Neighbourhood walkability, leisure-time and transportrelated physical activity
Objectives: To develop a walkability index specific to mixed rural/suburban areas, and to
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explore the relationship between walkability scores and leisure time physical activity.
Methods: Respondents were geocoded with 500m and 1000m buffer zones around each
address. A walkability index was derived from intersections, residential density, and land-use
mix according to built environment measures. Multivariable logistic regression models were
used to quantify the association between the index and physical activity levels. Analyses
used cross-sectional data from the 2007-8 Canadian Community Health Survey (n=1158; ≥18
y). Results: Respondents living in highly walkable 500m buffer zones (upper quartiles of the
walkability index) were more likely to walk or cycle for leisure than those living in lowwalkable buffer zones (quartile 1). When a 1000m buffer zone was applied, respondents in
more walkable neighbourhoods were more likely to walk or cycle for both leisure-time and
transport-related purposes. Conclusion: Developing a walkability index can assist in
exploring the associations between measures of the built environment and physical activity to
prioritize neighborhood change.
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Objectives: To develop a walkability index specific to mixed rural/suburban areas, and to

22

explore the relationship between walkability scores and leisure time physical activity.

23

Methods: Respondents were geocoded with 500m and 1000m buffer zones around each address.

24

A walkability index was derived from intersections, residential density, and land-use mix

25

according to built environment measures. Multivariable logistic regression models were used to

26

quantify the association between the index and physical activity levels. Analyses used cross-

27

sectional data from the 2007-8 Canadian Community Health Survey (n=1158; ≥18 y).

28

Results: Respondents living in highly walkable 500m buffer zones (upper quartiles of the

29

walkability index) were more likely to walk or cycle for leisure than those living in low-walkable

30

buffer zones (quartile 1). When a 1000m buffer zone was applied, respondents in more walkable

31

neighbourhoods were more likely to walk or cycle for both leisure-time and transport-related

32

purposes.

33

Conclusion: Developing a walkability index can assist in exploring the associations between

34

measures of the built environment and physical activity to prioritize neighborhood change.
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Introduction
Despite the well-known benefits of physical activity (PA), less than half of the Canadian

39

population achieves the recommended level of daily activity [Statistics Canada, 2009]. While

40

social support for exercise [Sallis, 2009] and other psychosocial and demographic factors are

41

important determinants of PA, the neighbourhood environment may provide additional benefits to

42

population health by enabling social modeling and removing environmental constraints. The

43

potential effects that urban form may have on PA participation are different from the effects

44

found with behaviour modification programs or individually-tailored interventions [Salens et al.,

45

2003]. Instead of selecting small portions of the population who are motivated enough to

46

volunteer and participate in different PA programs, changes in the built environment can

47

potentially impact the entire population. Indeed, even modest associations between PA (e.g.

48

walking and cycling for leisure or transport) and the built environment could have a lasting

49

impact if the manner in which people interact with the neighbourhood landscape can be

50

permanently altered [Salens et al., 2003].

51

Accumulating even modest amounts of daily PA (≥1.5 (kcal/kg/day; KKD) is associated

52

with a range of health benefits, and can be achieved with as little as 30 minutes of walking per

53

day [Cameron et al., 2004]. While walking and bicycling are two of the most frequently reported

54

forms of PA [Russell & Craig, 1995], only 7% of Canadians walk or cycle to work [Statistics

55

Canada, 2006]. Walking and bicycling are also more frequently reported by those with higher

56

levels of income [Cameron et al., 2004], suggesting that any research on the determinants of

57

walking and cycling behaviour must account for the local neighbourhood as an important

58

moderator of short bouts of discretionary PA participation.

59

Previous research has typically used either geographic analyses to study

60

overweight/obesity [Pouliou & Elliott, 2009; Slater et al., 2009], or hierarchical linear modeling

61

[Wendel-Vos et al., 2004; Li et al., 2005; Nagel et al., 2008] approaches for the study of
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neighbourhood effects on PA participation. However, since many measures of the urban form are

63

correlated, a third approach to avoid the problem of spatial multicollinearity has been proposed;

64

to develop a walkability index that integrates various measures of the built environment [Frank et

65

al., 2005; Li et al., 2009; Frank et al., 2009]. The aim of the present study is to therefore develop

66

a walkability index and apply it to respondents found within York Region, Ontario, to explore the

67

associations between this index with patterns of PA participation.

