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ABSTRACT

Few Canadian studies have examined whether or not associations between neighbourhood
walkability and physical activity differ by sex. We estimated associations between perceived
neighbourhood walkability and physical activity among Canadian men and women. This study
included cross-sectional survey data from participants in ‘Alberta’s Tomorrow Project’ (Canada;
n=14,078), a longitudinal cohort study. The survey included socio-demographic items as well as
the International Physical Activity Questionnaire (IPAQ) and the abbreviated Neighbourhood
Environment Walkability Scale (NEWS-A), which captured perceived neighbourhood built
characteristics. We computed subscale and overall walkability scores from NEWS-A responses.
Covariate-adjusted generalized linear models estimated the associations of participation (>10
minutes/week) and minutes of different types of physical activity, including transportation walking
(TW), leisure walking (LW), moderate-intensity physical activity (MPA), and vigorous-intensity
physical activity (VPA) with walkability scores. Walkability was positively associated with
participation in TW, LW, MPA and VPA and minutes of TW, LW, and VPA. Among men, a
negative association was found between street connectivity and VPA participation. Additionally,
crime safety was negatively associated with VPA minutes among men. Among women, pedestrian
infrastructure was positively associated with LW participation and overall walkability was
positively associated with VPA minutes. Notably, overall walkability was positively associated
with LW participation among men and women. Different perceived neighbourhood walkability
characteristics might be associated with participation and time spent in different types of physical
activity among men and women living in Alberta. Interventions designed to modify perceptions of
neighbourhood walkability might influence initiation or maintenance of different types of physical

activity.
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INTRODUCTION

Creating a supportive neighbourhood built environment may be one strategy for increasing
physical activity at the population level. Walkable neighbourhoods are characterized by the
presence of characteristics that support physical activity such as high residential density, mix and
diversity of land uses and destinations, high street connectivity, pedestrian infrastructure, traffic
and crime safety, and aesthetics (Cerin et al., 2014; Kerr et al., 2016). Studies have found
associations between perceived and objectively measured built environment characteristics and
physical activity in adults (Jack and McCormack, 2014; Zhou et al., 2013). More positive
perceptions of neighbourhood walkability may be particularly important in terms of encouraging
physical activity among adults in Canada (Jack and McCormack, 2014) and elsewhere (Adlakha
et al., 2018; Bergman et al., 2009; Brownson et al., 2001; Cerin et al., 2007; Ding et al., 2013;
Evenson et al., 2012; Hoehner et al., 2005; Jauregui et al., 2016; Jauregui et al., 2017; Kamada et
al., 2009; Malambo et al., 2017). A meta-analysis found perceived presence of physical activity
facilities, sidewalks, shops and services at walking distance, and traffic safety to be positively
associated with physical activity in adults (Duncan et al., 2005). A multi-country study (not
including Canadian data) found several perceived neighbourhood characteristics (e.g., residential
density, land use mix access, land use mix diversity, street connectivity, traffic safety, crime safety,
and aesthetics) were similarly associated with transportation walking, leisure walking, or
moderate-to-vigorous intensity physical activity (Cerin et al., 2014; Cerin et al., 2018; Christiansen
et al., 2016; Kerr et al., 2016; Sallis et al., 2016; Sugiyama et al., 2014). Recently, Farkas et al.
(2019) undertook a systematic review of 25 Canadian studies that had investigated relations
between objectively-measured built environment and walking. They found overall walkability and
land use were consistently associated with transportation walking. Additionally, proximity to
destinations was associated with walking for any purpose (Farkas et al., 2019). Inconsistent

evidence existed linking the built environment with leisure walking (Farkas et al., 2019).

Women are 6-10% less physically active than men (Guthold et al., 2018; Hands, 2016), as
determined by overall physical activity. Evidence suggests the importance of some perceived
neighbourhood characteristics for supporting physical activity may differ for men and women
(Jauregui et al., 2016; Pelclova et al., 2014; Spence et al., 2006; Van Dyck et al., 2012; Van Dyck

et al., 2013; Van Dyck et al., 2015). The associations between overall walkability and minutes of



transportation walking are found to be stronger in women than men (Van Dyck et al., 2012). In a
Czech Republic study, participation in transportation walking was associated with self-reported
street connectivity and traffic/crime safety among men and land use mix diversity and aesthetics
among women (Pelclova et al., 2014). In a Canadian study, Spence et al. (2006) also found
associations between self-reported interesting scenery and presence of many places to visit within
easy walking distance from home and participation in walking among women only. Notably,
general as well as sex-specific differences in associations between the perceived walkability and
physical activity may depend on the type of physical activity examined (e.g., walking, moderate-
intensity, and vigorous-intensity) (Malambo et al., 2017; Pelclova et al., 2014). In addition,
perceptions of neighbourhood walkability are consistently associated with transportation walking,
but appear less consistently associated with other types of physical activity (Wendel-Vos et al.,
2007).

