting of Amendments: If there are any changes to your study (e.g, consent, protocol, study
procedures, etc.), you must submit an amendment to the Research Ethics Board for approval. (see
http:/ fwww.queensu.ca/vpr/reb.htm).

Reporting of Serious Adverse Events: Any unexpected serions adverse event occurring locally must
be reported within 2 working days or earlier if required by the study sponsor. All other serious adverse
events must be reported within 15 days after becoming aware of the information,

Reporting of Complaints: Any complaints made by participants ot persons acting on behalf of
participants must be reported to the Research Ethics Board within 7 days of becoming aware of the

complaint. Note: All documents supplied to participants must have the contact information for the
Research Ethics Board.

# Annual Renewal: Prior to the expiration of your approval (which is one year from the date of the

Chair’s signature below), you will be reminded to submit your renewal form along with any pew changes
or amendments you wish to make to your study. If there have been no major changes to your protocol,
your approval may be renewed for another year.

Yours sincerely,

(bt Ett New 7, 960K

Chair, Research Ethics Board Date

CRIGINAL TO INVESTIGATOR - COPY TO DEPARTMENT HEAD- COPY 'TO HOSPITAL(S) /P& (If appmprisis) - FILE COPY

Study Code: PHE-086-08

b

Investigators please note that if your trial is registered by the sponsor, you must take
responsibility to ensure that the registration information is accurate and complete
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National Population Health Survey

Background

In 1991, the National Health Information Council recommended that an ongoing national survey
of population health be conducted. This recommendation was based on consideration of the
economic and fiscal pressures on the health care systems and the commensurate requirement for
information with which to improve the health status of the population in Canada. In April 1992,
Statistics Canada received funding for the development of a National Population Health Survey
(NPHS).!

The purpose of the NPHS is to collect information related to the health of the Canadian
population and related socio-demographic information. It is composed of three components: the
Household, the Health Institutions, and the North components. The first cycle of collection of the
household component was undertaken in 1994-1995 and the survey was conducted every two
years after that. The first three cycles (1994-1995, 1996-1997 and 1998-1999) included both a
cross-sectional and longitudinal sample, however, in 2000-2001 the survey became strictly
longitudinal (i.e. collecting health information from the same individuals each cycle) and the
cross-sectional component became part of the Canadian Community Health Survey.”

Survey Design

The target population of the cross-sectional NPHS included all age household residents from all
provinces, with the principal exclusion of populations living on Indian Reserves, Canadian Forces
Bases and some remote areas in Québec and Ontario. The target population for the in-depth
health information questionnaire included only those aged 12 years and older.” Participation in

the survey was voluntary.
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The NPHS is a sample survey with a cross-sectional design and a longitudinal follow-up.
For the purpose of this dissertation, only the cross-sectional component of the survey was utilised.
The NPHS used a stratified two-stage sample design (clusters, dwellings) based on the Labour
Force Survey (LFS) in all provinces except Québec, where Santé Québec's design for the 1992-
1993 Enquéte sociale et de santé (ESS) was used. The LFS design is a multistage stratified
sample where dwellings are selected within clusters. Provinces were divided into three types of
areas (Major Urban Centres, Urban Towns and Rural Areas) and from these areas separate
geographic and/or socio-economic strata were formed. Six clusters, usually Census Enumeration
Areas, were selected in each strata with probability proportional to size (PPS). Between 2-6
similar LFS strata were grouped together to form larger NPHS strata with the required number of
sample clusters and these sample clusters were also grouped to form replicates. As a result the
NPHS sample of clusters is considered as a stratified replicated sample where strata are groups of
LFS strata and replicates are typically independent, identically distributed samples of 4 clusters
each. Sample dwellings were obtained from listings in the sample clusters. °

In Québec, the NPHS sample was selected from dwellings participating in the 1992-1993
ESS, a survey that sampled 16,010 dwellings using a two-stage design similar to that of the LFS.
In this case the province was divided geographically by crossing fifteen health areas with four
urban density classes. In each area clusters were defined using socio-economic characteristics and
selected using a PPS sample and then the selected clusters were enumerated and random samples
of their dwellings were drawn.’
Data collection