68

Methods

69

Canadian Community Health Survey (CCHS) 2007-2008

70

This secondary analysis uses data from the 2007-2008 Canadian Community Health

71

Survey (CCHS 2007-2008, master data file; Statistics Canada, Health Statistics Division and

72

Special Surveys Division), obtained through the limited data access program at the York

73

University chapter of the Toronto Research Data Center of Statistics Canada. The CCHS is a

74

cross-sectional survey that collects information on health status, health care utilization, and health

75

determinants. To give equal importance to the health regions in each province, a multi-stage

76

sample allocation strategy was employed.

77

The CCHS questions are designed for computer-assisted interviewing (CAI).

78

Approximately 130 000 persons across 121 health regions were sampled during the data

79

collection period from January 2007 to December 2008 inclusive. Three sampling frames were

80

used to select the sample of households: 49% of respondents were obtained from an area frame,

81

50% from a list frame of telephone numbers, and the remaining 1% from random digit dialing.

82

Interviews were conducted both in person and over the telephone. Some editing of the data was

83

performed at the time of the interview by the interviewer using the CAI application. It was not

84

possible for interviewers to enter out-of-range values, and flow errors were controlled through

85

programmed skip patterns.
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The Regional Municipality of York (York Region)
York Region is located directly north of Toronto and comprises nine municipalities: Town

88

of Markham, City of Vaughan, Town of Richmond Hill, Town of Aurora, Town of Newmarket,

89

Township of King, Town of Whitchurch-Stouffville, Town of East Gwillimbury, and Town of

90

Georgina. Of these, the population growth rates are highest amongst the three municipalities that

91

are closest to Toronto (Vaughan, Markham, and Richmond Hill). During the period of 1996-2001,

92

York Region was the fastest growing Census Division in Canada, 30% of whom identified

93

themselves as visible minorities [York Region, 2003]. By 2010, the total population had exceeded

94

one million people, and from 1996 to 2001, there was a 30% increase in the employment labour

95

force (from 297,600 to 387,700), and this number is projected to increase to 800,000 jobs by

96

2031 [York Region, 2009]. As a result, this population offers a unique opportunity to look at a

97

demographically diverse, semi-rural / suburban region, that is characteristic of new growth in

98

regions surrounding major municipalities.

99

Exclusion Criteria

100

All Canadians age 12 years and older were considered eligible for participation in the

101

CCHS study (with few exceptions including individuals living on Indian Reserves or Crown

102

Lands, institutional residents, full-time members of the Canadian Forces, and residents of certain

103

remote regions). All respondents who were unable to be properly geo-coded with their

104

corresponding postal-code address or whose address fell outside the York Region boundary

105

(online: http://maps.york.ca/yorkexplorer/pdf/2005FSA_map.pdf) were eliminated from analysis

106

(final analytical sample = 1 158). For ease of interpretation, the present analysis was limited to

107

respondents 18 years or older.

PeerJ reviewing PDF | (v2014:03:1720:0:1:NEW 21 Mar 2014)

108

Reviewing Manuscript

109

Dependent Variables (Physical Activity)
General measures of PA included both a leisure-time physical activity (LTPA) index and

110

an index with transport-related physical activity (TRPA) and LTPA combined. The resulting

111

average daily energy expenditure was used to classify participants as: inactive (<1.5 kcal/kg/day;

112

KKD), moderately active (1.5-2.9 KKD), and sufficiently active (≥3.0 KKD). The general

113

measure of leisure-time PA asked respondents about their activity patterns within the past 3

114

months, including (but not limited to) the following activities: walking for exercise, gardening or

115

yard work, swimming, bicycling, popular or social dance, home exercises, ice hockey, ice

116

skating, in-line skating or rollerblading, jogging or running, golfing, exercise class or aerobics,

117

downhill skiing or snowboarding, bowling, baseball or softball, tennis, weight-training, fishing,

118

volleyball, basketball, soccer, and any other self-described form of PA participation. In addition,

119

respondents were asked frequency and duration of both walking and cycling to both school or

120

work (transport-related physical activity). Two dichotomous outcomes were derived from the

121

indices: respondents were classified as having engaged in walking or cycling for leisure-time

122

purposes (any/none) and walking or cycling for transport-related purposes (any/none).

