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Learning Objectives 3

Review a theoretical framework for how the built environment
can influence cardiovascular disease risk

Describe prior work demonstrating associations between the
built environment and cardiovascular disease risk factors

Analyze how built environment and air pollution exposures
may jointly affect risk for diabetes and hypertension



Outline

About me
What is the built environment?
Why would the built environment affect health?

Could the built environment meaningfully affect
cardio-metabolic health?

How might the built environment interact with other
environmental factors to affect cardio-metabolic health?
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WHAT IS THE BUILT ENVIRONMENT?



The Built Environment

“Built environments are the totality of places built or designed by humans,
including buildings, grounds around buildings, layout of communities,
transportation infrastructure, and parks and trails.” Sallis et al., 2012



Walkability

NVeasure of how supportive an area Is
for engaging in (transportation)
ohysical activity in daily lite

Think D-variables
Density (of housing, jobs)

Destinations (within walking
o[Sizigleis)

Diversity (of land use) P. AR
Design (of streets, streetscapes) e AG  ey




WHY WOULD THE BUILT ENVIRONMENT
AFFECT HEALTH?



How Is the built environment supposed to affect health?

The macro and meso environments
-Economical level
-Income and wealth inequalities
-Political and administrative factors
-Welfare system
-Cultural background

Neighborhood spatial location factors

(Direct effects of resources/exposures)

Local residential and nonresidential environments

Neighborhood
sociodemographic structure
-Socioeconomic position Heolih bikiavier

-Populzui.on density E“p;';c“:::lod Psychological ill-being -Physical activity
-Population tumover neignbor _Stress -Recreational

Experiential factors

-Ethnic composition " Atfective experience -Anxiety -Transportation

. - , - -Att'cl‘-‘hment e ’ 1 2
Physical environment Services -Depressive symptoms Diet Duatciniig

I : . | : -Sense of community -Smoking G s
-Building appearance -Transportation . . : -Atherosclerosis
el : -Feeling of relegation ’ is -Alcohol consumption
and disposition -Food environment Resi de&nliul i Social-cognitive factors Hygicne progression

-Street network -Sport facilities ‘ : PHVILY -Life values Bealth cavs indiliaats
. -Intemalized stigma o Health care utlisation Incidence of
-Other outdoor/indoor -Healthcare resources : <> -Knowledge/beliets -Preventive care l:’niL{lLL\& nt
public spaces -Density of = Cognitive experience -Self-esteem ~Continuity of care S
-Greenery/aesthetic quality destinations -Evaluations and -Perceived behavioral -Compliance Immediate
. : g ) N s s - alc,
-Physical decay related (dis)satisfaction (.()n'tro‘l“ Other risk factors short-, and long-term
-Self-efficacy -Obesity

Neighborhood social ® Relational experience : _ survival
interactions -Mistrust/hostility -Locus of control -Hypertension
-Networks of neighbors _Stressful interactions -Cognitive performance -Cholesterol
-Weak ties/strong ties -Social integration -Planning skills 'ﬁﬁ::::‘m(m
-Social cohesion/frag mentation -Neighboring Head rat; orofile
-Social disorder -Social support

-Neighborhood identities
-Neighborhood stigma
-Knowledge, norms, culture

(Selective migration)

Chaix, 2009



How Is the built environment supposed to affect health?

The macro and meso environments
-Economical level
-Income and wealth inequalities
-Political and administrative factors
-Welfare system
-Cultural background

Neighborhood spatial location factors

(Direct effects of resources/exposures)

Local residential and nonresidential environments

Neighborhood
sociodemographic structure
-Socioeconomic position Hcolih hihavien

; atic itV Experiential i vace : : o
Popul‘lll'on density »'p;b h Psychological ill-being -Physical activity
-Population tumover neighborhood _Stress -Recreational

Experiential factors

-Ethnic composition " Affective experience -Anxiety -Transportation

- - * - -Att'lehmenl ' - e
Physical environment Services -Depressive symptoms Diet Outcomes

I : . : -Sense of community -Smoking G s
-Building appearance -Transportation . . : -Atherosclerosis
el : -Feeling of relegation ’ ik -Alcohol consumption
and disposition -Food environment Résidertial cakivi Social-cognitive factors Hygicne progression