Walking is the most frequently reported form of physical activity undertaken by the adults (Shifan
et al., 2015). However, a small proportion of adults participate in other moderate-intensity and
vigorous-intensity physical activities (Shifan et al., 2015). Other than transportation walking, there
is a dearth of evidence on sex-specific associations between neighbourhood walkability and
different types of physical activity (Pelclova et al., 2014; Spence et al., 2006; Van Dyck et al.,
2012; Van Dyck et al., 2013; Van Dyck et al., 2015). This evidence is important however, for
planning physical activity interventions especially those intended to increase moderate-intensity

and vigorous-intensity physical activity participation and or duration equally for men and women.

Thus, the objectives of this study were to: 1) estimate the associations between perceived
neighbourhood built characteristics as measured by walkability subscales and overall walkability
and different physical activities including transportation walking, leisure walking, leisure
moderate-intensity physical activity, and leisure vigorous-intensity physical activity, and; 2)
estimate sex-related effect modification of these associations between walkability and physical
activity.



METHODS

Data source: Alberta’s Tomorrow Project

Data for this study was collected in Alberta, Canada. Alberta is a province with a large
geographical area (662,583 km?) with urban areas spread throughout. Some urban areas, like
Calgary are located in the foothills of the Rocky Mountains and so have some hills, whereas other
urban areas like Edmonton, Red Deer, Lethbridge are essentially located in the prairies where the
topography is relatively flat (Alberta-Parks, 2015; Canada-Guide, 2019). Similar to many other
North American cities, urban areas in Alberta historically have been planned and developed to
facilitate automobile movement. Moreover, evidence suggests that in Calgary (Alberta), physical
activity patterns are associated with season (McCormack et al., 2010). On average, annually,
Alberta receives sunshine for a period of 312 days, average daily temperatures during summer
range from 20 to 25 degree Celsius, and average daily temperatures during winter range from -5
to -15 degree Celsius (Travel-Alberta, 2019). In Alberta, on average, annual precipitation varies

from 30 to 60 centimetres (12 to 24 inches) including rain, sleet, and snow (Travel-Alberta, 2019).

Our study involved a secondary analysis of data from Alberta’s Tomorrow Project (ATP), a
longitudinal cohort study of Albertan adults investigating the etiologic factors of cancer and
chronic disease (Robson et al., 2016; Ye et al., 2017). The design and methods of the cohort have
been published previously (Robson et al., 2016; Ye et al., 2017). Briefly, from 2000 to 2008 urban
and rural households (n=63,486) were contacted using random digit dialling to recruit study
participants aged 35-69 years, who were proficient in the English language, had no medical history
of cancer besides non-melanoma skin cancer, and were not intending to leave Alberta in the
following year (Robson et al., 2016; Ye et al., 2017). Eligible participants were mailed a consent
form and a baseline health and lifestyle questionnaire (HLQ). In 2008, participants were invited to
complete a follow-up HLQ. The follow-up HLQ collected updated information on
sociodemographic characteristics, personal and family health history, and a variety of health and
lifestyle behaviours, and quantified new information on additional health and lifestyle behaviours
and influences, including physical activity and the built environment (Robson et al., 2016).



This study analyzes cross-sectional data from the 2008 follow-up, including socio-demographic,
physical activity and built environment data captured from participants enrolled in ATP between
2000-2008, who completed the 2008 follow-up HLQ, and resided in urban settings determined
from their six-digit residential postal code by using second digit in the postal code (n=15,342).
Note that Canada Post classifies a Canadian postal code as ‘rural’ if the second digit is 0 (e.g.,
T012A2) or ‘urban’ if the second digit is a number that ranges from 1 to 9 (e.g., TIH2A2) (Stat-
Can, 2003). According to the recent data on population density, more than 6.3 million Canadians
are living in rural areas (Stat-Can, 2018). The population density of rural Canada is <400 people
per square kilometre (Stat-Can, 2018). The University of Calgary Conjoint Health Research Ethics
Board approved this analysis from the ATP cohort study.

