McGavock et al. Int J Behav Nutr Phys Act (2022) 19:34 International Journa] of Behavioral
https://doi.org/10.1186/512966-022-01279-z Nutrition and Physical ACtiVity

RESEARCH Open Access

: , L . ®
Multi-use physical activity trails in an urban ==

setting and cardiovascular disease:
a difference-in-differences analysis of a natural
experiment in Winnipeg, Manitoba, Canada

Jonathan McGavock'? ®, Erin Hobin?, Heather J. Prior*, Anders Swanson®, Brendan T. Smith>®,
Gillian L. Booth®”, Kelly Russell', Laura Rosella®, Wanrudee Isaranuwatchai’, Stephanie Whitehouse®,
Nicole Brunton'? and Charles Burchill*

Abstract

Objective: To determine if expansion of multi-use physical activity trails in an urban centre is associated with
reduced rates of cardiovascular disease (CVD).

Methods: This was a natural experiment with a difference in differences analysis using administrative health
records and trail-based cycling data in Winnipeg, Canada. Prior to the intervention, each year, 314,595 (IQR: 309,044
to 319,860) persons over 30years without CVD were in the comparison group and 37,901 residents (IQR: 37,213

to 38,488) were in the intervention group. Following the intervention, each year, 303,853 (IQR: 302,843 to 304,465)
persons were in the comparison group and 35,778 (IQR: 35,551 to 36,053) in the intervention group. The natural
experiment was the construction of four multi-use trails, 4-7 km in length, between 2010 and 2012. Intervention and
comparison areas were based on buffers of 400 m, 800 m and 1200 m from a new multi-use trail. Bicycle counts were
obtained from electromagnetic counters embedded in the trail. The primary outcome was a composite of incident
CVD events: CVD-related mortality, ischemic heart disease, cerebrovascular events and congestive heart failure. The
secondary outcome was a composite of incident CVD risk factors: hypertension, diabetes and dyslipidemia.

Results: Between 2014 and 2018, 1,681,125 cyclists were recorded on the trails, which varied ~ 2.0-fold across the
four trails (2358 vs 4264 counts/week in summer months). Between 2000 and 2018, there were 82,632 CVD events
and 201,058 CVD risk events. In propensity score matched Poisson regression models, the incident rate ratio (IRR) was
1.06 (95% Cl: 0.90 to 1.24) for CVD events and 0.95 (95%Cl: 0.88 to 1.02) for CVD risk factors for areas within 400m of a
trail, relative to comparison areas. Sensitivity analyses indicated this effect was greatest among households adjacent
to the trail with highest cycling counts (IRR=10.85; 95% Cl: 0.75 to 0.96).

Conclusions: The addition of multi-use trails was not associated with differences in CVD events or CVD risk factors,
however the differences in CVD risk may depend on the level of trail use.

Trial registration: Trial registration number: NCT04057417.
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Introduction

The health of urban populations is intimately linked to
the environment in which they live [1, 2]. Modifying or
expanding attributes of the built environment that facili-
tate daily physical activity is an emerging strategy for
supporting the health of urban populations. Attributes
of the built environment that can facilitate daily physical
activity [1, 2] include, but are not limited to, walkability
[3], greenspace (i.e., parks) [4], and multi-use physical
activity trails [5]. Some of these attributes are associated
with higher neighbourhood-level daily physical activity
[1, 6], and in some cases, are also associated with lower
rates of cardiovascular disease (CVD)-related risk factors
(eg. diabetes, hypertension) [7—13]. The causal nature of
these observations is limited however as individuals self-
select the areas in which they live and little experimental
evidence exists to support these observations [8].

Multi-use trails are one of the fastest growing attributes
of the built environment that support physical activity in
large urban centres. In the Canadian context, a multi-use
trail is a public path that creates an attractive transpor-
tation and leisure activity corridor for walking, running,
and cycling through the built environment, that can be
used up to 12months of the year [14]. Multi-use trails are
unique relative to other attributes of the built environ-
ment as they can be constructed with minimal change to
the existing environment and support leisure-time physi-
cal activity and active transportation for large segments
of an urban population [15]. Despite rapid expansion
of multi-use trails in many urban centres there are few
empirical studies investigating their impact on the health
of the populations exposed to them.

Randomized controlled trials of attributes of the built
environment are challenging [16]. Natural experiments
are therefore the strongest methodological approach to
infer a causal association between attributes of the built
environment and health outcomes within a population
[17]. Previous natural experiments of attributes of the
built environment that support physical activity suf-
fer from key methodological shortcomings [18]. First,
most published experiments are at risk of selection and
ascertainment biases, related to the frequent use of con-
venience sampling and a lack of population-level data.
Second, very few experiments assessed disease-specific
end-points due to limited follow-up periods [19, 20].
The current study was designed to overcome these limi-
tations. We applied a difference-in-differences analysis
to a large natural experiment to test the hypothesis that
the expansion of multi-use trails within an urban setting

would be associated with greater reductions in CVD-
related end-points and risk factors in areas adjacent to
the trails, relative to areas distant to the trails. Second-
ary objectives of the study included describing trail use in
the 5years following expansion and surveying trail users
regarding trail use and user demographics.

Methods

Study design

A directed acyclic graph representing the study hypoth-
esis and core assumptions for the analyses is presented
in eFigure 1 of the appendix. We linked administrative
health data that prospectively captured all deaths, hospi-
talizations, and drug prescriptions associated with CVD
between January 1st 2000 and December 31st 2018, with
census and built environment data to evaluate the natu-
ral experiment of multi-use trail expansion. The methods
were published previously [21] and the a priori hypothesis
and methods were registered at clinicaltrials.gov August
15th, 2019 (NCT04057417). The administrative health
dataset provided 10years of pre-intervention data (2000—
2009) and 6years of post-intervention data (2012-2018),
with a 2-year interruption for the construction of trails
(2010 and 2011). Census and built environment data were
captured in 2006 for the pre-intervention period and
2016 for the post-intervention period. We followed the
TREND reporting guidelines with additions outlined by
Wing and colleagues for difference-in-differences studies
[22]. All aspects of the study design were approved by the
Biomedical Research Ethics Board at the University of
Manitoba (Approval ID: REB_HS20928 (H2017232)) and
the Health Information Privacy Committee within the
Province of Manitoba (Approval ID: HIPC - 2019/2020-
05). Participants that completed field surveys provide
prior informed consent for field-based data collection.

