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ABSTRACT

Multimorbidity has become highly prevalent around the globe
and been associated with adverse health outcomes and cost
of care. The built environment has become an important
dimension in response to obesity and associated chronic
diseases by addressing population sedentariness and low
physical activity.

Objective The aim of the following study was to examine
whether there was an increased risk for multimorbidity

for those living in less walkable neighbourhoods. It was
hypothesised that participants residing in less walkable
neighbourhoods would have a higher risk for multimorbidity.
Setting City of Toronto and 14 neighbouring regions/
municipalities within Ontario, Canada.

Participants Study participants who had completed the
Canadian Community Health Survey between the year 2000
and 2012, between 20 and 64 and 65 and 95 years of age,
residing within a neighbourhood captured in the Walkability
Index, and who were not multimorbid at the time of interview,
were selected.

Intervention The Walkability Index was the key exposure in
the study, which is divided into quintiles (1—least, 5—most
walkable neighbourhoods). Participants were retrospectively
allocated to one of five quintiles based on their area of
residency (at the time of interview) and followed for a
maximum of 16 years.

Primary outcome measure Becoming multimorbid with
two chronic conditions.

Secondary outcome measure Becoming multimorbid
with three chronic conditions.

Results Risk for multimorbidity (two chronic conditions)

was highest in least compared with most walkable
neighbourhoods with an HR of 1.14 (95% CI: 1.02 t0 1.28,
p=0.0230). While results showed an overall gradient response
between decreased walkability and increased risk for
multimorbidity, they were not statistically significant across all
quintiles or in the older-adult cohort (65-95 years of age).
Conclusion Study results seem to suggest that low
neighbourhood walkability may be a risk factor for
multimorbidity over time. More studies are needed to examine
whether neighbourhood walkability is a potential solution for
multimorbidity prevention at the population level.

BACKGROUND

A quarter of Canadians 40 years and older
are multimorbid, which is approximately
over bmillion people.! Major health-related

28 Kerry Kuluski © ,* Alex Kiss,>®

Strengths and limitations of this study

» This study was a retrospective cohort design with a
relatively large sample size and long follow-up time.

» Study outcomes were based on universal health-
care administrative databases and not self-reported
conditions.

» A complex sampling strategy and bootstrap weights
provided by Statistics Canada ensures representa-
tive and generalisable results.

» The Walkability Index used was only available for
more urban settings within Ontario, Canada, and not
rural areas.

» The Walkability Index was assigned to participants
at the time of interview and was kept consistent
throughout the follow-up time.

consequences of multimorbidity (MM) are
disability, functional decline, poor quality of
life and high healthcare costs.”® According
to a Canadian report, both direct and indi-
rect costs associated with chronic diseases
amounted to $Cb53.19billion (2010 CAD)
dollars annually in Canada.” In Ontario,
direct healthcare costs linked to the top four
chronic diseases (cancers, cardiovascular
diseases, chronic lower respiratory diseases
and diabetes) amounted to $C10.5billion
annually in 2018 CAD dollars.® There is
growing evidence that urban environments
that discourage walking and other physical
activities (PAs) have contributed to high rates
of obesity and chronic diseases (eg, type 2
diabetes).”* Staying active and engaging in
regular PA are widely accepted as effective
preventive measures for a wide variety of
common chronic diseases, across age, gender,
ethnic and socioeconomic groups.” '°
However, most Canadians are not meeting
PA guidelines (92% of youth aged 5-17 years;
82% of adults 18-79 years)."”

