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Abstract

Introduction: Guidelines for recommended physical activity (PA) levels have been 
developed by the Canadian Society for Exercise Physiology (CSEP) and the U.S. 
Department of Health and Human Services (USDHHS) for health benefits and by the 
American Cancer Society (ACS) and the World Cancer Research Fund/American 
Institute for Cancer Research (WCRF/AICR) for cancer prevention benefits.

Methods: We examined if these guidelines were met using a sample of 14 294 Albertan 
participants of the Tomorrow Project, aged 35 to 64 years, enrolled from 2001 to 2005. We 
used logistic regression to examine correlates of leisure PA behaviour.

Results: An estimated 55%, 42%, 26% and 23% of participants met CSEP, ACS, 
USDHHS, and WCRF/AICR guidelines, respectively. Women were less likely than 
men to meet ACS (Odds Ratio [OR] = 0.72, 95% confidence interval [CI]: 0.55–0.93), 
USDHHS (OR = 0.67, 95% CI: 0.50–0.89) and WCRF/AICR (OR = 0.63, 95%  
CI: 0.47–0.85) guidelines, and being obese was correlated with not meeting USDHHS 
(OR = 0.45, 95% CI: 0.32–0.65) and WCRF/AICR guidelines (OR = 0.79, 95% CI: 
0.63–0.98).

Conclusion: Albertans, particularly women and obese individuals, are not sufficiently 
active for cancer prevention benefits.

Keywords: physical activity, cancer prevention, population health, lifestyle, health 
behaviour, guidelines

Introduction

Cancer remains the second leading cause 
of mortality and morbidity in Canada with 
an estimated 177 800 incident cases and 
75 000 deaths in 2011.1 The total economic 
cost of cancer has been estimated to  
represent roughly 9% of the total cost of 
illness in Canada.2 Whilst treatment and 
early detection have improved over the 

past decades, cancer prevention by  
modifying environmental and lifestyle  
risk factors remains the most viable  
long-term strategy for substantially  
reducing the burden of cancer in Canada.3 
Several modifiable lifestyle risk factors 
have been extensively investigated  
including tobacco use, alcohol use,  
dietary intake, sun exposure and, more 
recently, physical activity (PA).4,5

Evidence that PA is a key modifiable  
lifestyle risk factor that may reduce the risk 
of several cancers is now accumulating. 
The risk of colon, breast and endometrial 
cancers is reduced by 25% to 30% in 
physically active individuals, and evidence 
for a beneficial effect of PA in reducing 
prostate, ovarian, lung and other gastroin-
testinal cancers is emerging.6-9 The evidence 
for a role of PA in cancer etiology is now 
considered to be fairly strong, consistent and 
biologically plausible. Several biological 
mechanisms have been hypothesized to 
explain how PA reduces cancer risk, 
including an impact on endogenous sex and 
metabolic hormone levels, growth factors, 
inflammation and insulin resistance, all of 
which impact carcinogenesis.10-12 In addition, 
PA may act to decrease cancer risk by 
decreasing obesity and central adiposity, 
both established risk factors for colon, 
postmenopausal breast, endometrial, kidney 
and oesophageal cancers.12-14 Overweight 
and obesity result in a shift in the sex and 
metabolic hormone balance in the body 
and influence the availability of a number 
of growth factors involved in the insulin 
resistance and inflammation pathways 
that initiate and promote carcinogenesis.14 
As a result, PA can also be used for weight 
management to reduce cancer risk.12-14

This overwhelming evidence that PA plays 
an important role in preventing cancer 
and other chronic diseases has driven the 
development of PA recommendations or 
guidelines by a number of organizations. 
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The purpose of these guidelines is to 
encourage inactive populations to engage in 
PA and to provide a target to set personal 
PA goals and measure progress.15 In Canada, 
the Canadian Society for Exercise Physiology 
(CSEP) has developed guidelines for adults, 
older adults and children.16 The 2003 CSEP 
guidelines recommend that adults engage in 
at least 150 minutes of moderate to vigorous 
aerobic PA per week. The guidelines also 
indicate that more PA provides greater 
health benefits.16 Moderate-intensity activity 
is defined as aerobic activity that is not 
exhausting and leads to light perspiration 
(e.g. brisk walking), while vigorous activity 
results in rapid heart rates, sweating and 
heavy breathing (e.g. jogging, aerobics).17-18 
CSEP also recommends that adults incor-
porate strength training activities at least two 
days per week; however, our study focuses 
only on levels of aerobic activity.