Variables

Perceived neighbourhood walkability

The abbreviated Neighbourhood Environment Walkability Scale (NEWS-A), a reliable and
validated self-report instrument, captured perceptions of neighbourhood walkability (Cerin et al.,
2006). The ATP dataset included 54 NEWS-A items that represented 11 subscales including
residential density (e.g., single-family homes, town houses, condominiums; six items), land use
mix diversity (e.g., destinations within walking distance; 20 items) land use mix access (e.g., ease
of walking to destinations; three items), street connectivity (e.g., intersection density, routes; three
items), pedestrian infrastructure (e.g., sidewalks, lighting, crosswalks; six items), aesthetics (e.g.,
trees, natural sights; four items), traffic safety (e.g., driver speed, traffic volume; three items),
crime safety (e.g., daytime and nighttime walking safety; three items), hilliness (hilly streets; one
item), physical barriers (major barriers to walking; one item), and lack of parking at shopping
areas (difficulty in parking in shopping areas; one item). Excluding residential density and land
use mix diversity subscale items, all items were scored on a four-point Likert scale (strongly
disagree to strongly agree). Residential density items were scored on a five-point Likert scale (none
to all) and land use mix diversity items scored on a five-point scale (>30, 21 to 30, 11 to 20, 6 to
10, or 1 to 5 minutes). Some items were reversed scored so that higher scores represented higher
walkability (e.g., hilliness, physical barriers, or crime safety). Informed by previous NEWS-A

scoring algorithms (Sallis, 2011), we estimated a participant average value for each multi-item



subscale. Consistent with previous studies (De Bourdeaudhuij et al., 2015; Van Dyck et al., 2012),
subscale scores were converted to z-scores and summed to estimate an overall walkability score
for each participant. Internal consistency (Cronbach’s alpha; o) of the multi-item subscales ranged
from a=0.44 (street connectivity) to 0=0.94 (land use mix diversity) and was a=0.94 for overall

walkability.

Physical activity participation and minutes

The ATP 2008 follow-up HLQ captured self-reported physical activity using the International
Physical Activity Questionnaire (IPAQ) Long Form (Robson et al., 2016). The IPAQ provides
reliable and valid estimates of physical activity (Craig et al., 2003). The questions on participation
in different types of physical activity were framed as follows: 1) “During the last 7 days, on how
many days did you walk for at least 10 minutes at a time to go from place to place?” (transportation
walking [TW]), 2) “During the last 7 days, on how many days did you walk for at least 10 minutes
at a time in your leisure time?” (leisure walking [LW]), 3) “During the last 7 days, on how many
days did you do moderate physical activities like bicycling at a regular pace, swimming at a regular
pace, and double tennis in your leisure time?” (moderate physical activity [MPA]), and 4) “During
the last 7 days, on how many days did you do vigorous physical activities like aerobics, running,
fast bicycling, or fast swimming in your leisure time?” (vigorous physical activity [VPA]) (ATP,
2018). Those who reported at least one day of participation (>10 minutes) then reported their usual
time per day undertaking the physical activity. The reported frequency (days) of participation and
usual minutes per day were used to estimate minutes of physical activity during the last 7 days.
For the analysis presented here, we included data on transportation (walking only) and leisure
domains (walking, MPA, and VPA) from the IPAQ.

Socio-demographic characteristics

Informed by previous research, and based on their availability in the ATP dataset, our analysis
included the covariates age, sex, self-reported health, marital status, number of children in
household, highest education level, employment status, household income, and season participant

returned the HLQ (Lounassalo et al., 2019; Tucker and Gilliland, 2007). Sex was also used as an



effect modifier. Considering the weather patterns in Canada, it is important to consider season as
a covariate while determining the associations between neighbourhood walkability and physical

activity.

Statistical analyses

The proportion of missing data for our variables of interest was low (8%) therefore, we performed
a complete case analysis. We estimated descriptive statistics for socio-demographic
characteristics, neighbourhood walkability, and physical activity. To estimate the covariate-
adjusted odds ratios (ORs) and 95 percent confidence intervals (95% Cls) for the association
between walkability (subscales and overall) and participation in each physical activity separately,
we used a generalized linear model with a binomial distribution and logit link function. To estimate
the covariate-adjusted slope coefficients (Bs) and 95% Cls for the association between walkability
and duration of each physical activity, we used a generalized linear model. Note that participants
who reported no participation in each activity (i.e., those reporting <10 minutes of physical
activity) were excluded from the duration outcome analysis. To avoid model collinearity among
the subscales, we only tested one walkability subscale at a time. We converted walkability
subscales to z-scores prior to analysis. We tested sex as an effect modifier of the association of
overall walkability and each walkability subscale with each physical activity outcome. A p-value
<0.05 was considered statistically significant for main and interaction effects. Statistical analysis
was undertaking using Stata Version 15 (Stata Corp LLC, Texas, USA).