In the last decade, mounting evidence has
placed focus on the built environment as a
viable area for public health interventions,
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targeting population sedentariness and low PA.° ' '8
Among the four domains of PA (eg, leisure, household/
domestic, occupational/school, transportation) iden-
tified by Pettee Gabriel et al,'® transportation-related
PA (walking or biking to/from destinations) offers
the greatest opportunity for sustainable increase in
daily PA, especially for lower income households.?’™*
Transportation-related PA can increase daily movement
through active travel and through transitinduced PA. A
study by Glazier et al'” showed that individuals living in
more walkable areas were more than twice as likely to
walk, cycle or use public transit and were significantly less
likely to drive or own a vehicle compared with those living
in less walkable neighbourhoods. Moreover, individuals
living in the least walkable areas were up to one-third more
likely to be obese or to have diabetes.'” Another study by
Creatore et al’ found that the prevalence and 12-year inci-
dence of overweight and obesity were lower in the most
walkable neighbourhoods versus less walkable areas. A
Cochrane review examining community-wide interven-
tions for promoting increased PA concluded that while
results on various interventions were non-conclusive,
walking was the more widely adopted PA within permis-
sive built environments.**

While the relationship between neighbourhood walk-
ability, active transportation and walking-induced-PA is
becoming clearer,' "' '* %" the impact on incidence of
MM has not been explored. While studies have examined
neighbourhood walkability in relation to single chronic
conditions and reaching recommended daily PA guide-
lines,9 18212880 ¢, date, there have been no studies exam-
ining the impact of neighbourhood-level walkability on
incidence of MM. The following study aims to address this
gap by analysing up to 16-year incidence of MM within 15
Southern Ontario municipalities. It is hypothesised that
high walkable areas will have higher walking-related PA
and consequently lower incidence risk for MM. The asso-
ciation between material depravation and prevalence of
MM was shown in a previous study.”’ As such, the inter-
action between area-level walkability and material depra-
vation will also be analysed. It is hypothesised that those
who live in the least deprived and most walkable areas will
have the lowest risk of MM.

METHODS

Study population and setting

The following study design was a retrospective cohort
study. A time to event analysis was conducted to compare
the occurrence of MM during a 16-year follow-up period
across urban neighbourhoods among different levels of
walkability. This study was conducted within Southern
Ontario metropolitan areas, which includes 15 munic-
ipalities (Hamilton, London, Ottawa, Toronto and
surrounding municipalities), and a combined popula-
tion of over 7million residents.” A combination of data
collected from administrative healthcare databases,
provincial and national surveys, were used to derive

population sociodemographics, health behaviours and
MM estimates. Deidentified survey respondents between
the ages of 20 and 95 were allocated to a walkability quin-
tile (ie, score) based on postal codes for their area of
residence. The attribution of walkability to each neigh-
bourhood was at the ‘dissemination area’ (DA) level. DA
‘is a small, relatively stable geographic unit composed
of one of more adjacent dissemination blocks with an
average population of 400-700 persons based on data
from previous Census of Population Programms’.** DA
is the smallest standard geographic unit for which all
census data are disseminated.” Postal codes for each
survey respondent were used to connect them and their
dwelling to a DA and associated walkability quintile as the
key exposure over time.

The ON-Marg Index (area-level measure for socioeconomic
status and marginalisation)

The ON-Marg Index was developed using 42 census
variables and currently available for the year 2016.
The ON-Marg has four dimensions: material depriva-
tion (composite measure of income, education, single-
parent families, housing quality), residential instability
(composite measure of dwelling/family characteris-
tics, neighbourhood quality and cohesiveness), ethnic
concentration (area-level measure of residents who are
recent immigrants and visible minorities) and depen-
dency (adults who are unemployed, unable to work, in
unpaid professions).” Each dimension is organised into
quintiles, with quintile 1 representing those least margin-
alised to quintile 5 (most marginalised). A stratified anal-
ysis was conducted using material deprivation as it was
strongly associated with MM in a previous study.”!

