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Abstract 17 

This study examined associations between objective environmental attributes and, separately, 18 

transport (TC) and recreational cycling (RC). Environmental attributes were more strongly 19 

associated with TC than RC. Distances to areas with the best bicycle infrastructure and urban 20 

amenities may be key environmental factors influencing TC but not RC. Government 21 

investments in bicycle infrastructure within inner Brisbane appear to have resulted in more 22 

TC than in outer areas and to appeal to residents of both the most and least disadvantaged 23 

neighbourhoods. Extending this infrastructure to residents living in disadvantaged and 24 

advantaged neighbourhoods outside the CBD could expand TC participation. 25 

 26 
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1. Introduction 31 

Cycling is now recognised by the Organisation for Economic Co-operation and 32 

Development (OECD) as an important part of the urban mobility mix, given it uses no fossil 33 

fuel, delivers health benefits and improves the liveability of cities by reducing traffic 34 

congestion (2013). The health, social and environmental benefits of transport cycling (cycling 35 

to get to and from places) (Oja et al., 2011; Rojas-Rueda et al., 2011) are therefore 36 

encouraging local, state and federal governments in Australia to institute strategies to 37 

increase active transport. At the federal level the National Cycling Strategy 2011-2016 38 

summarises the priority areas for increasing cycling rates, including the promotion of 39 

transport cycling, improvements in bicycle infrastructure, and integrating cycling needs into 40 

transport and land use planning (Ausroads Ltd., 2010). In the state of Queensland, the 41 

Queensland Cycle Strategy 2011-2021 specifies the government’s priority areas for fulfilling 42 

its vision of ‘more cycling more often’ (State of Queensland Department of Transport and 43 

Main Roads, 2011). The priority areas include building safe, direct and connected cycle 44 

networks, developing a cycling culture and cycle-friendly communities, and creating a cycle 45 

economy. These areas are supported by a new Cycling Infrastructure Policy to incorporate 46 

principle cycle routes in all new transport infrastructure projects (State of Queensland 47 

Department of Transport and Main Roads, 2013) and a 2-year trial of a 1-metre rule when 48 

passing cyclists in ≤60 km/hour or less zones and 1.5-metre rule on roads with higher speed 49 

limits (State of Queensland, 2014).  50 

Previous Queensland government policy suggests these actions will improve cycling 51 

rates.  For example, the share of bicycle commuter trips to Brisbane’s central business district 52 

(CBD) increased from 0.5% to 3% between 1986 and 2006 for suburbs within 12 km of 53 

Brisbane, as off-road cycleways from the suburbs to the CBD expanded and were linked 54 

(State of Queensland Department of Transport and Main Roads, 2011). Notably, the greatest 55 
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gains in participation were in neighbourhoods surrounding the new infrastructure. In all other 56 

major urban areas outside of Brisbane, the share of commuting trips made by bicycle 57 

decreased slightly, and cycling remained a small component of travel mode share, with 58 

Queensland tying with Victoria in having the lowest frequency of transport cycling state-wide 59 

(3%) (Australian Department of Infrastructure and Regional Development, 2014).  60 

To elevate cycling to a significant travel mode, governments need a better 61 

understanding of the influences on transport cycling. According to the Ecological Model of 62 

Active Living (Sallis et al., 2006), these influences include individual factors (e.g., socio-63 

demographic characteristics and perceptions) and environmental factors. Environmental 64 

factors include the social environment (e.g., socio-economic status of a neighbourhood), the 65 

built environment (e.g., bicycle infrastructure, distances to destinations)  and the natural 66 

environment (e.g., natural aesthetics) as depicted in Figure 1. To date, most studies of the 67 

influences on cycling have focused on individual factors, namely individual characteristcs 68 

and perceptions; however, literature on the  objective environmental attributes associated 69 

with cycling behaviour is growing.  70 

[PLACE FIGURE 1 ABOUT HERE] 71 

In a systematic review of the role of the built environment on cycling published in 72 

2011, Fraser and Lock (2011) reported that 11 of 21 studies reviewed (mostly from the US) 73 

found positive associations between some environmental attributes and cycling. Short trip 74 

distance was reported to be the most consistent correlate of cycling (in four studies), a finding 75 

consistent with evidence from subsequent studies of transport cycling correlates (Handy and 76 

Xing, 2010; Ma et al., 2014; Piatkowski and Marshall, 2015; Winters et al., 2010). Two other 77 

studies included in the review suggested that dedicated cycling routes are associated with 78 

cycling. Again, this finding is supported by more recent studies showing that bicycle-friendly 79 

infrastructure (lanes, paths, and low-speed roads) and connectivity (Handy and Xing, 2010; 80 
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Ma et al., 2014; Winters et al., 2010) are associated with transport cycling.  Other significant 81 

attributes identified in at least one study in the review were population density, land use mix, 82 

short distance to a cycle path, separation of cycleways from traffic, amount of green space, 83 

and presence of street trees. More recent studies provide additional evidence that the 84 

objective neighbourhood environment is associated with transport cycling behaviour directly 85 

or indirectly through influencing perceptions (Handy and Xing 2010; Ma et al., 2014; 86 

Winters et al., Teschke 2010).   87 

In most previous studies of cycling, recreational and transport cycling were not 88 

separately analysed due to small samples of cyclists in the studies. The few studies that have 89 

compared these two types of cycling indicate differences in correlates by cycling purpose 90 

(Heesch et al., 2012; Xing et al., 2010). However, as they did not collect objective measures 91 

of environmental attributes, it is not clear how associations between these attributes and 92 

cycling behaviour differ for recreation and transport cycling. 93 

Also unclear from the literature is the influence of socio-economic status on cycling 94 

(Fraser and Lock, 2011). It has been suggested that cycling infrastructure may simply attract 95 

existing cyclists and cater to more socio-economically advantaged individuals (Goodman et 96 

al., 2013). Indeed, previous reports from Australia suggest that cyclists tend to be those of 97 

higher socio-economic status in terms of income, employment and education levels (Heesch 98 

et al., 2014; Sahlqvist and Heesch, 2012) and that living in a socio-economically 99 

disadvantaged area decreases the likelihood of being a transport cyclist (Sahlqvist and 100 

Heesch, 2012). Some US and Canadian studies also show higher education to be associated 101 

with transport cycling (Ma et al., 2014; Winters et al., 2010) although other studies find no 102 

association between education or income and commuter cycling (Handy and Xing, 2010). 103 

One of these studies showed that people in lower income households are more likely to cycle 104 

for transport than are those in higher income households (Winters et al., 2010).  105 
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Our primary aim was to examine cross-sectional associations between built, natural 106 

and socio-economic attributes of neighbourhoods and transport cycling (most transport 107 

cyclists also cycled for recreation) with non-cyclists serving as the referent group in middle-108 

aged adults aged 45 to 64 years. This population was selected due to the greatly increased 109 

risk of cardiovascular disease from age 45 years, due in part to the lower prevalence of 110 

health-enhancing physical activity in middle-age adults compared with youth aged 15-24 111 

years (Australian Institute of Health and Welfare, 2011). There is opportunity to increase 112 

physical activity in this age cohort by increasing cycling rates, given that rates of regular 113 

cycling are low in middle-aged adults (Australian Bicycle Council, 2015). A secondary aim 114 

was to examine associations between these same neighbourhood attributes and recreation-115 

only cycling with non-cyclists again serving as the referent group. Analyses were adjusted for 116 

neighbourhood self-selection given previous research suggests that self-selection attenuates, 117 

but does not remove, associations between objective environment attributes and physical 118 

activity (McCormack and Shiell, 2011). 119 

 120 

2. Methods 121 

2.1 Sample and procedure 122 

Baseline data were collected in 2007 for HABITAT, a study of physical activity, 123 

sedentary behaviour, and health in adults, aged 40-65 years, residing in Brisbane, Australia. 124 

A multi-stage probability sampling design was used to select a stratified random sample of 125 

Census Collector’s Districts (CCD), the smallest administrative units for collecting 126 

