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Abstract

Introduction: The aim of this study was to estimate the associations between neigh-
bourhood built environment characteristics and transportation walking (TW), recre-
ational walking (RW), and moderate-intensity (MPA) and vigorous-intensity physical 
activity (VPA) in adults independent of sociodemographic characteristics and residen-
tial self-selection (i.e. the reasons related to physical activity associated with a person’s 
choice of neighbourhood).

Methods: In 2007 and 2008, 4423 Calgary adults completed land-based telephone inter-
views capturing physical activity, sociodemographic characteristics and reasons for resi-
dential self-selection. Using spatial data, we estimated population density, proportion of 
green space, path/cycleway length, business density, bus stop density, city-managed 
tree density, sidewalk length, park type mix and recreational destination mix within a 
1.6 km street network distance from the participants’ geolocated residential postal code. 
Generalized linear models estimated the associations between neighbourhood built 
environment characteristics and weekly neighbourhood-based physical activity partici-
pation (≥ 10 minutes/week; odds ratios [ORs]) and, among those who reported partici-
pation, duration of activity (unstandardized beta coefficients [B]). 

Results: The sample included more women (59.7%) than men (40.3%) and the mean 
(standard deviation) age was 47.1 (15.6) years. TW participation was associated with 
intersection (OR = 1.11; 95% CI: 1.03 to 1.20) and business (OR = 1.52; 1.29 to 1.78) 
density, and sidewalk length (OR = 1.19; 1.09 to 1.29), while TW minutes was associ-
ated with business (B = 19.24 minutes/week; 11.28 to 27.20) and tree (B = 6.51; 2.29 
to 10.72 minutes/week) density, and recreational destination mix (B = −8.88 minutes/
week; −12.49 to −5.28). RW participation was associated with path/cycleway length 
(OR = 1.17; 1.05 to 1.31). MPA participation was associated with recreational destina-
tion mix (OR = 1.09; 1.01 to 1.17) and sidewalk length (OR = 1.10; 1.02 to 1.19); however, 
MPA minutes was negatively associated with population density (B = −8.65 minutes/
week; −15.32 to −1.98). VPA participation was associated with sidewalk length 
(OR = 1.11; 1.02 to 1.20), path/cycleway length (OR = 1.12; 1.02 to 1.24) and propor-
tion of neighbourhood green space (OR = 0.89; 0.82 to 0.98). VPA minutes was associ-
ated with tree density (B = 7.28 minutes/week; 0.39 to 14.17).

Conclusion: Some neighbourhood built environment characteristics appear important 
for supporting physical activity participation while others may be more supportive of 
increasing physical activity duration. Modifications that increase the density of utilitar-
ian destinations and the quantity of available sidewalks in established neighbourhoods 
could increase overall levels of neighbourhood-based physical activity. 
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Highlights

• Neighbourhood built environment 
characteristics are important for 
supporting different types of neigh-
bourhood-based physical activity, 
and not just walking.

• Built environment characteristics, 
in particular sidewalks and non-
recreational destinations, within 
1.6  kilometres of home could 
encourage higher overall levels of 
neighbourhood-based physical activ-
ity in adults. 

• Policies that encourage the cre-
ation of built environments sup-
portive of physical activity in 
Canadian cities could contribute to 
increases in physical activity, and 
in turn improve population health.

Introduction

Fewer than 20% of Canadian adults 
achieve adequate levels of physical activ-
ity considered necessary for optimal health.1,2 
Furthermore, Canadian adults on average 
spend only about three minutes per day 
participating in vigorous-intensity physi-
cal activity (i.e. physical activity that 
requires at least a six-fold higher energy 
expenditure than that expended during 
physical rest).2 Compared with vigorous-
intensity physical activity, Canadian adults 
on average spend substantially more time— 
approximately 20 minutes per day—par-
ticipating in moderate-intensity physical 
activity (i.e. physical activity that requires 
a three- to five-fold increase in energy 
expenditure over that expended during 
physical rest).2 Yet, vigorous-intensity physi-
cal activity may provide health benefits 
over and above those typically provided 
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by moderate-intensity physical activity.3-7 
After adjustment for total energy expendi-
ture, participating in vigorous-intensity 
physical activity has been found to pro-
vide greater cardiovascular health benefits 
compared with moderate-intensity physi-
cal activity.7 Vigorous-intensity physical 
activity is positively associated with improve-
ments in aerobic fitness7,8 and negatively 
associated with the risk of chronic disease 
and all-cause mortality.9 Thus, improving 
population levels of both moderate and 
vigorous-intensity physical activity is 
important for reducing chronic health 
conditions such as cardiovascular disease, 
type 2 diabetes, hypertension, depression, 
overweight and obesity and some cancers, 
which place significant burden on the 
Canadian health care system.10 

Specific intra-individual, interindividual and 
environmental factors may influence the 
type and intensity of physical activity that 
adults undertake.11 During the past two 
decades, evidence on the associations 
between the built environment and physi-
cal activity has emerged rapidly, yet much 
of this evidence is derived from studies 
investigating the relations between neigh-
bourhood built environment characteris-
tics and walking and cycling.12,13 Built 
environment characteristics such as land 
use mix, residential density, pedestrian 
connectivity and overall walkability are 
consistently found correlates of walking.12 
Notably, although there are certain char-
acteristics that are associated with both 
types of walking, some built environment 
characteristics appear more important for 
supporting transportation walking, while 
others are more important for supporting 
recreational walking.12,14,15 Similarly, research-
ers have found that different built environ-
ment characteristics influence the intensity 
of physical activity undertaken (i.e. walk-
ing, moderate-intensity or vigorous-inten-
sity physical activity).8,13,16 Studies on the 
relations between the built environment 
and vigorous-intensity physical activity 
are rare; nevertheless, findings to-date 
suggest that self-reported and objectively 
measured neighbourhood built environ-
ment characteristics such as sidewalks;17 
bike trails;8 high quality green and open 
space;18 monuments;18 intersection den-
sity;19 density of local roads;19 proximity, 
availability, and use of physical activity–
related facilities;16,17,20-22 safety;17 aesthetics 
and interesting sights;8,17 and walkability23 
are potentially important for supporting 
vigorous-intensity physical activity. Inform-
ation about which specific built environment 

characteristics are associated with which 
specific types of physical activity could 
inform the planning and development of 
health-supportive neighbourhoods.13,24