123

Independent Variables (Built Environment Measures)

124

All built/neighborhood environment measures were quantified within a 500m buffer zone

125

and a 1000m buffer zone around the centroid of each postal code address. Buffer regions of

126

500m and 1000m were chosen as they can be approximated to walking for 5 and 10 minutes,

127

respectively [US Dept of Health, 1996; Kondo et al., 2009; CFLRI, 2010], and from a PA

128

guideline perspective, even engaging in short sessions can help people work toward accumulating

129

the minimum daily recommended levels of PA [CSEP, 2010]. A measure of residential density

130

was ascertained by calculating the number of dwellings (detached, semi-detached, condos, and

131

apartments) and dividing by the total area of the buffer zone (units/hectare). Number of street
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intersections including those with traffic lights and those without (excluding freeway ramps)

133

were counted within each buffer zone. The algorithm for the evenness of distribution of square

134

meters for each of the different land-use classifications was based on that of Frank et al. [Frank et

135

al., 2005].

136

Walkability Index

137

Subsequently, two separate (ie. 500m and 1000m buffer zone) walkability indices were

138

developed. A normalized distribution was taken for the residential density and the intersection

139

variables (with removal of the lower and upper 5% measurements). To find the greatest

140

explanatory power for variation in overall PA, a linear regression model for each built

141

environment measure was analysed with a general measure of physical activity. Separate models

142

were built by increasing the weight to the built environment measure (starting with no weight).

143

When the variation accounted for by the model (with the weighted measure) did not increase

144

between 2 models by more than 1%, no further weights were applied. Once this had been

145

completed for each measure that comprised the walkability index, a new set of models were built

146

combining 2 measures, each weighted to account for the greatest variation. Again, the weights

147

were adjusted to account for the greatest explanatory variation before the third and final measure

148

was added. These steps remain consistent with the approach used by Frank et al. [2005] as

149

outlined in their original paper describing the model building and weighting process used to

150

derive their walkability index. The end result for both the 500m and 1000m walkability index is

151

listed below:

152

Walkability Index = (3 x z-score of mixed-land use) + (z-score of net residential density) + ( z-score of intersection)

153
154

A higher walkability index would indicate that the respondent lived within a buffer region
that was more walkable (suggested by higher number of intersections, higher residential density,
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and/or greater degree of land-use mix classification). Scores were then categorized into quartiles

156

so that the first (lowest) quartile represented respondents living in the least walkable

157

neighborhoods, and the fourth contained respondents with the most walkable neighborhoods.
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158

Increasing the land-use mix weight beyond a weight of 3 (while holding the other

159

variables constant) only marginally (< 1%) increased the amount of variation accounted for by

160

the walkability index. By contrast, overall predictive ability of the model was altered with further

161

adjustment for weights associated with other explanatory variables, and in some cases resulted in

162

a decrease in the explained variance. Although an updated version of the walkability index

163

incorporating a retail floor area ratio (calculated as the retail building floor area footprint divided

164

by retail land floor area footprint) has been proposed by Frank et al. [2009], as area retail

165

establishment data was unavailable, this variable was not incorporated into the index in the

166

current analysis.

167

Geographic Information Systems (GIS) Software and Statistical Analysis

168

ArcView GIS, version 9.3 software (ESRI, Redlands, California, 2005) was used to

169

geocode participants by postal-code address to existing maps in the CanMap StreetFiles: Ontario

170

(http://www.dmtispatial.com/en/Products/CanMapProductSuite/CanMapStreetfiles.aspx)

171

and Platinum Postal Code Suite (both are products from DMTISpatial corporation)

172

(http://dmtispatial.com/en/Products/CanMapProductSuite/PlatinumPostalCodeSuite.aspx). The postal

173

code polygons within the shape file differed in size depending on the area each represented. Most

174

commonly, respondents are located on the periphery of each polygon; however, given that

175

specific street and house/unit numbers were not available for the CCHS, respondents were

176

geocoded to the centroid for these analyses. It is therefore expected that there would be a greater

177

displacement from the periphery to the centroid for respondents belonging to postal code regions

178

that cover larger (as compared to smaller) areas.
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A series of map layers specific to each built environment measure (including: residential

180

density, area of building space, area of parks/green spaces, and intersections) were used to

181

quantify the characteristics within the 500m buffer zone. The geocoding process resulted in the

182

formation of a centroid to represent each 6-digit postal code region. Once data relating to the built

183

environment measures were collated for each participant, the spatial data was quantified and

184

exported into a SAS compatible database that was linked with the PA and individual-level

185

covariates for each participant.