The NPHS uses computer assisted interviewing so that the logicial flow into and out of
each question is programmed within the data collection system.The NPHS began in 1994 as a

household survey conducted predominately in person. In that year, 79% of the interviews of the
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household members were conducted in person (21% by telephone), and 72% of the interviews
with the selected respondent were conducted in person (28% by telephone). However, in 1996
and 1998 (cycles 2 and 3), approximately 95% of the interviews were conducted by telephone
(5% in person) and personal visits were only made if the selected respondent did not have a
telephone, if the interviewer made a personal visit in the course of tracing a respondent or upon
request by the respondent.” Proxy reporting was allowed for the general health questions
(household members) and for interviews of selected respondents under 12 years of age. Proxy
reporting for selected respondents aged 12 years and over was allowed only for reasons of illness
or incapacity.'

At each household, some limited information was collected for each member of the
household and one member of the household (aged 12 years and older) was selected to complete
the in-depth health questionnaire. The questionnaire included questions related to health status,
health care utilization, health behaviours, demographic characteristics and socioeconomic status.*
Sampling Weights and Estimations

To ensure that the data from the NPHS are representative of the covered Canadian
population, survey weights must be used when calculating estimates to account for the complex
survey design. Each survey respondent who completes the questionnaire was assigned a survey
weight and this weight corresponds to the number of persons in the entire population who are
represented by the respondent. An initial weight representing the inverse probability of selection
was computed and this weight was then adjusted to take into account the various specifics of the
survey (e.g., to compensate for non-response) The CHAID algorithm was used to determine
which variables best characterize the response groups. Once the adjustments were made, the

weights were post-stratified based on 10 age-sex groups (one-dimensional post-stratification) to
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ensure consistency with the available Census-based estimates for the reference year of the
survey.’

When preparing estimates using the NPHS data analysts must apply the survey weights
and calculate the variance of the estimates to assess its quality. For the NPHS, a set of
Approximate Sampling Variability Tables (CV tables) have been created to allow users to obtain
approximate CVs for categorical-type estimates and proportions based on the size of the estimate
calculated from the data. Weighted estimates with a sample size of less than 30 cannot be
released, regardles of the CV. Weighted estimates with a sampe size of 30 or more can be
released if the CV is <33.4.* Conversely, the data user can now use the bootstrap resampling

method to calculate the variance as is done with the Canadian Community Health Survey.
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Canadian Community Health Survey

Background

The Canadian Community Health Survey (CCHS) is a cross-sectional survey that collects
information related to health status, health care utilization and health determinants of the
Canadian population. The CCHS collects two different cross-sectional surveys over a 2 year
repeating cycle. The largest of these surveys, denoted as the “.1” cycle, includes a sample size of
approximately 130,000 over two years. This large sample size allows for reliable estimates to be
produced at the health region level. The other survey is denoted as the “.2” cycles and has a
sample size of 30,000. This survey collects information on a focused topic area (e.g., mental
health, nutrition) that changes with each cycle and aims to provide estimates at the provincial
level.” The projects onlined in this thesis utilized data from the “.1” cycle survey and therefore the
information provided hereafter will focus on this cycle only.

The CCHS collects information on a wide variety of topics and is comprised of four
content components: core content, theme content, optional content and rapid response content.
Both core and theme content are collected from all survey respondents, however, the core content
remains relatively unchanged between survey cycles while the theme content varies from year to
year. Optional content is available to meet the needs at the health region level and this content is
unique to each region or province and may vary from year to year. Rapid response content allows
for oranizations to collect information on an emerging or specific issue related to population
health and can be included in each collection period (each collection period includes 2 months).”
Survey Design

Until 2007 the CCHS “.1” cycles were collected every two years and data are available

for 2001, 2003 and 2005. In 2007 the CCHS began collecting on an ongoing basis in an attempt
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to improve its effectiveness and flexibility. Data from the “.1” cycles can now be produced on an
annual basis with a annual microdata file and a file combining two years of data being released
each year.”