Residential self-selection, the nonrandom 
process of individuals choosing to reside 
in neighbourhoods that align with their 
physical activity preferences, has plagued 
built environment–physical activity research-
ers to-date, in particular as it affects evi-
dence derived from cross-sectional study 
designs. Residential self-selection, if not 
statistically controlled or adjusted for in 
cross-sectional studies, may result in 
inflated estimates of the association between 
built environment characteristics and 
physical activity.14,25 Nevertheless, only a 
few cross-sectional studies have estimated 
built environment–physical activity associ-
ations while statistically adjusting for resi-
dential self-selection.14 Furthermore, the 
measurement of neighbourhood-specific, 
self-reported measures of physical activity 
is similarly rare. Physical activity mea-
sures that ignore the context in which 
behaviour is undertaken (e.g. inside the 
neighbourhood) may underestimate the 
true associations between the neighbour-
hood built environment characteristics 
and physical activity.24 Controlling for res-
idential self-selection, capturing summer 
and winter patterns of physical activity 
and collecting neighbourhood-specific phys-
ical activity data has the potential to pro-
vide more accurate estimates of the 
association between the neighbourhood 
built environment and physical activity, 
which in turn could better inform urban 
and transportation policy and practices 
that result in the desired improvements in 
physical activity.

The aim of this study was to estimate the 
relative associations between objectively 
measured neighbourhood built environ-
ment characteristics and weekly participation 
and time spent in different neighbour-
hood-based physical activities, namely, 
transportation walking, recreational walk-
ing, moderate-intensity physical activity, 
vigorous-intensity physical activity, and 
total physical activity while adjusting for 
residential self-selection and sociodemo-
graphic characteristics.

Methods

Detailed descriptions of the data collec-
tion and previous analysis are presented 
elsewhere.26, 27 Briefly, we used random-
digit dialling to recruit two independent 

cross-sectional samples of adults from 
households located within the Calgary 
municipal area. Telephone interviews were 
undertaken from July 2007 to October 
2007 (n = 2199; response rate = 33.6%) 
and repeated from January 2008 to April 
2008 (n = 2223; response rate = 36.7%). 
The two samples, recruited using the 
same methodology, provided data regard-
ing summer and winter physical activity 
patterns.28 Cellular phone numbers were 
not used to supplement the list of tele-
phone numbers as they were not readily 
available for Calgary residents at the time 
the study was undertaken. One eligible 
and consenting adult (≥ 18 years of age) 
from each sampled household completed 
a telephone interview capturing, among 
other characteristics, physical activity, 
residential self-selection, sociodemographic 
variables and residential postal code. The 
Conjoint Health Research Ethics Board at 
the University of Calgary granted ethics 
approval for this study.

Variables

Neighbourhood built environment
We geocoded residential six-digit postal 
codes using longitude and latitude coordi-
nates from Statistics Canada’s Postal Code 
Conversion File and used ArcGIS version 
10 (Environmental Systems Research 
Institute, Inc., Redlands, CA, USA) to cre-
ate a 1.6 km radius, line-based network 
polygon (i.e. a “walkshed”) around each 
participant’s home.29,30 We used postal 
codes because complete household addresses 
were not available for all participants. In 
Canada, geocoded urban postal codes pro-
vide valid estimates of household geo-
graphical location.31 In urban areas, the 
last three digits of a postal code indicate a 
specific city block, i.e. the area on one 
side of the street located between two 
intersecting streets, or a single building 
such as a large apartment. Other studies 
have also used the 1.6 km walkshed for 
estimating associations between neigh-
bourhood built environment characteris-
tics and physical activity;32,33 it is the 
approximate distance a typical adult can 
walk (i.e. at a speed of 6.4 km/h) in 
approximately 15 minutes.

We used ArcGIS with existing municipal 
administrative databases to estimate built 
environment characteristics within each 
walkshed. Built environment characteris-
tics estimated for each walkshed included 
(per square kilometre [km2]) intersections; 
licensed businesses and services; bus 
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stops; sidewalk length (in metres) and 
mix of recreational destinations. We 
assigned administrative neighbourhood 
boundary–level data when walkshed-level 
data were not available (i.e. population 
per km2, count of city-managed trees per 
km2, length in metres of path/cycle ways 
per km2 and proportion of green space 
area). While our preference was to esti-
mate all nine built environment variables 
at the walkshed level, data at this level 
were not available for all built environ-
ment variables. Thus, rather than remov-
ing these variables from the analysis 
completely, we decided to retain these 
neighbourhood-level built environment 
variables in the study due to their poten-
tial associations with physical activity. 
Previous evidence12,13,26,27 informed our 
choice of built environment variables 
included in this study. All built environ-
ment variables were transformed into 
z-scores. 