Australian census data. Within each CCD, randomly selected adults aged 40-65 years were 127 

mailed a self-administered questionnaire between May and July, 2007 following methods 128 

developed by Dillman (Burton et al., 2009). Of 16,128 surveys mailed to eligible Brisbane 129 

residents, 11,036 (68.4% response rate) usable surveys were returned. Residents were 130 
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representative of the general Brisbane population aged 40-65 years at the 2006 census 131 

(Turrell et al., 2010).  Ethical clearance was granted by the University Human Research 132 

Ethics Committee at Queensland University of Technology. 133 

For this study the 118 larger neighbourhood suburbs that the CCDs were nested 134 

within were used. The suburbs were a median of 3.9 sq km in size (range: 1.0-74.0). It was 135 

hypothesised that the larger size of neighbourhoods versus CCDs (median: 0.27 sq km; range: 136 

0.02-70.84) would be more appropriate for capturing environmental attributes associated with 137 

cycling.  138 

 139 

2.2 Cycling behaviour 140 

Residents reported the time (hours and mins) ‘spent cycling for transport in the last 141 

week’, which included ‘travel to and from work, to do errands, or to go from place to place’ 142 

and which, they were instructed, was not to include time spent cycling for exercise or 143 

recreation. They reported in a different portion of the survey the frequency of recreational 144 

cycling (‘cycling for exercise or recreation’) in the last 12 months (from 1=‘never’ to 145 

6=‘more than once a week’). Residents were initially categorised as: (1) non-cyclists if they 146 

reported recreational cycling less than monthly and zero minutes of transport cycling; (2) 147 

recreation-only cyclists if they reported recreational cycling at least monthly and zero 148 

minutes of transport cycling, (3) transport and recreational cyclists if they reported at least 149 

monthly recreational cycling and any minutes of transport cycling; and (4) transport-only 150 

cyclists if they cycled for recreation less than monthly and any minutes of transport cycling. 151 

However, because most transport cyclists (87.6%) also reported cycling for recreation, the 152 

final two categories were combined and labelled transport cyclists.  153 

 154 

2.3 Correlates 155 
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Neighbourhood-level environmental attributes shown in Figure 1 served as the 156 

correlates of interest for these analyses. Neighbourhood-level socioeconomic disadvantage 157 

was assessed by modifying the Australian Bureau of Statistic’s Index of Relative 158 

Socioeconomic Disadvantage (Australian Bureau of Statistics, 2013) to the neighbourhood 159 

level. It is a composite measure that uses 17 variables to capture socio-economic attributes of 160 

an area (Turrell et al., 2010). Data on physical environmental attributes were collated using a 161 

MapInfo geographic information system (GIS) database and MapInfo Professional (version 162 

9.5, Pitney Bowes MapInfo, Troy, New York). These attributes are described in Table 1 and 163 

in more detail previously (Turrell et al., 2013). In short, connectivity, density, land-use mix, 164 

cycleways, and street lights are attributes of the neighbourhood built environment. Network 165 

distances to the river or coast, bus stop, train station, shops, and the CBD assess distances by 166 

road from residences to the closest respective destination. Hilliness and tree coverage are 167 

attributes of the natural environment. As suggested by Moudon et al. (2005), these were each 168 

considered independently in order to facilitate interpretation and to inform planning policy. 169 

Given the skewness and distribution of the neighbourhood-level attributes, they were 170 

categorized (see Table 1).  171 

 172 
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Table 1  173 

Description of objective environmental attributes of the HABITAT neighbourhoods: median (range) 174 

  Attribute Categories  

Attribute Description       

Attributes within neighbourhoods Quartile1: 

Least 

Quartile 2 Quartile 3 Quartile 4: 

Most 

The variable 

as a whole 

Connectivity Count of 4-way or 

more intersectionsa  

8  

(0-13) 

20  

(14-25) 

30  

(26-37) 

52  

(39-108) 

25  

(0-108) 

Tree coverage Hectares of tree 

coverage from aerial 

photographya 

121.6  

(22.8-182.4) 

272.8 

(196.5-392.7) 

543.8 

(395.8-729.8) 

1147.2  

(761.4-

27958.1) 

392.7  

(22.8-

27958.1) 

Cycleways Km of off-road 

cyclewaysa 

0.01 

(0-0.8) 

1.6 

(0.9-2.5) 

3.5  

(2.7-4.5) 

6.3 

(4.8-33.3) 

2.5 

(0.0-33.3) 

Street lights Count of street lightsa 276 

(0-423) 

515 

(435-658) 

770  

(662-894) 

1070 

(911-2574) 

658 

(0-2574) 

Hilliness Standard deviation of 

hillinessa 

7.4  

(2.3-9.0) 

9.8  

(9.1-11.2) 

13.4 

(11.4-15.2) 

19.1 

(15.3-129.1) 

11.2  

(2.3-129.1) 
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Residential 

density  

Average residential 

parcel size in square 

metresa 

666 

(564-721) 

825 

(737-935) 

1108 

(935-1482) 

2943  

(1498-77374) 

935 

(564-77374) 

Land-use mix Degree to which there 

is a mix of land useb 

0.31 

(0.02-0.41) 

0.48  

(0.41-0.53) 

0.60 

(0.53-0.66) 

0.72 

(0.66-0.87) 

0.53 

(0.02-0.87) 

Km from residence to destinations Shortest 

distance 

  Longest 

distance 

The variable 

as a whole 

Central business 

district (CBD) 

Network distance to  

CBDc 

2.5 

(0.8-3.0) 

3.9 

(3.0-5.0) 

7.9 

(5.0-10.0) 

12.7 

(10.0-40.6) 

11.9 

(0.8-40.6) 

Ferry Network distance to 

nearest ferry stopc 

1.4 

(0.1-3.0) 

3.9 

(3.0-5.0) 

7.2 

(5.0-10.0) 

12.7 

(10.0-36.6) 

10.3 

(0.1-36.6) 

River  Network distance to 

nearest riverc   

1.3  

(0-3.0) 

3.9  

(3.0-5.0) 

7.8  

(5.0-10.0) 

12.2 

(10.0-18.2) 

6.0 

(0-18.2) 

Shops Network distance to 

nearest shopd 

0.3 

(0.0-0.4) 

0.7 

(0.5-0.9) 

1.5 

(1.0-19.8) 

0.7 

(0.0-19.8) 

Train Network distance to 1.6 3.8 6.1 2.9 
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 175 

Key: All data in the table derive from continuous variables that were categorized due to the skewness of the data. Overlap in upper 176 

range of one category and lower range of the next category is due to rounding error.  177 
a Quartiles of the environmental attribute 178 
b Possible score of 0 (single type land use) to 1 (even distribution of land-use mix); quartile of the environmental attribute 179 
c Four categories based on the distribution of the data and categories used in previous research: 0-<3 km, 3-<5 km, 5-<10 km, 10+ km 180 
d Three categories based on the distribution of the data and categories used in previous research: 0-< 500 m, 500-< 1 km, 1 km+ 181 
e Three categories based on the distribution of the data and categories used in previous research: 0-<3 km, 3-<5 km, 5+ km 182 
f Three categories based on the distribution of the data and categories used in previous research: 0-5 km, 5-<10 km, 10+ km 183 

 184 

 185 

nearest train statione (0.0-2.9) (3.0-4.9) (5.0-32.9) (0.0-32.9) 

Coast Network distance to 

nearest coastlinef   

2.4  

(1.0-5.0) 

7.8 

(5.0-10.0) 

20.4 

(10.0-57.8) 

17.3  

(1.0-57.8) 
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2.4 Covariates 186 

Neighbourhood size served as a covariate because the counts of certain environmental 187 

attributes (e.g., number of street lights) present in the neighbourhood depend on the 188 

neighbourhood size. At the individual level, covariates were socio-demographic variables found 189 

previously to be associated with cycling (Heesch et al., 2014): age, sex, education, gross 190 

household income, employment status and access to a motor vehicle for personal use as shown in 191 

