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Abstract: Sedentary behavior has negative health effects. It is assumed that the walkability of the
living environment is related to the amount of time spent on sedentary behavior in the residential
setting. However, evidence on such a relation is still scarce, and results are contradictory. Therefore,
we examined to what extent residential neighborhood walkability is associated with a variety of
sedentary behaviors that frequently occur in the residential setting among adults. We carried
out a cross-sectional survey using the domain-specific sedentary behavior questionnaire among
adults in Breda, the Netherlands. Respondents’ walkability of the living environment was assessed
objectively by means of road network buffers. We employed gamma generalized linear regressions to
assess correlations between multiple sedentary behaviors and neighborhood walkability. We found
no significant associations between residential neighborhood walkability and sedentary behavior
levels. The lack of correlations was consistent across buffer sizes. Our models showed that adults
with a higher education, a job, and a driver’s license spent significantly less time on sedentary
behaviors. Our findings suggest that person-level characteristics should be targeted when developing
intervention strategies to counteract sedentary time, rather than intervening in the walkability of the
residential living environment.
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1. Introduction

There is growing evidence that pronounced levels of sedentary behaviors have negative health
effects [1,2]. Sedentary behavior refers to behavior with a low energy expenditure (with ≤1.5 metabolic
equivalents) while being in a sitting or reclining position [3]. Studies showed positive associations
between adults who spent greater time on sedentary behavior and an increased risk of several
diseases (e.g., obesity, cardiovascular diseases) [1]. As these findings were independent of people’s
physical activity levels, sedentary behavior cannot be seen as synonymous with physical inactivity [4].
Adults who meet recommended physical activity guidelines (e.g., ≥150 min of moderate intensity
physical activity per week) still compromise their health by being sedentary [5].

Technological innovations have given rise to increasingly physically passive lifestyles in which
more consecutive hours are spent on sedentary behavior (e.g., watching television, playing computer
games) [3]. Approximately 20% of European adults spend about 7.5 h per day sitting down,
which illustrates the high prevalence of sedentary behavior [6,7]. The figure for the Netherlands,
namely 32%, is significantly higher than the European average (19%) [6]. Meta-analysis indicated an
increase in adults’ all-cause mortality with 6 to 8 hours of sedentary time accumulated over a day [8].

There has been a paradigm shift in studies on health behaviors. At first, studies focused
predominantly on individual-level determinants, including people’s motivation, demographics,
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socioeconomic characteristics, family situation, etc. [9]. Nowadays, ecological models are utilized
to better understand the complexity of people’s sedentary behavior. An ecological model considers
interdependencies between personal and interpersonal characteristics, as well as the physical and
social environment as health-influencing factors [10]. Here, the built environment is understood as all
buildings, public spaces, and objects in one’s surroundings that are human-made or modifiable [11,12].
Attributes of the built environment influence physical activity [13] by presenting cues to individuals
(e.g., pavements) that prompt behavioral responses in return (e.g., walking) [14]. This makes it likely
that the built environment may also be associated with sedentary behavior [15]. Environments that
encourage individuals to spend more time on active behavior (e.g., walking, cycling, playing sports)
are theoretically expected to decrease the amount of time that individuals spend sedentarily [16,17].

One way to capture the complexity of the built environment is to quantify the walkability of
neighborhoods. Such indices capture the extent to which a built environmental setting supports the
act of walking derived through a geographical information system (GIS) [18]. Although there is no
universal operationalization, walkability indices usually consider a neighborhood’s land-use mix (i.e.,
the diversity of land uses), street connectivity (i.e., the directness of streets and the availability of
alternative routes), and residential density (i.e., the number of residents) [19].

For example, prior studies on walkability found that adults living in highly walkable
neighborhoods walk significantly more than their counterparts in low-walkable neighborhoods [20].
This is primarily true for walking for transport [21], while findings for recreational walking are less
clear [22]. Others found no link between residential density and the total amount of walking [23].
Nevertheless, adults in highly walkable neighborhoods spend more time on active behavior, which is
why neighborhood walkability might also play a significant role concerning people’s sedentary
behavior. However, to date, only a few studies have reported on such a relationship [24–28]. Some of
these studies showed that adults living in highly walkable neighborhoods spend less time watching
television [26,27], while others reported that less time is spent sitting in cars [25,26]. However, yet other
studies found that living in highly walkable neighborhoods results in more overall sitting time [28],
or no significant association with television viewing time was found [24].

In addition to these contradictory findings, existing evidence is limited in two important ways.
First, there is a tendency to focus either on a specific sedentary behavior or on a total sedentary
time component [29]. Second, from a methodological point of view, studies measured neighborhood
walkability on a postcode or census tract level. These fictive areas do not necessarily reflect people’s
actual living environment [30], and may lead to an overestimation or underestimation of the sedentary
behavior–walkability correlation.

In light of these limitations, the present study examined potential correlations between residential
neighborhood walkability and a variety of sedentary behaviors that occur frequently in the residential
setting among adults. Our leading research question was: To what extent does neighborhood
walkability influence time spent on different sedentary behaviors in adults? It was hypothesized that
adults living in highly walkable neighborhoods spend less time on sedentary behavior than those in
less walkable neighborhoods.

2. Materials and Methods

2.1. Study Design and Study Population

This cross-sectional study was conducted in the city of Breda (184,000 inhabitants), the Netherlands.
Breda recently merged with several smaller municipalities, which has led to a contrasting built
environment landscape. The historic inner city is relatively dense and has a rich land-use mix of
residential, retail, and leisure areas, while the outer parts are formerly independent municipalities,
and are more homogeneous in terms of land use. Therefore, it was an appropriate study area for
our investigation.
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A total of 1900 households randomly drawn from the Dutch register of addresses and buildings
(Basisregistratie Adressen en Gebouwen (BAG), 2019) were sent a letter between May and June 2019
inviting them to participate in the study. The eligibility criteria for household members were 18 years
or older, able to walk without assistance, and capable of reading Dutch. After a low response rate
(7%), the survey was promoted through social media channels (i.e., Facebook, LinkedIn) related
to the municipality of Breda. This strategy increased the response rate to 11%. Twenty of the 205
recruited participants were excluded from analysis because their residential location was outside Breda.
Another two participants were excluded because they exceeded 24 h of sedentary behavior per day
either during week or at weekends. Therefore, the final sample consisted of 183 participants.