Neighbourhood-based physical activity
Participants responded to items adapted 
and pilot tested34 from the Neighbourhood 
Physical Activity Questionnaire.35 Partici-
pants were asked to consider four types of 
physical activity—transportation walking, 
recreational walking, moderate-intensity 
physical activity and vigorous-intensity 
physical activity—they had undertaken 
within a 15-minute walk of home. For 
transportation walking, participants were 
asked “In a usual week how many times 
do you walk as a means of transportation, 
such as going to and from work, walking 
to the store or walking to the bus stop or 
LRT in your neighbourhood or local area?” 
For recreational walking, participants 
were asked “In a usual week how many 
times do you walk for recreation, health 
or fitness (including walking your dog) in 
or around your neighbourhood or local 
area?” Participants also reported their 
total minutes of transportation and recre-
ational walking in their neighbourhood in 
a usual week. Similarly worded items also 
captured neighbourhood-based moderate-
intensity physical activity (activity under-
taken for recreation, health or fitness “that 
does not make you breathe harder or puff 
and pant”) and vigorous-intensity physical 
activity (activity undertaken for recreation, 
health or fitness activity “that makes you 
breathe harder or puff and pant”).

Some evidence suggests that there may be 
different correlates for physical activity 
initiation versus maintenance.36 Thus, we 

estimated two variables for each physical 
activity type: (1) nonparticipation (< 10 min-
utes/week) versus participation (≥ 10 min-
utes/week); and (2) duration (minutes/
week) among those who reported partici-
pation. The New Canadian Physical Activity 
Guidelines recommend that moderate-to-
vigorous physical activity be undertaken 
in bouts of at least 10 minutes.37 Minutes 
for the four types of activity were also 
summed to obtain total weekly minutes of 
neighbourhood-based physical activity. 

Residential self-selection
Participants reported the importance (i.e. 
not at all, somewhat or very important) of 
a predetermined list of items capturing 
reasons for choosing to reside in their cur-
rent neighbourhood. Using a principal 
component analysis reported elsewhere,27 
19 items were reduced to four residential 
self-selection scales: (1) access to places 
that support physical activity (Cronbach’s 
alpha [α] = 0.79); (2) access to local ser-
vices (α = 0.61); (3) sense of community 
(α = 0.71); and (4) ease of driving (α = 0.54). 
The six items that loaded onto the “access 
to places that support physical activity” 
scale included those capturing the impor-
tance of proximity to parks, proximity to 
recreational facilities, proximity to trails, 
places to be physically active, places to 
walk or cycle to and attractive scenery 
(e.g. mountains). Four items loaded on 
the “access to local services” scale were 
ease of walking, proximity to school or 
work, proximity to transit and proximity 
to stores or services. Four items (sense of 
community, safety from crime, attractive 
streets and cleanliness of streets) loaded 
onto the “sense of community” scale. Two 
items, (the importance of access to high-
ways and ease of driving) loaded onto the 
“ease of driving” scale. Three items cap-
turing the importance of affordability, 
proximity to downtown and proximity to 
friends and family did not load onto any 
scale and were subsequently removed 
from further analysis. Responses to the 
individual items belonging to each of the 
four scales were summed, with higher 
scores indicating a stronger preference for 
or reasons for choosing to reside in the 
neighbourhood based on access to places 
for physical activity, access to local stores 
and services, sense of community and ease 
of driving.

Sociodemographic characteristics
Participants reported their gender, age, 
highest education level achieved (i.e. high 

school or less, college, university), num-
ber of dependents <  18 years of age at 
home (i.e. none, one or ≥ 2 children), and 
whether they owned/were buying or 
rented the home in which they resided 
(i.e. owner/buyer versus nonowner).

Statistical analysis

Descriptive statistics including frequen-
cies and measures of central tendency and 
variation (i.e. means, standard deviations 
and medians) were estimated for built 
environment characteristics, physical activ-
ity, residential self-selection and sociode-
mographic variables. Pearson’s correlations 
(r) were estimated between the nine built 
environment variables. For neighbour-
hood-based transportation walking, recre-
ational walking, moderate-intensity physical 
activity and vigorous-intensity physical 
activity, we used generalized linear mod-
els (binomial distribution with a logit link 
function) to estimate the odds ratios (ORs) 
and 95% confidence intervals (CIs) for the 
association between usual weekly partici-
pation and each built environment char-
acteristic adjusting for covariates (i.e. 
residential self-selection in relation to 
access to physical activity opportunities, 
access to stores and services, sense of 
community and ease of driving), socio-
demographic characteristics, and survey 
season. Covariate-adjusted generalized 
linear models (gamma distribution with 
identity link function) estimated the linear 
association (unstandardized beta coeffi-
cient [B] and 95% CI) between usual 
weekly minutes of neighbourhood-based 
transportation walking, recreational walk-
ing, moderate-intensity physical activity, 
vigorous-intensity physical activity, and 
total physical activity, and each of the 
nine built environment characteristics. We 
evaluated goodness of fit using normed 
chi-square (NC; NC = model chi-square/
degrees of freedom) estimated for the fully 
adjusted models. Models with NC values 
less than or equal to 2 were considered to 
have acceptable fit. Model coefficients 
with p-values less than .05 were consid-
ered statistically significant. We performed 
our analyses using IBM SPSS Statistics for 
Windows, version 22 (IBM Corp., Armonk, 
NY, USA). 