The American Cancer Society (ACS),19 the 
United States Department of Health and 
Human Services (USDHHS) with the United 
States Department of Agriculture,20 and the 
World Cancer Research Fund with the 
American Institute for Cancer Research 
(WCRF/AICR)21 also recommend a minimum 
of 150 minutes of moderate to vigorous PA 
per week for general health. Further, they 
have extended their recommendations to 
include higher levels of activity to prevent 
other chronic diseases. Based on reviews of 
current research, ACS recommended at least 
45 minutes of moderate and preferably 
vigorous PA at least 5 days per week to 
reduce cancer risk. USDHHS recommended 
that adults engage in at least 30 minutes of 
moderate-intensity PA on most days of the 
week as a means of reducing the risk  
of chronic diseases. However, USDHHS 
also recommended that adults engage in 
60 minutes of moderate to vigorous activity 
on most days of the week to help manage 
body weight and prevent weight gain, and 
60 to 90 minutes of daily moderate to  
vigorous activity for sustained weight loss 
to reduce the risk of chronic disease, 
including cancer, associated with overweight 
and obesity.20 Most recently, WCRF/AICR 
conducted a comprehensive review of  
current evidence and recommended that 
adults aim to participate in at least  
60 minutes of moderate activity or  
30 minutes or more of vigorous activity 
daily as a means of reducing cancer risk.21

Using data from the Alberta cohort study 
known as the Tomorrow Project,22 our aim 
was to estimate the percentage of Albertans 
meeting the PA guidelines for cancer  
prevention. Since there has been little 
research on the levels of PA necessary for 
cancer prevention, this study also explored 
potential associations between personal and 
demographic characteristics and meeting 
PA guidelines for cancer prevention.

Methods

Study sample

The Population Research Laboratory at the 
University of Alberta recruited Tomorrow 
Project participants from all geographic 
regions of Alberta using the Random Digit 
Dialing (RDD) method.23 This method was 
selected for random population sampling 
because 97% of Alberta households had 
at least one telephone line in 2000.24 
Participants were sampled from over  
400 cities, towns and villages and from all 
rural areas throughout the province to build 
a geographically representative sample.22

A total of 29 270 Albertans aged 35 to  
65 years were recruited to the Tomorrow 
Project from 2001 to 2005, or 49% of the 
59 735 eligible individuals who responded 
positively to telephone calls; the number 
of eligible individuals who did not respond 
to telephone calls is unknown, so the 
response rate cannot be calculated. Of  
the 29 270 people recruited, 16 040 had 
complete data for lifestyle risk factors. A 
total of 1746 participants were excluded from 
this study sample based on the established 
exclusion criteria: transgendered (n = 2), 
over 65 years old (n = 1328), pregnant  
(n = 55), prior cancer diagnosis (n = 188), 
not resident in Alberta (n = 75), and 
being underweight (n = 98). Data for  
the remaining 14 294 Tomorrow Project 
participants were used for this analysis. 
We can conclude that the response rate 
cannot be greater than 25% (14 294/[59 
735−1746]).

This study received approval by the  
ethics review boards of the University of 
Calgary and the former Alberta Cancer 
Board, now part of Alberta Health 
Services–Alberta Cancer Research Ethics 
Committee.

Data collection

Albertans who consented to participate in 
the Tomorrow Project completed the self-
administered, mailed questionnaires about 
lifestyle risk factors and exposures. Data 
collected using the Past Year Total Physical 
Activity Questionnaire (PYTPAQ) and the 
Health and Lifestyle Questionnaire (HLQ) 
were analyzed in this study. The PYTPAQ 
is a valid and reliable self-administered 
questionnaire used to collect the frequency, 
duration and intensity of occupational, 
household, active transport and leisure 
activities of the previous twelve months.25 
The PYTPAQ was correlated with 7-day 
activity logs (Spearman rank correlation 
[ρ] = 0.41) and 7-day accelerometer  
measurements (ρ = 0.26). The HLQ was 
developed from pre-existing questionnaires, 
including those used in the Canadian 
Community Health Survey (CCHS)  
cycle 1.1,26 the Prostate, Lung, Colorectal 
and Ovarian Cancer Screening Trial,27 and 
the European Prospective Investigation into 
Cancer and Nutrition28 to assess health 
history, family history, cancer screening 
practices, smoking, stress, social support 
and demographic characteristics.

Participating in sufficient leisure activity to 
meet the PA guidelines recommended by 
CSEP, ACS, USDHHS and WCRF/AICR was 
the outcome of interest for this study. While 
occupational, household and transportation 
activities can also contribute to overall 
health, leisure activity is the most modifiable 
type of activity and has been the main  
target of public health promotion of PA.15,19,21 
Four outcome variables were derived from 
data collected using the PYTPAQ. Metabolic 
Equivalents (MET) values, the ratio of energy 
expenditure of an activity to the energy 
cost of the metabolic rate at rest,18 were 
assigned to each reported leisure, house-
hold, occupational and active transport 
activity using the Compendium of Physical 
Activities.29 Reported values for frequency 
and duration for each separate activity with 
intensity of 3 or more METs (considered a 
moderate intensity) were multiplied for a 
single estimate of the hours per week at 
moderate and vigorous intensity. Outcome 
variables were derived as follows:
•	 To	meet	the	CSEP	guidelines	of	at	least	

2.5 hours/week of moderate to vigorous 
activity;
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•	 To	 meet	 the	 ACS	 guidelines	 of	 at	 
least 3.75 hours/week of moderate to 
vigorous activity;

•	 To	meet	the	WCRF/AICR	guidelines	of	
at least 7 hours/week of moderate-
intensity activity or 3.5 hours/week of 
vigorous activity;

•	 To	 meet	 the	 USDHHS	 guidelines	 of	 
at least 5 hours/week of moderate  
to vigorous activity to prevent  
weight gain.