Table 2 and Figure 1. A 17-item neighbourhood self-selection scale with items on a 1 to 5 Likert 192 

scale (Cronbach’s alpha=0.86; details in Supplementary File 1) was included to account for an 193 

individual’s selecting of a neighbourhood to live based on its facilities and amenities that could 194 

encourage cycling. The mean score of the items served as the scale score. 195 

 196 

2.5 Statistical analyses 197 

Of 11,036 eligible residents, those with missing cycling data (n=238; 2.2%) or missing 198 

data on any individual level covariate (n=470; 4.3%) were excluded from analysis. Thus, data 199 

from 10,328 residents (93.6%) were available for analysis. Compared with included residents, 200 

excluded residents were less likely to be younger, have a bachelor’s degree, live in a high income 201 

household, be employed full-time, and have motor vehicle access (p< 0.05; see Supplementary 202 

File 2).  203 

Descriptive analyses were carried out with STATA/SE 13.0 (StataCorp, College Station, 204 

Texas). The association between each neighbourhood attribute and cycling was examined in a 205 

series of multinomial multilevel unordered logistic regression models, using MLwiN statistical 206 

software (version 2.30, Centre for Multilevel Modelling, Bristol). First, the association between 207 

the environmental attribute and cycling was adjusted only for neighbourhood self-selection and 208 
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size (Model 1). Second, to control for the individual level factors shown in Figure 1, socio-209 

demographic variables were added (Model 2). Last, as recommended for examination of 210 

neighbourhood influences (Chaix et al., 2010), neighbourhood disadvantage was added (Model 211 

3). The last category of a variable served as the referent category for most variables. However, 212 

after observing a U-shaped relationship between neighbourhood disadvantage and transport 213 

cycling in early modelling, Quartile 3 of neighbourhood disadvantaged was designated the 214 

referent to best fit the association. Also, the referent group for network distance to the Brisbane 215 

River and to the nearest train station was the first category, to increase power as this category 216 

contained the largest samples of cyclists and non-cyclists.  217 

For all models, posterior mean estimates of the between-neighbourhood variance in 218 

cycling for transport and cycling for recreation are presented along with the standard errors of 219 

the posterior distributions. These estimates reflect the extent to which cycling levels for 40-65 220 

year olds in the 118 neighbourhoods varied around the overall mean level of cycling for all 221 

neighbourhoods in Brisbane. The model parameters were estimated using Marko chain Monte 222 

Carlo (MCMC) simulation with uninformative priors on all parameters in the model. To achieve 223 

convergence of the simulated chains for the variance parameters (assessed by using the Raftery-224 

Lewis and Brooks-Draper diagnostics), the Metropolis-Hastings algorithm was implemented for 225 

50,000 iterations. Model results are reported as odds ratios (OR) with their 95% credible 226 

intervals (CrI).  227 

 228 

3. Results 229 

Few residents (3.9%) were transport cyclists (with or without recreational cycling). 230 

Another 30.3% were recreation-only cyclists. Neighbourhood self-selection scores (mean=2.88 231 
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[SD 0.73]) indicated that neighbourhood convenience and amenities were moderately important 232 

contributors to the decision to move to a neighbourhood. As shown in Table 2, recreation-only 233 

and transport cyclists tended to be older, more highly educated, in higher-income households, 234 

and employed full-time, compared with non-cyclists. A high proportion of transport cyclists were 235 

men whereas gender differences were not pronounced for recreation-only cycling. Although 236 

most participants had access to a vehicle always, a lower proportion of recreation-only cyclists 237 

than transport cyclists and non-cyclists reported no access to a vehicle.  238 

 239 

Table 2  240 

Characteristics of analysis sample from HABITAT  241 

 Non-cyclists 

 

Recreation-

only cyclists  

Transport 

cyclists1 

Total sample 

 

 n % n % n % N % 

Overall 6,796 65.8 3,134 30.3 398 3.9 10,328 100.0 

Age (years)         

40-44 1005 14.8 956 30.5 143 35.9 2104 20.4 

45-49 1348 19.8 830 26.5 106 26.6 2284 22.1 

50-54 1480 21.8 606 19.3 72 18.1 2158 20.9 

55-65 2963 43.6 742 23.7 77 19.3 3782 36.6 

Sex         

Male 2678 39.4 1669 53.3 301 75.6 4648 45.0 

Female 4118 60.6 1465 46.7 97 24.4 5680 55.0 

Highest attained education level        

Bachelor degree or higher 1869 27.5 1210 38.6 198 49.7 3277 31.7 

Diploma/associate 

diploma/certificate 1911 28.1 1001 31.9 112 28.1 3024 29.3 
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1 Transport cyclists cycled to get to and from places in the previous week with or without 242 

additional recreational cycling. 243 
2A missing category was included in all modelling due to the high number of missing values for 244 

this variable. 245 

 246 

3.1 Environmental correlates of cycling for transport 247 

As shown in Table 3, neighbourhood disadvantage was a significant correlate of transport 248 

cycling in Models 1 and 2 with a U-shape curve suggested. After adjustment for neighbourhood 249 

self-selection and neighbourhood size (Model 1), there was a trend (OR 1.86, 95% CrI 0.99-250 

3.45) that indicated that residents of the most disadvantaged neighbourhoods (Quintile 1) were 251 

High school 3016 44.4 923 29.5 88 22.1 4027 39.0 

Household income          

$130,000+ 943 13.9 753 24 113 28.4 1809 17.5 

$72,800-129,999 1672 24.6 936 29.9 105 26.4 2713 26.3 

$41,600-72,799 1587 23.4 629 20.1 80 20.1 2296 22.2 

$0-41,599 1562 23.0 423 13.5 64 16.1 2049 19.8 

Missing 2 1032 15.2 393 12.5 36 9.0 1461 14.1 

Employment status         

Full-time employed 3358 49.4 1919 61.2 256 64.3 5533 53.6 

Part-time/casually 

employed 1583 23.3 704 22.5 83 20.9 2370 22.9 

Not in the labour force 1855 27.3 511 16.3 59 14.8 2425 23.5 

Vehicle access         

Yes, always 6042 88.9 2908 92.8 315 79.1 9265 89.7 

Yes, sometimes 320 4.7 160 5.1 55 13.8 535 5.2 

No 434 6.4 66 2.1 28 7.0 528 5.1 
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more likely to cycle for transport compared with those living in the middle level of 252 

disadvantaged neighbourhoods (Quintile 3). After adjustment for individual socio-demographic 253 

variables (Model 2), this relationship was significant. Conversely, those in the least 254 

disadvantaged neighbourhoods (Quintile 5) were initially significantly more likely to cycle for 255 

transport compared with those living in neighbourhoods neither disadvantaged or advantaged 256 

(Model 1), but this association was attenuated after further adjustment (Model 2). However, the 257 

modelling still suggested a U-shaped curve.  258 

Some network distance variables were significant across all models. Residents living <10 259 

km (network distance) from the Brisbane CBD or from the nearest ferry stop had an increased 260 

likelihood of cycling for transport, compared with those living ≥10 km from these destinations. 261 

Residents who lived ≥5 km from the Brisbane River were less likely to cycle for transport than 262 

were those who lived <3 km from the river. Moreover, residents who lived 3-5 km from the 263 

closest train station were less likely to cycle for transport than were those who lived <3 km from 264 

that location, and although not significant, there was a trend suggesting that living ≥5 km from 265 

the closest train station also decreased the likelihood of cycling from transport. 266 
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Table 3  267 

Associations between environmental attributes and cycling (odds ratios and 95% credible intervals) 268 

n=10,328 respondents 
m=118 neighbourhoods 

Transport cycling                           Recreation-only cycling 

 Model 1 a Model 2 b Model 3 c Model 1 a Model 2 b Model 3 c 
Neighbourhood 
disadvantage 

      

Q1 (Most) 1.86 (0.99, 
3.45) 

1.92 (1.07, 
3.42) 

 0.91 (0.73, 
1.14) 

1.00 (0.82, 
1.23) 

 

Q2 1.37 (0.76, 
2.43) 

1.29 (0.74, 
2.23) 

 1.03 (0.82, 
1.28) 

1.04 (0.85, 
1.27) 

 