Results

Of those participants who were recruited 
into the study (n = 4423), 4034 provided 
complete physical activity, residential self-
selection and sociodemographic data. 
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More people in the sample were women, 
had a university education, were without 
dependents under age 18 years and were 
home owners (Table 1). The average 
(standard deviation) age of the sample 
was 47.1 (15.6) years. On average, partici-
pants considered access to physical activ-
ity opportunities, access to shops and 
stores, sense of community and ease of 
driving to be somewhat important reasons 
for residing in their current neighbour-
hood (Table 1). Pearson’s correlations 
between the nine built environment vari-
ables ranged from r = −0.30 (i.e. between 
proportion [%] of green space area and 
population/km2) to r = 0.62 (i.e. between 
businesses/km2 and bus stops/km2). All 
but five of the 36 estimated correlations 
between the built environment variables 
were smaller than ±  0.30 (results not 
shown). 

Weekly participation in  
neighbourhood-based physical activity

More than half of participants reported 
participation in neighbourhood-based walk-
ing for transportation (59.1%) or recre-
ation (74.9%) (Table 1). Fewer participants 
reported participation in neighbourhood-
based moderate-intensity (35.5%) and 
vigorous-intensity physical activity (45.5%). 
Adjusting for all covariates, participation 
in transportation walking was positively 
associated with intersection density 
(OR = 1.11; 95% CI: 1.03–1.20), business 
density (1.52; 1.29–1.78) and sidewalk 
length (1.19; 1.09–1.29) (Table 2). Side-
walk length was also positively associated 
with participation in neighbourhood-
based moderate-intensity (1.10; 1.02–1.19) 
and vigorous-intensity physical activity 
(1.11; 1.02–1.20). Adjusting for covariates, 
path/cycleway length was positively asso-
ciated with participation in neighbour-
hood-based recreational walking (1.17; 
1.05–1.31) and vigorous-intensity physical 
activity (1.12; 1.02–1.24). Further, recre-
ational destination mix was positively 
associated with participation in neigh-
bourhood-based moderate-intensity physi-
cal activity (1.09; 1.01–1.17). The proportion 
of green space in the neighbourhood was 
negatively associated with participation in 
vigorous-intensity physical activity (0.89; 
0.82–0.98) (Table 2). For comparison, the 
estimated associations between participa-
tion in neighbourhood-based physical 
activity and built environment character-
istics without residential self-selection 
adjustment are reported in Table 3.

TABLE 1 
Sample sociodemographic, neighbourhood built environment, residential self-selection  

and physical activity characteristics, Calgary, 2007–2008 (n = 4034)

% Mean (standard deviation), median

Sociodemographic characteristics

Age in years  47.1 (15.6), 46.0

Sex (women) 59.7

Highest education achieved

   High school diploma or less 32.0

   College 26.0

   University 42.0

Number of children at home

  None 62.7

  One or more 37.2

Home ownership (owners) 81.5

Built environment characteristics

Intersections/km2 a  175.6 (26.6), 174.4

Businesses/km2 a  29.3 (50.6), 15.6

Bus stops/km2 a  13.8 (12.7), 12.6

Mix of recreational destinations/km2 a  1.13 (1.08), 1.00

Sidewalk length (in metres)/km2 a  16 140.4 (3656.3), 15 690.0

Total population/km2 b  3120.1 (1652.6), 2782.3

Proportion (%) of green space areab  18.0 (10.0), 15.0

Path/cycleway length (in metres)/km2 b  2464.4 (1438.6), 2391.7

City-managed trees/km2 b  1586.1 (515.1), 1658.3

Reasons for residential self-selectionc

Access to physical activity opportunities  2.0 (0.5), 2.0

Access to stores and services  2.1 (0.5), 2.2

Sense of community  2.4 (0.5), 2.5

Ease of driving a motor vehicle  2.1 (0.6), 2.0

Physical activity participation and minutes in a usual weekd

Transportation walking in neighbourhood 59.1  121.2 (146.0), 60.0e

Recreational walking in neighbourhood 74.9  186.2 (177.6), 120.0e

Moderate-intensity PA in neighbourhood 35.5  141.1 (148.9), 90.0e

Vigorous-intensity PA in neighbourhood 45.5  171.5 (157.5), 120.0e

Total PA in neighbourhood 91.2f  372.2 (344.3), 270.0e

Abbreviations: km2, square kilometres; PA, physical activity.

a Estimated for the 1.6 km walkshed.

b Estimated for the neighbourhood administrative boundary.

c Higher scores represent increased importance of the factor in choice of neighbourhood.

d Participants could report more than one type of physical activity.

e Estimate based on those reporting participation (i.e. ≥ 10 minutes/week).

f Percentage of sample reporting participation in at least one of the activities above.

Weekly minutes of neighbourhood-based 
physical activity

For those reporting participation, mean min-
utes were higher for neighbourhood-based 
recreational walking (186.2 ± 177.6 min-
utes/week), followed by vigorous- intensity 

physical activity (171.5 ± 157.5 minutes/
week), moderate-intensity physical activ-
ity (141.1  ±  148.9 minutes/week), and 
transportation walking (121.2 ± 146.0 min-
utes/week) (Table 1). Adjusting for covari-
ates, neighbourhood-based transportation 
walking was significantly (p  <  .05) 
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TABLE 2 
Generalized linear model (binomial distribution and logit link function) estimated ORs and 95% CIs for associations between participation 

in neighbourhood-based physical activity and built environment characteristics, Calgary, 2007–2008 (n = 4034)

Neighbourhood-based physical activity in a usual week

Any  
transportation walking

Any  
recreational walking

Any  
moderate-intensity 

physical activity

Any  
vigorous-intensity 
physical activity

OR (95% CI) OR (95% CI) OR (95%CI) OR (95% CI)