Canadian Community Health Survey
This study used several linked survey cycles (2000/2001;
2003/2004;  2005/2006;  2007,/2008;  2009/2010;
2011/2012;) from the Canadian Community Health
Survey (CCHS), to control for sociodemographic and
behavioural variables for all eligible residents of Southern
Ontario, residing within urban metropolitan areas (with
a walkability quintile) between 20 and 95 years of age.
The term ‘linked’ implies that survey respondents’ real
healthcare utilisation data has been linked to their survey
with a unique encrypted id, referred to as IKN (ICES
Key Number). The CCHS is a cross-sectional population
health survey that includes Canadians aged 12 years and
older but does not include those living in long-term care
facilities, reserves, full-time members of the Canadian
Armed Forces or civilian residents on military bases.”* The
survey was designed to derive estimates at the national and
provincial levels for various health regions in Canada.™
A complex multi-stage allocation and sampling strategy
ensures relative equal weighting to health regions and the
provinces.”* More details on the sampling methodology
of CCHS are available elsewhere.”

For this analysis, a CCHS-derived multivariable model
based on sociodemographic factors (age, sex, marital
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status, education, income), health behaviours (smoking,
physical inactivity) and other relevant risk factors (high
life-stress, self-perceived health) was used within the Cox
regression component. This enabled a degree of control
over confounders while examining the walkability expo-
sure on MM over time.

Walkability Index

A validated composite Walkability Index was used to
derive differing levels of neighbourhood walkability for
each DA. The Walkability Index is a product of literature-
derived variables, various data sources (census, land use,
retail and public service data) and geographic infor-
mation systems.'® Using principle component analysis,
population density (number of persons per square kilo-
metre), dwelling density (number of occupied residen-
tial dwellings per square kilometre), street connectivity
(number of intersections with at least three converging
roads and/or pathways) and availability of walkable
destinations (number of retail stores, services—banKks,
libraries, community centres, etc within 800 metres
or roughly 10min walk) were identified and equally
weighted.” '® Index scores are positively associated with
increased walking, cycling, public transit use and inversely
with car ownership and driving.” '® Detailed information
regarding the index and its creation can be found else-
where.”® DAs were ordered equally from least (quintile 1
(Q1)) to most (quintile 5 (Q5)) walkable and assigned to
each person based on their postal code. The Walkability
Index has been validated and shown to be relatively stable
over time. As such, the walkability exposure is deemed to
be stable over time and therefore not treated as a time-
dependent variable.’

MM and derived chronic conditions from ICES Health
Administrative databases

Cases of MM were obtained using distinct health admin-
istrative databases and MM macro at ICES. Occurrence
of MM event was defined as having two (2) and three
(8) chronic conditions from the list of 18 diseases
(acute myocardial infarction, asthma, cancers, cardiac
arrhythmia, chronic coronary syndrome, chronic obstruc-
tive pulmonary disorder, congestive heart failure, diabetes,
hypertension, inflammatory bowel disease, mood and
anxiety disorders, other mental illnesses (schizophrenia,
delusions and other psychoses, personality disorders
and substance abuse), osteoarthritis, osteoporosis, renal
failure, rheumatoid arthritis and stroke (excluding tran-
sient ischaemic attack)). While the two-count definition
for incidence of MM can serve as a general definition,
the differentiation between occurrence of two and three
conditions can help identify more high-need patients.”
List of chronic diseases were chosen for their high prev-
alence, social and economic burden and clinical rele-
vance.® In consultation with experts in the field, it was
concluded that 17 of the 18 included conditions were
subject to small or large benefits from increased PA.
Inflammatory bowel disease was the only condition which

had little association with PA. However, it was decided
against modifying the list of conditions, therefore, all 18
conditions were kept within the MM macro. For more
information on the algorithm and allocation of chronic
diseases refer to the following documents.”*