Pertinent explanatory variables obtained 
from the HLQ included age, sex,  
annual household income, educational 
attainment, marital status, employment 
status, pre-existing chronic conditions 
(including hypertension, hypercholester-
olemia and diabetes), self-rated  
health status, smoking behaviour,  
social support (using the Medical 
Outcomes Study Social Support  
Survey)30 and urban or rural residence 
(from postal codes).

Statistical analysis

Univariate analysis provided an overall 
description of the study sample and an 
estimate of the percentage of the study 
sample that met each of the PA guidelines. 
We used the Cochran–Armitage test to 
assess trends across proportions that met 
each guideline.

Characteristics of the study sample and  
of the Alberta population, using 2001 
Canadian census data,31 were compared to 
assess the representativeness of the sample. 
Prevalence of smoking and weight status 
were obtained from the CCHS 2.1. The 
CCHS 2.1 had a response rate of about 
83% in Alberta in 2003 and reflects  
population-based estimates of health.32 A 
postal code conversion file from Statistics 
Canada was used to code participants  
into health regions. Sample weights  
were estimated using the distribution 
weights of age group and sex by health 
region of residence as well as by  
educational attainment and annual  
household income according to Canadian 
2001 census data. The proportion of  
the sample that met each guideline was 
then weighted to obtain estimates of the 
percentage of Albertans that met each of 
the guidelines.

Logistic regression was used to explore 
the potential correlates of meeting each 
guideline. Prior to modelling, the data were 
assessed for multicollinearity.33 Variable 
selection was done through hierarchical 
backward elimination,34 beginning with 
all available explanatory variables and  
all models adjusted for age, sex and  
BMI. A 10-fold cross-validation procedure 
was used to avoid overfitting.35 For each 
guideline, data were divided into 10  
randomly selected subsets and variable 
selection was conducted using each  
of 9 training sets. The resulting model was 
fit to a test subset, repeating this procedure 
10-fold until each subset was used as a test 
subset.35 Variables selected in at least 3 of 
10 folds at a significance level of p = .05, 
were included in the final models. Estimated 
coefficients and their standard errors were 
averaged across the folds and used to yield 
odds ratio (OR) estimates and 95% confi-
dence intervals (CIs). Final models were fit 
to the entire sample and tested for goodness-
of-fit using the Hosmer–Lemeshow test, 
for predictive value using receiver operating 
characteristic (ROC) curves, and for appro-
priateness of the logit link.36 All statistical 
procedures were performed using STATA 
version 10 (StataCorp LP).37

Results

Study sample characteristics

The study sample was largely female 
(60%) and averaged 49 years of age  
(Table 1). Most participants were of high 
socio-economic status, with one-third 
having some university education or 
higher (33%) and an annual household 
income of $80,000 or higher (37%). Most 
were married or living with a common-law 
partner (77%), employed (77.5%) and 
urban residents (80%). Most of the sample 
self-rated their health as very good or better 
(61%), yet the majority were overweight 
(39%) and obese (25%) (Table 1). In  
comparison to the Alberta population, the 
study participants were more likely to be 
female, older, more educated and wealthier 
(Table 2). Study participants were also 
more likely to be overweight and obese 
and less likely to smoke than the Alberta 
population (Table 2). Overall, the sample 
represented all nine former health regions 
in Alberta.

Meeting physical activity guidelines

Those who met CSEP and ACS guidelines 
(63% and 48%, respectively) mainly  
participated in leisure activities rather 
than in household, occupational or active 
transport activities (Table 3). On the  
other hand, participants were most likely 
to meet USDHHS and WCRF/AICR  
guidelines through occupational activity. 
Regardless of the type of activity considered, 
participants were most likely to meet CSEP 
guidelines (93%) and least likely to meet 
USDHHS and WCRF/AICR guidelines (78% 
and 72%, respectively) (Table 3).

Prevalence of meeting physical activity 
guidelines in Alberta

After weighting by age, sex, and health 
region of residence and then by educa-
tional attainment and household income, 
55% of the overall Alberta population  
was estimated to be sufficiently active to 
meet CSEP guidelines for general good 
health. However, the proportions of 
Albertans estimated to meet the more  
rigorous guidelines set by ACS, USDHHS 
and WCRF/AICR were comparatively  
low: 42%, 26% and 23%, respectively 
(Figure 1).