Built environment characteristicsa

Intersections/km2 b 1.11 (1.03–1.20)* 1.04 (0.96–1.13) 1.06 (0.99–1.13) 1.06 (0.98–1.14)

Businesses/km2 b 1.52 (1.29–1.78)* 1.04 (0.93–1.16) 1.04 (0.95–1.15) 0.97 (0.88–1.07)

Bus stops/km2 b 0.95 (0.84–1.07) 0.96 (0.88–1.04) 0.97 (0.90–1.04) 0.98 (0.91–1.06)

Mix of recreational destinations/km2 b 1.02 (0.95–1.10) 1.03 (0.94–1.12) 1.09 (1.01–1.17)* 1.02 (0.95–1.10)

Sidewalk length (m)/km2 b 1.19 (1.09–1.29)* 1.06 (0.97–1.16) 1.10 (1.02–1.19)* 1.11 (1.02–1.20)*

Total population/km2 c 0.98 (0.90–1.08) 0.97 (0.88–1.06) 0.97 (0.89–1.05) 0.96 (0.88–1.04)

Proportion of green space areac 0.99 (0.90–1.09) 0.92 (0.84–1.02) 0.93 (0.85–1.02) 0.89 (0.82–0.98)*

Path/cycleway length (m)/km2 c 1.08 (0.97–1.20) 1.17 (1.05–1.31)* 0.99 (0.90–1.09) 1.12 (1.02–1.24)*

City-managed trees/km2 c 1.05 (0.97–1.14) 1.01 (0.93–1.10) 1.01 (0.94–1.08) 1.03 (0.96–1.11)

Chi-square/degrees of freedomd 1.011 1.010 1.005 1.009

Abbreviations: CI, confidence interval; km2, square kilometres; m, metres; OR, odds ratio.

Note: Model estimates adjusted for gender, age, education, home ownership, number of children aged < 18 years, season, reasons for residential self-selection and built environment characteristics.
a All built environment variables are standardized (z-score). 
b Estimated for the 1.6 km walkshed. 
c Estimated for the neighbourhood administrative boundary. 

d Values closer to 1 represent better goodness of fit. Goodness of fit based on the fully adjusted model.

* p < .05.

TABLE 3 
Generalized linear model (binomial distribution and logit link function) estimated ORs and 95% CIs for associations between participation 
in neighbourhood-based physical activity and built environment characteristics without adjustment for residential self-selection variables, 

Calgary, 2007–2008 (n = 4034)

Neighbourhood-based physical activity in a usual week

Any  
transportation walking

Any  
recreational walking

Any  
moderate-intensity 

physical activity

Any  
vigorous-intensity 
physical activity

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Built environment characteristicsa

Intersections/km2 b 1.10 (1.02–1.18)* 0.98 (0.90–1.06) 1.03 (0.96–1.10) 1.02 (0.95–1.09)

Businesses/km2 b 1.67 (1.42–1.95)* 1.04 (0.93–1.16) 1.06 (0.96–1.16) 1.00 (0.91–1.10)

Bus stops/km2 b 0.98 (0.86–1.13) 0.96 (0.89–1.04) 0.98 (0.90–1.05) 1.00 (0.93–1.07)

Mix of recreational destinations/km2 b 1.06 (0.98–1.14) 1.03 (0.95–1.12) 1.10 (1.02–1.18)* 1.04 (0.97–1.12)

Sidewalk length (m)/km2 b 1.21 (1.12–1.32) 1.02 (0.94–1.11) 1.08 (1.00–1.16)* 1.08 (1.00–1.16)*

Total population/km2 c 0.98 (0.90–1.07) 0.92 (0.84–1.01) 0.94 (0.87–1.02) 0.93 (0.86–1.00)

Proportion of green space areac 0.99 (0.90–1.08) 0.92 (0.83–1.01) 0.93 (0.85–1.02) 0.90 (0.82–0.98)*

Path/cycleway length (m)/km2 c 1.08 (0.97–1.20) 1.21 (1.09–1.35)* 1.02 (0.93–1.12) 1.16 (1.06–1.27)*

City-managed trees/km2 c 1.07 (0.99–1.16) 1.02 (0.94–1.10) 1.01 (0.94–1.09) 1.03 (0.96–1.11)

Chi-square/degrees of freedomd 1.021 1.004 1.004 1.002

Abbreviations: CI, confidence interval; km2, square kilometre; m, metres; OR, odds ratio.

Note: Model estimates adjusted for gender, age, education, home ownership, number of children aged < 18 years and season.
a All built environment variables are standardized (z-score).
b Estimated for the 1.6 km walkshed. 
c Estimated for the neighbourhood administrative boundary. 
d Values closer to 1 represent better goodness of fit. Goodness of fit based on the fully-adjusted model.

* p < .05.
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associated with business density (B = 19.24 
minutes/week; 95% CI: 11.28–27.20), rec-
reational destination mix (−8.88 minutes/
week; −12.49 to −5.28) and density of 
city-managed trees (6.15 minutes/week; 
2.29–10.72) (Table 4). Further, population 
density was negatively associated with 
neighbourhood-based moderate-intensity 
physical activity (−8.65 minutes/week; 
−15.32 to −1.98). Density of city-managed 
trees was positively associated with neigh-
bourhood-based vigorous-intensity physi-
cal activity (7.28 minutes/week; 0.39–14.17). 
Notably, only business density (27.35 min-
utes/week; 9.86–44.83) and sidewalk length 
(18.69 minutes/week; 7.69–29.69) were 
associated with total neighbourhood-
based physical activity. No built environ-
ment characteristics were significantly 
associated with weekly minutes of recre-
ational walking (Table 4). For comparison, 
the estimated associations between weekly 
minutes of neighbourhood-based physical 

activity and built environment character-
istics without residential self-selection 
adjustment are reported in Table 5.