Statistical analysis
Summary statistics frequency and percentages for
nominal measures, median for continuous measures were
used to describe the data sample. The primary outcome
was the onset risk of MM over time. The main exposure
over time was the Walkability Index, expressed in quintiles
(1—Ileast walkable; 5—most walkable). The cause-specific
Cox proportional hazard model (Cox model) was used
to conduct the survival analysis and model time to MM
(accounting for censoring and death as competing risk).
The event was defined as time from the index period (ie,
interview date) to case-definition MM (two chronic condi-
tions, for sensitivity analysis three chronic conditions). A
2-year lookback prior to index date was applied to identify
patients already multimorbid, for exclusion. All respon-
dents of CCHS with zero or one chronic condition (at
their time of interview) were identified (by administrative
data) and observed till either MM, death, loss of Ontario
Health Insurance Plan (OHIP) eligibility, loss to follow-up
or end of study. Death was treated as a competing risk and
others were censored at the time of loss to follow-up or
end of study. Minimum follow-up time was 6 years, and
the maximum follow-up time was approximately 16 years.
Cases with missing values were excluded from analysis.
The following confounders were controlled for in the
analysis (eg, age, sex, education, income, marital status,
smoking, stress, PA, self-perceived health). In SAS, the
PROC SURVEYPHREG procedure was used to model
time to MM. The 95% CI and p values were calculated
using 500 bootstrap weights provided by Statistics Canada.
All estimates are weighted using sampling weights. A
stratified analysis was conducted to see the impact of
neighbourhood walkability in each material deprivation
quintile (1—least deprived; 5—most deprived), provided
by the Ontario Marginalization Index. The time to event
analysis was stratified by age (20-64 and 65-95 years old)
and number of conditions (two-count and three-count
event). Model estimates were presented as HRs and their
associated 95% CIs. The threshold for statistical signifi-
cance was p<0.05and all tests two-sided. The analyses
were conducted using SAS Enterprise V.7.1.

Patient and public involvement
No patients involved.

RESULTS

Population and neighbourhood characteristics

The total data sample in the study was n=26808 individ-
uals, of which n=24536 were between the ages of 20 and
64 years. Over a third of the population in the most walk-
able neighbourhoods (Q)) were between the ages of 20
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Qi Q5
N total % Wgt least walkable Q2 most walkable

2
[#)
=}
s

Male 12083  51.4 2888 (49.4) 2699 (51.0) 2584 (51.1) 2550 (51.1) 2262 (54.6)

Age, years

35-49 9813 38.3 2226 (39.4) 2006 (37.0) 1957 (38.7) 1889 (37.7) 1735 (38.6)

65-74 1593 3.8 362 (4.0) 335 (3.9) 332 (4.0) 328 (4.2) 236 (3.1)

Education

High school completed 2927 10.3 562 (8.4) 655 (10.8) 642 (11.2) 640 (11.5) 428 (9.5)

Post-secondary completed 20108 805 4729 (84.3) 4228 (79.7) 3925 (79.7) 3790 (78.3) 3436 (80.1)

0-$C19999 1946 6.3 277 (3.8) 291 (4.6) 361 (5.9) 463 (7.4) 554 (10.2)

$C40 000-$C59999 4423 16.5 806 (13.5) 878 (15.8) 940 (17.0) 1029 (20.0) 770 (16.3)

$C80 000+ 6607 29.5 1871 (38.1) 1470 (31.7) 1154 (26.7) 1066 (23.0) 1046 (27.8)

Married/common law 15337  62.7 3867 (68.1) 3365(63.2) 3097 (63.5) 2896 (61.6) 2112 (56.4)

Single 7957 28.9 1543 (25.4) 1544 (28.9) 1510 (27.4) 1598 (28.5) 1762 (34.9)

Regular/former 14390 486 3216 (48.7) 2966 (47.9) 2888 (48.6) 2792 (46.7) 2528 (51.4)

Physical activity

Inactive 12637 512 2714 (47.9) 2664 (52.1) 2668 (52.8) 2613 (55.4) 1978 (47.6)

Underweight 2128 4.8 480 (4.3) 484 (5.3) 429 (5.0) 409 (5.0) 326 (4.2)

Overweight 14765 312 3401 (32.4) 3159 (30.4) 3079 (32.0) 2921 (31.1) 2205 (29.8)