Q3: Referent 1.00 1.00  1.00 1.00  
Q4  1.30 (0.75, 

2.20) 
1.15 (0.69, 

1.95) 
 1.16 (0.95, 

1.39) 
1.06 (0.89, 

1.26) 
 

Q5 (Least) 1.80 (1.06, 
3.04) 

1.51 (0.92, 
2.50) 

 1.30 (1.08, 
1.57) 

1.12 (0.94, 
1.34) 

 

Between-neighbourhood  
variance (se) 

0.49 (0.13) 0.38 (0.11)  0.06 (0.02) 0.04 (0.01)  

       
Connectivity       
Q1 (Least) 0.59 (0.35, 

1.01) 
0.65 (0.39, 

1.08) 
0.59 (0.35, 

1.01) 
1.19 (0.98, 

1.46) 
1.14 (0.97, 

1.36) 
1.10 (0.92, 

1.32) 
Q2 0.90 (0.55, 

1.50) 
1.02 (0.64, 

1.67) 
1.00 (0.59, 

1.63) 
1.16 (0.95, 

1.41) 
1.18 (1.00, 

1.39) 
1.17 (0.99, 

1.39) 
Q3:  0.86 (0.53, 

1.44) 
0.93 (0.56, 

1.49) 
0.86 (0.52, 

1.38) 
1.23 (0.98, 

1.46) 
1.23 (1.04, 

1.45) 
1.27 (1.07, 

1.51) 
Q4 (Most) Referent 1.00 1.00 1.00 1.00 1.00 1.00 
Between-neighbourhood  
variance (se) 

0.49 (0.13) 0.40 (0.12) 0.37 (0.11) 0.07 (0.02) 0.03 (0.01) 0.03 (0.01) 

       
Tree coverage       
Q1 (Least)  0.83 (0.48, 0.93 (0.53, 1.01 (0.60, 0.80 (0.64, 0.90 (0.73, 0.93 (0.73, 
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1.43) 1.59) 1.69) 1.01) 1.12) 1.17) 
Q2 0.78 (0.47, 

1.30) 
0.84 (0.50, 

1.41) 
0.90 (0.54, 

1.50) 
0.86 (0.70, 

1.05) 
0.92 (0.75, 

1.13) 
0.94 (0.75, 

1.16) 
Q3 0.75 (0.51, 

1.10) 
0.68 (0.46, 

1.01) 
0.73 (0.49, 

1.10) 
0.83 (0.72, 

0.96) 
0.81 (0.71, 

0.94) 
0.83 (0.70, 

0.96) 
Q4 (Most) : Referent 1.00 1.00 1.00 1.00 1.00 1.00 
Between-neighbourhood  
variance (se) 

0.50 (0.13) 0.42 (0.11) 0.38 (0.11) 0.06 (0.02) 0.03 (0.01) 0.03 (0.01) 

       
Bike Paths (KM)       
Q1 (Least) 0.80 (0.47, 

1.39) 
0.79 (0.48, 

1.34) 
0.76 (0.47, 

1.25) 
0.97 (0.79, 

1.19) 
0.96 (0.80, 

1.13) 
0.94 (0.79, 

1.13) 
Q2 0.64 (0.37, 

1.08) 
0.65 (0.39, 

1.08) 
0.61 (0.37, 

1.04) 
0.85 (0.69, 

1.06) 
0.86 (0.72, 

1.03) 
0.85 (0.70, 

1.03) 
Q3 0.75 (0.46, 

1.21) 
0.76 (0.48, 

1.20) 
0.75 (0.48, 

1.18) 
0.85 (0.70, 

1.02) 
0.84 (0.72, 

0.99) 
0.84 (0.71, 

0.99) 
Q4 (Most) : Referent 1.00 1.00 1.00 1.00 1.00 1.00 
Between-suburb variance 
(se) 

0.51 (0.13) 0.41 (0.12) 0.38 (0.11) 0.07 (0.02) 0.03 (0.01) 0.03 (0.01) 

       
Street lights       
Q1 (Fewest) 1.19 (0.62, 

2.31) 
1.20 (0.65, 

2.20) 
1.05 (0.54, 

1.94) 
1.38 (1.09, 

1.74) 
1.23 (1.00, 

1.52) 
1.21 (0.97, 

1.50) 
Q2 1.24 (0.64, 

2.42) 
1.28 (0.66, 

2.35) 
1.17 (0.63, 

2.18) 
1.18 (0.92, 

1.50) 
1.16 (0.92, 

1.44) 
1.19 (0.96, 

1.46) 
Q3 1.25 (0.71, 

2.19) 
1.27 (0.75, 

2.15) 
1.26 (0.73, 

2.17) 
1.15 (0.94, 

1.40) 
1.11 (0.93, 

1.33) 
1.13 (0.94, 

1.35) 
Q4 (Most): Referent 1.00 1.00 1.00 1.00 1.00 1.00 
Between-neighbourhood  
variance (se) 

0.53 (0.13) 0.43 (0.18) 0.41 (0.11) 0.06 (0.2) 0.03 (0.01) 0.03 (0.01) 

       
Hilliness       
Q1 (Least) 0.89 (0.51, 1.11 (0.67, 0.96 (0.54, 0.93 (0.76, 1.07 (0.91, 1.12 (0.92, 
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1.56) 1.84) 1.69) 1.14) 1.27) 1.35) 
Q2 0.77 (0.46, 

1.29) 
0.94 (0.59, 

1.85) 
1.00 (0.61, 

1.62) 
0.80 (0.67, 

0.97) 
0.88 (0.75, 

1.02) 
0.89 (0.75, 

1.05) 
Q3 0.69 (0.41, 

1.56) 
0.73 (0.45, 

1.18) 
0.67 (0.40, 

1.12) 
0.81 (0.67, 

0.98) 
0.86 (0.74, 

1.00) 
0.89 (0.75, 

1.05) 
Q4 (Most): Referent 1.00 1.00 1.00 1.00 1.00 1.00 
Between-neighbourhood  
variance (se) 

0.53 (0.13) 0.42 (0.12) 0.37 (0.11) 0.06 (0.02) 0.03 (0.01) 0.03 (0.01) 

       
Residential density       
Q1 (Least) 1.15 (0.65, 

2.03) 
1.35 (0.77, 

2.34) 
1.25 (0.74, 

2.21) 
0.89 (0.71, 

1.11) 
0.94 (0.77, 

1.15) 
0.95 (0.77, 

1.17) 
Q2 0.97 (0.54, 

1.72) 
1.05 (0.61, 

1.82) 
1.08 (0.65, 

1.84) 
0.99 (0.80, 

1.23) 
1.01 (0.84, 

1.22) 
1.02 (0.85, 

1.24) 
Q3 0.82 (0.47, 

1.43) 
0.98 (0.57, 

1.72) 
1.01 (0.60, 

1.76) 
0.92 (0.75, 

1.14) 
0.99 (0.82, 

1.19) 
1.00 (0.82, 

1.20) 
Q4 (Most): Referent 1.00 1.00 1.00 1.00 1.00 1.00 
Between-neighbourhood  
variance (se) 

0.52 (0.13) 0.41 (0.11) 0.39 (0.11) 0.07 (0.02) 0.03 (0.01) 0.04 (0.01) 

       
Land use mix       
Q1 (Least) 0.75 (0.41, 

1.31) 
0.69 (0.40, 

1.19) 
0.87 (0.47, 

1.57) 
0.99 (0.80, 

1.23) 
0.96 (0.78, 

1.14) 
0.93 (0.75, 

1.14) 
Q2 1.13 (0.67, 

1.85) 
1.05 (0.67, 

1.72) 
1.23 (0.73, 

2.11) 
1.12 (0.92, 

1.36) 
1.04 (0.89, 

1.23) 
1.01 (0.84, 

1.22) 
Q3 0.81 (0.48, 

1.36) 
0.73 (0.45, 

1.21) 
0.90 (0.52, 

1.58) 
1.11 (0.91, 

1.35) 
1.04 (0.88, 

1.24) 
1.02 (0.84, 

1.24) 
Q4 (Most) : Referent 1.00 1.00 1.00 1.00 1.00 1.00 
Between-suburb variance 
(se) 