2.2. Outcomes

The well-tested domain-specific sedentary time questionnaire (SIT-Q-7d) was used to measure the
amount of time the participants spent on sedentary behaviors. The questions are about the amount of
time spent sitting or lying down in the previous seven days [29]. The participants were asked to recall
10 sedentary behaviors (Table 1) for weekdays and weekend days separately. This questionnaire was
preferred over more objective ones, because it captures sedentary behaviors in specific contexts (e.g.,
watching television, reading, listening to music) [31]. Further, given our objective, we were interested
in the sedentary behaviors that occur most frequently in the participants’ living environment.

Table 1. Sedentary behaviors covered in our survey.

Class Sedentary Behavior

Screen time

On average, how long did you spend sitting or lying down in the following
activities per day: Watching programs, series, films and/or videos on a

broadcasting medium (1), playing computer games (2), and using a computer,
apart from work (3)?

Eating meals On average, how long did you sit for each of these meals per day: breakfast (4),
lunch (5), dinner (6)?

Relaxing
On average, how long did you spend sitting or lying down in the following

activities per day: reading (7), pursuing hobbies (8), listening to music (9), and
socializing with others (10)

Total sedentary time A combination of all individual behaviors

The response categories differed per class and were organized into either 15-min, 30-min, or hourly
blocks, with the largest category being ≥8 h. The SIT-Q-7d scoring system assigns midpoint values
to each response category [32]. For instance, the midpoint for the response category ‘4 to 6 h’ is 5 h.
The midpoints for the open-ended response categories (e.g., ‘more than 6 h’) were calculated by adding
half of the difference between the upper and the lower cut-point of the previous response category [32].
The previous response category for ‘more than 6 h’ was ‘4 to 6 h’, meaning that a midpoint value of
7 h was assigned. We calculated the means for the four classes as follows [28]: (average weekday
sedentary behavior × 5) + (average weekend day sedentary behavior × 2)/7.

2.3. Walkability Index

Neighborhood walkability was assessed objectively by means of a GIS-based walkability index
that is based on land-use mix, residential density, and street connectivity. Each index component
was calculated for road network buffers centered on the respondent’s home. Road network buffers
were found to be more accurate and to correlate more strongly with health behaviors than circular
ones [33]. Our buffer conceptualization used a detailed buffer with a 50-m trim [33] and three distances
(i.e., 200 m, 400 m, and 800 m). The 200-m buffer was intended to capture the immediate neighborhood
context. The larger ones refer to acceptable walking distances to local destinations [34].

Land-use mix represents the heterogeneity of land uses (e.g., residential, shopping) within a buffer.
Diverse land uses typically offer more non-residential destinations, supporting walking trips [35].



Int. J. Environ. Res. Public Health 2019, 16, 3487 4 of 12

To assess land-use diversity, we extracted each building’s usage, and recoded them into five mutually
exclusive categories (i.e., residential, commercial, institutional, industrial, and recreational) from the
Dutch cadastre (BAG, 2019). The Shannon diversity index was used to assess the degree of land-use
mix. Values close to zero indicate low diversity, higher ones indicate pronounced diversity.

Residential density, namely the number of dwellings per buffer (in km2), was abstracted from the
BAG (2019). Higher residential densities are thought to encourage walking, because destinations are
brought closer together, thereby shortening trip distances [22].

Street connectivity refers to the directness and availability of alternative routes between home
and local destinations [12]. It was calculated by dividing the number of at least three-way intersections
per buffer (in km2). We derived intersections from street network data provided by the Environmental
Systems Research Institute (2008).

These three components of the walkability index were z-scored to permit their comparability
and summed [30]. Finally, the index range was classified into quartiles, which is a common approach
to ranking walkability indexes [36]. The first quartile represents the least walkable neighborhoods,
and the upper quartiles represent the most walkable neighborhoods.

2.4. Confounders

As sedentary behavior is performed by individuals, an adjustment must be made for demographic
and socioeconomic characteristics [37–39]. Therefore, the questionnaire included questions regarding
gender (male or female), age (in years), educational attainment (having at least a Bachelor’s degree,
not having a Bachelor’s degree), employment status (employed, not employed), marital status (married,
not married), and having a driver’s license (yes, no). Additionally, we added a socioeconomic status
score (SES) developed by the Dutch Social and Cultural Planning Agency (Sociaal en Cultureel
Planbureau) for the year 2017. This score took into account residents’ educational attainment,
income, and labor market position, and may affect sedentary behavior independent of person-level
characteristics. Higher scores refer to better socioeconomic conditions.

2.5. Statistical Analyses

Descriptive statistics were used to summarize the characteristics of the study population and
to assess neighborhood walkability across the three buffer sizes. To examine correlations between
neighborhood walkability and adults’ sedentary behavior levels, a series of multivariate regression
models were fitted. The sedentary behaviors were the outcome variables, while the walkability index
and the demographic and socioeconomic characteristics served as explanatory variables. The outcome
variables deviated from a Gaussian distribution (Shapiro–Wilk test, p < 0.01). We fitted generalized
linear models (GLM) [40] with a gamma distribution to take into account our non-negative and
positively skewed outcome variables. To facilitate comparisons with earlier studies and allow for a
possible non-linear association, the walkability indicator was divided into quartiles.

Two models were estimated per outcome variable. The first included only the walkability index,
while the second model was fully adjusted for the confounders. McFadden’s R2 was used to assess a
model’s fit. An R2 of between 0.2–0.4 represents an ‘excellent’ model fit. The significance level, for all
analyses, was set at 0.05. The statistical analyses were carried out in IBM SPSS, version 25.0.

2.6. Ethics

The survey was carried out voluntarily and consent was acquired. Respondents had the right to
withdraw. Data were anonymous. Ethical approval (S-19222) was obtained from the Ethics Review
Board of the Faculty of Beta- and Geosciences at Utrecht University.
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3. Results

3.1. Descriptive Statistics

Descriptive statistics are presented in Table 2, stratified by the degree of neighborhood walkability.
On average, the participants sat or lay down for 4.0 h per day looking at screens, and spent 1.0 h
per day eating meals, and 3.4 h per day relaxing. This amounted to an average of 8.4 h per day of
total sedentary time. Participants were predominantly female (58.5%) with a mean age of 45 years.
They tended to be well-educated (59% had at least a Bachelor’s degree), employed (72.7%), and hold a
driver’s license (94%). Around half of them were married (44.3%). The walkability index ranged from
−3.8 to 6.4 for the 200-m buffer, −4.5 to 6.6 for the 400-m buffer, and −6.2 to 5.5 for the 800-m buffer.

Table 2. Descriptive statistics stratified by neighborhood walkability across three buffer sizes.