Life stress

High stress 940 36 216 (3.7) 192 (3.3) 180 (3.4) 188 (3.8) 164 (3.7)

Excellent 7405 28.1 1799 (29.9) 1544 (27.5) 1399 (26.8) 1389 (27.3) 1274 (29.1)

Good 6614 25.8 1372 (24.2) 1397 (25.3) 1341 (26.8) 1401 (27.6) 1103 (25.3)

Poor 279 0.9 51 (0.8) 44 (0.8) 63 (1.0) 62 (1.3) 59 (0.8)
2000-2001 4086 13.4 955 (13.6) 919 (14.1) 840 (13.3) 772 (13.4) 600 (12.3)
Continued

E-
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Table 1 Continued

N total % Wgt I?;ast walkable Q2 Qs Q4 g:)st walkable
2003-2004 4206 14 930 (13.5) 863 (13.5) 937 (17.2) 827 (13.4) 649 (12.2)
2005-2006 5324 18.9 1249 (19.7) 1073 (17.4) 1036 (18.4) 1040 (19.4) 926 (19.6)
2007-2008 5202 19.9 1131 (20.5) 1044 (18.7) 1030 (20.6) 1059 (20.9) 938 (18.6)
2009-2010 4200 17 911 (15.9) 905 (18.9) 818 (16.6) 836 (16.4) 730 (17.4)
2011-2012 3862 16.9 870 (16.8) 842 (17.4) 710 (13.8) 741 (16.5) 699 (19.9)
ONMarg-Depr (DA-IvI)
Q1 (least deprived) 5838 19.3 2235 (33.1) 1405 (22.2) 859 (14.7) 606 (11.5) 733 (14.3)
2 5143 18.3 1410 (23.9) 1224 (20.5) 1055 (19.3) 816 (14.0) 638 (13.2)
3 5085 19.4 1114 (20.5) 1117 (20.0) 1032 (20.4) 1042 (18.3) 780 (17.7)
4 5016 19.4 765 (13.0) 971 (18.6) 1226 (23.3) 1183 (20.8) 871 (21.6)
Q5 (most deprived) 5670 23.6 512 (9.4) 902 (18.7) 1175 (22.3) 1611 (85.3) 1470 (33.1)

BMI, body mass index; CCHS, Canadian Community Health Survey.

and 34 years. Hence, while the age distribution across
quintiles was not drastically different, Qb neighbourhoods
(most walkable) tended to be slightly younger while Q1
neighbourhoods (least walkable) slightly older. Educa-
tion and income levels were evenly distributed across
neighbourhoods, Q1 (least walkable) neighbourhoods
tended to be slightly more educated and higher-income
households. Walkability was inversely associated with
martial status, with more partnered households in lower
versus higher quintiles. There were also higher smoking
rates in Qb neighbourhoods (most walkable) versus other
quintiles. Those in Q1 neighbourhoods (least walkable)
tended to be more overweight and obese than Q5 (most
walkable) residents (table 1). For example, those in Q5
neighbourhoods (most walkable) had between 3.6% and
7.5% higher proportion of ‘normal’ healthy body mass
index (BMI) versus other quintiles. Less walkable neigh-
bourhoods also tended to have noticeably lower depriva-
tion versus more walkable neighbourhoods, which had
greater deprivation.

Incidence risk of MM

The time to event analysis was conducted for individuals
between the ages of 20 and 64 years and 65 and 95 years
who were not multimorbid (living with less than two
chronic conditions) at the time of survey (CCHS), residing
within one of the walkability quintiles (Q1-Q5), between
the year 2000 and 2012. The model was run twice, initially
with the two-count definition of MM and subsequently
the three-count definition as the outcome (ie, event). In
the final adjusted model, sex, education, income, marital
status, smoking, stress, PA, self-perception of health,
CCHS cycle and material deprivation were included.