Study population

This study was conducted within the metropolitan area
of Winnipeg, Manitoba, Canada’s seventh largest urban
centre with a population of ~700,000 residents. Health
administrative data from the Manitoba Population
Research Data Repository within the Manitoba Centre
for Health Policy (MCHP) were used to derive popula-
tion-level estimates of CVD end-points and CVD-related
risk factors as previously done [23-25]. The cohort was
limited to Winnipeg residents who were aged 30 and over
as of January 1, 2000 and Winnipeg residents who turned
30vyears old sometime during the study period, or those
older than 30years who moved to Winnipeg sometime
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during the study period. All individuals were registered
with Manitoba Health Insurance at least 3 years prior to
January 1, 2000 or their thirtieth birthday, whichever is
later, to ensure accurate health history. Individuals with a
diagnosis for cystic fibrosis (ICD-9-CM code 277.0, ICD-
10-CA code E84) or congenital CVD, (ICD-9-CM codes
745, 746, 747, ICD-10-CA codes Q20-Q28) at any point
during the study period or 3 years prior were excluded.
Individuals with existing CVD events were also excluded
from the analyses. Individuals with a postal code indi-
cating potential non-community dwelling were either
excluded completely or their follow-up time was trun-
cated when they moved to that postal code. Approxi-
mately 90% of these individuals were living in a long-term
care facility or prison [3].

Intervention: expansion of multi-use trails

Between 2010 and 2012, the City of Winnipeg and Prov-
ince of Manitoba invested $25 million to construct four
paved multi-use trails, also labelled as greenways, within
different areas of Winnipeg. Several mixed socio-eco-
nomic dissemination areas in Winnipeg were within
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400m to 1200 m of one of the four new multi-use trails.
Details of the multi-use trails are provided in the eTable 1
of the appendix and their location in Winnipeg are pro-
vided in Fig. 1. The four multi-use trails are paved two
lane paths that are cleared and maintained by the City
of Winnipeg, Department of Transportation 12 months
of the year and cover distances of 4 to 7kms (eFigure 2).
Trails were open for all forms of physical activity and
accessible 24h per day, 7days per week, 12months of
the year with no restrictions. We considered households
located within line-based buffers of 400 to 1200m of a
trail as receiving the intervention (Fig. 1). Households
lying beyond the line-based buffers of 400 to 1200m of
a trail were considered comparison areas that were not
exposed to the intervention. These buffer distances were
based on recommendations from public partners on the
team and previous studies that used buffer distances to
define exposures to attributes of the built environment
related to physical activity [4, 26, 27]. Individuals were
assigned to the intervention or comparison conditions
based on their postal code of residence, and this was
updated each quarter. All individuals that met inclusion

—
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Trail A

r

Fig. 1 Location of multi-use trails within the City of Winnipeg. Legend: Dark lines represent actual trails and light coloured areas represent 400 m
buffer for each trail. Red lines represent major roads. Orange lines represent minor roads. Green areas represent parks/greenspace
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criteria and resided in a dwelling within postal code-
based dissemination areas that were inside the interven-
tion buffer were classified as receiving the intervention.
All individuals residing in dwellings within postal code-
based dissemination areas beyond the buffer were classi-
fied as comparison. Individuals were free to move within
the City of Winnipeg and assigned to intervention and
comparison dissemination areas following each move.
Once an individual moved outside of Winnipeg, their fol-
low-up time was truncated, and they were removed from
the study.

Outcome measures

The primary outcome was a composite endpoint of inci-
dent major adverse CVD events that included, CVD-
mortality, ischemic heart disease, a cerebrovascular event
and congestive heart failure. The secondary outcome was
a composite of incident CVD-related risk factors includ-
ing hypertension, diabetes and dyslipidemia. Primary
outcomes were ascertained from vital statistics database
and international classification for disease (ICD) codes
for hospitalizations and outpatient physician visits. Sec-
ondary outcomes were estimated from validated algo-
rithms that include physician visits, hospitalizations and
outpatient prescription dispensations [24, 28]. For all
three risk factors, an event was defined as one ICD-9 or
ICD10 coded hospitalization or two or more recorded
physician visits that included treatment for the disorder
over a period of 3years [25]. For diabetes [29] and dyslipi-
demia [25, 26], two or more prescriptions for a glucose or
lipid lowering agent respectively were also used to define
an event. The ICD codes used to ascertain outcomes are
provided in eTable 2 and the definitions for each outcome
within the composites are provided in eTable 3. Incidence
rates were measured per 1000 person-years at risk.

Co-variates and sources of confounding

Socioeconomic status, ethnicity and gentrification The
average age, household income, education levels, unem-
ployment rates, and the proportions of women, recent
immigrants (within the last 10years) and of visible minor-
ities were calculated from the 2006 (pre-intervention)
and 2016 (post-intervention) Canadian Census. We also
calculated an area-level index of socio-economic status
(socio-economic factor index, SEFI) for each census dis-
semination area, each year, that reflects neighbourhood-
level social and material deprivation [29]. Gentrification
was estimated from changes in property value between
2008 and 2018, assessed by the City of Winnipeg.

Built environment determinants of physical activ-
ity Attributes of the built environment that support
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physical activity were ascertained from The Canadian
Urban Environmental Health Research Consortium
(CANUE) database, which was linked to health adminis-
tration data [30]. From the CANUE dataset we estimated
several sources of the built environment that could intro-
duce confounding using the 2006 (pre-intervention) and
2016 (post-intervention) ArcGIS surveys. The key vari-
able that was extracted from the CANUE database was
the CANUE active living index (CAN-ALE index), which
estimates the walkability (or active living friendliness) of
the postal code according to the dwelling density, inter-
section density, points of interest and transit stops [31].
Neighbourhood-level distance to greenspace and density
of recreation centres were derived from publicly available
City of Winnipeg Open Data Portal.

Trail use and user profiles

Trail usage Between June 1st 2014 and December 31st
2018, data for trail use by cyclists was obtained using
Eco-Counter Dual Inductive Loop Zelts [32]. Zelts were
selected as they provide an estimate of trail use that is
more accurate and reliable than infrared censors, which
capture both cyclist and pedestrian use but are subject
to noise and less reliable in poor weather [33]. The Zelt
included a Global System for Mobile (GSM) transmission
device and counting unit buried on the outer edge of a
trail. Zelt counters were placed at 10 locations across the
four trails and collected cyclist data for 24h/day, 7 days
per week. The accuracy of the closed loop Zelt counters
is ~90% along the trails used for this study [34].