186

The walkability index was applied to a 500m and 1000m buffer zone surrounding each

187

respondent’s 6-digit postal code address. Logistic regression was used to estimate the odds (OR,

188

95% confidence interval) of walking and/or cycling for both leisure-time and transport-related

189

purposes across quartiles of the walkability index (quartile 1: OR=1.00). Model 1 was the

190

univariate association between the built environment measure and PA outcome and Model 2

191

adjusted for all other covariates in the multivariate model (age, sex, bmi, education, income,

192

ethnicity, and smoking status) which have previously been shown to correlate with PA and cluster

193

within neighborhoods [Wendel-Vos et al., 2004; Frank et al., 2005; Nagel et al., 2008; Li et al.,

194

2009]. Data analysis was conducted using SAS version 9.2 (Cary, NC) and statistical significance

195

was set at alpha <0.05.
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Results
Demographic characteristics of the respondents and characteristics of the built

198

environment are presented in Table 1. Overall, there were 1 158 respondents included in the final

199

analyses (µage= 47.9 y; µBMI=25.6 kg·m-2, and; 49.6% female). The sample was predominantly

200

white (69.6%), well-educated (80% with at least post-secondary education), and comprised of

201

respondents who never smoked (44.8%). The sample contained 47.7% of respondents classified

202

as either moderately active or sufficiently active.

203

The characteristics of the local built environment around each respondent’s place of

204

residence for each of the buffer zones are found in Table 2. When a 500m buffer zone was used,

205

compared to respondents who lived in areas with the lowest walkability index scores (quartile 1),

206

those living in the third and fourth quartiles were 55% more likely to walk or cycle for leisure

207

(Q3, OR: 1.55 CI 95%: 1.07-2.26; Q4, OR: 1.55 CI 95%: 1.07-2.25) . This effect was also found

208

when applying a 1000m buffer zone, because respondents were more likely to engage in

209

walking/cycling for leisure when they lived in the second (OR: 1.53 CI 95%: 1.05-2.21), third

210

(OR: 1.50 CI 95%: 1.04-2.16), and fourth (OR: 1.72 CI 95%: 1.18-2.50) quartiles. By contrast,

211

within a 500m buffer zone, higher walkability scores were not associated with higher odds of

212

walking/cycling for transportation purposes, whereas the extended 1000m buffer revealed that

213

only those in the most walkable neighbourhoods (fourth quartile) were more likely to engage in

214

walking/cycling for transportation purposes (OR: 2.22 CI 95%: 1.22-4.02) (Table 3).
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Discussion
In order to assess the relationship between PA participation and the built environment, a

217

composite measure of its features may provide a clearer understanding than an assessment of

218

individual parts. Previous research has identified at least five inter-related dimensions of the built

219

environment: density and intensity of development, mix of land uses, connectivity of the street

220

network, scale of streets, and aesthetic qualities of a place [Handy et al., 2002]. In the present

221

study, the resulting walkability index extends from previous research utilizing available GIS data

222

(i.e. population density, land use mix, and intersections) [Frank et al., 2005; Frank et al., 2009].

223

Although early attempts to increase walking and cycling behavior were initiated by transportation

224

and urban planners as a means to reduce pollution and traffic congestion [Sallis et al., 2006],

225

greater interest in ecologic models of behaviours have raised awareness of how the built

226

environment may impact health and PA more specifically [Sallis, 2009]. While major urban cities

227

are often at the centre of interventions to explore the associations of PA within a community, a

228

rapidly growing and demographically distinct municipality such as York Region offers a unique

229

opportunity to explore associations between PA and a broader array of built environment features

230

on PA frequency and participation. Our main finding was that after adjusting for demographic

231

and health behaviours, a moderately-strong association between neighborhood walkability and

232

PA was observed within a 500m and 1000m buffer region for walking/cycling for leisure-time

233

purposes, and within a 1000m buffer region for walking/cycling for transport-related activities.

234

These results reinforce and extend previous findings that residents living in more walkable

235

neighbourhoods are more likely to engage in lifestyle-related PA, including those in semi-rural

236

and suburban areas.