In the two-condition model (table 2), 10792 (40.2%)
experienced the event; 378 (1.4%) died, 15710 (58.4%)
were censored. The median follow-up time was 3208
days (8.8 years). Females were at a 12% higher risk
(p=0.0011;HR=1.12; 95%CI: 1.05 to 1.20) for MM,
relative to males. Ageing was highly significant across

deprivation quintiles for MM, with subsequent greater
risk in each age band; 35-49 years old (HR=1.63; 95% CI:
1.50 to 1.76) and 50-64 years (HR=2.78; 95% CI: 2.53 to
3.06). Income was marginally associated with MM, with
the greatest risk observed in the lower-middle-income
bracket, making $C40 000 to $C59 999 per year (p=0.0578;
HR=1.12; 95% CI: 1.00 to 1.25). There was an increased
risk for MM associated with worsening self-perception of
health. With respect to walkability, those in the bottom
two quintiles Q1 (p=0.0230; HR=1.14; 95% CIL: 1.02 to
1.28) and Q2 (p=0.0450; HR=1.13; 95% CI: 1.00 to 1.27)
had the greatest risk for MM relative to Qb neighbour-
hoods (most walkable). Despite the non-significance of
Q3 and Q4, the direction and relationship between walk-
ability and MM are evident. In the older age groups (65—
95 years), smoking was associated with a 26% increased
risk for MM (p=0.0101; HR=1.26; 95% CI: 1.06 to 1.49)
relative to non-smokers. Neighbourhood walkability
showed no protective benefit in this context for older
adults (65-95 years) (online supplemental table 1).

In the alternate model (online supplemental table 2),
everything was kept the same except for the outcome
variable and event. For three-count MM, 5021 (16.68%)
people experienced the event; 710 (2.64%) died and
21149 (78.68%) were censored. The median follow-up
was 3850 days (10.5 years). Sex was not a risk factor for
high morbidity. All variations of self-perceived health
with exception of ‘very good’ were significant. Walk-
ability showed no association with MM within the high-
morbidity model. Smoking remained significant in the
three-morbidity model (p=0.0092; HR=1.32; 95% CI: 1.07
to 1.62). Other study variables showed no significant asso-
ciation with MM.

We conducted a stratified analysis to examine study
variables in relation to material deprivation (figure 1,
table 3). Material deprivation has shown in previous
studies to be strongly associated with MM,” *" enabling
greater isolation of study variables. Within the 20-year-old
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Unadjusted HR Unadjusted p value Adjusted HR Adjusted p value

Male 1.00 (A - 1.00 (5 -

Age, years

35-49 1.70 (1.58 to 1.83) <0.0001 1.63 (1.50 to 1.76) <0.0001

Education

High school completed 0.80 (0.68 to 0.94) 0.0079 0.82 (0.69 to 0.98) 0.0287

Post-secondary completed 0.71 (0.62 to 0.82) <0.0001 0.82 (0.71 to 0.96) 0.0130

0-$C19999 1.02 (0.89 to 1.18) 0.7523 0.85 (0.73 to 0.99) 0.0321

$C40 000-$C59999 1.24 (1.11 t0 1.37) <0.0001 1.12 (1.00 to 1.25) 0.0578

$C80 000+ 1.00 () - 1.00 () _

Married/common law 1.00 (-) - 1.00 (-) -

Single 0.62 (0.58 to 0.67) <0.0001 0.96 (0.88 to 1.05) 0.3556

Regular/former 1.14 (1.07 to 1.21) <0.0001 1.05 (0.99 to 1.13) 0.1188

Physical activity

Inactive 1.13 (1.06 to 1.20) 0.0001 1.01 (0.95 to 1.08) 0.7533

None/low stress 1.00 (-) - 1.00 (-) -

Self-perceived health

Very good 1.11 (1.03 to 1.20) 0.0070 1.15 (1.06 to 1.26) 0.0009

Fair 2.08 (1.78 t0 2.42) <0.0001 1.94 (1.65 to 2.28) <0.0001

CCHS cycles

Walkability Index (DA-IVI)

2 1.19 (1.07 to 1.34) 0.0021 1.13 (1.00 to 1.27) 0.0450

4 1.13 (1.00 to 1.27) 0.0414 1.07 (0.95 to 1.21) 0.2689

CCHS, Canadian Community Health Survey.