Field data collection to survey trail users To deter-
mine trail user demographics, we conducted two waves
of intercept surveys among a convenience sample of 853
trail users, in 2018 and 2019. Users were surveyed while
using one of the four trails and asked to complete a brief
survey to provide self-reported trail usage and the per-
ceived impact of usage on both their physical and mental
health. Users also provided demographic data including
self-identified gender and ethnicity, age group, newcomer
status, annual household income and the first three dig-
its of their postal code to geo-map the areas where they
reside relative to the trail on which they were surveyed.

Patient and Public involvement: Members of the pub-
lic were involved at all stages of the study. Members of
the public were included through a partnership with a
local non-for-profit organization (Winnipeg Trails Asso-
ciation) dedicated to supporting urban trails for physical
activity. A member of their executive was included as a
researcher on the team and members of this organization
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were involved in designing the study, securing funding,
collecting data, and interpreting the results. Members
of this organization also helped recruit trail users dur-
ing field data collection and collected survey responses.
Lastly, this non-for-profit organization co-developed
public and policy maker-friendly tools to disseminate
results of the study via their social media platforms and
at local meetings.

Statistical analyses

Sample Size Calculations: Minimal detectable
effect sizes were calculated assuming clustered count
data, where treatment assignment was at the dis-
semination area and the outcome of interest was an
incidence rate of a CVD-related event or risk fac-
tor (e.g. Poisson count) [34]. Using pre-intervention
neighbourhood-level incidence rates of ~ 49.5 £ 4.55
per 1000 person years [23], an alpha=0.05, and a
beta=0.2, we were powered to detect a 10% differ-
ence in the primary outcome with 50 intervention
dissemination areas and a 9% difference with 60
intervention dissemination areas [35].

Hypothesis Testing: First, we compared geographic
and descriptive variables between dissemination areas
(defined by postal codes) within 400 m of a new multi-use
trail and outside 400 m of the trail, using t-tests. Next, we
calculated crude rates of the primary and secondary out-
comes for each quarter of the study years separately for
intervention and comparison dissemination areas with
Poisson regression models and included the trail exposed
or unexposed person-time at risk in each quarter as an
offset. We tested the parallel trends assumption by exam-
ining time trends for the main outcome measures in both
the intervention and comparison dissemination areas
prior to the trail expansion.

To calculate propensity scores, we conducted three
area-level logistic regression models (i.e., using 400m,
800m and 1200m buffers) predicting exposure to the
intervention. Covariates used to calculate the propen-
sity for a neighbourhood being in the intervention con-
dition average age, household income, education levels,
unemployment rates, and the proportions of women,
recent immigrants (within the last 10years) and of visible
minorities, percentage of active commuters, mean SEFI,
distance to greenspace, density of recreation centres and
neighbourhood walkability score. Predicted probabili-
ties of exposure to the intervention (propensity scores)
were used to match exposed (urban trail) to unexposed
dissemination areas (outside the 1200m buffer) at a 1:3
or 1:2 ratio, with dissemination areas outside the a priori
caliper of +0.05 excluded. Standardized differences were
calculated before and after matching. An individuals
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dwelling was used to assign them to intervention or com-
parison dissemination areas for each quarter.

We conducted difference-in-difference analyses com-
paring incident rates of CVD events and CVD risk factors
between intervention and comparison areas, stratified by
a 400 m buffer from a trial, before and after the introduc-
tion of a trail using in propensity score matched Poisson
and negative binomial regression models. These were
repeated for 800m and 1200 m buffers. Models included
an indicator for exposure to a trail (intervention or
comparison), an indicator for the time period (pre-post
intervention), and an interaction term between urban
trail expansion and the time period (difference-in-differ-
ences). Individuals were clustered into age, sex, SEFI and
Charlson index strata, which were the unit of analysis for
the propensity score matched analyses.

Sensitivity analyses: We repeated the regression
analyses above with intervention buffers set at 800m
and 1200m. We also repeated propensity score matched
regressions for (A) males and females separately; (B) with
a cohort restricted to individuals aged 30-65years, (C)
for each trail separately and their matched comparison
areas, and finally (D) for outcomes that occurred in sum-
mer (April-September) and winter (October—March)
months separately.

Data are presented as means with SDs or 95% Cls. All
P values were 2-sided, and P values of 0.05 or less were
considered statistically significant. Analyses were con-
ducted using SAS version 9.4 (SAS Institute).

Results

Demographics of intervention and comparison areas
Demographic variables stratified by intervention and
comparison areas are presented in Table 1. Using census
data from 2006 to represent the pre-intervention time
period, 107 dissemination areas were within the 400 m
intervention buffer (intervention areas) and 1055 dis-
semination areas were outside the 400 m buffer (compari-
son areas). Prior to the intervention, the annual number
of residents 30years and older that did not have a CVD
event at the time of cohort entry was 314, 595 (IQR:
309,044 to 319,860) in the control group and 37,901 resi-
dents (IQR: 37,213 to 38,488) in the intervention group.
During the pre-intervention time period, mean age, per-
centage of women, percentage of the residents without
high school completion and average property value were
similar in comparison and intervention areas (standard-
ized differences <0.15) (Table 1). Comparison areas had a
greater percentage of recent immigrants, visible minori-
ties, a lower SEFI score, and higher household income
and were further away from greenspace (all standard-
ized differences >0.2). These variables remained stable
throughout the full study period in both intervention
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Table 1 Dissemination area demographics in intervention and control dissemination areas

Variable Control Areas Intervention Areas Standardized
Differences
2006 2016 2006 2016 Crude PS-Matched
Dissemination Areas? (DA) 1055 1088 107 98 - -
NP 356,237 416,381 42,853 47,591 - -
Female® (%) 52.14% 51.64% 53.37% 52.84% 0.06 0.003
Age® (years) 5257 53.14 5276 54.16 0.08 0.006
Visible Minority® (%) 15.22% 24.28% 10.87%% 17.95% 037 0.06
Immigrated last 10 years® (%) 4.84% 11.23% 3.83% 8.22% 0.29 0.06
Socioeconomic indicators
SEFIP —0.2677 —0.2834 —0.3673 —0.2331 0.26 0.004
Household income?® 566,497 $91,199 $71,758 $92,825 0.15 0.06
Average Property Value® $118,786 $311,553 $124,944 $307,819 0.02 0.004
Population without high school graduation? (%) 23.40% 17.47% 22.40% 16.86% 0.11 0.003
Unemployment Rate? 5.28% 6.74% 5.24% 6.10% 0.16 0.007
Activity indicators
Fitness/Recreation Centres within 5km® (2018 only) N/A 84.56% N/A 95.35% - -
Average Distance to greenspace® (m) 26851m 23849m 157.77m 127.22m 0.21 0.007
Walkability Score 0.6068 0.7494 0.1165 0.2747 046 0.15
Active commuting® (%) 8.29% 7.32% 5.03% 431% 044