Neighborhood
Walkability (200 m)

Neighborhood
Walkability (400 m)

Neighborhood
Walkability (800 m)

Total
(n = 183)

Low A

(n = 46)
High B

(n = 46)
Low A

(n = 46)
High B

(n = 46)
Low A

(n = 46)
High B

(n = 46)

Sed. behavior (h): mean (SD)
Screen time 4.0 (2.6) 4.0 (2.4) 4.0 (2.8) 3.8 (2.3) 4.4 (3.1) 4.2 (2.6) 4.0 (2.9)

Eating 1.0 (0.5) 1.0 (0.5) 0.9 (0.5) 1.0 (0.5) 1.0 (0.5) 1.1 (0.4) 1.0 (0.7)
Relaxing 3.4 (2.8) 3.2 (1.8) 3.2 (2.4) 3.0 (1.9) 3.7 (3.5) 3.0 (1.7) 3.4 (2.8)
Total SB 8.4 (4.3) 8.2 (3.7) 8.2 (4.1) 7.9 (3.4) 9.1 (4.7) 8.3 (3.8) 8.4 (4.6)

Gender (%)
Male 41.0 47.8 33.3 32.6 35.6 37.0 35.6

Female 58.5 52.2 66.7 67.4 64.4 63.0 64.4
Age: mean (SD) 45.2 (16.5) 45.0 (16.3) 40.0 (16.4) 49.4 (14.7) 40.5 (15.8) 49.3 (16.4) 41.0 (16.7)

Educational attainment (%)
At least a Bachelor’s degree 59.0 56.5 58.7 58.7 56.5 54.3 54.3

No Bachelor’s degree 41.0 43.5 41.3 41.3 43.5 45.7 45.7
Employment status (%)

Employed 72.7 78.3 71.7 73.9 73.9 71.7 69.6
Unemployed 27.3 21.7 28.3 26.1 26.1 28.3 30.4

Marital status (%)
Married 44.3 58.7 30.4 54.3 30.4 58.7 37.0

Not married 55.7 41.3 69.9 45.7 69.6 41.3 63.0
Driver’s license (%)

Has a license 94.0 93.5 97.8 100.0 89.1 97.8 91.3
Does not have a license 6.0 6.5 2.2 0.0 10.9 2.2 8.7

SES score: mean (SD) 0.2 (1.1) 0.2 (1.0) 0.1 (1.1) 0.5 (0.7) −0.1 (1.2) 0.7 (0.7) −0.1 (1.1)
A Low refers to the first quartile (i.e., the least walkable neighborhoods). B High refers to the fourth quartile (i.e.,
the most walkable neighborhoods).

3.2. Regression

Tables 3–6 depict the regression results. The first model across the tables comprised only
the walkability index, in which the first (Q1) and fourth (Q4) quartiles represented the least
and most walkable areas. The second model was fully adjusted. The first models showed no
significant correlations between walkability and time spent looking at screens (Table 3), eating meals
(Table 4), and relaxing (Table 5), and total time spent behaving sedentarily (Table 6). This result
was consistent across all buffer distances. A full model adjustment did not alter these findings;
walkability remained insignificant.

The adjusted models showed that some demographic and socioeconomic variables were statistically
significant. Educational attainment was significantly associated with screen time (β = 0.319, p < 0.01),
relaxing (β = 0.343, p < 0.01), and total sedentary time (β = 0.277, p < 0.01). Participants without
a Bachelor’s degree spent more time on sedentary behavior than participants with a Bachelor’s
degree. Employment status was also significantly associated with screen time (β = 0.264, p < 0.05),
relaxing (β = 0.344, p < 0.01), and total sedentary time (β = 0.276, p < 0.01). Unemployed participants
had higher sedentary behavior levels. Having a driver’s license was also significant, but only for screen
time (β = 0.443, p < 0.01) and total sedentary time (β = 0.284, p < 0.01). Participants without a driver’s
license spent more time on sedentary behavior.
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Table 3. Results of the gamma generalized linear models (GLM) for time spent looking at screens.

Neighborhood
Walkability 200 m

Neighborhood
Walkability 400 m

Neighborhood
Walkability 800 m

Models β (95% CI) β (95% CI) β (95% CI)

Model 1
Intercept 1.375 (1.2, 1.6) ** 1.348 (1.2, 1.5) ** 1.428 (1.3, 1.6) **

WI Quartile 2 (ref: Q1) 0.052 (−0.2, 0.3) 0.129 (−0.1, 0.4) 0.035 (−0.2, 0.3)
WI Quartile 3 (ref: Q1) −0.014 (−0.3, 0.2) −0.125 (−0.4, 0.1) −0.161 (−0.4, 0.1)
WI Quartile 4 (ref: Q1) 0.023 (−0.2, 0.3) 0.142 (−0.1, 0.4) −0.038 (−0.3, 0.2)
χ2 Likelihood ratio test 0.300 5.661 2.604

Deviance 73.204 71.211 72.341
McFadden’s R2

Model 2
0.002 0.029 0.013

Intercept 0.952 (0.6, 1.3) ** 0.955 (0.6, 1.4) ** 1.047 (0.6, 1.4) **
WI Quartile 2 (ref: Q1) −0.026 (−0.3, 0.2) 0.046 (−0.2, 0.3) 0.038 (−0.2, 0.3)
WI Quartile 3 (ref: Q1) −0.006 (−0.2, 0.2) -0.124 (−0.4, 0.1) −0.133 (−0.4, 0.1)
WI Quartile 4 (ref: Q1) 0.050 (−0.2, 0.3) 0.125 (−0.1, 0.4) * −0.077 (−0.3, 0.2)

Gender (ref: male) 0.077 (−0.1, 0.2) 0.077 (−0.1, 0.2) 0.068 (−0.1, 0.2)
Age 0.002 (−0.0, 0.0) 0.002 (−0.0, 0.0) 0.001 (−0.0, 0.0)

Educ. att. (ref: has
Bachelor’s deg.)

0.326 (0.2, 0.5) ** 0.318 (0.1, 0.5) ** 0.312 (0.1, 0.5) **

Employment (ref: employed) 0.258 (0.1, 0.5) * 0.270 (0.1, 0.5) * 0.264 (0.1, 0.5) **
Marital status (ref: married) 0.046 (−0.1, 0.2) 0.038 (−0.1, 0.2) 0.052 (−0.1, 0.2)

Driver’s license (ref: has a license) 0.466 (0.1, 0.8) ** 0.414 (0.1, 0.8) ** 0.449 (0.1, 0.8) **
SES scores 0.018 (−0.1, 0.1) 0.019 (−0.1, 0.1) −0.006 (−0.1, 0.1)

χ2 Likelihood ratio test 37.409 ** 41.578 ** 39.128 **
Deviance 59.458 58.176 58.926

McFadden’s R2 0.189 0.207 0.196

Significance codes: * p < 0.05; ** p < 0.01. WI = walkability index. CI = confidence interval.