Correlates of meeting physical activity 
guidelines through leisure activity

Overall, marital status, employment status, 
annual household income and self-rated 
health status were correlated with meeting 
all PA guidelines through leisure activity 
(Table 4). Divorced, separated or widowed 
participants were more likely to meet CSEP 
(OR = 1.54; 95% CI: 1.06–2.26), ACS  
(OR = 1.63; 95% CI: 1.12–2.35), USDHHS 
(OR = 1.62; 95% CI: 1.08–2.43), and 
WCRF/AICR (OR = 1.51; 95% CI: 1.09–2.10) 
guidelines than those who were married or 
single. Retired participants were also more 
likely to meet all guidelines than those 
who were employed or unemployed. 
However, this strength of association 
increased with increasingly demanding 
guidelines: retirees were almost 3 times 
more likely to meet WCRF/AICR  
guidelines (OR = 2.76; 95% CI: 1.57–4.87) 
compared to over 2 times more likely to 
meet CSEP guidelines (OR = 2.30; 95% 
CI: 1.32–4.01). In contrast, the strength of 
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association between an annual household 
income of $100,000 or higher and meeting 
CSEP guidelines (OR = 2.51; 95% CI: 
1.36–4.63) was higher than for meeting 
WCRF/AICR guidelines (OR = 1.56;  
95% CI: 1.06–3.27). Participants who rated 
their health as good or worse were signifi-
cantly less likely to meet CSEP guidelines 
(OR = 0.54, 95% CI: 0.37–0.80), whereas 
participants with self-rated health status 
lower than excellent were significantly 
less likely to meet ACS (OR = 0.72;  
95% CI: 0.52–0.99), USDHHS (OR = 
0.72; 95% CI: 0.53–0.97) and WCRF/AICR 
(OR = 0.67; 95% CI: 0.47–0.95) guidelines 
(Table 4).

Sex and BMI were the only characteristics 
found to be significantly associated with 
sufficient activity to meet guidelines  
relevant for cancer prevention (Table 4). 
Women were less likely than men to  
meet guidelines recommended by ACS 
(OR = 0.72; 95% CI: 0.55–0.93), 
USDHHS (OR = 0.67; 95% CI: 0.50–0.89) 
or WCRF/AICR (OR = 0.63; 95% CI: 
0.47–0.85), though there were no sex  
differences in meeting CSEP guidelines  
for general health. Being overweight  
was associated only with meeting 
USDHHS guidelines (OR = 0.52; 95%  
CI: 0.39–0.70), whereas being obese was 
associated with meeting both USDHHS 
(OR = 0.45; 95% CI: 0.32–0.65) and 
WCRF/IARC guidelines (OR = 0.79; 95% 
CI: 0.63–0.98).

Discussion

Our findings suggest that few Albertans are 
participating in sufficient leisure activity 
to reduce cancer risk, probably because of 
the higher levels of activity required to meet 
ACS or WCRF/AICR guidelines compared to 
CSEP guidelines for general health. Since 
the WCRF/AICR guidelines take almost  
3 times as long as do the CSEP guidelines, 
participants need to commit more time to 
physical activity to benefit from cancer risk 
reduction. Thus, retired people, with more 
available leisure time, were more likely to be 
active at levels recommended for cancer 
prevention.

These findings are consistent with the 
Health Belief Model, which proposes 
that as perceived barriers for a behaviour 

TABLE 1 
Study sample characteristics, Alberta, 2005

Variable Whole sample 
n = 14 294 

%

Men 
n = 5729 

%

Women 
n = 8565 

%

Mean age (SD), years  (n = 13 970) 48.7 (7.9) 48.6 (7.9) 48.7 (8.0)

BMI, % (n =13 970)

18.5–24.9 kg/m2 35.4 24.6 42.7

25.0–29.9 kg/m2 39.4 49.3 32.7

30.0–39.9 kg/m2 22.5 24.7 21.0

≥ 40 kg/m2 2.7 1.5 3.5

Marital status, % (n = 14 216)

Married/Common law 76.9 81.9 75.4

Divorced, separated or widowed 15.2 10.7 18.5

Single 6.5 7.3 6.1

Educational attainment, % (n = 14 005)

Some high school 8.6 8.9 8.4

High school diploma 18.6 15.0 21.0

Technical school/College training 39.9 40.7 39.3

Some university/University degree 22.9 22.7 22.9

Postgraduate university 10.1 12.6 8.4

Employment status, % (n = 14 051)

Employed full-time 60.7 80.6 47.4

Employed part-time 16.8 5.6 24.2

Unemployed 13.5 5.0 19.1

Retired 8.0 7.2 8.5

Self-employed 1.0 1.4 0.8

Annual household income, % (n = 14 022)

< $20,000 6.0 3.6 7.5

$20,000–$39,999 16.6 12.1 19.6

$40,000–$59, 999 20.0 19.3 20.4

$60,000–$79, 999 20.1 21.6 19.1

$80,000–$99, 999 14.5 16.0 13.4

≥ $100,000 22.9 27.3 19.9

Place of residence, % (n = 14 294)