237

Despite the potential importance of these findings, it remains unclear if the respondents

238

are substituting this neighbourhood-related PA for other more vigorous activity pursuits, or

239

supplementing their existing PA because of the inherent walkability of their neighbourhood. This
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ambiguity is further compounded by not knowing the reason for each respondent’s choice to live

241

in their current neighborhood. If the respondent specifically chose their neighbourhood because

242

of opportunities to engage (or not engage) in a more physically active lifestyle, they may be self-

243

selecting an environment more conducive to continuing their pre-existing lifestyle. Nonetheless,

244

if increases in walking were affected by the built environment, research suggests that even

245

modest changes in walking time can have an impact optimally seen at the population level [Nagel

246

et al., 2008]. As an illustration, researchers suggested that an increase of 30 minutes of walking

247

time per week equated to nearly 25 percent increase in the mean walking time found within their

248

study sample, a shift that would result in nearly 30 percent of the sample meeting U.S. PA

249

recommendations [Nagel et al., 2008].

250

Much of the neighborhood construction occurring within the York Region health unit is

251

considered “green” in that the natural landscape is being altered to accommodate new buildings

252

and neighborhoods rather than altering existing building or planned environments. Many built

253

environment measures that are associated with increased PA behaviours (such as higher density

254

of residential units and intersections) that are found within major urban environments may also

255

act as reasons for why people may prefer to move away from urban centres and live in

256

neighborhoods with a lower density of these features. As of 2007, there were approximately 485

257

000 people who worked in York Region with an estimated increase in jobs to 800 000 by 2031.

258

Additionally, over one million people live within the municipality, with more than one-in-five

259

projected to be over the age of 65 by 2026 [York Region, 2009]. Irrespective of the type of

260

neighborhood development, the large population base and workforce residing within York Region

261

help illustrate the potential impact that these built environment measures could have on PA

262

behaviours. Therefore, it is possible that even modest changes to neighborhood design might

263

encourage increased walking and cycling behaviour and may have an overall effect on population

264

PA levels.
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Strengths and Limitations
Despite the importance of these findings, there are a number of inherent limitations. First,

267

developing an address locator to geocode the exact address for each respondent was not possible

268

since data collected from the CCHS master file only contains the 6-digit postal code and not

269

street name or numerical house/apartment location. Because the centroid of the polygon was used

270

to map each respondent, using a 500m or 1000m network buffer would likely increase estimation

271

error since a more precise starting point would be needed to calculate network distance. A buffer

272

based on Euclidean distance, while not directly related to the distance a respondent may travel to,

273

still illustrates the local built environment features that make-up the respondent’s neighborhood.

274

Second, while previous studies have assessed the association between PA behaviours and the built

275

environment using objectively measured accelerometery data, the variables captured within the

276

CCHS are all self-reported and subject to healthy responder bias. Nonetheless, the observed

277

associations suggest that even without objective measures, large datasets can still be used to

278

differentiate PA behaviours between high and low walkable areas. Third, perceived safety, a

279

noted barrier to PA participation [Humpel et al., 2002; Bennett et al., 2007; CDC, 1999] was not

280

accounted for. Lastly, data relating to building class was unavailable, meaning that the

281

walkability index did not differentiate between retail, industrial, or other types of buildings.

282

Specific information relating to the type of building could indicate for what reasons people would

283

travel to and utilize the floor space, as retail malls and grocery stores would be accessible to the

284

general public and may be frequented often, whereas office buildings would restrict who may

285

access the floor space as well as the time of day and period during the week.
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Conclusion
Research and policy that incorporates features of the local neighborhood is likely to

288

provide insight into PA behaviour beyond that which could be achieved through individual-level

289

analysis [Maroko et al., 2009]. Results of the present study suggest that participants living in

290

neighborhoods with the highest scores on the walkability index are more likely to engage in

291

LTPA and TRPA. Because many measures of urban form consider environmental features that

292

are in close proximity, creation of a walkability index may be necessary to avoid

293

multicollinearity. In addition, the index may assist researchers in identifying regions within a

294

neighborhood that are conducive to PA, and conversely, to help identify hot spots of inactivity

295

that could eventually be used to target regions for intervention.
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the York Region health unit
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Demographics
Age
BMI