0.54 (0.13) 0.42 (0.12) 0.40 (0.12) 0.07 (0.02) 0.03 (0.01) 0.04 (0.01) 

       
Road network distance 
to Central Business 
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District 
< 3km 2.82 (1.36, 

5.85) 
2.23 (1.05, 

4.69) 
2.60 (1.23, 

5.35) 
1.37 (0.98, 

1.92) 
1.31 (0.95, 

1.80) 
1.41 (1.02, 

1.97) 
3 – <5km  3.24 (1.84, 

5.67) 
2.90 (1.59, 

5.18) 
2.99 (1.72, 

5.24) 
1.21 (0.91, 

1.60) 
1.14 (0.87, 

1.51) 
1.16 (0.89, 

1.52) 
5 – <10km 2.29 (1.63, 

3.25) 
2.10 (1.45, 

3.05) 
2.24 (1.58, 

3.21) 
1.12 (0.96, 

1.29) 
1.05 (0.92, 

1.21) 
1.05 (0.91, 

1.21) 
≥10 km: Referent 1.00 1.00 1.00 1.00 1.00 1.00 
Between-suburb variance 
(se) 

0.36 (0.10) 0.33 (0.10) 0.27 (0.09) 0.07 (0.02) 0.03 (0.01) 0.03 (0.01) 

       
Road network distance 
to the closest ferry 

      

< 3 km 3.11 (1.86, 
5.13) 

2.55 (1.50, 
4.26) 

2.73 (1.69, 
4.43) 

1.19 (0.95, 
1.23) 

1.09 (0.88, 
1.35) 

1.11 (0.89, 
1.38) 

3 – <5 km  2.45 (1.56, 
3.88) 

2.02 (1.26, 
3.26) 

2.14 (1.36, 
3.34) 

1.36 (1.11, 
1.65) 

1.17 (0.97, 
1.40) 

1.16 (0.96, 
1.40) 

5 – <10 km 1.80 (1.23, 
2.64) 

1.59 (1.10, 
2.33) 

1.66 (1.16, 
2.38) 

1.13 (0.97, 
1.32) 

1.05 (0.91, 
1.21) 

1.04 (0.90, 
1.19) 

≥10 km: Referent 1.00 1.00 1.00 1.00 1.00 1.00 
Between-neighbourhood  
variance (se) 

0.34 (0.10) 0.32 (0.10) 0.26 (0.09) 0.06 (0.02) 0.03 (0.01) 0.03 (0.01) 

       
Road network distance 
to the Brisbane River 

      

< 3km: Referent 1.00 1.00 1.00 1.00 1.00 1.00 
3 – <5 km  0.98 (0.66, 

1.44) 
0.92 (0.61, 

1.38) 
0.96 (0.64, 

1.43) 
0.89 (0.74, 

1.06) 
0.88 (0.74, 

1.04) 
0.87 (0.73, 

1.05) 
5 – <10 km 0.57 (0.37, 

0.89) 
0.60 (0.38, 

0.93) 
0.62 (0.40, 

0.96) 
0.87 (0.73, 

1.04) 
0.91 (0.77, 

1.07) 
0.93 (0.78, 

1.11) 
≥10 km 0.37 (0.22, 

0.62) 
0.43 (0.25, 

0.72) 
0.46 (0.27, 

0.77) 
0.87 (0.71, 

1.05) 
0.97 (0.82, 

1.16) 
1.00 (0.83, 

1.21) 
Between-suburb variance 0.40 (0.11) 0.37 (0.10) 0.34 (0.10) 0.07 (0.02) 0.03 (0.01) 0.04 (0.01) 
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(se) 
       
Road network distance 
to the closest shops 

      

0 – <500 m 1.27 (0.89, 
1.80) 

1.28 (0.90, 
1.82) 

1.36 (0.94, 
1.94) 

0.80 (0.70, 
0.91) 

0.86 (0.76, 
0.98) 

0.87 (0.75, 
1.00) 

500 m – < 1 km  1.13 (0.81, 
1.57) 

1.15 (0.84, 
1.59) 

1.21 (0.87, 
1.74) 

0.85 (0.76, 
0.96) 

0.88 (0.80, 
0.98) 

0.88 (0.78, 
1.00) 

≥1 km: Referent 1.00 1.00 1.00 1.00 1.00 1.00 
Between-neighbourhood  
variance (se) 

0.46 (0.12) 0.37 (0.10) 0.32 (0.10) 0.07 (0.02) 0.03 (0.01) 0.03 (0.01) 

       
Road network distance 
to closest train station 

      

< 3 km Referent 1.00 1.00 1.00 1.00 1.00 1.00 
3 – <5 km  0.57 (0.41, 

0.80) 
0.58 (0.41, 

0.81) 
0.54 (0.39, 

0.77) 
0.90 (0.79, 

1.03) 
0.91 (0.80, 

1.03) 
0.88 (0.77, 

1.00) 
≥ 5 km:  0.74 (0.47, 

1.17) 
0.71 (0.46, 

1.11) 
0.66 (0.41, 

1.07) 
1.03 (0.87, 

1.22) 
0.94 (0.81, 

1.10) 
0.88 (0.74, 

1.05) 
Between-neighbourhood  
variance (se) 
 

0.45 (0.12) 0.37 (0.11) 0.33 (0.10) 0.07 (0.02) 0.03 (0.01) 0.03 (0.01) 

Road network distance 
to coast  

      

< 5km 0.81 (0.42, 
1.58) 

0.99 (0.51, 
1.82) 

0.92 (0.46, 
1.80) 

1.07 (0.84, 
1.35) 

1.18 (0.97, 
1.44) 

1.25 (1.00, 
1.54) 

5 – <10 km  0.63 (0.36, 
1.09) 

0.69 (0.40, 
1.17) 

0.71 (0.42, 
1.20) 

0.91 (0.75, 
1.10) 

0.98 (0.82, 
1.16) 

0.99 (0.83, 
1.17) 

≥10 km: Referent 1.00 1.00 1.00 1.00 1.00 1.00 
Between-suburb variance 
(se) 

0.51 (0.13) 0.42 (0.12) 0.39 (0.11) 0.07 (0.02) 0.03 (0.01) 0.03 (0.01) 

 269 
Key: Bold face=significant at p<0.05; CrI=credible interval; Transport cyclists=participants who cycled to get to and from places in 270 
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the previous week, with or without additional recreation cycling; Q=quartile.   271 

a Each environmental variable served as a predictor variable in a multinomial model, with adjustment for neighbourhood land size and 272 

neighbourhood self-selection. Separate models were created for each environmental variable. 273 

b Each environmental variable served as a predictor variable in a multinomial model, with Model 1 adjustments plus adjustments for 274 

age, gender, education, income, employment status and motor vehicle access. Separate models were created for each environmental 275 

variable.  276 

c Each environmental variable served as a predictor variable in a multinomial model, with Model 2 adjustments plus adjustment for 277 

neighbourhood level of disadvantage. Separate models were created for each environmental variable.  278 
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3.2 Environmental correlates of cycling for recreation-only 

Prior to adjustment for socio-demographic characteristics (Model 1), living in the least 

disadvantaged neighbourhoods (Quartile 5 vs Quartile 3) was associated with an increased 

likelihood of recreational cycling; however, this association was no longer significant once 

adjustments were made for individual socio-demographic characteristics (Model 2).  In Models 2 

and 3, moderately-high connectivity (Quartile 3) was associated with a greater likelihood of 

recreation-only cycling compared with Quartile 4. Across models, living in a neighbourhood 

with a moderately high amount of tree coverage or of bike paths (Quartile 3) was associated with 

decreased likelihood of recreation-only cycling compared with living in a neighbourhood with 

the highest amounts of these attributes (Quartile 4). Some network distance variables were 

associated with recreation-only cycling in final modelling (Model 3). Residents living <3 km 

from the CBD were more likely to cycle for recreation-only compared with those living ≥10 km 

from that location, whereas residents living <1 km from the closest shops were less likely to 

cycle for recreation-only compared with those living ≥1 from these shops. Living 3-5 km from 

the closest train station decreased the likelihood of cycling for recreation-only with similar but 

non-significant findings for those living ≥5 km from the nearest train. Those living <5 km from 

the coast had an increased likelihood of recreation-only cycling compared with those living ≥10 

km from the coast.  