2 Census (based on all DAs in 400 m buffer)

b MB Health Insurance Registry (based on total Winnipeg population age 30+, Dec 31 2006 & 2016, 400 m buffer)

¢ City of Winnipeg Open Data Portal
9 CANUE (ALE_06 = total of all Z scores, 400 m buffer)

and comparison areas. Comparison areas experienced
greater gains in household income and average property
values than intervention areas over the 18-year study
period. After propensity score matching, standardized
differences for all variables were less than 0.08, except
for differences in walkability (0.15) and the percentage
of the population that reported active commuting (0.12)
(Table 1). Demographic variables for each individual trail
are provided in eTable 4.

Stable unit value treatment assumption

Over the 18-year study period, 44.8% of individuals
changed postal codes. To assess possible spillover effects
from residential mobility, we first calculated the number
of individuals that moved from the last year of the pre-
intervention period (2009). We found that 95%, 92% and
90% of the population remained in their assigned treat-
ment arms during the follow-up period at 400m, 800 m
and 1200m buffers respectively. Using the 400 m buffer,
95.2% of the study population remained in their pre-
intervention study arm during the follow-up period, 2.5%
moved from the control to the intervention areas and
2.3% moved from the intervention area to a control area.
Among the 4.8% of individuals that moved from their
assigned neighbourhood area during the study period,

they were younger (50 vs 54yrs), more likely to be in the
upper quintile of socio-economic status (23% vs 16%)
and had lower weighted sum of Charlson comorbidities
(0.39 vs 0.44), compared to individuals that remained in
their assigned study area during the follow-up period.
Importantly, individuals that moved from the control
area to an intervention area were similar to individuals
that moved from an intervention area to control areas on
several co-variates, including age (50.4416.7 vs 50.8 vs
16.6yrs), percentage of the group in the upper quintile of
household income (23.2 vs 23.7%) and sum of weighted
Carlson comorbidity indexes (0.32 £ 0.67 vs 0.32 £ 0.66).

Trail use and user characteristics

The four new multi-use trails ranged from 4kms to
7kms in length and were constructed within largely
suburban areas (Fig. 1). Images before and after trail
construction are provided in the appendix (eFigure 2).
Between January 1st 2014 and December 31st 2018,
1,681,125 bi-directional bicycle counts were recorded
on all four trails. Trail use varied across the four trails,
with highest bicycle counts captured on the long-
est trail with the highest mixed land use, and lowest
bicycle counts captured on the shortest trail located
largely in a suburban neighbourhood with the lowest
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Fig. 2 Trail use following construction of multi-use trails. A-D. Weekly unidirectional cycling counts over 5years for each of the four trails studied;
E - Trail counts in summer and winter months for each trail. Bars =mean, error bars =95% confident intervals

mixed land use (Fig. 2A-D). Counts were approximately
6-fold higher during spring and summer months (May—
September) than other months of the year (Fig. 2E).
Compared to weekdays, weekend days were character-
ized by lower trail counts (707 vs 809 counts per day,
p=0.02). Hourly trail counts were highest in the morn-
ing and evening hours, compared to mid-day. Trail user
profiles are provided in eFigure 3 in the appendix. Most
users surveyed were 30-65yrs. of age, had an annual
household income over $75,000 (CAN) and identified
as white-Caucasian. Over 85% of trail users reported
travelling less than 15min to access the trail in their
neighbourhood (eFig. 3D).

Major adverse CVD events and CVD risk factors

Crude rates of CVD events and CVD risk factors in the
pre- and post-intervention time periods for both inter-
vention and comparison areas are provided in Table 2.
There were 51,316 CVD events and 135,720 CVD risk
events in the pre-intervention time-period and 24,012
CVD events and 47,608 CVD risk events in the post-
intervention time-period. The proportion of the com-
posite outcome of CVD events attributed to CVD deaths
(14.7 vs 12.2%), incident ischemic heart disease events
(46.6 vs 43.8%), incident cerebral infarctions (8.8 vs
11.0%) and incident cases of heart failure (29.7 vs 32.9%),
were similar in the pre- and post-intervention periods.
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Table 2 Crude rates of major adverse cardiovascular events and cardiovascular disease risk (CVD) factors
Crude Control Neighbourhoods Intervention Neighbourhoods

2000-2009 2012-2018 2000-2009 2012-2018

Median Population per quarter (IQR) 314,595 (309,044-319,860)

CVD Events
Cases of CVD endpoints 40,826
Incidence per 1000 person-years at risk 15.5(154-15.7)
(95% CI)
CVD Risk Factors
Cases of CVD risk factors 107,008
Incidence per 1000 person-years at risk 480 (47.7-48.3)

(95% CI)

303,853 (302,843-304,465)

37,901 (37,213-38,488) 35,778 (35,551-36,053)

18,702 10,490 5310
10.7 (10.5-10.9) 15.0 (14.7-15.3) 11.5(11.2-11.8)
37,652 28,712 9956
32.1 (31.7-324) 48.7 (48.2-49.3) 325(31.8-33.1)

CVD cardiovascular disease; IQR = inter-quartile range; 95% = 95% confidence intervals

The proportion of the composite outcome of CVD risk
factors attributed to hypertension (42.6 vs 40.4%), dys-
lipidemia (40.1 vs 37.4%) and diabetes (17.1 vs 22.2%) was
also similar in the pre- and post-intervention time peri-
ods. Between the pre- and post-intervention time peri-
ods, annual composite CVD event rates declined in both
the comparison (15.5 per 1000 persons; 95%CI: 15.4—
15.7 per 1000 persons vs 10.7 per 1000 persons; 95%CI:
10.6-10.9 per 1000 persons; pre-post difference =—4.8
per 1000 persons) and intervention areas (15.0 per 1000
persons; 95%CI: 14.7—-15.3 per 1000 persons vs 11.5 per
1000 persons; 95%CIL: 11.2-11.8 per 1000 persons; (pre-
post difference=—3.5 per 1000 persons). Composite
CVD risk factor rates also declined in both the compari-
son (48.0 per 1000 persons; 95% CI: 47.9-48.3 per 1000
persons vs 32.1 per 1000 persons; 95% CI: 31.7-32.4 per
1000 persons; pre-post difference=—15.9 per 1000 per-
sons) and intervention areas (48.7 per 1000 persons; 95%
CI: 47.7-48.3 vs 32.5 per 1000 persons; 95% CI: 31.8—
33.1 per 1000 persons; pre-post difference=—16.2 per
1000 persons) between the pre- and post-intervention
time periods.