-Street network -Sport facilities ‘ : PHVILY -Life values Heabh cire nwiiliaats
' _Internalized stiema o Health care uulisation Incidence of
-Other outdoor/indoor -Healthcare resources z <> -Knowledge/beliefs -Preventive care lki'ni"{ltt\& nt
g . A ‘. ‘ . X g 2 : p 3 » NG W S
public spaces -Density of ® Cognitive experience -Self-esteem -Continuity of care S e
-Greenery/aesthetic quality destinations -Evaluations and -Perceived behavioral -Compliance Immediate
. : X y P PTTTSEy SP s - alcg,
-Physical deca related (dis)satistaction ‘-0"'“0‘]“ Other risk factors short-, and long-term
-Self-efficacy -Obesity

Neighborhood social ® Relational experience : . survival
interactions ~-Mistrust/hostility -Locus of control -Hypertension
-Networks of neighbors -Stressful interactions -C()gm.uve performance “Cholestexol
-Weak ties/strong ties -Social integration -Planning skills 'ﬁﬁs‘;:::‘ukm
-Social cohesion/frag mentation -Neighboring Head rat; orofile
-Social disorder -Social support

-Neighborhood identities
-Neighborhood stigma
-Knowledge, norms, culture

(Selective migration)

Chaix, 2009



How Is the built environment supposed to affect health?

The macro and meso environments
-Economical level
-Income and wealth inequalities
-Political and administrative factors
-Welfare system
-Cultural background

Neighborhood spatial location factors

(Direct effects of resources/exposures)

Local residential and nonresidential environments

Neighborhood
sociodemographic structure
-Socioeconomic position Hcolih hihavien

; atic itV Experiential i vace : : o
Popul‘lll'on density »'p;b h Psychological ill-being -Physical activity
-Population tumover neighborhood _Stress -Recreational

Experiential factors

-Ethnic composition " Affective experience -Anxiety -Transportation

- - * - -Att'lehmenl ' - e
Physical environment Services -Depressive symptoms Diet Outcomes

I : . : -Sense of community -Smoking G s
-Building appearance -Transportation . . : -Atherosclerosis
el : -Feeling of relegation ’ ik -Alcohol consumption
and disposition -Food environment Résidertial cakivi Social-cognitive factors Hygicne progression

-Street network -Sport facilities ‘ : PHVILY -Life values Heabh cire nwiiliaats
' _Internalized stiema o Health care uulisation Incidence of
-Other outdoor/indoor -Healthcare resources z <> -Knowledge/beliefs -Preventive care lki'ni"{ltt\& nt
g . A ‘. ‘ . X g 2 : p 3 » NG W S
public spaces -Density of ® Cognitive experience -Self-esteem -Continuity of care S e
-Greenery/aesthetic quality destinations -Evaluations and -Perceived behavioral -Compliance Immediate
. : X y P PTTTSEy SP s - alcg,
-Physical deca related (dis)satistaction ‘-0"'“0‘]“ Other risk factors short-, and long-term
-Self-efficacy -Obesity

Neighborhood social ® Relational experience : . survival
interactions ~-Mistrust/hostility -Locus of control -Hypertension
-Networks of neighbors -Stressful interactions -C()gm.uve performance “Cholestexol
-Weak ties/strong ties -Social integration -Planning skills 'ﬁﬁs‘;:::‘ukm
-Social cohesion/frag mentation -Neighboring Head rat; orofile
-Social disorder -Social support

-Neighborhood identities
-Neighborhood stigma
-Knowledge, norms, culture

(Selective migration)

Chaix, 2009



COULD WALKABILITY MEANINGFULLY
AFFECT...




Could walkability meaningfully affect...

Net residential density—1-0 km buffer

Publictransport density—1.0 km buffer
Net residential density—0-5 km buffer

Publictransport density—0-5 km buffer

Number of parks contained or
intersected by 0-5 km buffer

Sallis et al., 2016
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values of
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features

/10
0
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0
0
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environmental

features

Differences in
weekly minutes of
MVPA between

lowest 5% and

highest 5% values
of environmental
correlate (95% ()

49 (15-86)"
33% of PAG
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environmental

features
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Physical activity?