(=]
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Age 20-64 Hazard Ratio and 95% Confidence Limits
Deprivation
and HR and

Walkability 95% Cl
Deprivation Q1

Walk Q1 = 1.10(0.88,1.36)

Walk Q2 = 1.05(0.84,1.32)

Walk Q3 T 1.00(0.77,1.29)

Walk Q4 i 1.05(0.79,1.40)

Walk Q5 ‘ Reference
Deprivation Q2

Walk Q1 & 1.35(1.05,1.74)

Walk Q2 i 1.41(1.08,1.84)

Walk Q3 1.21(0.92,1.60)

Walk Q4 o 1.13(0.86,1.49)

Walk Q5 L Reference
Deprivation Q3

Walk Q1 i 1.32(0.99,1.75)

Walk Q2 1.22(0.93,1.59)

Walk Q3 = 1.30(0.98,1.74)

Walk Q4 = 1.34(1.03.1.75)

Walk Q5 [} Reference
Deprivation Q4

Walk Q1 = 0.96(0.75.1.24)

Walk Q2 = 1.07(0.84,1.37)

Walk Q3 = 0.89(0.69.1.14)

Walk Q4 : 1.00(0.78,1.27)

Walk Q5 Reference
Deprivation Q5

Walk Q1 o 1.02(0.75,1.41)

Walk Q2 i 1.11(0.84,1.46)

Walk Q3 = 1.18(0.94,1.49)

Walk Q4 = 1.04(0.82,1.32)

Walk Q5 T Reference

T T T T T T
0.50 0.75 1.00 1.25 1.50 175 2.00

Figure 1

to 64-year-old cohort, QI (least deprived) and Q4, Qb5
(most deprived) neighbourhoods showed no signif-
icant association with neighbourhood walkability. In
deprivation Q2, the two least walkable neighbourhoods
showed significantly higher risk for MM walkability-Q1
(p=0.0188; HR=1.35, 95% CI: 1.05 to 1.74) and walkabil-
ity-Q2 (p=0.0112; HR=1.41; 95% CI: 1.08 to 1.84). The
remaining quintiles showed a clear gradient between
increased walkability and decreased risk for MM. Depri-
vation Q3 was also statistically significant in walkability Q4
(p=0.0322; HR=1.34, 95% CI: 1.03 to 1.75). Walkability
Q1 (p=0.0568; HR=1.32, 95% CI: 0.99 to 1.75) was not
significant, however, results were mixed overall. High
stress was a significant risk factor for MM in the most
deprived neighbourhoods (p=0.0078; HR=1.63; 95% CI:
1.14 to 2.33). The analysis was replicated for those 65-95
years of age and did not reveal anything of note (online
supplemental table 3 and 4).

DISCUSSION

The results of this study demonstrate a statistically
significant association between neighbourhood walk-
ability, material deprivation and incidence of MM. In
the 20-year-old to 64-year-old cohort, the adjusted model
demonstrated that residents in the least walkable neigh-
bourhoods (Q1 and Q2) were at up to 14% increased risk
for MM over the observation period. A similar trend was
observed in the stratified analysis, although to a lesser
extent. The significance of this association was observed

HR for multimorbidity by neighbourhood walkability and deprivation quintiles—ages 20-64 years.