Table 4. Results of the gamma GLM for time spent eating meals.

Neighborhood
Walkability 200 m

Neighborhood
Walkability 400 m

Neighborhood
Walkability 800 m

Models β (95% CI) β (95% CI) β (95% CI)

Model 1
Intercept 0.034 (−0.1, 0.2) −0.006 (−0.1, 0.1) 0.060 (−0.1, 0.2)

WI Quartile 2 (ref: Q1) 0.097 (−0.1, 0.3) 0.061 (−0.1, 0.3) −0.023 (−0.2, 0.2)
WI Quartile 3 (ref: Q1) 0.018 (−0.2, 0.2) 0.126 (−0.1, 0.3) −0.012 (−0.2, 0.2)
WI Quartile 4 (ref: Q1) −0.082 (−0.3 0.1) 0.013 (−0.2, 0.2) −0.023 (−0.2, 0.2)
χ2 Likelihood ratio test 3.069 1.857 0.067

Deviance 45.008 45.297 45.727
McFadden’s R2

Model 2
0.016 0.010 0.000

Intercept 0.087 (−0.3, 0.4) −0.002 (−0.4, 0.4) 0.083 (−0.3, 0.4)
WI Quartile 2 (ref: Q1) 0.098 (−0.1, 0.3) 0.049 (−0.2, 0.3) −0.044 (−0.2, 0.2)
WI Quartile 3 (ref: Q1) 0.051 (−0.2, 0.3) 0.132 (−0.1, 0.3) 0.004 (−0.2, 0.2)
WI Quartile 4 (ref: Q1) −0.027 (−0.2, 0.2) 0.039 (−0.2, 0.2) −0.006 (−0.2, 0.2)

Gender (ref: male) 0.032 (−0.1, 0.2) 0.037 (−0.1, 0.2) 0.031 (−0.1, 0.2)
Age −0.001 (−0.0, 0.0) 0.000 (−0.0, 0.0) 0.000 (−0.0, 0.0)

Educ. att. (ref: has
Bachelor’s deg.) −0.018 (−0.2, 0.1) −0.020 (−0.2, 0.1) −0.028 (−0.2, 0.1)

Employment (ref: employed) 0.087 (−0.1, 0.3) 0.090 (−0.1, 0.3) 0.096 (−0.1, 0.3)
Marital status (ref: married) −0.132 (−0.3, 0.0) −0.119 (−0.3, 0.0) −0.117 (−0.3, 0.0)

Driver’s license (ref: has a license) 0.278 (−0.0, 0.6) 0.281 (−0.0, 0.6) 0.298 (−0.0, 0.6)
SES scores 0.013 (−0.1, 0.1) 0.019 (−0.1, 0.1) 0.019 (−0.1, 0.1)

χ2 Likelihood ratio test 9.455 9.621 8.113
Deviance 43.011 42.973 43.320

McFadden’s R2 0.060 0.061 0.053

Significance codes: * p < 0.05; ** p < 0.01. WI = walkability index. CI = confidence interval.
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Table 5. Results of the gamma GLM for time spent relaxing.

Neighborhood
Walkability 200 m

Neighborhood
Walkability 400 m

Neighborhood
Walkability 800 m

Models β (95% CI) β (95% CI) β (95% CI)

Model 1
Intercept 1.161 (1.0, 1.4) ** 1.124 (0.9, 1.3) ** 1.128 (0.9, 1.3) **

WI Quartile 2 (ref: Q1) 0.238 (−0.1, 0.5) 0.212 (−0.1, 0.5) 0.195 (−0.1, 0.5)
WI Quartile 3 (ref: Q1) −0.003 (−0.3, 0.3) −0.024 (−0.3, 0.3) 0.095 (−0.2, 0.4)
WI Quartile 4 (ref: Q1) 0.040 (−0.3, 0.3) 0.228 (−0.1, 0.5) 0.127 (−0.2, 0.4)
χ2 Likelihood ratio test 3.323 4.437 1.604

Deviance 105.535 104.993 106.470
McFadden’s R2

Model 2
0.017 0.022 0.008

Intercept 1.048 (0.6, 1.5) ** 0.993 (0.7, 1.7) ** 0.939 (0.4, 1.4) **
WI Quartile 2 (ref: Q1) 0.152 (−0.1, 0.5) 0.122 (−0.2, 0.4) 0.197 (−0.1, 0.5)
WI Quartile 3 (ref: Q1) −0.052 (−0.3, 0.2) −0.048 (−0.3, 0.2) 0.081 (−0.2, 0.4)
WI Quartile 4 (ref: Q1) 0.031 (−0.3, 0.3) 0.199 (−0.1, 0.5) 0.134 (-0.2, 0.4)

Gender (ref: male) −0.074 (−0.3, 0.1) −0.087 (−0.3, 0.1) −0.097 (−0.3, 0.1)
Age −0.002 (−0.0, 0.0) −0.001 (−0.0, 0.0) −0.001 (−0.0, 0.0)

Educ. att. (ref: has
Bachelor’s deg.) 0.344 (0.1, 0.6) ** 0.330 (0.1, 0.6) ** 0.355 (0.1, 0.6) **

Employment (ref: employed) 0.324 (0.1, 0.6) * 0.358 (0.1, 0.6) ** 0.351 (0.1, 0.6) **
Marital status (ref: married) 0.056 (−0.2, 0.3) 0.044 (−0.2, 0.3) 0.051 (−0.2, 0.3)

Driver’s license (ref: has a license) 0.066 (−0.4, 0.5) −0.026 (−0.5, 0.4) 0.019 (−0.4, 0.5)
SES scores −0.030 (−0.1, 0.1) −0.017 (−0.1, 0.1) −0.019 (−0.1, 0.1)

χ2 Likelihood ratio test 24.019 ** 25.345 ** 23.990 **
Deviance 92.644 92.006 92.658

McFadden’s R2 0.137 0.143 0.137

Significance codes: * p < 0.05; ** p < 0.01. WI = walkability index. CI = confidence interval.

Table 6. Results of the gamma GLM for total sedentary time.