Rural 19.6 19.9 20.0

Urban 80.4 80.1 80.0

Self-rated health status, % (n = 14 036)

Excellent 17.3 15.8 18.3

Very Good 43.4 43.2 43.6

Good 33.4 35.3 32.1

Fair 5.3 5.2 5.3

Poor 0.6 0.4 0.7

Current smoking status, % (n = 14 151)

Non-smoker 80.5 79.8 80.9

Occasional 3.5 3.8 3.2

Daily 16.0 16.4 15.8

Hypertension, %  (n = 14 031)

Yes 19.5 21.7 18.0

Hypercholesterolemia, % (n = 14 022)

Yes 24.8 29.8 21.4

Diabetes, % (n = 14 237)

Yes 3.8 4.5 3.3

Abbreviations: BMI, body mass index; SD, standard deviation.
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increase, the likelihood of performing the 
health behaviour decreases.38 Sufficient 
leisure activity to reduce cancer risk is 
likely associated with greater barriers related 
to time, competing commitments, and 
motivation than participating in the lower 
levels required for general health benefits. 
In addition, CSEP guidelines have been 
consistently communicated to Canadians 
since 1998.15 Canadians who aim to be active 
may be striving to meet CSEP guidelines 
for general health benefits without being 
aware that higher levels of activity are 
needed to reduce cancer risk. Perceived 
benefits, another component of the  
Health Belief Model, are also important to 
encourage behaviour;38 increasing public 
awareness of the PA guidelines relevant to 
preventing cancer may encourage individuals 
to use these guidelines as a benchmark for 
being physically active.

In our study, women were less likely  
than men to participate in the levels of  
leisure activity recommended for cancer 
risk reduction, a finding consistent with 
other reports,39-41 even after controlling for 
other sociodemographic factors. A number 
of cultural and social contextual factors, 
such as gender roles, result in differences in 
PA behaviour between men and women.40-44 
Motivating factors are also different; 
women more commonly report body 
image, appearance and health concerns  
as being equally important reasons for 
being physically active.45-48 These results 

TABLE 2 
Comparison of sociodemographic characteristics between the study sample (2005)  

and the Alberta population (2001 Canadian Census data)

Sociodemographic characteristics Study sample (%) Alberta (%)a

Age range, years

35–39 16.6 21.4

40–44 20.6 22.5

45–49 20.3 19.7

50–54 17.7 16.0

55–59 14.3 11.5

60–64 10.4 9.0

Sex

Men 40.1 50.3

Women 59.9 49.7

BMIb   

18.5–24.9 kg/m2 35.4 43.5

25.0–29.9 kg/m2 39.4 38.1

≥ 30 kg/m2 25.2 18.4

Current smoking statusb   

Daily smoker 16.0 24.5

Educational attainment   

Some high school 8.6 22.3

High school diploma 18.6 16.0

Technical school/College training 39.9 29.1

Some university/University degree 22.9 27.4

Postgraduate university 10.1   5.1

Annual household income   

< $20,000 5.8 32.6

$20,000–$39,999 16.2 29.3

$40,000–$59, 999 19.5 19.3

$60,000–$74, 999 19.7   8.2

≥ $75,000 36.6 10.5
a Data from 2001 Canada Census.31

b Data from Canadian Community Health Survey Cycle 2.1 (2003)32

TABLE 3 
Percentage of study population that met physical activity guidelines by organization and type of physical activity, Alberta, 2001–2005

Guidelines

Trend p-valueeCSEPa ACSb USDHHSc WCRF/AICRd

n % n % n % n %

Type of activityf

Leisure 8773 62.6 6734 48.1 4115 29.5 3377 24.1 < .0001

Household 7711 55.1 6034 43.1 4156 29.8 3689 26.3 < .0001

Occupation 5680 40.6 5387 38.5 4930 35.3 4841 34.6 < .0001

Active transport 470 3.4 162 1.2 50 0.4 72 0.5 < .0001

Total physical activityf 12 965 92.6 12 322 88.0 10 912 78.1 10 132 72.4 < .0001

Abbreviations: ACS, American Cancer Society; AICR, American Institute for Cancer Research; CSEP, Canadian Society for Exercise Physiology; PA, physical activity;  
USDHHS, United States Department of Health and Human Services; WCRF, World Cancer Research Fund.
a Minimum 2.5 hours/week of moderate to vigorous PA.
b Minimum 3.75 hours/week of moderate to vigorous PA.
c Minimum 5 hours/week of moderate to vigorous PA to prevent weight gain.
d Minimum 7 hours/week of moderate-intensity PA or 3.5 hours/week of vigorous PA. 
e Cochran–Armitage test for trend.
f Moderate- and vigorous-intensity activity.
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suggest that gender differences need to be 
considered when prompting PA for cancer 
prevention in the population.