 

3.3 Neighbourhood variation in cycling 

Table 3 shows the between-neighbourhood variance (and standard error) in cycling for transport 

and recreation-only cycling. Although 3.9% of residents were classified as transport cyclists, the 

statistically significant variance terms indicate that this proportion differed (beyond chance) 
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between neighbourhoods, with some neighbourhoods having rates of transport cycling that were 

much higher than 3.9% and others having lower percentages. The between-neighbourhood 

variance terms for Model 1 was always larger than Model 2, indicating that part of the difference 

between neighbourhoods in cycling for transport was due to concomitant differences in one or 

more of the individual level socio-demographic factors. Likewise, although an estimated 30.3% 

of residents were recreational-only cyclists, this percentage also varied significantly between 

neighbourhoods, and again, the variance terms were larger for Model 1 compared with Model 2, 

indicating that part of the between-neighbourhood variation in cycling for recreation was due to 

neighbourhood differences in individual-level socio-demographic factors. For all models the 

magnitude of the between-neighbourhood variation was much larger for transport cycling than 

recreation-only cycling.   

 

3.4 Post-hoc analysis of transport cyclists 

The strongest associations with transport cycling were network distances to the CBD, 

river and nearest ferry station. With a recent study from Sydney also showing higher cycling 

rates for those living nearest the CBD (Zander et al., 2014), it was hypothesised that associations 

between other environmental attributes and transport cycling may be suppressed when the 

distance to CBD, as well as distances to other locations attractive to cyclists (river and nearest 

ferry station), is not adequately addressed. Post hoc, the sample was stratified based on network 

distance to the CBD and river (highly correlated with distance to ferry station), and associations 

between the other environmental attributes and transport cycling were revisited.  

Residents were categorised into inner urban residents (living <10 km of the CBD and 

river) as suggested previously (Zander et al., 2014), suburban residents (living ≥10 from the 
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CBD but <10 km from the river), and outer urban residents (living ≥10 from the CBD and river). 

After adjusting for individual socio-demographic variables, suburban residents (0.48 [95% CrI 

0.32, 0.69]) and outer urban residents (0.36 [95% CrI 0.22, 0.59]) were significantly less likely to 

cycle for transport than were inner urban residents. There were no significant differences 

between these categories in recreation-only cycling participation. Based on this finding, 

multilevel logistic regression modelling was conducted to examine associations between other 

environmental attributes and transport cycling separately for each category created. Each 

environmental attribute was modelled separately, first with the same adjustments as in Model 2 

of the main analysis and second, with neighbourhood disadvantage added as well, as in Model 3 

of the main analysis. Non-cyclists served as the referent group, and recreation-only cyclists were 

excluded from analysis. Given the exploratory nature of these analyses and the smaller sub-

groups of residents included in each analysis, odds ratios are reported with 90% credible 

intervals. 

Significant results are presented in Table 4. The main association found previously 

between neighbourhood disadvantage and transport cycling was seen only in inner urban 

residents, with those in Quartiles 1 and 5 (living in the most and least disadvantaged 

neighbourhoods, respectively) more likely to cycle for transport than those living in Quartile 3. 

Also for inner urban residents, living in a neighbourhood with the most km of bike path was 

associated with a significant increase in likelihood of transport cycling, compared with those 

living in neighbourhoods with fewer (significant for Quartiles 1 and 3). Suburban residents who 

lived in neighbourhoods with lower levels of tree coverage (Quartiles 1-3) were less likely to 

cycle for transport than were those in neighbourhoods with the most tree coverage (Quartile 4). 

In the first modelling, residents in neighbourhoods with fewer street lights (Quartile 2) were 
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more likely to cycle for transport than were those in neighbourhoods with the most street lights 

(Quartile 4), but with neighbourhood disadvantage added to the model, this association was no 

longer significant. Last, for residents in outer urban regions, the number of street lights and 

distance to the coast were significant in the first modelling but were no longer significant once 

neighbourhood-level disadvantaged was added to the models.  

 

Table 4  

Significant associations between environmental attributes and transport cycling, in stratified 

samples 

Attribute Model 2 Model 3 

 OR (90% CrI)a OR (90% CrI)b 

Inner urban residents (n=2550)  

Neighbourhood disadvantage   

Q1 (Most) 2.26 (1.20, 4.27)  

Q2 1.26 (0.74, 2.17)  

Q3: Referent 1.00  

Q4  1.27 (0.79, 2.05)  

Q5 (Least) 1.97 (1.15, 3.38)  

Between-neighbourhood variance (se) 0.18 (0.11)  

Bike paths (km)   

Q1 (Least) 0.56 (0.34, 0.95) 0.55 (0.29, 0.92) 

Q2 0.78 (0.49, 1.24) 0.76 (0.46, 1.22) 

Q3 0.67 (0.44, 1.04) 0.56 (0.35, 0.89) 
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Q4 (Most): Referent 1.00 1.00 

Between-suburb variance (se) 0.16 (0.12) 0.13 (0.11) 

Suburban residents (n=2661) 

Tree coverage   

Q1 (Fewest) 0.34 (0.13, 0.87) 0.31 (0.11, 0.80) 

Q2 0.43 (0.19, 0.96) 0.43 (0.18, 0.98) 

Q3 0.51 (0.32, 0.80) 0.50 (0.30, 0.82) 

Q4 (Most): Referent 1.00 1.00 

Between-neighbourhood variance (se) 0.18 (0.15) 0.18 (0.18) 

Street lights   

Q1 (Fewest) 1.48 (0.81, 2.68) 1.50 (0.77, 2.98) 

Q2 2.23 (1.16, 4.27) 1.96 (0.93, 4.05) 

Q3 1.19 (0.66, 2.05) 1.34 (0.71, 2.45) 

Q4 (Most): Referent 1.00 1.00 

Between-neighbourhood variance (se) 0.12 (0.14) 0.16 (0.17) 

Outer urban residents 

Network distance to coast   

< 5km 2.91 (1.13, 6.66) 1.87 (0.41, 5.86) 

5 – <10 km  1.34 (0.52, 3.21) 1.17 (0.31, 3.40) 

≥10 km: Referent 1.00 1.00 

Between-neighbourhood variance (se) 0.57 (0.49) 0.94 (0.84) 
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Key: Bold face=significant at p<0.05; CBD=central business district; CrI=credible interval; 

Transport cyclists=participants who cycled to get to and from places in the previous week, with 

or without additional recreation cycling; Q=quartile.  

a Each environmental variable served as a predictor variable in its own multinomial model, with 

adjustments for neighbourhood land size, neighbourhood self-selection, age, gender, education, 

income, employment status, and motor vehicle access. To account for small samples of cyclists 

in the stratified samples, all categorical covariates were condensed into dichotomous variables 

except age (into three categories). Separate models were created for each environmental variable. 

Given the exploratory nature of these analyses and the reduced samples, 90% credible intervals 

were used. 

b Each environmental variable served as a predictor variable in its own multinomial model, with 

adjustments as for Model 3 and additionally, for level of neighbourhood disadvantage. Separate 

models were created for each environmental variable. Given the exploratory nature of these 

analyses and the reduced samples, 90% credible intervals were used. 

 

4. Discussion 

This is among the first studies to separately examine transport and recreation-only 

cycling in analyses using objectively-measured environmental attributes. Most previous studies 

have examined objective environmental attributes associated with overall physical activity levels 

or walking specifically (McCormack & Shiell 2011), combined transport and recreational into 

one measure of ‘cycling’, or examined transport cycling only (Handy et al., 2014).  