primarily in less walkable neighbourhoods (Q2). Despite
the lack of statistical significance in walkability Q3 and
Q4, the direction of the hypothesised association was
observed in those quintiles. A dose-response between
increasing deprivation and walkability, and vice versa was
noted. Those in less walkable neighbourhoods (Q1) were
less deprived and more affluent; therefore, it is possible
that the negative health risk of low walkability and the
positive health benefits of low deprivation are cancelling
out each other. Further research is needed to investigate
these observed relationships. Another explanation could
be that individuals in Q1 and Qb neighbourhoods are
typically more active as shown in other studies.”* Tt might
also be the case that those least deprived are getting more
benefit out of walkability than those more deprived. In the
stratified analysis, we see that deprivation Q2 is showing
a dose-response to walkability, as deprivation increases so
too does the risk for MM. In Q3 we saw a mixed effect,
while in Q4 and Q5 (most deprived), we saw the least
association, therefore, deprivation could be cancel-
ling out the benefits of walkability in the most deprived
neighbourhoods. We know from a previous study’' that
material deprivation is strongly associated with increased
prevalence of MM.

Worthy of note, summary statistics and the univar-
iate model showed a clear gradient and dose-response
between walkability and BMI. This was expected as the
relationship between these two variables has been studied
extensively.” 1?1825 304 We included BMI (ie, overweight
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and obesity) in table 1 and univariate analysis, however, as
we expectit to be on the causal path (as a ‘risk condition’)
it was dropped from the multivariable survival analysis.

This study has strengths and limitations. We used Cox’s
proportional hazard modelling because of the robust
semiparametric method for calculating the probabili-
ties of survival, while simultaneously adjusting for other
possibly influential variables.* Opting for a retrospective
cohort design allowed for analysing large sample sizes
quickly and economically. Bootstrap (500 times) weights
were used to help fine-tune the Cls that can potentially
allow for greater generalisability of findings to the wider
population. Some caution regarding the interpretation
of results is warranted, as survey cycles were merged,
therefore, creating an ‘artificial’ population made up of
different respondents at different times.*? However, it is
not overly concerning within the context of this study,
given the study design, and indexing of everyone based
on their own survey date. Lastly, well-designed observa-
tional studies may be one of the best sources of evidence
for this area of research, as randomised controlled trials
are neither ethical nor feasible.** *

There are limitations to this study design. We were
unable to factor in and control for all possible covariates
and confounders (eg, prenatal, early life and childhood
factors, social support) with respect to the literature.
The Walkability Index does not factor in certain features
from the literature (eg, lighting, low crime/neighbour-
hood safety) into their walkability scores. This means that
the scores are not a perfect representation of walkable
neighbourhoods. Certain DAs were also missing from
the index, possibly due to missing data sources, which
excludes residents from those areas. Also, walkability was
only available for one timepoint, covering Toronto and
major municipalities but not all of Ontario. This also
means that we were unable to account for changes in
walkability in Toronto and neighbouring regions as they
continue to grow and develop. We were also unable to
track and account for residents moving during the study
period, from high-low or low-high walkability neighbour-
hoods. However, the index has been used and validated in
the past,w % shown to be stable over time and associated
with increased cycling, public transit use and reduced
dependence on automobiles.” The model is also likely
underpowered and therefore a larger sample size may
resolve a possible power issue. This is especially the case
in the stratified analysis as the data was further subdivided
into deprivation quintiles. Nevertheless, we found prom-
ising indications that neighbourhood walkability may be
protective against MM and that persons living in the least
deprived households are possibly benefitting the most.

Environmental factors and built environmental dimen-
sions such as neighbourhood walkability discussed in this
study will continue to be important areas for research in
reducing preventable chronic diseases and MM in the
population. As discussed previously, transport is a key
dimension to be considered when promoting widespread
PA in the population for disease prevention. Features of
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the built environment that promote greater public transit
use, walking and other forms of active transport can help
the population be more active and meet PA recommen-
dations. Despite study limitations, there are sufficient
findings here to justify further investigations into the
built environment and transport dimensions as part of
ongoing efforts towards curbing preventable chronic
diseases and promoting strategies for population-level
prevention.
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