Highest average Differencesin
study-city value weekly minutes of

for
environmental

features

573220
291
572760
333

/-4

MVPA between
lowest and highest
average study-city
values of

environmental
features (95% Cl)

89 (29-161)*
59% of PAG
68 (11-144)t
45% of PAG
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Thielman et al., 2016
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Thielman et al., 2016
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Could walkability meaningfully affect... ¢
Physical activity?

Walking or bicycling

N)

p—

1

Number of Daily
Trips/100 Persons

Creatore et al., 2016



Could walkability meaningfully affect... <
Obesity/overweight?

Quintile  Walkability score median (range)
Most Walkable 1 ®= 10.1(0-12.04) (least walkable)

2 A 13.7(12.05-15.22)

3 ® 16.8(15.23-18.60)

4 20.9(18.61-25.49)

5 ® 35.2 (25.50-100) (most walkable)
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Could walkability meaningfully affect...
Diabetes?
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Most Walkable Diabetes incidence

Quintile Walkability score median (range)
m1 10.1 (0-12.04) (least walkable)
A 13.7(12.05-15.22)
@3 16.8 (15.23-18.60)

4 20.9 (18.61-25.49)
®5 35.2 (25.50-100) (most walkable)
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Could walkability meaningfully affect...
Hypertension?

Log rank P =0.03

/

Low to high

Low to low
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*HR = 0.46 (95% CI: 0.26, 0.81); P = 0.007

Hypertension

4 o b I

No at risk (weighted): Time from move (years)

Low to high: 540983 535,192 357,188 249829 173,401 115275 69,248 36,277 15,644 14,616 975
Chiu et all’ 2016 Low to low: 040,983 527,399 438,844 358,890 279,700 2209/8 179,328 120,778 93,358 02,494 7,639

24



Walkability

Howell et al., JAHA (2019)

Q1 (Low)

Q2

Q3
Q4

Q5 (High)
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Difference in SBP (mmHg)

4.0
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Walkability

Howell et al., JAHA (2019)
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Walkability

Howell et al., JAHA (2019)

Q1 (Low)

Q2

Q3

Q4

Q5 (High)

25 20 -15 -1.0 -05 0.0
Difference in HDL Cholesterol (mg/dL)
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Walkability and GV Risk Factors - Conclusions

Based on prior work, it seems possible that the built environment could
have a meaningful effect on cardiovascular health

Relationships between walkability and most established cardiovascular
risk factors
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Could the built environment meaningfully affect GV health —
Conclusions

But conceptual frameworks in built environment literature frequently high-
light the Inter-relationships between different contextual factors

Despite this, there has been little work examining potential interactions
between walkability (and other built environment factors) and other
contextual variables



BUILT ENVIRONMENT INTERACTIONS
WITH OTHER ENVIRONMENTAL FACTORS




Walkability & Traffic Related Air Pollution

Associations between higher walkability
and higher air pollution?.2

Several air pollutants are established risk
factors for GVD

May predispose individuals in walkable
neighbourhoods to higher cardiovascular
risk

1Marshall, Brauer, Frank, 2009; 2James et al., 2015; 3Cepeda et al., 2017

31
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Walkability (Vancouver) & Traffic Related Air Pollution

1Marshall, Brauer, Frank, 2009




Walkability (USA) & PMas
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IS THERE ANY INTERACTION BETWEEN
TRAFFIC-RELATED AIR POLLUTION AND
WALKABILITY ON CARDIOVASCULAR RISK FACTORS?
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Design, Setting & Population

SEttlng \ 2 _‘ B study Area

NVajor urban centres in southern
Ontario (2008)

wa -

T — s — " —

Canada o

'1‘1 0 .,f.,/"’ﬁ
Data Sources | [
3 3 Rochester
N ' / {_Buffal
Health Administrative Databases o

United States

Population
CANHEART cohort




CANHEART

Cardiovascular Health in
Ambulatory Care Research Team

Physicians Area
services poverty

Health Care Services | :
Clinical Outcomes

Drug
benefits**




Design

Data sources
CANHEART Cohort

Study Design

Cross-sectional
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Walkability

Assessed at neightbournood level

Validated index composed of
() population density
() dwelling density
(1) number of destinations and
(Iv) street connectivity