Neighborhood
Walkability 200 m

Neighborhood
Walkability 400 m

Neighborhood
Walkability 800 m

Models β (95% CI) β (95% CI) β (95% CI)

Model 1
Intercept 2.102 (2.0, 2.2) ** 2.061 (1.9, 2.2) ** 2.111 (2.0, 2.3) **

WI Quartile 2 (ref: Q1) A 0.115 (−0.1, 0.3) 0.153 (−0.0, 0.4) 0.090 (−0.1, 0.3)
WI Quartile 3 (ref: Q1) −0.005 (−0.2, 0.2) −0.042 (−0.2, 0.2) −0.032 (−0.2, 0.2)
WI Quartile 4 (ref: Q1) −0.003 (−0.2, 0.2) 0.150 (−0.0, 0.3) 0.015 (−0.2, 0.2)
χ2 Likelihood ratio test 2.080 5.961 1.555

Deviance 44.682 43.778 44.805
McFadden’s R2

Model 2
0.011 0.031 0.008

Intercept 1.859 (1.6, 2.2) ** 1.812 (1.6, 2.2) ** 1.854 (1.6, 2.1) **
WI Quartile 2 (ref: Q1) 0.048 (−0.1, 0.2) 0.084 (−0.1, 0.3) 0.089 (−0.1, 0.3)
WI Quartile 3 (ref: Q1) −0.018 (−0.2, 0.2) −0.042 (−0.2, 0.1) −0.023 (−0.2, 0.2)
WI Quartile 4 (ref: Q1) 0.009 (−0.2, 0.2) 0.132 (−0.1, 0.3) 0.003 (−0.2, 0.2)

Gender (ref: male) 0.011 (−0.1, 0.1) 0.009 (−0.1, 0.1) −0.001 (−0.1, 0.1)
Age 0.001 (−0.0, 0.0) 0.001 (−0.0, 0.0) 0.001 (−0.0, 0.0)

Educ. att. (ref: has
Bachelor’s deg.) 0.278 (0.1, 0.4) ** 0.273 (0.1, 0.4) ** 0.279 (0.1, 0.4) **

Employment (ref: employed) 0.269 (0.1, 0.4) ** 0.279 (0.1, 0.4) ** 0.281 (0.1, 0.4) **
Marital status (ref: married) 0.009 (−0.1, 0.2) 0.001 (−0.1, 0.1) 0.008 (−0.1, 0.2)

Driver’s license (ref: has a license) 0.303 (0.0, 0.6) * 0.259 (−0.0, 0.5) 0.290 (0.0, 0.6)*
SES scores −0.001 (−0.1, 0.1) 0.006 (−0.1, 0.1) −0.005 (−0.1, 0.1)

χ2 Likelihood ratio test 44.098 ** 47.960 ** 45.306 **
Deviance 34.691 33.984 34.468

McFadden’s R2 0.232 0.248 0.237

Significance codes: * p < 0.05; ** p < 0.01. WI = walkability index. CI = confidence interval.
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The likelihood ratio tests showed that the first models did not significantly outperform an
intercept-only model. This result is valid for all outcome variables. Only after adjusting for the
demographic and socioeconomic characteristics in the second models did the models start to outperform
an intercept-only model. Significant likelihood ratio test values were found for the outcome variables
screen time, relaxing, and total sedentary time (p < 0.01). McFadden’s R2 for the second models
were as follows: 0.197 for screen time, 0.058 for eating meals, 0.139 for relaxing, and 0.239 for total
sedentary time.

4. Discussion

4.1. Main Findings and Interpretation

Our results show that adults living in highly walkable neighborhoods did not spend significantly
less time on sedentary behaviors than their counterparts in less walkable neighborhoods. This suggests,
in contrast to our hypothesis, that factors such as mixed land-use, densely populated areas,
and better-connected streets do not necessarily influence adults’ levels of sedentary behavior.

Others found that adults living in highly walkable neighborhoods walk significantly more than
adults in less walkable neighborhoods do, and spend more time being physically active [41]. It may
be the case that adults in highly walkable neighborhoods replace their motorized trips with walking
trips [25,26]; however, we did not test this at this stage, because most motorized travel does not take
place in the residential environment. Earlier research also showed that adults living in highly walkable
neighborhoods spend less time watching television [26,27], and that walking is an effective means to
increase physical activity levels [42]. The present study showed that, when investigating several other
screen-related activities that evoke sedentary behavior, the differences in screen time between adults
living in low-walkable and high-walkable neighborhoods even out. In other words, neighborhood
walkability may influence television viewing time, but its significant influence disappears when
multiple other screen-related activities are taken into account. However, prolonged sitting is not the
only mechanism of television viewing time that affects health outcomes [26]. Watching television is
considered a more harmful sedentary behavior than playing computer games and using the computer
for non-work-related purposes [43], because individuals tend to snack during their viewing time,
and are also exposed to unhealthy food advertising [26]. Another study found a correlation in the
unexpected direction for a total sedentary time measure [28], suggesting that adults living in highly
walkable neighborhoods spend more time on sedentary behavior. Our findings may deviate from
theirs, because only the sedentary behaviors in living environments were of interest, while [28] also
included other domains of sedentary behavior.

Another reason for diverging results may be the way that walkability was assessed [25–28]. Due to
the lack of a gold standard to quantify walkability, different components are considered, as are different
weightings of the components [18]. Other potential reasons for our lacking association is the way
that walkability, and particularly land-use diversity, was assessed. Elsewhere, it was shown that
changing the combination of land uses in the land used diversity assessment may translate into varying
magnitudes of the estimated coefficients [44]. Moreover, the spatial context of a study is crucial, because
walking plays a different role in different countries, and the built environment varies significantly.
The previous studies were conducted in, for example, the USA [26], Australia [27], and Belgium [28],
and the built environment of North American cities is hardly comparable with a Dutch urban
morphology (more compact, more oriented toward walking and cycling, etc.), and could lead to lower
as well as higher levels of sedentary behavior in both low-walkable and high-walkable environments.

From an ecological perspective, our models were adjusted for person-level factors [10]. Adults who
were higher educated, employed, and in possession of a driver’s license reported significantly lower
levels of screen time and total sedentary time. Similar findings were reported elsewhere [4,37,38].
However, being higher educated and employed was associated with lower levels of relaxing, which had
not previously been reported. Adult’s gender, age, and marital status were uncorrelated with time



Int. J. Environ. Res. Public Health 2019, 16, 3487 9 of 12

spent on sedentary behavior. Previous results are inconclusive in this respect [37,38]. Similar to our
results, previous studies also concluded that lower socioeconomic status is associated with lower levels
of sedentary behavior [45].