RESULTS

Descriptive statistics for the entire cohort

Complete data for our analysis was available for 14,078 participants. The sample mean age was
55.0 (SD=9.1) years. Approximately 62% of our sample was female, 8% reported as poor or fair
health, 6% were single, 73% reported no children currently living in the household, 13% had
completed some or entire university postgraduate degree, 69% were part-time or full-time
employed, and 10% reported household incomes >$200,000/year (Table 1). Most participants

perceived their neighbourhoods to have low residential density (Table 2). Conversely, most



participants perceived their neighbourhoods to have high aesthetics, crime safety, but also hilly
streets and physical barriers (Table 2). Approximately 61% of participants participated in TW or
LW, 29% in MPA, and 33% in VPA (Table 3).

Associations between walkability and physical activity (pooled analysis)

Adjusting for covariates, overall walkability was positively associated with participation in TW
(OR 1.05; 95% CI 1.04, 1.06), LW (OR 1.03; 95% CI 1.02, 1.04), MPA (OR 1.02; 95% CI 1.01,
1.03), and VPA (OR 1.02; 95% CI 1.01, 1.03) (Table 4). Moreover, adjusting for covariates,
overall walkability was positively associated with weekly of minutes of TW (B 1.41; 95% C1 0.43,
2.40), LW (B 1.01; 95% C1 0.08, 1.94), VPA (B 1.37; 95% CI 0.39, 2.35) but was not associated
with weekly minutes of MPA (3 0.61; 95% CI -0.46, 1.69) (Table 4).

Among the 11 walkability subscales, residential density was positively associated with
participation in TW and LW and minutes of TW and VPA, land use mix diversity was positively
associated with participation in TW, LW, MPA, and VPA and minutes of VPA, and land use mix
access was positively associated with participation in TW, LW, MPA, and VPA and minutes of
TW and VPA. Street connectivity was positively associated with participation in TW. Pedestrian
infrastructure was positively associated with participation in TW, LW, and VPA and minutes of
VPA. Aesthetics was positively associated with participation in TW, LW, MPA, and VPA and
positively associated with minutes of TW and LW (Table 4).

Traffic safety was negatively associated with participation in TW. Crime safety was negatively
associated with participation in TW, but positively associated with participation in LW. Hilliness
and physical barriers were positively associated with minutes of LW. Lack of parking at shopping
areas was positively associated with participation in TW and minutes of TW, MPA, and VPA. No
other significant associations were found (Table 4).



Associations between walkability and physical activity (sex interaction analysis)

We found evidence of sex modification for overall walkability and participation in LW (interaction
p-value=0.012). In men and women, overall walkability was positively associated with
participation in LW (men: OR 1.005; 95% CI 1.002, 1.008; women: OR 1.009; 95% CI 1.007,
1.01). For LW participation, we found significant interaction for sex and pedestrian infrastructure
(interaction p-value=0.048). In women, pedestrian infrastructure was positively associated with
LW participation (OR 1.03; 95% CI 1.02, 1.04). For MPA participation, we found significant
interaction for sex and lack of parking at shopping areas (interaction
p-value=0.018). However, in men and women, the associations of lack of parking at shopping
areas with MPA participation were not statistically significant (men: OR 1.01; 95% CI10.99, 1.02;
women: OR 0.99; 95% CI 0.98, 1.002). For VPA participation, the interaction of sex and street
connectivity was significant (interaction p-value=0.009). In men, street connectivity was
negatively associated with VPA participation (OR 0.98; 95% CI1 0.97, 0.99) (Table 5).

For weekly minutes of VPA, significant interaction between sex and overall walkability was found
(interaction p-value=0.042). In women, overall walkability was positively associated with VPA
minutes (B 2.05; 95% CI 0.94, 3.16). For weekly minutes of VPA, significant interaction between
sex and crime safety was found (interaction p-value=0.046). In men, the association of crime safety
with VPA minutes was statistically significant (B -10.58; 95% CI -19.69, -1.46). The interaction
between sex and physical barriers for outcome of VPA minutes was also statistically significant
(interaction p-value=0.040). However, in men and women, the associations of physical barriers
with VPA minutes were not statistically significant (men:  -6.13; 95% CI -13.29, 1.03; women:
B 2.86; 95% CI1 -1.92, 7.63) (Table 5).

DISCUSSION
Similar to previous studies (Van Dyck et al., 2012; Van Dyck et al., 2013), we found perceived
neighbourhood walkability was associated with physical activity among adults. Specifically, we

found perceived neighbourhood walkability was associated with participation in TW, LW, MPA,

10



VPA, and minutes of TW, LW, and VPA but not minutes of MPA. Notably, our findings
demonstrate that perceptions of different neighbourhood built characteristics are likely associated
with participation and/or time spent in different types of physical activity. In support of previous
studies (Jauregui et al., 2016; Pelclova et al., 2014; Spence et al., 2006; Van Dyck et al., 2012;
Van Dyck et al., 2013; Van Dyck et al., 2015) we also found that some associations between
perceived neighbourhood built characteristics and physical activity differ by sex. Pedestrian
infrastructure was associated with LW participation only among women while street connectivity
and crime safety were associated with vigorous physical activity (participation for street
connectivity and minutes for crime safety) only among men. Overall walkability was associated
with physical activity among men and women however, the relationship between overall
walkability and LW was stronger for women and the relationship between overall walkability and

minutes of VPA was only significant among women.