 

4.1 Cycling for transport 
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The most important attributes associated with transport cycling in the current study were 

shorter distances to destinations. The odds of transport cycling were over two times higher for 

those living within 10 km of the CBD, where jobs are located, and for those living less than 5 km 

from the closest ferry stations, where Brisbane residents can load bicycles onto ferries for 

transport around town. Likewise, the odds were highest for those living less than 3 km from the 

Brisbane River, where bicycle paths are located. These findings are consistent with the literature 

to date on environmental attributes associated with cycling and active transport more generally, 

predominately from English-speaking low cycling countries (Fraser and Lock, 2011; Ewing and 

Cervero, 2010; Handy and Xing, 2010; Ma et al.,  2014; Panter and Jones, 2010; Winters et al.,  

2010).  

Post-hoc analysis indicated that inner urban residents were twice as likely to cycle for 

transport as suburban residents and 2.7 times more likely to do so than outer suburb residents. 

This finding supports those from Sydney that show slightly higher cycling rates in inner Sydney 

(within 10 km of the CBD) than in surrounding areas (Zander et al., 2014). These findings may 

indicate that government investment in bicycle infrastructure within the inner areas of Brisbane 

has resulted in more transport cycling, and that cycling in outer suburban areas could be 

potentially increased with such investment.  

Odds ratios for transport cycling were 1.8 times higher for residences living <3 km from 

a train station, compared with those living 3-<5 km from a train. This finding may indicate that 

living near a train station encourages cycling for transport. Studies from the Netherlands, a high-

cycling country, show that the bicycle is the preferred transport mode for medium length trips 

from a residence to a train station (about 1.5-3.7 km) (Givoni and Rietveld, 2007; Heinen et al., 

2009; Keijer and Rietveld, 2000; Martens, 2004; Rietveld, 2000). However, in Brisbane, only 
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1% of train users access a train station by bicycle (Statew of Queensland Department of 

Transport and Main Roads, 2012). Although parking facilities are available at train stations, 

unlike in Europe, there is a tendency for expensive bicycles to be purchased. Moreover, if roads 

en-route to train stations carry heavy traffic, are indirect, or do not have cycling infrastructure, 

residents may be dissuaded from cycling to a train station. A Melbourne-based study found that 

most of Melbourne could be connected for cyclists, if cycling infrastructure within 5 km of train 

stations were built (Eagleson and Hale, 2014).  

Distance to the nearest shops was not significantly associated with transport cycling. 

Previous research indicates that cyclists in Queensland tend not to cycle to shops (Sahlqvist & 

Heesch, 2012) and that this may reflect perceived (or actual) inadequacy of bicycle infrastructure 

to shopping areas or the lack of amenities at shopping areas (e.g., safe paths for cyclists to use to 

enter such areas; secure parking) (Heesch and Sahlqvist, et al., 2013).  

The main analysis suggests a U-shaped dose-response relationship between level of 

disadvantage and transport cycling. In the post hoc analysis, this relationship was only seen for 

inner urban residents. Both those living in the most disadvantaged and most advantaged 

neighbourhoods in inner urban areas had odds two times higher than those living in 

neighbourhoods that were in the middle category for level of advantage. Inner urban residents 

lived in the area of Brisbane with the best bicycle infrastructure. Individuals living in the most 

disadvantaged neighbourhoods therefore had the opportunity to bicycle as a cheap and 

convenient form of transport, and those who resided in highly advantaged neighbourhoods could 

take advantage of the infrastructure for health and enjoyment reasons. In contrast, in studies from 

the US (Cervero and Duncan, 2003) and UK (Panter et al., 2013a; Panter et al., 2013b) there was 

no association found between level of disadvantage and transport cycling. In a recent study from 
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Sydney (Zander et al., 2014); however, there was a dose-response relationship between level of 

disadvantage and cycling to work, with residents in the most disadvantaged areas being the least 

likely to cycle to work.  

Post-hoc, the odds of transport cycling were 1.8 times higher in those living in 

neighbourhoods with the most versus fewest km of bicycle paths, although only for residents in 

inner urban Brisbane, who have more destinations accessible through bicycle paths than do these 

living further away from the CBD and river. Previous studies from both low-cycling and high-

cycling countries indicate that cycling levels are positively associated with more bicycle paths 

and lanes (Heinen et al.,  2009; Pucher et al. 2011). Our finding also provides support for 

previous self-reported studies of cyclists’ desire for bicycle paths in low-cycling countries. A 

previous Queensland study showed that both male and female cyclists prefer cycle routes 

separated from motorists and that a concern with safety in traffic was a constraint on cycling 

(Heesch et al., 2012). Likewise, studies in Victoria, Australia (Garrard et al., 2006), Canada 

(Twaddle et al., 2010), and the US (Akar and Clifton, 2009; Dill, 2009; Krizek et al., 2005) 

indicate such a preference. The current study thus shows that having more off-road bike paths in 

an inner city area, where the urban area is denser with more destinations reachable from these 

paths, encourages transport cycling. 

Another environmental attribute that was only significant post-hoc was tree coverage, a 

proxy for aesthetics of the neighbourhood. For suburban residents, the odds of transport cycling 

was over three times higher for residents living in neighbourhoods with greater tree coverage 

compared with those living in neighbourhoods with the least. Similarly, results from a Perth, 

Western Australia study indicate that residing in a self-reported ‘leafy and attractive’ 

neighbourhood is associated with transport cycling (Titze et al., 2010). In both samples, the 
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association was seen in neighbourhoods where density was lower than in inner city areas, 

suggesting that aesthetics becomes important to transport cycling only in suburban areas, which 

do not benefit from the inner city infrastructure but have better infrastructure than outer urban 

areas.  

 

4.2 Cycling for recreation-only 

Reviews of the association between environmental attributes and physical activity 

suggest that insufficient evidence is available to conclude that any attribute is associated with 

general cycling (McCormack & Shiell, 2011; Wendel-Vos et al., 2007). In the current study, 

attributes associated with recreation-only cycling in fully adjusted models were network 

distances to destinations, connectivity, tree coverage, and length of bicycle paths. As with 

transport cycling, distances to certain destinations were notable correlates of recreation-only 

cycling, supporting the literature that has examined cycling in general (Fraser and Lock, 2011). 

Living <3 km from the CBD increased the odds of recreation-only cycling by 41%, and living <5 

km from the coast increased the likelihood by 25%. A few surprising findings were evident as 

well. Living near the river was not associated with recreation-only cycling. It may be that the 

river paths are such popular places to cycle that even residents who do not live close to them use 

them, and therefore no effect could be detected. Other such findings were that residents living <1 

km from shops had a reduced odds of cycle for recreation compared with those living ≥1 km 

from shops (OR 0.87-0.88). Living near shops may cause traffic congestion and pedestrian traffic 

on the footpaths, which in turn might discourage cyclists from leisure rides in the area. Another 

finding was that residents living 3-<5 km from a train station were less likely to cycle for 

recreation (OR=0.88) compared to those living from a train station. The odds ratio for living ≥5 
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km from a train station (OR 0.88) was not significant but was the same as the odds ratio for those 

living 3-<5 km from a station, indicating a possible threshold effect. Recreation-only cyclists 

living near trains may be taking their bicycles on trains in their leisure-time (it is legal outside of 

rush hour in Brisbane), to enjoy cycling in other areas.  

Moderately high connectivity, tree coverage, and length of bicycle paths were 

significantly different from the highest level of the respective environmental attribute. 

Associations between the lower levels of these attributes and the highest level were in the same 

direction of association but were not significant in final modelling. Notably, the findings indicate 

that less connectivity may be associated with greater likelihood of recreation-only cycling. In 

contrast, a study from Perth, Western Australia (Beenackers et al., 2012) found that an increase 

in objective connectivity was associated with the initiation of recreational cycling. In the current 

study as in previous studies, connectivity is a count of 4-way intersections, and for Brisbane, it 

may be that roads with fewer intersections, which allow cyclists to avoid stopping, are more 

appealing to recreation-only cyclists, and these cyclists may be more fitness-driven than those 

recruited for the Perth study. Brisbane has a strong peloton tradition. Also, the results suggest 

that less tree coverage and fewer km of bicycle paths may be associated with less likelihood of 

recreation-only cycling. Given that enjoyment and the chance to be in the fresh air are significant 

motivators of recreational cycling in Queensland (Heesch et al., 2012), it is not surprising that 

the aesthetics of the natural environment plays a role in the decision to cycle for recreation. As 

with transport cyclists, recreational cyclists also fear for their safety on the road and thus prefer 

cycling on designated bicycle paths or lanes as shown previously in Queensland (Heesch et al., 

2012) and internationally (Heinen et al., 2009; Pucher et al., 2011). 
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One last notable finding was that neighbourhood disadvantage was not associated with 

recreation-only cycling in final modelling. The finding suggests that for recreation-only cycling 

individual SEP confounds the neighbourhood-level association, and efforts to encourage 

recreation-only cycling must address factors that impact individuals’ SEP, rather than 

neighbourhood level disadvantage. This contrasts to the findings for transport cycling. Such 

intriguing findings warrant further study.  