Difference-in-differences estimates
The seasonal rates of CVD events and CVD risk factors
for intervention and comparison areas throughout the
18-year time frame of the natural experiment are pre-
sented in Fig. 3. In propensity-score matched analyses,
the parallel trends assumption was met in the pre-inter-
vention time period, with similar rates of decline in inci-
dent CVD events (f=0.05, 95% CI: —0.19, 0.28, p=0.68)
and CVD risk factors (3=—0.001, 95% CI: —0.14, 0.11,
p=0.88) in both intervention and comparison areas,
respectively (eFigure 4).

The results of the difference-in-differences estimates
for primary and secondary outcomes in the propensity
score matched analyses are presented in Fig. 4. After

propensity score matching, the incident rate ratio for
the intervention relative to the comparison areas, using
a 400m buffer, was 1.06 (95% CI, 0.90, 1.24, p=0.51).
Propensity score matched incident rate ratios for CVD
events remained similar when the intervention buffer was
increased to 800m (0.99; 95% CI: 0.85, 1.14, p=0.89) and
1200m (0.95; 0.82, 1.10, p=10.49). After propensity score
matching, the incident rate ratio for CVD risk factors in
the intervention relative to comparison areas, using the
400 m buffer, was 0.92 (95% CI, 0.84, 1.02; p=0.10). Pro-
pensity score matched incident rate ratios for CVD risk
factors remained similar when the intervention buffer
was increased to 800 m (0.95; 95% CI: 0.88, 1.04, p=0.26)
and 1200 m (0.95; 0.87, 1.03, p=0.21) (Fig. 4).

Sex-specific and sensitivity analyses

Descriptive factors for each trail are provided in eTable 4.
The trail with the highest use (Trail A), was characterized
by higher median household income, higher property
values, a larger proportion of citizens that reported being
a visible minority and less greenspace, relative to trails
with less use by cyclists. Results from separate propensity
score matched difference in differences analyses for each
multi-use trail are presented in Fig. 5. In propensity score
matched analyses, no differences were noted for CVD
events across all four trails; yet rates of CVD risk factors
were significantly lower in areas within the 400m (inci-
dent rate ratio: 0.85; 95% CI: 0.75, 0.96), 800m (incident
rate ratio: 0.86; 95% CI: 0.77, 0.96), and 1200 m (incident
rate ratio: 0.88; 95% CI: 0.80, 0.98) of Trail A, the longest
trail with the highest weekly cycling counts, compared
to comparison areas. These trends were not observed for
the other three trails (B-D), which were shorter and dis-
played lower cycling counts (Fig. 5). To test for possible
spillover effects from individuals that moved into inter-
vention areas during the study period, we repeated the
propensity score matched regression analyses restricted
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to individuals that did not move during the study period.
When analyses were restricted to those who did not
move during the study period the effect size and preci-
sion of the estimate for primary (full sample IRR: 1.06,
95% CI: 0.90 to 1.24 vs non-movers IRR: 1.04, 95% CI:
0.88, 1.22) and secondary outcomes (full sample IRR:
0.92; 95% CI: 0.84 to 1.02 vs non-movers IRR: 0.92; 95%
CI: 0.84, 1.01) were very similar.

When sex and intervention were added as an interac-
tion term, we did not observe sex-specific differences
in the effect of trail exposure on primary or secondary

outcomes. Sex-specific propensity scored matched
regression models are presented in eFigure 5. The dif-
ferences in CVD events and CVD risk factors observed
for the entire population were similar for both males
and females. Restricting analyses to the urban popula-
tion between 30 and 65years of age did not influence
the strength of the difference-in-difference estimates for
CVD events, however the effect size for CVD risk fac-
tors was marginally greater that the estimate when the
entire population was included in the analyses (incident
rate ratio: 0.89; 95% CI: 0.77, 1.02; eFigure 6). Restricting
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analyses to CVD events and risk factors that occurred in
summer and winter months separately, yielded estimates
that were similar to those observed using the full dataset
(eFigure 7).

Discussion

To our knowledge, this is the largest natural experi-
ment to date examining the impact of a change to the
built environment that facilitates physical activity on
CVD-related events and risk factors. We found that
the construction of four paved multi-use trails affected
~48,000 individuals living within 400m of a trail and

was associated with frequent use by cyclists that was
sustained for up to 5years. Using a difference-in-differ-
ences analysis, we observed no significant differences in
CVD events or CVD risk factors in the dissemination
areas adjacent to a newly constructed trail compared
to areas that were more distal to a new trail over the
6-year follow-up period. However, in sensitivity analy-
ses assessing effects for each of the four trails sepa-
rately, we observed a 12-15% lower rate of CVD risk
factors in areas within 400-1200 m of the multi-use trail
with the highest frequency of trail use, compared to
the areas outside this buffer. These data provide unique
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experimental evidence that an expansion of multi-use
trails may be associated with a reduction in CVD risk
factors in areas adjacent to a trail, however this effect
may be sensitive to frequency of trail use, or trail
characteristics.

A core assumption when creating attributes of the built
environment that support physical activity is that citizens
will use them. Previous natural experiments reveal that
expanding multi-use trails in an urban setting increase
trail use and physical activity levels of individuals [36—
38]. For example, following the creation of a 3-mile paved
multi-use trail in Knoxville Tennessee, areas adjacent
to the trail observed a 3-fold increase in the number of

pedestrians and cyclists, compared to a comparison areas
that were not exposed to a new trail [37]. The increase
in trail use following the expansion of a recreation trail is
quite variable however, ranging from 30 to 1200 users per
day [39, 40]. We found that trail use by cyclists ranged
between 1800 to 5000 per week during summer months,
and this intensity of trail use remained consistent for
5years. Trail use varied two-fold across the four new
trails, with the highest use observed on the longest trail
constructed in areas with higher mixed-land use. This is
an important area for future investigation, and for future
policies related to aspects of the built environment that
support physical activity, as a gradient in CVD-risk factor
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rate differences was observed according to the magni-
tude of weekly trail use.