Despite gender differences, both men and 
women who were either overweight or 
obese were significantly less likely than 
normal weight individuals to meet USDHHS 
and WCRF/AICR guidelines. Given that these 
guidelines require 30 to 60 minutes of daily 
leisure PA, it is possible that overweight 
and obese individuals may be physically 
unable to take part in sufficient amounts of 
activity or make the lifestyle changes 
required to achieve these levels of activity. 
In fact, overweight and obese individuals 
are less likely than normal weight adults to 
adhere to PA programs, even those that 
involve only walking.49-50 PA may be espe-
cially challenging for those overweight and 
obese individuals with pain or discomfort 
exacerbated by their weight status.51 
Alternatively, these results may reflect the 
fact that sufficient activity to meet 
USDHHS and WCRF/AICR guidelines aids 
in weight loss and protects from unhealthy 
weight.52-55 Either way, our results are  
consistent with other findings that  
overweight and obesity are independently 
associated with low levels of PA.51,56-57

Individuals in the highest income category 
were the most likely to participate in  
sufficient activity to meet all guidelines, 
also consistent with previous findings.42,58-59 
Low socio-economic status is often  
associated with caregiver responsibilities, 
time devoted to childcare, physical  
labour as an occupation, lack of  
transportation, unsafe neighbourhoods, 
inflexible work schedules and transient 
homes,41 all of which may hamper  
participation in leisure activity. 
Interestingly, the association between 
annual household income and meeting  
PA guidelines decreased in strength  
as the amount of activity needed to meet 
guidelines increased. This relation was 
weakest for meeting USDHHS and  
WCRF/AICR guidelines, suggesting that 
participation in high levels of leisure PA 
may be moderated by more complex  
intrapersonal factors. The weakening 
association between activity and income 
may also reflect that retirees were more 
frequently middle-class income earners, 
yet more likely to meet guidelines for  
cancer risk reduction. Despite this  
weaker relation, income was still strongly 
correlated with meeting guidelines for 
cancer prevention.

This study is among the first to investigate 
the prevalence of PA at levels sufficient for 
cancer prevention. So far, estimates of PA 
among Canadians have used the CSEP 
guidelines as the benchmark for sufficient 
activity for health benefits. Using this 
approach, the CCHS (cycle 2.1) estimated 
that during the time period of this study, 
48% of Canadians60 and 52% of Albertans,61 
35 to 65 years old, were physically active.61 
In comparison, our current study estimated 
that 63% of Albertans were sufficiently 
active to meet CSEP guidelines (Table 3). 
This difference in estimates persisted even 
when the estimate was adjusted for age, 
sex, income and educational attainment, 
suggesting that the study sample differs 
from the Alberta population in other  
factors that need to be adjusted for when 
estimating population prevalence for PA, 
which is a complex behaviour. The higher 
estimate derived from our study could also 
be attributed to a “healthy enrolee” effect. 
About 60% of the study sample rated their 
health as very good or excellent, and  
the study sample had a lower prevalence 
of diabetes (3.8% compared to 4.9% for 
Albertans61) and smoking than the Alberta 
population (16% of the study sample were 
daily smokers versus 25% of Albertans). 
Despite being more likely to be overweight 
and obese, study participants appeared to be 
healthier than Albertans as a whole and 
may have been more likely to participate 
in leisure PA. Differences in leisure PA 
measurement between the CCHS and the 
PYTPAQ used in our study may also 
account for the difference in prevalence 
estimates. The CCHS utilized a multi-part 
item to report frequency and duration of 
participation in a given list of leisure 
activities over the past three months.62 In 
contrast, the PYTPAQ assessed leisure 
activity over the past year using a more 
detailed approach that permitted partici-
pants to report duration, frequency and 
intensity of all recreational and sports 
activities. The PYTPAQ was more likely to 
reflect usual activity patterns, while the short 
time frame of the CCHS questionnaire 
may be more influenced by seasonal  
variation and acute illness.63

During the study period, 45.9% of U.S. 
adults64 and 29% of European Union 
adults from 15 countries65 were estimated 
to participate in 150 minutes of moderate 

FIGURE 1 
Estimateda Alberta population percentage that met physical  

activity guidelines through leisure activity, 2001–2005
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Abbreviations: ACS, American Cancer Society; AICR, American Institute for Cancer Research;  
CSEP, Canadian Society for Exercise Physiology; USDHHS, United States Department of Health and Human Services;  
WCRF, World Cancer Research Fund.
a Weighted by health region of residence, age and sex, and further weighted by household income and educational 

attainment using 2001 Census data.
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TABLE 4 
Estimated odds ratiosa for meeting physical activity guidelines through leisure activity, Alberta, 2001–2005

Guidelines

CSEPb 
OR (95% CI)

ACSc 
OR (95% CI)

USDHHSd 
OR (95% CI)