4.2. Strengths and Limitations

This study combined data on different sedentary behaviors with precise indicators describing
the built environment, which led to novel insights into how neighborhood walkability correlates
with sedentary behavior. Our objective walkability measure is less biased in term of an adult’s
environmental perceptions, which may vary from person to person. Moreover, our GIS-based buffers
resulted in a refined walkability assessment while circumventing some limitations of administrative
units [46]. A major strength of this study is that it was not limited to one specific sedentary behavior or
one total sedentary time component, as it was the case in earlier work [24,25]. Our study provides
a more comprehensive assessment. Another strength was considering only a single urban area,
which limited the need to control for large-scale variations in the built environmental correlates.
Moreover, the walkability index was calculated for individualized neighborhoods based on street
network buffers instead of postcode areas or census tracts, as done previously [26,28]. Finally,
the sensitivity analysis with different buffer radii made it possible to investigate the extent to which
the influence of neighborhood walkability fluctuated across scales.

However, several limitations need to be considered when interpreting our findings. First,
despite being a step ahead of previous studies that used administrative boundaries, the road network
buffers may not represent adults’ actual daily moving and activity patterns accurately, because
people spend a significant part of their daily lives outside their residential homes. Second, although
guided by earlier studies on walkability [18], the built environment was operationalized through
three characteristics. We cannot exclude that other factors, such as local service provision, social
interaction, littering, vandalism, and pavement quality [47,48], may influence people’s walking behavior.
Third, domain-specific sedentary behaviors were self-reported. Retrieved data may be subject to
measurement errors. The questionnaire was found to slightly overestimate sedentary time [29].
Moreover, we considered home-specific sedentary behavior in relation to residential neighborhood
walkability. Due to a lack of data, we were not able to assess sedentary behavior at people’s workplace
or during travel [7]. Since sedentary behavior levels in these other domains also affect the residential
setting [10], our results should be treated with caution. Fourth, the sample size was small, but was
in line with the samples used in other studies [49]. Fifth, despite adjusting for the most important
confounders, it is likely that some confounders (e.g., the presence of young children) were missed.
Lastly, statements about causality cannot be made due to the cross-sectional research design.

5. Conclusions

This study investigated the extent to which objectively measured neighborhood walkability
correlates with a variety of sedentary behaviors in adults. Our results suggested that walkability
is not significantly related to sedentary behaviors that occur frequently in the living environment.
We also found that adults who were higher educated, employed, and had a driver’s license did show
significantly lower levels of sedentary behavior. These person-level characteristics may prove more
useful than the built environment for developing interventions aimed at decreasing sedentary time in
adults’ living environment.

Author Contributions: M.L. collected the data, did the statistical analyses, and wrote the first draft of the
manuscript. M.H. supervised the research and revised the text. All authors approved the final manuscript.

Funding: This research received no external funding.

Acknowledgments: We appreciate the reviewers’ critical and constructive comments on the manuscript, which
have contributed to the quality of this publication. We thank Hannah Roberts for commenting on an earlier draft
of the manuscript.



Int. J. Environ. Res. Public Health 2019, 16, 3487 10 of 12

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Stamatakis, E.; Ekelund, U.; Ding, D.; Hamer, M.; Bauman, A.E.; Lee, M. Is the time right for quantitative
public health guidelines on sitting? A narrative review of sedentary behaviour research paradigms and
findings. Br. J. Sports Med. 2019, 53, 377–382. [CrossRef] [PubMed]

2. Tremblay, M.S.; Aubert, S.; Barnes, J.D.; Saunders, T.J.; Carson, V.; Latimer-Cheung, A.E.; Chastin, S.F.M.;
Altenburg, T.M.; Chinapaw, M.J.M. Sedentary behavior research network (SBRN)—Terminology consensus
project process and outcome. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 75. [CrossRef] [PubMed]

3. Jochem, C.; Schmid, D.; Leitzmann, M.F. Introduction to sedentary behaviour epidemiology. In Sedentary
Behaviour Epidemiology; Leitzmann, M.F., Jochem, C., Schmid, D., Eds.; Springer: Cham, Switzerland, 2018;
pp. 3–29.

4. Van Dyck, D.; Cerin, E.; Conway, T.L.; De Bourdeaudhuij, I.; Owen, N.; Kerr, J.; Cardon, G.; Frank, L.D.;
Saelens, B.E.; Sallis, J.F. Associations between perceived neighborhood environmental attributes and adults’
sedentary behavior: Findings from the USA, Australia and Belgium. Soc. Sci. Med. 2012, 74, 1375–1384.
[CrossRef] [PubMed]

5. Owen, N.; Healy, G.N.; Matthews, C.E.; Dunstan, D.W. Too much sitting: The population-health science of
sedentary behavior. Exerc. Sport Sci. Rev. 2010, 38, 105–113. [CrossRef] [PubMed]

6. Loyen, A.; van der Ploeg, H.P.; Bauman, A.; Brug, J.; Lakerveld, J. European sitting championship: Prevalence
and correlates of self-reported sitting time in the 28 European Union member states. PLoS ONE 2016, 11,
e0149320. [CrossRef] [PubMed]

7. Loyen, A.; Chau, J.Y.; Jelsma, J.G.M.; van Nassau, F.; van der Ploeg, H.P. Prevalence and correlates of
domain-specific sedentary time of adults in the Netherlands: Findings from the 2006 Dutch time use survey.
BMC Public Health 2019, 19, 538. [CrossRef]

8. Patterson, R.; McNamara, E.; Tainio, M.; de Sá, T.H.; Smith, A.D.; Sharp, S.J.; Edwards, P.; Woodcock, J.;
Brage, S.; Wijndaele, K. Sedentary behaviour and risk of all-cause, cardiovascular and cancer mortality, and
incident type 2 diabetes: A systematic review and dose response meta-analysis. Eur. J. Epidemiol. 2018, 33,
811–829. [CrossRef]

9. Hadgraft, N.T.; Dunstan, D.W.; Owen, N. Models for understanding sedentary behaviour. In Sedentary
Behaviour Epidemiology; Leitzmann, M.F., Jochem, C., Schmid, D., Eds.; Springer: Cham, Switzerland, 2018;
pp. 381–403.

10. Sallis, J.F.; Owen, N.; Fisher, E.B. Ecological models of health behavior. In Health Behavior and Health Education;
Jossey-Bass: San Francisco, CA, USA, 2008; pp. 465–491.