Similar to our findings, Van Dyck et al. (2012) found a positive association between overall
walkability (constructed by aggregating residential density, land use mix access, proximity to
destinations, and aesthetics into an index) and TW minutes. Van Dyck et al. (2013) also found
positive associations between a ‘recreational walking-friendliness’ index (constructed by
aggregating residential density, not many physical barriers, and aesthetics into an index) and LW
minutes as well as a ‘leisure-time activity friendliness’ index (constructed by aggregating
residential density, proximity to recreational facilities, walking and cycling facilities, and crime
safety into an index) and minutes of moderate-to-vigorous physical activity. Recently, a Canadian
systematic review found objectively-measured neighbourhood characteristics (e.g., overall
walkability, land use, and proximity to destinations) were consistently associated with TW (Farkas
et al., 2019). Our finding that overall walkability was associated with TW supports previous
evidence of consistent associations between walkability and TW (Wendel-Vos et al., 2007). Our
findings also suggest perceptions of walkability might also be associated with decisions to
participate in different types of physical activities, along with the time spent in these activities
(e.g., LW and VPA). Doing physical activity, regardless of type, is better than doing no physical

activity in terms of improved health (Sattelmair et al., 2011), thus our findings might suggest that
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improving perceptions of the built environment has the potential to increase participation and time

spent in different types of physical activity to be able to provide health benefits.

Congruent with our findings, previous studies have found associations between walkability
subscales and participation and duration in TW, LW, as well as moderate-to-vigorous intensity
physical activity (Adlakha et al., 2018; Brownson et al., 2001; Cerin et al., 2014; Cerin et al., 2007;
Ding et al., 2013; Evenson et al., 2012; Hoehner et al., 2005; Jauregui et al., 2016; Jauregui et al.,
2017; Kamada et al., 2009; Kerr et al., 2016; Malambo et al., 2017; Rees-Punia et al., 2018;
Sugiyama et al., 2014; Van Dyck et al., 2012; Van Dyck et al., 2013; Zhou et al., 2013). Similarly,
this previous research suggests certain walkability subscales are consistently associated with
participation or time spent in TW, namely residential density, land use mix diversity, land use mix
access, and aesthetics (Hoehner et al., 2005; Kerr et al., 2016; Malambo et al., 2017; Van Dyck et
al., 2012). This previous evidence, like our findings, suggests aesthetics is associated with
participation or time spent in LW (Jauregui et al., 2017; Malambo et al., 2017; Sugiyama et al.,
2014). Unlike studies elsewhere, our findings suggest that lack of parking at shopping areas was
positively associated with participation and time spent in TW. Presumably, lack of parking at
shopping areas could encourage people to walk to local shopping areas rather than travel by motor
vehicle. In contrast to previous studies (Bergman et al., 2009; Brownson et al., 2001; Rees-Punia
et al., 2018; Sugiyama et al., 2014; Van Dyck et al., 2015), we found that crime safety, hilliness,
and physical barriers were associated with higher odds of participation or higher weekly minutes
of physical activity. Previous physical activity-built environment research has suggested that there
IS a mismatch between perceptions of the built environment and actual built environment features
(Arvidsson et al., 2012; Gebel et al., 2009). More precisely, people living in high walkable
neighbourhoods sometimes perceive their neighbourhoods to be less walkable. Conversely, people
living in low walkable neighbourhoods sometimes perceive their neighbourhoods to be high
walkable (Arvidsson et al., 2012; Gebel et al., 2009). However, perceptions of the built
environment is somewhat informed by previous experiences and interactions with the
environment. Positive associations between perceived crime safety, hilliness, and physical
barriers might reflect the participant’s engagement and knowledge of their neighbourhood

resulting from them being physically active in their neighbourhoods (reverse causality) rather than
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perceptions causing physical activity. Interventions designed to improve perceptions of overall
walkability or even of specific aspects of the built environment (e.g., land uses, aesthetics, or lack
of parking at shopping areas) could increase physical activity and improve health of
neighbourhood residents.