WCRF/AICRe 
OR (95% CI)Variable

Age, years
35–39 1.00 1.00 1.00 1.00
40–44 1.02 (0.69, 1.51) 0.99 (0.68, 1.44) 0.94 (0.63, 1.41) 0.91 (0.60, 1.39)
45–49 0.98 (0.66, 1.44) 0.98 (0.68, 1.43) 0.91 (0.61, 1.37) 0.87 (0.57, 1.34)
50–54 0.81 (0.54, 1.22) 0.86 (0.58, 1.27) 0.86 (0.56, 1.32) 0.82 (0.53, 1.29)
55–59 0.80 (0.52, 1.25) 0.80 (0.52, 1.24) 0.74 (0.46, 1.21) 0.75 (0.45, 1.24)
60–65 0.75 (0.44, 1.28) 0.72 (0.42, 1.22) 0.72 (0.40, 1.29) 0.67 (0.36, 1.24)

Sex
Male 1.00 1.00 1.00 1.00
Female 0.85 (0.65, 1.11) 0.72 (0.55, 0.93) 0.67 (0.50,  0.89) 0.63 (0.47,  0.85)

BMI, kg/m2

18.5–24.9 1.00 1.00 1.00 1.00
25.0–29.9 0.96 (0.72, 1.28) 0.94 (0.71, 1.23) 0.52 (0.39,  0.70) 0.96 (0.71,  1.31)
≥ 30.0 0.82 (0.60, 1.14) 0.83 (0.60, 1.13) 0.45 (0.32,  0.65) 0.79 (0.63,  0.98)

Marital Status
Married/Common law 1.00 1.00 1.00 1.00
Divorced, separated or widowed 1.54 (1.06,  2.26) 1.63 (1.12, 2.35) 1.62 (1.08, 2.43) 1.51 (1.09, 2.10)
Single 1.41 (0.84,  2.36) 1.50 (0.90, 2.49) 1.52 (0.87, 2.66) 1.52 (0.85, 2.71)

Educational attainment
Some high school 1.00 1.00 1.00 1.00
High school diploma 1.20 (0.73, 1.95) 1.06 (0.64, 1.74) 0.91 (0.52, 1.61) 1.00 (0.55, 1.81)
Technical school/College 1.28 (0.81, 2.02) 1.10 (0.69, 1.75) 0.90 (0.53, 1.53) 0.93 (0.54, 1.61)
Some university/University degree 1.40 (0.85, 2.30) 1.22 (0.74, 2.01) 1.03 (0.59, 1.81) 1.12 (0.62, 2.01)
Postgraduate university 1.40 (0.78, 2.53) 1.08 (0.61, 1.92) 0.91 (0.48, 1.71) 0.97 (0.50, 1.87)

Employment status
Employed full-time        1.00       1.00 1.00 1.00
Employed part-time 1.19 (0.84, 1.69) 1.27 (0.90, 1.78) 1.19 (0.81, 1.73) 1.11 (0.74, 1.67)
Unemployed 1.19 (0.81, 1.75) 1.27 (0.87, 1.86) 1.40 (0.92, 2.13) 1.41 (0.91, 2.18)
Retired 2.30 (1.32, 4.01) 2.65 (1.56, 4.48) 3.04 (1.74, 5.31) 2.76 (1.57, 4.87)
Self-employed 0.74 (0.21, 2.62) 0.76 (0.21, 2.77) 0.97 (0.22, 4.19) 1.20 (0.29, 4.99)

Annual household income
< $20,000 1.00 1.00 1.00 1.00
$20,000–$39,999 1.16 (0.66, 2.04) 1.14 (0.64, 2.04) 1.06 (0.55, 2.06) 0.99 (0.49, 1.98)
$40,000–$59,999 1.26 (0.71, 2.22) 1.27 (0.71, 2.26) 1.16 (0.60, 2.25) 1.03 (0.51, 2.06)
$60,000–$79,999 1.62 (0.90, 2.90) 1.52 (0.84, 2.75) 1.39 (0.71, 2.74) 1.20 (0.59, 2.43)
$80,000–$99,999 1.80 (0.97, 3.34) 1.79 (1.17, 2.75) 1.58 (0.78, 3.20) 1.30 (0.62, 2.73)
≥ $100,000 2.51 (1.36, 4.63) 2.43 (1.32, 4.48) 2.05 (1.03, 4.08) 1.56 (1.06, 3.27)

Self-rated health status
Excellent 1.00 1.00 1.00 1.00
Very Good 0.75 (0.52, 1.08) 0.72 (0.52, 0.99) 0.72 (0.53, 0.97) 0.67 (0.47, 0.95)
Good 0.54 (0.37, 0.80) 0.52 (0.36, 0.74) 0.50 (0.34, 0.73) 0.47 (0.32, 0.71)
Fair or Poor 0.38 (0.21, 0.71) 0.36 (0.19, 0.67) 0.37 (0.17, 0.78) 0.40 (0.19, 0.85)

Current smoking status
Non-smoker 1.00 1.00 1.00 1.00
Occasional 1.14 (0.58, 2.23) 1.17 (0.62, 2.22) 1.16 (0.58, 2.31) 1.13 (0.56, 2.32)
Daily 0.65 (0.47, 0.90) 0.70 (0.50, 0.97) 0.77 (0.53, 1.13) 0.82 (0.55, 1.22)

Social Supportf 1.12 (0.96, 1.31) 1.09 (0.94, 1.28) 1.08 (0.91, 1.28) 1.04 (0.87, 1.25)

Abbreviations: ACS, American Cancer Society; AICR, American Institute for Cancer Research; CI, confidence interval; CSEP, Canadian Society for Exercise Physiology; OR, odds ratio; 
USDHHS, United States Department of Health and Human Services; PA, physical activity; WCRF, World Cancer Research Fund.