The target population of the CCHS is Canadians aged 12 years and over. Individuals
living on Indian Reserves and on Crown Lands, institutional residents, full-time members of the
Canadian Forces, and residents of certain remote regions are excluded from the sample. The
CCHS covers about 98% of Canadians living in the provinces, about 90% of those living in the
Territories and in the Yukon, 97% of Canadians living in the Northwest Territories and 71% in
Nunavut. This difference in coverage is primarily related to the fact that some remote regions are
excluded from the sample.’

In order to obtain reliable estimates of the health regions (HRs), a sample of 65,000
respondents is required on an annual basis (130,000 over two years). The sample is allocated
using a multi-stage allocation strategy which gives relatively equal importance to the HRs and the
provinces. First the sample is allocated among the provinces according to their population size
and the number of HRs they contain. Then the province's sample is allocated among its HRs
proportionally to the square root of the population in each HR.

Three sampling frames are used to select the sample of households. Approximately half
of the sample households come from the area frame, half from the list frame of telephone
numbers and a very small percentage (~1%) come from the Random Digit Dialling (RDD)
telephone number frame. For most of the health regions, 50% of the sample is selected from the
area frame and 50% from the list frame of telephone numbers. In two health regions (Nord-du-
Québec and Prairie North), only the RDD frame is used. In Nunavut, only the area frame is used.
In the Yukon and Northwest Territories, most of the sample comes from the area frame but a

small RDD sample is also selected in the territorial capitals.’
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The area frame designed for the Labour Force Survey (LFS) is used to draw the CCHS
sample. The LFS plan is a complex two stage stratified design in which each stratum is formed of
clusters. The LFS clusters are selected using a sampling method with a probability proportional to
size (PPS), and the final sample is chosen using a systematic sampling of dwellings in the cluster.
For use in the CCHS the LFS clusters are stratified by HRs and a sample of clusters and
dwellings in each HR are selected.” In most HRs the list frame of telephone numbers is used to
complement the area frame. The list frame is an external administrative frame of telephone
numbers that is stratified by HR and is updated every six months. In each HR, telephone numbers
are selected using a random sampling process.” A RDD sampling frame of telephone numbers is
used in 4 HRs. The Elimination of Non-Working Banks Method is used to sample households
using the RDD sampling frame.’

Once the dwelling or telephone number has been sampled a member of each household
must be selected to completed the questionnaire. The selection of the respondent is done at the
time of data collection after all members of the household have been listed. A respondent aged 12
years or older is automatically selected using various selection probabilities based on age and
household composition. The selection algorithim is programmed into the computer assisted
interviewing system.’

Data Collection

The CCHS is a voluntary suvey and data are collected directly from survey respondents.
The questionnaire is administered using the computer assisted interviewing system.
Approximately half of the interviews are conducted in person while the other half are conducted
over the telephone for all survey cycles, with the exception of the 2003 survey which had 30% of
interviews conducted in person and 70% conducted by phone.® The majority of interviews are

conducted directly with the selected respondent, however, proxy interviews are permitted in cases
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where the selected respondent is unable to answer the questionnaire for reasons of mental or
physical health. In these cases the interview is conducted with a knowledgeable member of the
household.’
Sample Weights and Estimates

Survey weights are used when estimates are calculated in order to ensure that the
estimates are representative of the entire population rather than just the survey population. In a
probability sample, like that of the CCHS, each survey respondent represents not only him/herself
but also several other people in the population who were not part of the sample. A survey sample
weight is calculated for each person who responded to the survey. When data users are producing
estimates the proper sample weight must be applied to ensure that the estimate is representative.
In addition, the variance must be calculated in order to determine the quality of the estimate.
Since the CCHS uses a multi-stage survey design, calculation of variance must be performed
using the bootstrap re-sampling method. This method involves the selection of simple random
samples known as replicates, and the calculation of the variation between the estimates from
replicate to replicate. The CV, standard deviation and confidence intervals can then be calculated
from the variance. For users of the master or share files it is recommend to have a least 10
observations of the characterisitic of interest in order to ensure that there are enough observations
to calculate a quality estimate. For users of the public use micro data file there must be at least 30
observations. The CV for all weighted estimates should be calculated and data cannot be released
if the CV is >33.3. In the event that the CV is between 16.6 and < 33.3 the estimates can be

. . 5
released with caution.
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