Discussion

The study findings suggest that different 
objectively measured neighbourhood built 
environment characteristics are associated 
with various types of physical activity in 
adults. In support of previous evidence,12,14,15 
neighbourhood built environment charac-
teristics appeared to be more important 
for neighbourhood-based transportation 
walking versus recreational walking. Sim-
ilar to findings from other studies, we also 
found differences in the neighbourhood 
built environment characteristics that were 
associated with moderate-intensity versus 
vigorous-intensity physical activity.8,13,16 
Further, these findings suggest that the 
built environment correlates of physical 
activity participation (i.e. ≥  10 minutes/
week vs. <  10 minutes/week) may be 

different from the built environment cor-
relates of the duration of time spent in 
physical activity. The findings are novel in 
that we estimated associations between 
the built environment and different types 
of neighbourhood-based physical activity 
while also statistically adjusting for resi-
dential self-selection, and that we exam-
ined both physical activity participation 
and duration as separate outcomes.

We observed a greater number of built 
environment characteristics to be signifi-
cantly associated with transportation 
walking compared with recreational walk-
ing. Similar to others, we found connec-
tivity (intersection density), availability of 
destinations (business density), and the 
availability of sidewalks (sidewalk length) 
to be positively associated with transpor-
tation walking.12,38 Importantly, our find-
ings suggest that increasing the density of 
businesses within neighbourhoods could 

TABLE 4 
Generalized linear model (gamma distribution and identity link function) estimated unstandardized beta coefficients (B) and 95% CIs for 

associations between time spent in neighbourhood-based physical activity and built environment characteristics, Calgary, 2007–2008

Neighbourhood-based physical activity in a usual week among those reporting “any participation” only

Transportation  
walking minutes

Recreational  
walking minutes

Moderate-intensity 
physical activity 

minutes

Vigorous-intensity 
physical activity 

minutes

Total physical activity 
minutes

(n = 2385) (n = 3022) (n = 1434) (n = 1835) (n = 3678)

B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI)

Built environment characteristicsa

Intersections/km2 b −1.50 (−5.51 to 2.51) −1.93 (−7.86 to 3.99) −3.53 (−9.57 to 2.51) 4.25 (−2.48 to 10.98) 5.14 (−5.07 to 15.34)

Businesses/km2 b 19.24 (11.28 to 27.20)* 1.82 (−6.59 to 10.23) 2.72 (−5.39 to 10.83) −0.28 (−8.92 to 8.37) 27.35 (9.86 to 44.83)*

Bus stops/km2 b 0.34 (−6.72 to 7.40) −1.66 (−8.12 to 4.80) −2.41 (−8.60 to 3.79) −3.22 (−9.78 to 3.34) −11.36 (−24.00 to 1.29)

Mix of recreational  
destinations/km2 b −8.88 (−12.49 to −5.28)* −3.69 (−9.57 to 2.19) 2.12 (−4.29 to 8.53) 3.87 (−3.56 to 11.30) 0.69 (−9.98 to 11.36)

Sidewalk length (m)/km2 b 4.26 (−0.18 to 8.70) 1.10 (−5.20 to 7.40) 3.28 (−3.51 to 10.07) 4.51 (−2.59 to 11.61) 18.69 (7.69 to 29.69)*

Total population/km2 c −0.70 (−6.10 to 4.70) 0.16 (−6.94 to 6.61) −8.65 (−15.32 to −1.98)* −1.86 (−9.02 to 5.30) −9.17 (−20.71 to 2.37)

Proportion of green  
space areac −2.72 (−7.80 to 2.36) 3.07 (−4.52 to 10.66) −2.84 (−10.72 to 5.04) 0.33 (−8.44 to 9.10) −9.54 (−22.14 to 3.05)

Path/cycleway  
length (m)/km2 c 3.02 (−2.89 to 8.92) −0.12 (−8.16 to 7.91) 1.05 (−7.15 to 9.25) −6.23 (−14.87 to 2.41) 5.60 (−8.89 to 20.09)

City-managed trees/km2 c 6.51 (2.29 to 10.72)* 1.15 (−4.92 to 7.22) 1.95 (−4.43 to 8.32) 7.28 (0.39 to 14.17)* 7.81 (−2.95 to 18.57)

Chi-square/degrees 
of freedomd 1.309 0.904 1.013 0.812 0.823

Abbreviations: B, unstandardized beta coefficients; CI, confidence interval; km2, square kilometre; m, metres. 

Note: Model estimates adjusted for gender, age, education, home ownership, number of children aged < 18 years, season and reasons for residential self-selection (access to physical activity 

opportunities, access to services and shops, sense of community, ease of driving).
a All built environment variables are standardized (z-score).
b Estimated for the 1.6 km walkshed.
c Estimated for the neighbourhood administrative boundary. 
d Values closer to 1 represent better goodness of fit. Goodness of fit based on the fully adjusted model.

* p < .05.
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result in increases in both transportation 
walking initiation, and the amount of 
overall time spent walking for transporta-
tion. We also found the density of city-
managed trees to be associated with 
duration of time spent walking for trans-
portation inside the neighbourhood. This 
finding was unexpected given that aes-
thetics (including gardens and trees) are 
often associated with recreational physical 
activity.39 We speculate that the density of 
trees may be higher in older neighbour-
hoods, which typically offer infrastructure 
that is more supportive for transportation 
walking.40,41 One built characteristic only— 
length of pathways and cycleways per square 
kilometre—was associated with participa-
tion in neighbourhood-based recreational 
walking, although this characteristic was 
not found to be associated with time spent 
in neighbourhood-based recreational walking. 