Strengths of the study include the high response rate that resulted in a representative 

sample of Brisbane residents, aged 40-65 years.  Previous studies have tended to primarily 

recruit younger to middle-aged adults and from higher SEP populations. Another strength was 

the comparison of cyclists with non-cyclists. Previous studies of transport cycling correlates tend 

to compare transport cyclists with ‘non-transport’ cyclists. This is problematic because non-

transport cyclists include recreation-only cyclists, who are likely to be different from non-

cyclists, and for example, may choose to cycle in part because they live in neighbourhoods more 

supportive of cycling.  Also noteworthy was the multilevel multinomial modelling that allowed 

for the examination of transport cycling separately from recreation-only cycling and the large 

number of objective environmental attributes available for inclusion. The inclusion of a measure 

of neighbourhood preference is also a strength, as previous research (McCormack and Shiell, 

2011) indicates that neighbourhood self-selection attenuates associations between objective 

environmental attributes and physical activity, and cross-sectional studies rarely adjust for this 

factor. Moreover, neighbourhood was defined as a larger than usually defined in Australia. 

Limitations include the cross-sectional design and the use of self-reported cycling behaviour, 

common limitations in the literature (McCormack and Shiell, 2011). Moreover, a small 

proportion of residents in this sample were transport cyclists, and recruitment of younger adults 
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would likely have produced a large enough sample of cyclists to more finely examine 

associations explored, particularly associations explored post-hoc. Also, with a limited age range 

of residents, the findings are not generalisable to younger or older adults. Also, the current 

analysis did not take advantage of the longitudinal nature of HABITAT. In the subsequent waves 

of HABITAT, the sample sizes dropped overall resulting in too few transport cyclists to conduct 

the analysis presented here with data after 2007. Notably, relationships between environmental 

factors and cycling are complex, and further investigations of the relationships are needed. 

Furthermore, cycling takes place over a wide area and across a range of environments, and 

therefore future studies should move beyond examinations of attributes of neighbourhood 

environments and account for the changing environments that cyclists often experience when 

riding, in order to more comprehensively understand the correlates of transport and recreation-

only cycling.  

 

5. Conclusions 

For Brisbane residents aged 40-65 years, environmental attributes that correlate with 

transport cycling differ from those that correlate with recreation-only cycling. For transport 

cycling, significant environmental attributes were level of neighbourhood disadvantage and 

distances to destinations and in subgroup analysis, length of cycleways and tree coverage. 

Distance to destination attributes that were associated with recreation-only cycling were weaker 

than for transport cycling. Also associated with recreation-only cycling, but weakly, were 

connectivity, tree coverage, and length of cycleways to major destinations. These findings 

provide additional support to previous evidence (Heesch et al., 2014; Xing et al., 2010) for the 

development of different strategies to encourage the two types of cycling behaviour. The current 
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findings add to the previous findings that the objective environment is associated with the two 

types of cycling. Therefore, policy makers and land developers should seek to support cycling 

through addressing key features of the built and natural environments identified here in 

revitalising older neighbourhoods and beginning new land development projects. For transport 

cycling, these include consideration of the distances required to travel daily to destinations and to 

public transport that allows bicycles to be transported on them, building more cycleways that 

allow separation of cyclists from motor vehicles, and use of tree coverage to protect cyclists from 

the subtropical heat and provide a more attractive cycling environment. The findings suggest that 

increasing tree coverage and adding more cycleways could also increase recreation-only cycling. 

Moreover, the findings strongly suggest that government investments that provide bicycle 

infrastructure within inner Brisbane appear to have resulted in more transport cycling than in 

outer areas and to appeal to residents of the most and least disadvantaged neighbourhoods. 

Extending this infrastructure more broadly to those outside the CBD could expand cycling 

participation and help reduce inequity.  
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Appendix A. Supporting information 

 Supplementary data associated with this article can be found in the online version. 

 

Figure 1: 2 column figure in pptx file 

Caption: Conceptual model 
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Supplementary Table 1 

Principal components analysis for a scale measuring neighbourhood self-selection  

Subscale labels and items Item loadings onto 

factors1 

Walkability   

Affordability of land, housing or rent 0.44 

Ease of walking to places 0.69 

Closeness to public transport 0.78 

Wanted to live close to shops 0.76 

Social and recreation  

Safety from crime 0.52 

Near to green space/bushland 0.79 

Closeness to open space (e.g. park) 0.84 

Closeness to recreational facilities 0.48 

Sense of community 0.62 

Business and work  

Investment potential 0.56 

Closeness to work 0.58 

Closeness to city 0.71 

Access to freeways or main roads 0.53 

Family  

Closeness to schools 0.71 

Closeness to childcare 0.76 
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Scale score mean was 2.88 [SD 0.73] with a range of 1 to 5. Cronbach’s alpha for the scale = 

0.86. Scale scores were treated as continuous variables for analysis.  

1 ORTHOGONAL VARIMAX rotation was used. Factor loadings of at least .30 in absolute 

value are considered acceptable (Bryant and Yarnold, 1998). 

 

Reference 

Bryant, F.B., Yarnold, P.R., 1998. Principal-components analysis and exploratory and 

confirmatory factor analysis. In: Grimm, L.G., Yarnold, P.R. (Eds), Reading and Understanding 

Multivariate Statistics. American Psychological Association, Washington, DC, pp. 99-136. 

 
  

Moved in with my spouse/partner 0.47 

Closeness to relatives 0.43 
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Supplementary Table 2   

Comparison of characteristics of included and excluded participants aged 40 to 65 years in a 

Brisbane, Australia sample 

 

Excluded 

participants 

(N=708) 

Included 

participants 

(N=10,328) 

 

p-valuea 

Categorical variables      n    %    n  %  

Age (years) 

   

<0.001 

40-44 101 14.3 2104 20.4  

45-49 124 17.6 2284 22.1  

50-54 189 26.8 2158 20.9  

55-65 292 41.4 3782 36.6  

Missing     2 

 

0   

Sex   0.095 

Male 290 41.0 4648 45.0  

Female 418 59.0 5680 55.0  

Missing     0 

 

0   

Highest attained education level 

 

0.044 

Bachelor degree or higher 181 27.4 3277 31.7  

Diploma/associate 

diploma/certificate 196 29.7 3024 29.3  

High school 284 43.0 4027 39.0  

Missing 47 

 

0 
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Household income 

  

<0.001 

130,000+   80 11.3 1809 17.5  

72,800-129,999 132 18.6 2713 26.3  

41,600-72,799 142 20.1 2296 22.2  

0-41,599 184 26.0 2049 19.8  

Missing 170 24.0 1461 14.1  

Employment status 

 

<0.001 

Full-time employed 313 45.8 5533 53.6  

Part-time employed 151 22.1 2370 22.9  

Not in the labour force 219 32.1 2425 23.5  

Missing   25 

 

0 

 

 

Vehicle access 

  

<0.001 

Yes always 519 86.5 9265 89.7  

Yes sometimes   28   4.7 535 5.2  

No   53   8.8 528 5.1  

Missing 108 

 

0   

ap value is for the difference between included and excluded participants, using chi-square tests 

of independence for categorical variables. Missing categories were not included in these tests, 

except for household income, as the missing category was included in the analysis for only that 

variable. Therefore, percentages shown within a categorical variable do not include the missing 

category except for household income.  
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