Attributes of the built environment that support physi-
cal activity are associated with better health outcomes
for individuals living in areas adjacent to them. Several
population-based observational studies indicate that indi-
vidual living in areas with more greenspace, or higher
walkability experience 5-10% lower rates of CVD events
[4] or CVD-related risk factors [3, 12], compared to areas
with less greenspace or walkability. For example, among
~24,000 adults in the UK with a mean age of 59.2years,
the risk for CVD events was 3% lower (95% CI: 0.96, 0.99)
among those who lived in areas with the highest amount
of greenspace, compared to those with the least amount
of greenspace [4]. Conversely, in a cross-sectional study
of more than 44,000 adults with a mean age of 54years,
the odds of CVD risk factors were 10-15% higher among
those residing in the least walkable areas, compared
to those in the most walkable areas [12]. The findings
from the current study expand on these observations
by describing changes in CVD-related health outcomes
following a large change in the built environment that
supports daily physical activity. Using an experimental
difference-in-differences analyses coupled with propen-
sity matching techniques and a 400m buffer to define
intervention areas, we did not find a difference in CVD
events however CVD risk factor rates were 8% lower (inci-
dent rate ratio: 0.92; 95% 0.84 to 1.02) in areas exposed to
a multi-use trail compared to matched unexposed com-
parison areas. This effect was most pronounced in areas
adjacent to the trail with the highest use by cyclists (inci-
dent rate ratio: 0.85; 95% CI: 0.75 to 0.96) and the effect
decreased in a dose-response manner along trails with
lower trail use. The trail with the highest cycling use and
the largest reductions in CVD risk occurred within areas
with higher mixed land use (eTable 4). While we propen-
sity-score matched for several measures of built environ-
ment, it is possible that certain aspects of the mixed land
use, could contribute to the observed effects. These exper-
imental data expand the reported associations in obser-
vational studies and have potential policy implications as
trail use may be important determinant of CVD-related
health benefits associated with new trails.

The results presented here are strengthened by several
factors. First, several assumptions for using difference-
in-differences analyses [22] were satisfied, including (1)
parallel trends in outcomes prior to the intervention; (2)
the observation that the construction of the trails was
unrelated to the outcomes of interest at baseline (i.e. exo-
geneity), and there were no common causes of building
the trails and CVD-related outcomes at baseline and (3)
the composition of the population within the intervention
and comparison areas remained stable over the 18years
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of the study. Second, the main end-points of inter-
est were available for the entire urban population over a
period of 18years, limiting the risk of ascertainment bias.
Lastly, linking administrative health data with census
and built environment data allowed us to capture signifi-
cant sources of confounding and build robust propen-
sity scores to match intervention and comparison areas.
Despite these strengths, there are several limitations that
need to be addressed. First, we do not have information
on individual-level physical activity, individual-level trail
use, or the percentage of the population in each neigh-
bourhood that used the trail. Accordingly, the extent to
which the trails increased physical activity levels among
individuals living in areas adjacent to the trails is unclear.
Additionally, without individual physical activity levels
we cannot conclude that any effects observed here were
directly related to changes individual-level physical activ-
ity levels. The urban centre studied was relatively small,
reducing the generalizability of the findings. Second, the
natural experiment occurred in an urban centre with a
longer and colder winter season, which was associated
with significant reductions in trail use, potentially limiting
the impact of the intervention and the generalizability of
these findings. Third, we are unable to control for selec-
tion bias, as individuals self select the areas in which they
live and active individuals may self-select areas that have
better access to urban trails. Forth, outcomes were cap-
tured using algorithms that rely on ICD-codes, physician
billing records and drug prescriptions. These algorithms
have been validated and have excellent specificity but only
modest sensitivity. Lastly, it is possible that individuals
in comparison areas travelled to and used the multi-use
trails, increasing the risk of “contamination effects” from
the intervention to the comparison areas. This bias is less
concerning however, as any significant contamination of
the intervention by individuals from comparison areas
would only bias our results towards the null. Additionally,
the use of three different line-based buffers to define the
intervention and survey data from trail users suggest that
if there was contamination, the influence was minimal.

Conclusions

The addition of four paved, multi-use trails in an urban
setting was associated with significant and sustained use
by cyclists for 5 years following construction. The expan-
sion of the trails was not associated with differences in
CVD-related events or CVD risk factors overall, yet a
modest difference in CVD risk factors were observed in
areas adjacent to the trail with the highest weekly use by
cyclists. The effect of an expansion of multi-use trails on
CVD-risk factor reduction may depend on proximity to
trails and the magnitude of trail use.



McGavock et al. Int J Behav Nutr Phys Act (2022) 19:34

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512966-022-01279-z.

Additional file 1: eFigure 1. Directed acyclical graph depicting the study
hypothesis. eFigure 2. Trail areas before and after the intervention. eFig-
ure 3. Trail user profiles. eFigure 4. Parallel trends in CVD events and CVD
risk factors prior to the intervention. eFigure 5. Sex specific effects of multi-
use trails on CVD events and CVD risk factors. eFigure 6. Effects of multi-
use trails in CVD events and CVD risk factors for the population restricted
to 30-65years. eFigure 7. Effects of multi-use trails on CVD events and
CVD risk factors stratified by season. eTable 1. Details of the multi-use trails.
sTable 2. Cardiovascular disease events and cardiovascular disease risk fac-
tor classification and corresponding International Classification of Disease
(ICD) codes, in alphabetical order. sTable 3. Definitions and sources of data
to define cardiovascular disease events and cardiovascular disease risk fac-
tors. eTable 4. Area-level descriptive variables for each multi-use trail.

Acknowledgements
Not applicable.

Role of funders/sponsors

Funding bodies were not involved in the study design, conduct, interpretation or
manuscript preparation for this project. Scientists involved in this study had no rela-
tionship with funding agencies and conducted the study independent of funders.

Authors’ contributions

All authors contributed to the study and manuscript in alignment with current
ICMJE guidelines. The study was conceived by JM, AS and EH. JM and EH are
the principal investigators on the original funded grant. EH, AS, GB, KR, LR, BS,
Wl and JM participated in designing the study and submitting the original
grant. JM and SW were involved in recruiting the City of Winnipeg to share
data. EH, AS, KR and JM designed the field data collection processes. CB and

HP are involved in data cleaning and verification. HP and JM conducted the
statistical analyses. All authors contributed to the writing of the final document.
EH and JM drafted the original manuscript. All authors contributed to critically
revising the manuscript for important intellectual content, gave their final
approval and agreed to be accountable for all aspects of the work, and they
will participate in future interpretation of the data and drafting of further man-
uscripts arising from this work. JM takes full responsibility for the work, conduct
of the study, had access to the data and controlled the decision to publish.