Years
kg/m2

Sex
Ethnicity
Education
Smoker

Females
White
Post-Secondary
Never Smoked

Local Built Environment
Built Environment Measure
Building Area (hectares)
All Green Space (hectares)
Public Green Space Only (hectares)
Residential Density (units /
hectare)

Mean (SD)
47.9 (16.9)
25.6 (4.4)
%
49.6
69.6
80.0
44.8
500m

1000m

Mean (SD)
1.5 (1.9)
6.0 (9.9)
4.9 (9.2)
6.8 (4.4)

Mean (SD)
6.3 (6.8)
26.8 (29.4)
20.6 (26.8)
6.5 (3.9)

Range
Range
Intersections
0 - 133
0 - 330
4 †1 hectare = 10 000 square metres
5 ‡Income was classified into tertile ranges (lowest: ≤ $59,999, $60,000-$99,000, ≥ $100,000)

6

1
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Table 2. Characteristics of local built environment around respondent’s places of residence, York
Region, Ontario
Built Environment Measure
Residential Density (units /
hectare†)
Land-Use Mix‡
Walkability Index

4
5
6
7
8
9
10
11
12
13
14
15

500m Buffer
Mean (SD)
6.8 (4.4)

1000m Buffer
Mean (SD)
6.5 (3.9)

0.4 (0.2)
-0.1 (4.0)
Range
0 - 133
-10.4 - 8.5

0.5 (0.2)
-0.5 (4.7)
Range
0 - 330
-16.2 - 8.4

Intersections
Walkability Index
†1 hectare = 10 000 square metres
‡Land-use mix = (-1) x [(hectares of commercial / total hectares of land use) x ln (hectares of commercial / total
hectares of land use) + (hectares of government and institutional / total hectares of land use) x ln (hectares of
government and institutional / total hectares of land use) + (hectares of open area / total hectares of land use) x ln
(hectares of open area / total hectares of land use) + (hectares of parks and recreation / total hectares of land use) x
ln (hectares of parks and recreation / total hectares of land use) + (hectares of residential / total hectares of land use)
x ln (hectares of residential / total hectares of land use) + (hectares of resource and industrial / total hectares of land
use) x ln (hectares of resource and industrial / total hectares of land use) + (hectares of waterbody / total hectares of
land use) x ln (hectares of waterbody / total hectares of land use)] / ln (7)
^total hectares of land use = ∑( commercial, government and institutional, open area, parks and recreation,
residential, resource and industrial, waterbody)

1
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Table 3. Association of physical activity with walkability index quartiles in 500m and 1000m
buffer zones

Walkability Index
Model 1†
Model 2‡
Outcome
Quartiles
OR
CI
OR
CI
500m buffer zone
LTPA
Quartile 1
1.00
(ref)
1.00
(ref)
(walking
Quartile 2
1.26 [0.89 - 1.78]
1.44 [1.00 - 2.08]
/
cycling)
Quartile 3
1.34 [0.94 - 1.91]
1.55 [1.07 - 2.26]
Quartile 4
1.27 [0.89 - 1.80]
1.55 [1.07 - 2.25]
TRPA
Quartile 1
1.00
(ref)
1.00
(ref)
(walking
Quartile 2
1.17 [0.66 - 2.07]
1.06 [0.58 - 1.93]
/
cycling)
Quartile 3
1.65 [0.95 - 2.86]
1.33 [0.74 - 2.39]
Quartile 4
1.59 [0.91 - 2.79]
1.73 [0.96 - 3.15]
1000m buffer zone
LTPA
Quartile 1
1.00
(ref)
1.00
(ref)
(walking
Quartile 2
1.30 [0.91 - 1.84]
1.53 [1.05 - 2.21]
/
cycling)
Quartile 3
1.31 [0.92 - 1.86]
1.50 [1.04 - 2.16]
Quartile 4
1.43 [1.00 - 2.04]
1.72 [1.18 - 2.50]
TRPA
Quartile 1
1.00
(ref)
1.00
(ref)
(walking
Quartile 2
1.51 [0.84 - 2.73]
1.33 [0.72 - 2.48]
/
cycling)
Quartile 3
1.75 [0.98 - 3.13]
1.54 [0.84 - 2.81]
Quartile 4
2.17 [1.23 - 3.81]
2.22 [1.22 - 4.02]
4 †model 1: unadjusted
5 ‡model 2: adjusted for the following covariates: age, sex, bmi, ethnicity, education, income, smoking status

6
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