Like previous studies (Jauregui et al., 2016; Pelclové et al., 2014; Spence et al., 2006; Van Dyck
et al., 2012; Van Dyck et al., 2013; Van Dyck et al., 2015), we found that sex-related effect
modification of the associations between neighbourhood characteristics and physical activity were
dependent on type of physical activity examined. This previous evidence, like our findings,
indicates that street connectivity and crime safety are associated with physical activity among men
(Jauregui et al., 2016; Pelclova et al., 2014). Previous research has shown that overall walkability
is associated with duration of transport-related walking among men and women (Van Dyck et al.,
2012). However, our findings are indicative of the associations of overall walkability with
participation in LW among men and women. Our research is also indicative of the association of
overall walkability with VPA minutes among women. Our findings are important as they suggest
that while interventions to improve perceptions of the built environment could increase physical
activity, the effects of some (i.e., street connectivity, pedestrian infrastructure, or crime safety) or

combined interventions (i.e., overall walkability) may differ for men and women.

The large sample size of this study is a strength as it provided sufficient statistical power to
undertake analysis. Notably, our sample included participants recruited across an entire province
exhibiting different urban geographical locations, and sociodemographic and health-related
profiles, thus improving external validity. Our estimates of associations between overall
walkability and walkability subscales with different types of physical activity was also an
important contribution. Despite these strengths, our study had several limitations. Given the cross-
sectional analysis, we cannot infer causality. Further, while our models were adjusted for socio-
demographic characteristics, data were not available to control for residential self-selection (Cao

et al., 2009; McCormack and Shiell, 2011). Notably, prior research suggest that self-selection bias
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might only have a small effect on estimated associations between built environment and physical
activity (James et al., 2015). Despite using the Long Form of IPAQ, self-reported physical activity
is often over-reported (Hagstromer et al., 2010). It was also not possible to determine whether
physical activity occurred in the neighbourhood. We made an assumption that participants reported
general perceptions of walkability by not taking into account the effect of seasons on physical
activity. The NEWS did not capture features of the built environment related or affected by weather
or season (e.g., snow or ice covered sidewalks) which could impact physical activity. The lack of
agreement between self-report and objective measures of the built environment (Arvidsson et al.,
2012; Gebel et al., 2009), means our findings might only be applicable to interventions designed
to modify perceptions of the built environment (e.g., geographic information system walking maps
to promote physical activity (McNeill and Emmons, 2012)). Our novel research findings are the
associations of lack of parking at shopping areas with participation and time spent in TW, overall
walkability with participation in LW, and overall walkability with VPA minutes among women
only. Future researchers could determine whether perceptions of different neighbourhood built

characteristics are associated with participation and/or time spent in MPA.

In conclusion, overall perceived neighbourhood walkability can be a mechanism for encouraging
participation and time spent in different types of physical activity among Albertan men and
women. Moreover, improving some or multiple perceptions of neighbourhood walkability,
possibly through modifying the neighbourhood built environment or through health promotion and
education interventions that consider sex differences (e.g., crime safety in men and aesthetics in
women) (Adams and Sherar, 2018), could also influence participation and time spent in different

types of physical activity among Albertan adults.
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Table 1: Demographics and health-related characteristics of participants of Alberta’s Tomorrow Project
(n=14,078)

Demographics and health-related characteristics %
Age (years)

35 to <45 15.0
45 to <55 37.9
55 to <65 30.1
>65 17.0
Sex

Male 38.5
Female 61.5

Self-reported health

Poor or fair 7.6

Good 34.1
Very good 41.0
Excellent 17.3

Marital status

Married or not married, but living with someone 77.1
Separated or divorced 12,5
Widowed 4.4
Single, never married 6.0
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Number of children living in the household

0 72.5
1 12.1
2 11.4
>3 4.0
Highest education level

Completed some or entire high school 22.3
Completed some or entire technical college training 38.5
Completed some or entire university degree 26.2
Completed some or entire university post-graduate degree 13.0
Employment status

Working full-time 54.1
Working part-time 14.4
Home maker 6.3
Retired 20.4
Other or not employed or student 4.8
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Household income (Canadian Dollars)

$0 to 49,999 18.5
$50,000 to 99,999 31.7
$100,000 to 149,999 23.2
$150,000 to 199,999 9.6
$200,000 to 250,999 4.1
$>251,000 5.4
Did not answer 7.5
Season of receipt of the HLQ

Winter 19.2
Spring 4.3
Summer 25.5
Fall 51.0

Abbreviation: HLQ=Health and Lifestyle Questionnaire
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Table 2: Neighbourhood characteristics of participants in Alberta’s Tomorrow Project (n=14,078)