Funding

Funding for this project was provided by an operating grant from the Heart
and Stroke Foundation of Canada (G-17-0018638) and the Canadian Institutes
of Health Research (PJT-153449; CPP-137910).

Availability of data and materials

The data used in this study were obtained from the Manitoba Population
Research Data Repository, housed at the Manitoba Centre for Health Policy,
University of Manitoba, and were derived from data provided by Manitoba Health
and the Winnipeg Regional Health Authority. These data are owned by the data
providers: Manitoba Health, Seniors and Active Living, and Manitoba Families.
Access to the data may be granted upon receiving approvals from the University
of Manitoba Health Research Ethics Board and the Health Information Privacy
Committee, along with permission from both data providers. The authors are
unable to provide direct access to the data without approval from the commit-
tees and ethics board, as stated above. More information about access to these
databases is available at http://umanitoba.ca/faculties/health_sciences/medic
ine/units/chs/departmental _units/mchp/resources/access.html. Data for trail use
are owned and managed by the City of Winnipeg and require approval from the
City of Winnipeg Department of Transportation to be accessed.

Declarations

Ethics approval and consent to participate
This study was approved by the Biomedical Research Ethics Board at the
University of Manitoba (H2017:232) and the Health Information Privacy

Page 13 of 14

Committee at the Winnipeg Regional Health Authority (HIPC - 2019/2020-05).
Participants provided prior informed consent to participate in field surveys.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests to declare.

Author details

'Department of Pediatrics and Child Health, Rady Faculty of Health Sciences,
University of Manitoba, Winnipeg, Canada. 2Diabetes Research Envisioned
and Accomplished in Manitoba (DREAM) Theme, Children’s Hospital Research
Institute of Manitoba, 715 McDermot Ave, Winnipeg, MB R3E 3P4, Canada.
*Public Health Ontario, Toronto, Canada. “Manitoba Centre for Health Policy,
Rady Faculty of Health Sciences, University of Manitoba, Winnipeg, Canada.
*Winnipeg Trails Association, Winnipeg, Canada. ®Dalla Lana School of Public
Health, University of Toronto, Toronto, Canada. ”MAP Centre for Urban Health
Solutions, St. Michaels Hospital, Toronto, Canada. ® Department of Public
Works, City of Winnipeg, Winnipeg, Canada.

Received: 9 August 2021 Accepted: 11 March 2022
Published online: 28 March 2022

References

1. Sallis JF, Cerin E, Conway TL, Adams MA, Frank LD, Pratt M, et al. Physical
activity in relation to urban environments in 14 cities worldwide: a cross-
sectional study. Lancet. 2016,387(10034):2207-17.

2. Young DR, Cradock AL, Eyler AA, Fenton M, Pedroso M, Sallis JF, et al.
Creating built environments that expand active transportation and active
living across the United States: a policy statement from the American
Heart Association. Circulation. 2020;142(11):e167-e83.

3. Creatore M|, Glazier RH, Moineddin R, Fazli GS, Johns A, Gozdyra P, et al.
Association of Neighborhood Walkability with Change in overweight,
obesity, and diabetes. JAMA. 2016;315(20):2211-20.

4. Dalton AM, Jones AP. Residential neighbourhood greenspace is associ-
ated with reduced risk of cardiovascular disease: a prospective cohort
study. PLoS One. 2020;15(1):e0226524.

5. Giles-Corti B, Vernez-Moudon A, Reis R, Turrell G, Dannenberg AL, Badland
H, et al. City planning and population health: a global challenge. Lancet.
2016;388(10062):2912-24.

6. Sallis JF, Cerin E, Kerr J, Adams MA, Sugiyama T, Christiansen LB, et al. Built
environment, physical activity, and obesity: findings from the interna-
tional physical activity and environment network (IPEN) adult study.
Annu Rev Public Health. 2020;41:119-39.

7. Frank LD, Kavage S, Devlin A. Health and the built environment: a review;
2012.

8. McCormack GR, Shiell A. In search of causality: a systematic review of the
relationship between the built environment and physical activity among
adults. Int J Behav Nutr Phys Act. 2011;8:125.

9. Ferdinand AO, Sen B, Rahurkar S, Engler S, Menachemi N. The relationship
between built environments and physical activity: a systematic review.
Am J Public Health. 2012;102(10).e7-e13.

10. Institute of Medicine. Bringing Public Health into Urban Revitalization:
Workshop Summary. The National Academies Collection: Reports funded
by National Institutes of Health. Washington (DC): National Academies
Press (US); 2015.

11. Gascon M, Vrijheid M, Nieuwenhuijsen MJ. The built environment and
child health: an overview of current evidence. Curr Environ Health Rep.
2016;3(3):250-7.

12. Howell NA, Tu JV, Moineddin R, Chu A, Booth GL. Association between
neighborhood walkability and predicted 10-year cardiovascular disease
risk: the CANHEART (cardiovascular health in ambulatory care research
team) cohort. J Am Heart Assoc. 2019;8(21):e013146.

13. Unger E, Diez-Roux AV, Lloyd-Jones DM, Mujahid MS, Nettleton JA, Ber-
toni A, et al. Association of neighborhood characteristics with cardiovas-
cular health in the multi-ethnic study of atherosclerosis. Circ Cardiovasc
Qual Outcomes. 2014;7(4):524-31.


https://doi.org/10.1186/s12966-022-01279-z
https://doi.org/10.1186/s12966-022-01279-z
http://umanitoba.ca/faculties/health_sciences/medicine/units/chs/departmental_units/mchp/resources/access.html
http://umanitoba.ca/faculties/health_sciences/medicine/units/chs/departmental_units/mchp/resources/access.html

McGavock et al. Int J Behav Nutr Phys Act

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

(2022) 19:34

Ermagun AL, Lindsey G, Loh TH. Urban trails and demand response to
weather variations. Transp Res Part D Transp Environ. 2018;63:404-20.
Hirsch JA, Meyer KA, Peterson M, Zhang L, Rodriguez DA, Gordon-Larsen
P. Municipal investment in off-road trails and changes in bicycle com-
muting in Minneapolis, Minnesota over 10 years: a longitudinal repeated
cross-sectional study. Int J Behav Nutr Phys Act. 2017;14(1):21.