The recreational destination mix per 
square kilometre was positively associated 
with participation in, but not minutes of, 

moderate-intensity physical activity. The 
recreational destination mix was, how-
ever, negatively associated with neigh-
bourhood-based transportation walking 
minutes. One explanation for this could 
be that recreational and nonrecreational 
destinations compete for geographical 
space and so the more recreational facili-
ties there are, the fewer utilitarian destina-
tions there can be to walk to. Despite 
evidence suggesting the importance of 
parks in supporting physical activity,42,43,44 
we found no significant positive associa-
tions between the proportion of green 
space and any of our physical activity out-
comes. Surprisingly, we found a higher 
proportion of green space area within a 
neighbourhood to be associated with a 
lower likelihood of participating in neigh-
bourhood-based vigorous-intensity physi-
cal activity. Others have found the 
presence and quality of neighbourhood 
parks and open space to be positively 
associated with jogging.18 We were not able 
to differentiate between the potentially 

different types of vigorous-intensity physi-
cal activity. Notably, our measure of green 
space did not differentiate between parks 
based on their quality, type or size, all of 
which may be important park characteris-
tics associated with physical activity,45,46 
and included greenspace for the neigh-
bourhood administrative boundary and 
was not specific to the 1.6 km walkshed. 
For many adults, parks may not be an 
important destination in and of themselves 
for vigorous-intensity physical activity, but 
rather may be destinations traversed along 
cycling and jogging/running routes.47 
Although we attempted to adjust for resi-
dential self-selection, it is possible that 
individuals who were inclined to partici-
pate in vigorous-intensity physical activity 
also chose to reside in neighbourhoods 
that had less green space.

Previous studies have found the availabil-
ity of sidewalks to be important for sup-
porting transportation walking17,48 and 
moderate-intensity and vigorous-intensity 

TABLE 5 
Generalized linear model (gamma distribution and identity link function) estimated unstandardized beta coefficients (B) and 95% CIs for 
associations between time spent in neighbourhood-based physical activity and built environment characteristics without adjustment for 

residential self-selection variables, Calgary, 2007–2008

Neighbourhood-based physical activity in a usual week among those reporting “any participation” only

Transportation  
walking minutes

Recreational  
walking minutes

Moderate-intensity 
physical activity 

minutes

Vigorous-intensity 
physical activity 

minutes

Total physical 
activity minutes

(n = 2385) (n = 3022) (n = 1434) (n = 1835) (n = 3678)

B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI)

Built environment characteristicsa

Intersections/km2 b −0.33 (−4.78 to 4.12) −6.35 (−12.40 to −0.30)* −3.82 (−9.79 to 2.15) 2.23 (−4.60 to 9.06) −1.49 (−12.55 to 9.57)

Businesses/km2 b 23.41 (14.86 to 31.96)* 1.24 (−7.45 to 9.94) 3.63 (−4.47 to 11.72) −0.12 (−9.01 to 8.76) 26.9 (8.45 to 45.40)*

Bus stops/km2 b 6.70 (−1.62 to 15.02) 2.15 (−5.22 to 9.51) −1.94 (−8.19 to 4.31) −2.75 (−9.53 to 4.03) −1.31 (−16.34 to 13.73)

Mix of recreational 
destinations/km2 b −4.44 (−8.64 to −0.23)* −1.60 (−7.77 to 4.58) 2.58 (−3.81 to 8.97) 4.39 (−3.09 to 11.87) 5.17 (−6.46 to 16.81)

Sidewalk length (m)/km2 b 4.14 (−0.65 to 8.93) 0.10 (−6.40 to 6.60) 3.17 (−3.58 to 9.92) 4.35 (−2.93 to 11.62) 19.27 (7.28 to 31.25)*

Total population/km2 c −1.34 (−7.06 to 4.39) −0.05 (−7.04 to 6.95) −8.84 (−15.47 to −2.22)* −2.75 (−10.05 to 4.55) −10.39 (−22.96 to 2.17)

Proportion of green 
space areac −0.61 (−6.18 to 4.96) 2.79 (−5.09 to 10.67) −3.29 (−11.18 to 4.60) 1.67 (−7.34 to 10.69) −11.73 (−25.40 to 1.94)

Path/cycleway  
length (m)/km2 c 4.96 (−1.50 to 11.42) 3.07 (−5.21 to 11.36) 1.73 (−6.46 to 9.92) −5.50 (−14.34 to 3.33) 15.37 (−0.12 to 30.86)

City-managed trees/km2 c 4.64 (−0.92 to 9.36) 1.84 (−4.42 to 8.11) 1.69 (−4.67 to 8.05) 7.24 (0.22 to 14.26)* 9.16 (−2.59 to 20.90)