NEWS-A subscales™ Cronbach’s alpha (a) Mean scorest
Residential density (6 questions) 0.73 201.6 (SD=50.7)
Land use mix diversity (20 questions) 0.94 2.5 (SD=0.9)
Land use mix access (3 questions) 0.75 2.9 (SD=0.9)
Street connectivity (3 questions) 0.44 2.7 (SD=0.8)
Pedestrian infrastructure (6 questions) 0.79 2.9 (SD=0.7)
Aesthetics (4 questions) 0.75 3.0 (SD=0.7)
Traffic safety (3 questions) 0.54 2.6 (SD=0.5)
Crime safety (3 questions) 0.78 3.5 (SD=0.6)
Hilliness (1 question) - 3.6 (SD=0.8)
Physical barriers (1 question) - 3.7 (SD=0.8)
Lack of parking at shopping areas (1 question) - 1.6 (SD=0.9)
Overall walkability 0.94 0.01 (SD=4.4)

Abbreviations: NEWS-A=neighbourhood environment walkability scale abbreviated version and SD=standard deviation

A=minimum possible scores are 173 (residential density), 1 (land use mix diversity), 1 (land use mix access), 1 (street connectivity), 1
(pedestrian infrastructure), 1 (aesthetics), 1 (traffic safety), 1 (crime safety), 1 (hilliness), 1 (physical barriers), 1 (lack of parking at
shopping areas) and -25.9 (overall walkability)

A=maximum possible scores are 865 (residential density), 5 (land use mix diversity), 4 (land use mix access), 4 (street connectivity), 4
(pedestrian infrastructure), 4 (aesthetics), 4 (traffic safety), 4 (crime safety), 4 (hilliness), 4 (physical barriers), 4 (lack of parking at
shopping areas) and 26.1 (overall walkability)

t=values in parentheses represent actual SDs
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Table 3: Physical activity participation and duration in the previous week in Alberta’s Tomorrow Project participants

Participation

Minutes/weekt

% Mean
Participation in transportation walking (n=14,078) 60.8 -
Duration of transportation walking (n=8,478)* - 191.6 (SD=220.8)
Participation in leisure walking (n=14,078) 60.8 -
Duration of leisure walking (n=8,535)" - 194.1 (SD=206.6)
Participation in moderate-intensity physical activity (n=14,078) 28.6 -
Duration of moderate-intensity physical activity (n=3,980)" - 166.9 (SD=177.4)
Participation in vigorous-intensity physical activity (n=14,078) 32.9 -

Duration of vigorous-intensity physical activity (n=4,595)" -

181.1 (SD=157.1)

Abbreviation: SD=standard deviation; # =only cases with >10 minutes of physical activity included in analysis; t=values in parentheses

represent actual SDs
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Table 4: Associations between overall walkability and walkability subscales with physical activity participation and duration in the

last week, in Alberta’s Tomorrow Project participants

Participation

Minutes/week

™ LW MPA VPA T™W LW MPA VPA

(n=14,078) (n=14,078) (n=14,078) (n=14,078) (n=8,478)" (n=8,535)" (n=3,980)" (n=4,595)"
Walkability
variables OR OR OR OR B B B B

(95% CI)* (95% CI)* (95% CI)* (95% CI)* (95% CI)b (95% Cl)b (95% Cl)be (95% CI)be
Overall 1.05 1.03 1.02 1.02 141 1.01 0.61 1.37
walkability (1.04,1.06)*  (1.02,1.04)*  (1.01,1.03)*  (1.01,1.03)*  (0.43,2.40)*  (0.08,1.94)*  (-0.46,1.69)  (0.39, 2.35)*
Residential 1.25 1.04 1.004 0.99 4,72 -1.72 2.55 6.92
density (1.19,1.30)*  (1.01,1.08)*  (0.97, 1.04) (0.96,1.04)  (0.61,8.84)*  (-550,2.07)  (-2.42,7.52)  (1.67,12.18)*
Land use 1.22 1.09 1.08 1.12 161 2.46 -0.76 5.73
mix diversity ~ (1.17, 1.26)*  (1.05,1.13)*  (1.04,1.12)*  (1.08,1.16)*  (-2.85,6.07)  (-1.51,6.43)  (-6.06,4.55)  (1.25, 10.20)*
Land use 1.30 1.14 1.06 112 5.75 3.87 2.12 9.40
mix access (1.25,1.34)*  (1.10,1.18)*  (1.02,1.11)*  (1.08,1.16)*  (1.37,10.13)*  (-0.05,7.78)  (-2.87,7.12)  (5.12, 13.69)*
Street 1.07 1.02 1.02 0.99 1.85 -1.91 -1.57 -0.92
connectivity (1.04,1.11)*  (0.98, 1.05) (0.98, 1.05) (0.95, 1.03) (-2.42,6.12)  (-5.91,2.08)  (-6.41,3.25)  (-5.29, 3.44)
Pedestrian 1.11 1.10 1.04 1.08 0.38 3.13 2.90 4.99
infrastructure ~ (1.07, 1.15)*  (1.07,1.14)*  (0.99,1.08)  (1.04,1.12)*  (-4.12,4.89)  (-0.73,6.98) (-1.81, 7.6) (0.58, 9.41)*
Aesthetics 1.15 1.20 1.10 111 8.43 4.87 -0.11 2.70