Ludwig J, Sanbonmatsu L, Gennetian L, Adam E, Duncan GJ, Katz LF, et al.
Neighborhoods, obesity, and diabetes--a randomized social experiment.
N EnglJ Med. 2011;365(16):1509-19.

Craig P, Katikireddi SV, Leyland A, Popham F. Natural experiments: an
overview of methods, approaches, and contributions to public health
intervention research. Annu Rev Public Health. 2017,38:39-56.

Benton JS, Anderson J, Hunter RF, French DP. The effect of changing the
built environment on physical activity: a quantitative review of the risk of
bias in natural experiments. Int J Behav Nutr Phys Act. 2016;13(1):107.
Mayne SL, Auchincloss AH, Michael YL. Impact of policy and built envi-
ronment changes on obesity-related outcomes: a systematic review of
naturally occurring experiments. Obes Rev. 2015;16(5):362-75.
MacMillan F, George ES, Feng X, Merom D, Bennie A, Cook A, et al. Do
natural experiments of changes in neighborhood built environment
impact physical activity and diet? A systematic review. Int J Environ Res
Public Health. 2018;15(2):217.

Hobin E, Swanson A, Booth G, Russell K, Rosella LC, Smith BT, et al. Physi-
cal activity trails in an urban setting and cardiovascular disease morbidity
and mortality in Winnipeg, Manitoba, Canada: a study protocol for a
natural experiment. BMJ Open. 2020;10(2):e036602.

Wing C, Simon K, Bello-Gomez RA. Designing difference in difference
studies: best practices for public health policy research. Annu Rev Public
Health. 2018;39:453-69.

Fransoo R, Martens P, Prior H, Burchill C, Koseva |, Bailly A. The 2013 RHA
health indicators atlas: University of Manitoba; 2013. http://mchp-appse
rv.cpe.umanitoba.ca/reference/RHA_2013_web_version.pdf. Accessed 16
Mar 2017.

Lix LM, Yogendran MS, Shaw SY, Burchill C, Metge C, Bond R. Population-
based data sources for chronic disease surveillance. Chronic Dis Can.
2008;29(1):31-8.

Marrie RA, Fisk J, Tremlett H, Wolfson C, Warren S, Blanchard J, et al. Differ-
ing trends in the incidence of vascular comorbidity in MS and the general
population. Neurol Clin Pract. 2016;6(2):120-8.

Hurvitz PM, Moudon AV. Home versus nonhome neighborhood: quan-
tifying differences in exposure to the built environment. Am J Prev Med.
2012;42(4):411-7.

James P, Berrigan D, Hart JE, Hipp JA, Hoehner CM, Kerr J, et al. Effects of
buffer size and shape on associations between the built environment
and energy balance. Health Place. 2014;27:162-70.

Lix LM, Kuwornu JP, Kroeker K, Kephart G, Sikdar KC, Smith M, et al.
Estimating the completeness of physician billing claims for diabetes case
ascertainment using population-based prescription drug data. Health
Promot Chronic Dis Prev Can. 2016;36(3):54-60.

Chateau D, Metge C, Prior H, Soodeen RA. Learning from the census: the
socio-economic factor index (SEFI) and health outcomes in Manitoba.
Can J Public Health. 2012;103(8 Suppl 2):523-7.

Brook JR, Setton EM, Seed E, Shooshtari M, Doiron D, Consortium
CTCUEHR. The Canadian urban environmental Health Research consor-
tium - a protocol for building a national environmental exposure data
platform for integrated analyses of urban form and health. BMC Public
Health. 2018;18(1):114.

Colley RC, Christidis T, Michaud I, Tiepkema M, Ross NA. The association
between walkable neighbourhoods and physical activity across the
lifespan. Health Rep. 2019;30(9):3-13.

Lindsey GPM, Hankey S. In: Management MDoT-OoTS, editor. The Min-
nesota Bicycle and Pedestrian Counting Initiative: Implementation Study.
St. Paul: University of Minnesota; 2015.

Budowski A. Developing expansion factors to estimate cyclist seasonal
average daily traffic in Winnipeg, MB. Winnipeg: University of Manitoba;
2015.

Amatya A, Bhaumik D, Gibbons RD. Sample size determination for clus-
tered count data. Stat Med. 2013;32(24):4162-79.

Donner A, Klar N. Design and analysis of cluster randomization trials in
Health Research. London: Arnold; 2000.

36.

37.

38.

39.

40.

Page 14 of 14

Grunseit A, Crane M, Klarenaar P, Noyes J, Merom D. Closing the loop:
short term impacts on physical activity of the completion of a loop trail in
Sydney, Australia. Int J Behav Nutr Phys Act. 2019;16(1):57.

Fitzhugh EC, Bassett DR Jr, Evans MF. Urban trails and physical activity: a
natural experiment. Am J Prev Med. 2010;39(3):259-62.

Clark S, Bungum T, Shan G, Meacham M, Coker L. The effect of a trail

use intervention on urban trail use in southern Nevada. Prev Med.
2014;67(Suppl 1):517-20.

Ermagun ALG, Haddeh LT. Urban trails and demand response to weather
conditions. Transp Res Part D Transp Environ. 2018;63:404-20.

Ermagun ALG, Haddeh LT. Bicycle, pedestrian, and mixed-mode trail
traffic: a performance assessment of demand models. Landsc Urban Plan.
2018;177:92-102.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://mchp-appserv.cpe.umanitoba.ca/reference/RHA_2013_web_version.pdf
http://mchp-appserv.cpe.umanitoba.ca/reference/RHA_2013_web_version.pdf

	Multi-use physical activity trails in an urban setting and cardiovascular disease: a difference-in-differences analysis of a natural experiment in Winnipeg, Manitoba, Canada
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Introduction
	Methods
	Study design
	Study population
	Intervention: expansion of multi-use trails
	Outcome measures
	Co-variates and sources of confounding
	Trail use and user profiles

	Statistical analyses

	Results
	Demographics of intervention and comparison areas
	Stable unit value treatment assumption
	Trail use and user characteristics
	Major adverse CVD events and CVD risk factors
	Difference-in-differences estimates
	Sex-specific and sensitivity analyses

	Discussion
	Conclusions
	Acknowledgements
	References