Note: Bolded values are significant.
a Estimated from logistic regression using 10-fold cross-validation.
b Minimum 2.5 hours/week of moderate to vigorous PA.
c Minimum 3.75 hours/ week of moderate to vigorous PA.
d Minimum 5 hours/week of moderate to vigorous PA to prevent weight gain. 
e Minimum 7 hours/week of moderate-intensity PA or 3.5 hours/week of vigorous PA. 
f Using the Medical Outcomes Study Social Support Survey.30
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to vigorous activity per week through 
large population-based surveys. Similarly, 
a recent study estimated that 15% of 
Canadian adults are active at these levels.66 
However, because these estimates included 
participation in occupational, transportation 
and household activities in addition to  
leisure PA, it is difficult to compare them 
with our estimates, which considered  
only leisure PA. Total PA has been used to 
estimate PA prevalence estimates in the 
different jurisdictions,64,67-69 but a focus on 
leisure PA is valuable since this type of 
activity is most likely to be modifiable, 
unlike occupational and household activi-
ties. Established evidence suggests that 
risk for breast, colorectal, prostate and 
endometrial cancers is significantly reduced 
when higher intensity PA is undertaken.6,8,70 
This is likely the result of a shift in inflam-
mation biomarkers, insulin resistance, and 
sex and metabolic hormone levels that 
favour cancer risk reduction in response 
to moderate and vigorous leisure activities 
but not to light intensity household  
activities.12,71 Therefore, leisure PA is a logical 
target for population health interventions 
aimed at cancer prevention.

Limitations of the study

Our study had some limitations, including 
in interpreting the findings. Although fairly 
typical of random digit dialing (RDD) 
studies, the response rate was low, at  
less than 25%, and the unweighted  
sample was not representative of the 
Alberta population. Despite trying to weight 
prevalence estimates to reflect more closely 
those of the Alberta population, the gener-
alizability of our results may be limited. 
The data regarding PA were self-reported, 
which may result in over-reporting of 
activity levels due to social desirability 
bias. Measurement error and inaccurate 
estimates may have also come about 
because it can be difficult to recall PA;18 
participants in our study were asked to 
remember exercise patterns from over a 
year-long period. However, the PYTPAQ 
has been shown to be valid and reliable  
in a large random sample of men and 
women.25 Our use of previously validated 
and reliability-tested instruments to measure 
PA and all other variables helped to 

minimize potential measurement error.25 
In addition, the cross-sectional design of 
this study limits the interpretation of 
results to correlations and not as causal 
associations. Nonetheless, these results 
have identified factors that warrant further 
investigation as important intervention 
targets for increasing PA for cancer  
prevention in the population.

Recommendations

Given that 42% of Albertans are insuffi-
ciently active for general health benefits, 
future interventions should focus on 
encouraging sedentary individuals to  
exercise. These efforts should include the 
promotion of higher levels of PA to confer 
additional benefits for cancer prevention 
among this segment of the population  
as well as those who are already active.  
In 2005, Canadians spent approximately  
6 hours each day on leisure activities, 
from watching television and surfing  
the internet, to participating in numerous 
hobbies, both sedentary and active.72  
The availability of so many options for  
leisure time activities poses a challenge 
for physical activity promotion. It also 
highlights the need for effective interven-
tions that strengthen those factors that 
facilitate physical activity and reduce any 
barriers to them.

Current national guidelines may not be 
sufficient for cancer prevention, nor for 
weight management.21 Given the ample 
evidence that obesity contributes to cancer 
risk, promoting sufficient levels of PA to 
support weight loss and management  
may be an important target for cancer  
prevention strategies in the population. 
Moreover, the specific dose of necessary 
PA is not clear, hence the variations in the 
guidelines. Guideline development depends 
on the evolving research linking PA to 
cancer,19-21 which has consisted mainly of 
observational studies of varying designs.73 
Randomized trials are needed to make 
definitive dose recommendations, and until 
these exist, it may be prudent to provide a 
graded set of guidelines that highlight the 
health benefits associated with various 
levels and intensities of PA, including those 
levels that will lead to a greater cancer 

risk reduction.74 Lastly, further research is 
needed to develop effective interventions to 
promote PA that include individual-level 
motivational factors as well as social and 
environmental facilitators of PA.
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