Chi-square/degrees of 
freedomd 1.380 0.913 1.020 0.813 0.845

Abbreviations: B, unstandardized beta coefficients; CI, confidence interval; km2, square kilometre; m, metres.
Note: Model estimates adjusted for gender, age, education, home ownership, number of children aged < 18 years and season.
a All built environment variables are standardized (z-score).
b Estimated for the 1.6 km walkshed.
c Estimated for the neighbourhood administrative boundary.
d Values closer to 1 represent better goodness of fit. Goodness of fit based on the fully adjusted model.
* p < .05.
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physical activity.17 Our study also found 
sidewalks to be positively associated with 
transportation walking and overall physi-
cal activity inside the neighbourhood. 
Extending sidewalks in established neigh-
bourhoods may be a cost-effective inter-
vention with regard to promoting 
transportation walking.49 Our findings 
suggest that sidewalks might also support 
other types and overall levels of neigh-
bourhood-based physical activity that in 
turn could provide health benefits. Impor-
tantly, the number of business destinations 
and length of sidewalks were the only 
characteristics significantly associated 
with total minutes of neighbourhood-
based physical activity. A one-standard-
deviation increase in business density was 
associated with an increase in total neigh-
bourhood-based physical activity of 25 min-
utes per week, while an increase of one 
standard deviation in sidewalk length was 
associated with an increase in total neigh-
bourhood-based physical activity of 
18  minutes per week. From a planning 
perspective, compared with some other 
built environment characteristics, side-
walks may be less difficult or costly to 
modify within the infrastructure con-
straints of existing neighbourhoods. 
Modifying zoning ordinances to allow the 
development of more shops and services 
mixed with residential land uses within 
new and existing neighbourhoods might 
contribute to higher levels of neighbour-
hood-based physical activity. We found it 
noteworthy that despite some negative 
associations between built environment 
characteristics and some physical activi-
ties (i.e. population density and moderate-
intensity physical activity, recreational 
destination density and transportation 
walking, and proportion of green space 
and vigorous-intensity physical activity), 
no built environment characteristics were 
significantly negatively associated with 
total neighbourhood-based physical activ-
ity. Thus, improvements made to a neigh-
bourhood’s built environment to make it 
more supportive of physical activity are 
likely to result either in no change or an 
increase, and not a decrease, in overall 
neighbourhood-based physical activity.

Strengths and limitations

This study has several strengths, including 
the matching of the built environment 
with our definition of neighbourhood-
based physical activity (i.e. within a 
15-minute walk from home); statistical 
adjustment for residential self-selection; 

and estimating the relative associations 
between different built environment char-
acteristics and four different physical 
activity behaviours as well as overall 
neighbourhood-based physical activity.

Despite these strengths, the use of self-
reported physical activity is a limitation of 
this study due to potential measurement 
bias.50 For our study, we considered the 
use of an objective measure of physical 
activity such as accelerometers less feasi-
ble than self-report. Notably, our esti-
mates of weekly physical activity duration 
were higher than might be expected for 
this population, which may have partly 
been due to our exclusion of nonpartici-
pants from these estimates. 

The response rate may restrict the general-
izability of our findings. Compared to the 
Calgary population, telephone-interview 
respondents were more educated, included 
a higher proportion of older adults (≥ 60 
years of age), were more likely to have 
dependents younger than 18 years and 
included a higher proportion of women, 
people born in Canada and home own-
ers.28 Furthermore, only those households 
with landline telephones had an opportu-
nity to be recruited into our study. House-
holds with and without landline telephones 
may differ in regard to their health and 
sociodemographic characteristics.51 

Despite statistically adjusting for residen-
tial self-selection, the direction of causal-
ity between the built environment and 
physical activity cannot be determined 
from our cross-sectional data. Most esti-
mated associations between the built 
environment variables and physical activ-
ity were either unchanged or attenuated 
slightly after adjustment for the residential 
self-selection variables. Only one statisti-
cally significant association prior to 
adjustment for residential self-selection 
attenuated and was not statistically signif-
icant after adjustment (i.e. intersection 
density and recreational walking min-
utes). The findings here suggest that while 
adjusting for residential self-selection in 
cross-sectional built environment–physi-
cal activity studies is important, the 
impact on estimated associations might be 
small and for the most part may not 
impact the conclusions drawn. Natural 
experiments are needed to assess tempo-
ral relations between changes in the built 
environment and changes in physical 
activity.52 

The modifiable areal unit problem implies 
that chosen operational definition of the 
neighbourhood can impact estimated asso-
ciations with physical activity.53 Defini-
tions of neighbourhood boundaries can 
influence the estimated associations 
between the built environment and physi-
cal activity.54,55 It is possible that our esti-
mated associations, based on a 1.6 km 
walkshed, may not generalize to other 
walkshed boundary sizes. The use of 
Global Positioning System (GPS) moni-
tors, together with accelerometers, is a 
promising approach for objectively cap-
turing behaviour-defined neighbourhoods 
and physical activity for each individual.56 

Our measures of the built environment, 
while comprehensive, are not exhaustive 
and did not include microlevel or 
streetscape characteristics. For instance, 
access to transit was represented only by 
the density of bus stops within the neigh-
bourhood; however, access to train ser-
vices, whether transit stops were sheltered 
from weather, route timetable and fre-
quency of services, among other factors, 
might also contribute to decisions regard-
ing transportation walking. 

Conclusion

Importantly, our findings suggest that 
associations between the neighbourhood 
built environment and neighbourhood-
based physical activity exist even after 
adjusting for reasons for residential self-
selection. Further, we found evidence for 
behaviour-specific neighbourhood built 
environment correlates.24 Modifications of 
some built environment characteristics 
may not have the same effect on all physi-
cal activities. Related to this, some neigh-
bourhood built environment characteristics 
may be more important for promoting or 
supporting physical activity initiation or 
participation while other neighbourhood 
built environment characteristics may be 
more supportive of increasing physical 
activity duration among those who are 
already active. To increase total neigh-
bourhood-based physical activity, our 
findings suggest that urban planners 
should consider, in particular, increasing 
the local density of business (utilitarian) 
destinations and quantity or length of 
available sidewalks. The impact of built 
environment characteristics on different 
physical activities should be considered 
when planning, designing and modifying 
neighbourhood built environments.
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