39

® Center of residential area
10 min walking buffer from centre of residential area
= \Walkable destination




Exposure - Traffic-related Air Pollution
Assessed using land use regression model for surrogate pollutant (NO>)
Linked to individuals using postal codes

Data: CANUE& Environment Canada’s National Air Pollution Surveillance

Network

Land use
Meterological
Satellite imaging

Outdoor NO> (2006) R? = 0.73

40



Walkability & NO2 in Toronto
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Walkability & NO2 in Ottawa

Walkability Quintile
1
2
3
N 4
Bl 5

10

| Kilometers

NO2 (ppb)

B 6.1-10.0
. 110.1-15.0
. 115.1-20.0
. 120.1-25.0
. 125.1-30.0
B 30.1-435

10

| Kilometers
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Associations B/W Walkability, NO2 & Hypertension, Diabetes

N = 2,496,458 Hypertension Diabetes Mellitus
Variable/Statistic Joint Joint
OR (95% CI) OR (95% ClI)

Walkability Quintile

Q1 (Lowest) 1.34 (1.32, 1.37) 1.25(1.22, 1.29)

Q2 1.33(1.30, 1.35) 1.21 (1.18, 1.24)

Q3 1.29 (1.27, 1.31) 1.19(1.17, 1.22)

Q4 1.19(1.17, 1.21) 1.16 (1.13, 1.19)

Q5 Ref Ref
Traffic-related air pollution

Adjustment variables Age, sex, ethnicity, iImmigration history, neighbourhood income
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Associations B/W Walkability, NO2 & Hypertension, Diabetes
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Associations B/W Walkability, NO2 & Hypertension, Diabetes

Hypertension

Diabetes Mellitus

Variable/Statistic

Walkability Quintile

Q1 (Lowest)

Q2

Q3

Q4

Q5
Traffic-related air pollution
(NO2) (per 10 ppb)

Adjustment variables

Joint
OR (95% CI)

1.34 (1.32, 1.37)
1.33 (1.30, 1.35)
1.29 (1.27, 1.31)
1.19 (1.17, 1.21)

Ref
1.09 (1.08. 1.10

Joint
OR (95% CiI)

1.25 (1.22, 1.29)
1.21 (1.18, 1.24)
1.19 (1.17, 1.22)
1.16 (1.13, 1.19)

Ref

1.16 (1.14,1.17

Age, sex, ethnicity, iImmigration history, neighbourhood income




Interaction Effects - Walkability x NO2 (Fully Adjusted)
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Interaction Effects - Walkability x NO2 (Fully Adjusted)
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Interaction Effects - Walkability x NO2 (Fully Adjusted)
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Walkability & Traffic-related Air Pollution - Conclusions

Low walkability associated with higher likelihood of hypertension and
diabetes

High traffic-related air pollution associated with increased likelihood
of hypertension and diabetes

Significant interaction between two exposures

Protective associations between walkability and risk factors are not
seen In the most polluted environments

50



Strengths & Limitations

Limitations

Cross-sectional design
Cannot adjust for self-selection
Unmeasured confounders/residual confounding

Strengths

Large, population-based sample from multiple regions
Use of validated measures of key variables

51



Overall Implications

Encouraging development of new walkable neighbourhoods may promote
physical activity and improve population cardiovascular health

Facilitate re-development of existing neighbourhoods to permit more mixed
use and density

Help facilitate links between unwalkable and walkable neighbourhoods

Strategies to ameliorate pollution in walkable neighbourhoods

52



SUMMARY



Summary
More walkable neighbourhoods associated with increased physical activity

More walkable neighbourhoods associated with improved cardiovascular
disease risk factor profiles

Walkability and traffic related air pollution jointly affect likelihood of
cardiovascular disease risk factors
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Summary

Increasing housing density, number and types of services, and encouraging
connected street networks may increase population physical activity and
improve cardiovascular risk factors

But we need to consider how other environmental factors play a role in
shaping urban cardiovascular health

55
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THANK YOU!
QUESTIONS?

hicholas.howell@mail.utoronto.ca
¥ @NicholasAHowell
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