11. Tuckett, A.G.; Banchaff, A.W.; Winter, J.; King, A.C. The built environment and older adults: A literature
review and an applied approach to engaging older adults in built environment improvements for health. Int.
J. Older People Nurs. 2017, 13, e12171. [CrossRef]

12. Helbich, M. Children’s school commuting in the Netherlands: Does it matter how urban form is incorporated
in mode choice models? Int. J. Sustain. Transp. 2017, 11, 507–517. [CrossRef]

13. Smith, M.; Hosking, J.; Woodward, A.; Witten, K.; Macmillan, A.; Field, A.; Baas, P.; Mackie, H. Systematic
literature review of built environment effects on physical activity and active transport—An update and new
findings on health equity. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 158–174. [CrossRef]

14. Gorely, T.; Ryde, G. Sedentary behaviour and the social and physical environment. In Sedentary Behaviour
Epidemiology; Leitzmann, M.F., Jochem, C., Schmid, D., Eds.; Springer: Cham, Switzerland, 2018; pp. 545–564.

15. Veitch, J.; Timperio, A.; Crawford, D.; Abbott, G.; Giles-Corti, B.; Salmon, J. Is the neighbourhood environment
associated with sedentary behaviour outside of school hours among children? Ann. Behav. Med. 2011, 41,
333–341. [CrossRef] [PubMed]

16. Compernolle, S.; De Cocker, K.; Roda, C.; Oppert, J.; Mackenbach, J.D.; Lakerveld, J.; Glonti, K.; Bardos, H.;
Rutter, H.; Cardon, G.; et al. Physical environmental correlates of domain-specific sedentary behaviours
across five European regions (the SPOTLIGHT project). PLoS ONE 2016, 11, e016481. [CrossRef] [PubMed]

17. Mullane, S.L.; Pereira, M.A.; Buman, M.P. Sedentary behaviour at the community level: Correlates, theories,
and interventions. In Sedentary Behaviour Epidemiology; Leitzmann, M.F., Jochem, C., Schmid, D., Eds.;
Springer: Cham, Switzerland, 2018; pp. 509–543.

http://dx.doi.org/10.1136/bjsports-2018-099131
http://www.ncbi.nlm.nih.gov/pubmed/29891615
http://dx.doi.org/10.1186/s12966-017-0525-8
http://www.ncbi.nlm.nih.gov/pubmed/28599680
http://dx.doi.org/10.1016/j.socscimed.2012.01.018
http://www.ncbi.nlm.nih.gov/pubmed/22405686
http://dx.doi.org/10.1097/JES.0b013e3181e373a2
http://www.ncbi.nlm.nih.gov/pubmed/20577058
http://dx.doi.org/10.1371/journal.pone.0149320
http://www.ncbi.nlm.nih.gov/pubmed/26934701
http://dx.doi.org/10.1186/s12889-019-6764-7
http://dx.doi.org/10.1007/s10654-018-0380-1
http://dx.doi.org/10.1111/opn.12171
http://dx.doi.org/10.1080/15568318.2016.1275892
http://dx.doi.org/10.1186/s12966-017-0613-9
http://dx.doi.org/10.1007/s12160-011-9260-6
http://www.ncbi.nlm.nih.gov/pubmed/21336879
http://dx.doi.org/10.1371/journal.pone.0164812
http://www.ncbi.nlm.nih.gov/pubmed/27741310


Int. J. Environ. Res. Public Health 2019, 16, 3487 11 of 12

18. Shashank, A.; Schuurman, N. Unpacking walkability indices and their inherent assumptions. Health Place
2019, 55, 145–154. [CrossRef] [PubMed]

19. Van Cauwenberg, J.; Nathan, A.; Deforche, B.; Barnett, A.; Barnett, D.; Cerin, E. Physical environments
that promote physical activity among older people. In The Palgrave Handbook of Ageing and Physical Activity
Promotion; Nyman, S.R., Barker, A., Haines, T., Horton, K., Musselwhite, C., Peeters, G., Victor, C.R., Wolff, J.K.,
Eds.; Palgrave Macmillan: London, UK, 2018; pp. 447–466.

20. Hajna, S.; Ross, N.A.; Brazeau, A.; Bélisle, P.; Joseph, L.; Dasgupta, K. Associations between neighbourhood
walkability and daily steps in adults: A systematic review and meta-analysis. BMC Public Health 2015, 15,
768–775. [CrossRef] [PubMed]

21. Ribeiro, A.I.; Hoffimann, E. Development of a neighbourhood walkability index for Porto metropolitan area.
How strongly is walkability associated with walking for transport? Int. J. Environ. Res. Public Health 2018,
15, 2767. [CrossRef]

22. Saelens, B.E.; Handy, S.L. Built environment correlates of walking: A review. Med. Sci. Sports Exerc. 2008, 40,
s550–s566. [CrossRef] [PubMed]

23. Forsyth, A.; Oakes, M.; Schmitz, K.H.; Hearst, M. Does residential density increase walking and other
physical activity? Urban Stud. 2007, 44, 679–697. [CrossRef]

24. Coogan, P.F.; White, L.F.; Evans, S.R.; Palmer, J.R. The influence of neighborhood socioeconomic status and
walkability on TV viewing time. J. Phys. Act. Health 2012, 9, 1074–1079. [CrossRef]

25. Koohsari, M.J.; Sugiyama, T.; Lamb, K.E.; Villanueva, K.; Owen, N. Street connectivity and walking for
transport: Role of neighborhood destinations. Prev. Med. 2014, 66, 118–122. [CrossRef]

26. Kozo, J.; Sallis, J.F.; Conway, T.L.; Kerr, J.; Kelli, C.; Saelens, B.E.; Frank, L.D.; Owen, N. Sedentary behaviors
of adults in relation to neighborhood walkability and income. Health Psychol. 2012, 31, 704–713. [CrossRef]

27. Sugiyama, T.; Salmon, J.; Dustan, D.W.; Bauman, A.E.; Owen, N. Neighborhood walkability and TV viewing
time among Australian adults. Am. J. Prev. Med. 2007, 33, 444–449. [CrossRef] [PubMed]

28. Van Dyck, D.; Cardon, M.A.G.; Deforche, B.; Owen, N.; Sallis, J.F.; de Bourdeaudhuij, I. Neighborhood
walkability and sedentary time in Belgian adults. Am. J. Prev. Med. 2010, 39, 25–32. [CrossRef] [PubMed]

29. Wijndaele, K.; de Bourdeaudhuij, I.; Godino, J.G.; Lynch, B.M.; Griffin, S.J.; Westgate, K.; Brage, S. Reliability
and validity of a domain-specific last 7-d sedentary time questionnaire. Med. Sci. Sports Exerc. 2014, 46,
1248–1260. [CrossRef] [PubMed]