(1.11,1.19)*  (1.16,1.25)*  (1.06,1.15)*  (1.07,1.16)*  (4.26,12.59)*  (1.08,8.65)*  (-5.24,5.01)  (-1.56, 6.95)

27



Traffic safety

Crime safety

Hilliness

Physical
barriers
Lack of
parking at

0.97
(0.93, 0.99)*

0.92
(0.89, 0.95)*
1.01
(0.98, 1.05)
1.01
(0.98, 1.05)
1.09
(1.05, 1.12)*

0.99
(0.95, 1.02)

1.06
(1.02, 1.10)*
1.03
(0.99, 1.06)
1.03
(0.99, 1.06)
0.97
(0.94, 1.01)

1.01
(0.97, 1.05)

1.04
(0.99, 1.08)
0.98
(0.94, 1.02)
0.99
(0.96, 1.04)
0.99
(0.96, 1.04)

0.96
(0.93, 1.003)

1.01
(0.97, 1.05)
0.99
(0.95, 1.03)
1.02
(0.98, 1.06)
0.99
(0.95, 1.03)

-2.49
(-6.61, 1.63)

-2.34
(-6.79, 2.09)
0.61
(-3.81, 5.03)
0.41
(-4.43, 5.26)
6.91
(2.19, 11.62)*

-3.59
(-7.45, 0.26)

-0.05
(-4.31, 4.21)
4.60
(0.78, 8.42)*
4.13
(0.46, 7.80)*
1.72
(-2.31, 5.76)

2.13
(-2.92, 7.19)

1.72
(-3.49, 6.94)
-0.65
(-5.39, 4.10)
-2.57
(-7.96, 2.81)
6.17
(0.81, 11.53)*

-3.17
(-7.63, 1.28)

-3.15
(-7.83, 1.53)
-0.56
(-4.88, 3.77)
-0.38
(-4.45, 3.70)
5.62
(1.08, 10.15)*

shopping areas

Abbreviations: TW=transportation walking, LW=leisure walking, MPA=moderate-intensity physical activity, VPA=vigorous-intensity
physical activity, OR=odds ratio, f=beta coefficient, Cl=confidence interval
# =only cases with >10 minutes of physical activity included in analysis

a=generalized linear regression models estimated by wusing binomial distributions and logit link  functions

b=generalized linear regression models estimated by wusing gamma distributions and identity link functions

c=generalized linear regression models controlled for age, sex, self-reported general health, marital status, number of children in

household, highest education level, employment status, household income, and season of receipt of the HLQs

*=p value <0.05
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Table 5: Sex-interaction analysis of the associations between overall walkability and walkability subscales with physical activity

participation and duration in the last week, in Alberta’s Tomorrow Project participants

Walkability Type of physical Parameter estimate Parameter estimate
variables activity for men for women
(n=14,078)
OR OR

(95% CI)* (95% Cl)

Overall walkability Participation in LW 1.005 1.009
(1.002, 1.008)* (1.007, 1.01)*

Pedestrian infrastructure Participation in LW 1.01 1.03

(0.99, 1.03) (1.02, 1.04)*
Lack of parking at Participation in MPA 1.01 0.99
shopping areas (0.99, 1.02) (0.98, 1.002)
Street connectivity Participation in VPA 0.98 1.01

(0.97, 0.99)* (0.99, 1.02)
Walkability Type of physical Parameter estimate Parameter estimate
variables activity for men for women

(n=4,595)*
p p

(95% CI)™ (95% CI)™
Overall walkability Minutes of VPA -0.19 2.05

(-2.05, 1.68) (0.94, 3.16)*
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Crime safety Minutes of VPA -10.58 0.06

(-19.69, -1.46)* (-5.19, 5.31)
Physical barriers Minutes of VPA -6.13 2.86
(-13.29, 1.03) (-1.92, 7.63)

Abbreviations: LW=leisure walking, MPA=moderate-intensity physical activity, VPA=vigorous-intensity physical activity, OR=o0dds
ratio, f=beta coefficient, CI=confidence interval

# =only cases with >10 minutes of physical activity included in analysis

a=generalized linear regression models estimated by using binomial distributions and logit link functions

b=generalized linear regression models estimated by using gamma distributions and identity link functions

c=generalized linear regression models controlled for age, sex, self-reported general health, marital status, number of children in
household, highest education level, employment status, household income, and season of receipt of the HLQs

*=p value <0.05
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