30. Buck, C.; Pohlabeln, H.; Huybrechts, I.; De Bourdeaudhuij, I.; Pitsiladis, Y.; Reisch, L.; Pigeot, I. Development
and application of a moveability index to quantify possibilities for physical activity in the built environment
of children. Health Place 2011, 17, 1191–1201. [CrossRef] [PubMed]

31. Chu, A.H.Y.; Ng, S.H.X.; Koh, D.; Müller-Riemenschneider, F. Domain-specific Adult Sedentary Behaviour
Questionnaire (ASBQ) and the GPAQ single-item question: A reliability and validity study in an Asian
population. Int. J. Environ. Res. Public Health 2018, 15, 739. [CrossRef] [PubMed]

32. Felez-Nobrega, M.; Hillman, C.H.; Cirera, E.; Puig-Ribera, A. The association of context-specific sitting time
and physical activity intensity to working memory capacity and academic achievement in young adults. Eur.
J. Public Health 2017, 27, 741–746. [CrossRef] [PubMed]

33. Frank, L.D.; Fox, E.H.; Ulmer, J.M.; Chapman, J.E.; Kershaw, S.E.; Sallis, J.F.; Conway, T.L.; Cerin, E.; Cain, K.L.;
Adams, M.A.; et al. International comparison of observation-specific spatial buffers: Maximizing the ability
to estimate physical activity. Int. J. Health Geogr. 2017, 16, 4. [CrossRef] [PubMed]

34. Villanueva, K.; Knuiman, M.; Nathan, A.; Billie, G.; Christian, H.; Foster, S.; Bull, F. The impact of
neighborhood walkability on walking: Does it differ across adult life stage and does neighborhood buffer
size matter? Health Place 2014, 25, 43–46. [CrossRef] [PubMed]

35. Duncan, M.J.; Winkler, E.; Sugiyama, T.; Cerin, E.; DuToit, L.; Leslie, E.; Owen, N. Relationships of land
use mix with walking for transport: Do land uses and geographical scale matter? J. Urban Health 2010, 87,
782–795. [CrossRef] [PubMed]

36. Leslie, E.; Coffee, N.; Frank, L.; Owen, N.; Bauman, A.; Hugo, G. Walkability of local communities: Using
geographic information systems to objectively assess relevant environmental attributes. Health Place 2007, 13,
111–122. [CrossRef] [PubMed]

37. Rhodes, R.E.; Mark, R.S.; Temmel, C.P. Adult sedentary behavior: A systematic review. Am. J. Prev. Med.
2012, 42, e3–e28. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.healthplace.2018.12.005
http://www.ncbi.nlm.nih.gov/pubmed/30580962
http://dx.doi.org/10.1186/s12889-015-2082-x
http://www.ncbi.nlm.nih.gov/pubmed/26260474
http://dx.doi.org/10.3390/ijerph15122767
http://dx.doi.org/10.1249/MSS.0b013e31817c67a4
http://www.ncbi.nlm.nih.gov/pubmed/18562973
http://dx.doi.org/10.1080/00420980601184729
http://dx.doi.org/10.1123/jpah.9.8.1074
http://dx.doi.org/10.1016/j.ypmed.2014.06.019
http://dx.doi.org/10.1037/a0027874
http://dx.doi.org/10.1016/j.amepre.2007.07.035
http://www.ncbi.nlm.nih.gov/pubmed/18022059
http://dx.doi.org/10.1016/j.amepre.2010.03.004
http://www.ncbi.nlm.nih.gov/pubmed/20547277
http://dx.doi.org/10.1249/MSS.0000000000000214
http://www.ncbi.nlm.nih.gov/pubmed/24492633
http://dx.doi.org/10.1016/j.healthplace.2011.08.011
http://www.ncbi.nlm.nih.gov/pubmed/21920796
http://dx.doi.org/10.3390/ijerph15040739
http://www.ncbi.nlm.nih.gov/pubmed/29649161
http://dx.doi.org/10.1093/eurpub/ckx021
http://www.ncbi.nlm.nih.gov/pubmed/28340224
http://dx.doi.org/10.1186/s12942-017-0077-9
http://www.ncbi.nlm.nih.gov/pubmed/28114945
http://dx.doi.org/10.1016/j.healthplace.2013.10.005
http://www.ncbi.nlm.nih.gov/pubmed/24239702
http://dx.doi.org/10.1007/s11524-010-9488-7
http://www.ncbi.nlm.nih.gov/pubmed/20814757
http://dx.doi.org/10.1016/j.healthplace.2005.11.001
http://www.ncbi.nlm.nih.gov/pubmed/16387522
http://dx.doi.org/10.1016/j.amepre.2011.10.020
http://www.ncbi.nlm.nih.gov/pubmed/22341176


Int. J. Environ. Res. Public Health 2019, 16, 3487 12 of 12

38. O’Donoghue, G.; Perchoux, C.; Mensah, K.; Lakerveld, J.; Van der Ploeg, H.; Bernaards, C.; Chastin, S.F.M.;
Simon, C.; O’Gorman, D.; Nazare, J. A systematic review of correlates of sedentary behaviour in adults aged
18–65 years: A socio-ecological approach. BMC Public Health 2016, 16, 163–187. [CrossRef] [PubMed]

39. Prince, S.A.; Reed, J.L.; McFetridge, C.; Tremblay, M.S.; Reid, R.D. Correlates of sedentary behaviour in
adults: A systematic review. Obes. Rev. 2017, 18, 915–935. [CrossRef] [PubMed]

40. McCullagh, P.; Nelder, J.A. Generalized Linear Models; Chapman and Hall: London, UK, 1989.
41. Van Dyck, D.; Cardon, G.; Deforche, B.; Sallis, J.; Owen, N.; de Bourdeaudhuij, I. Neighborhood SES and

walkability are related to physical activity behavior in Belgian adults. Prev. Med. 2010, 50, s74–s79. [CrossRef]
[PubMed]

42. Gao, J.; Helbich, M.; Dijst, M.; Kamphuis, C.B.M. Socioeconomic and demographic differences in walking
and cycling in the Netherlands: How do these translate into differences in health benefits? J. Transp. Health
2017, 6, 358–365. [CrossRef]

43. Rey-López, J.P.; Vicente-Rodríguez, G.; Biosca, M.; Moreno, L.A. Sedentary behaviour and obesity
development in children and adolescents. Nutr. Metab. Cardiovasc. Dis. 2008, 18, 242–251. [CrossRef]
[PubMed]

44. Christian, H.E.; Bull, F.C.; Middleton, N.J.; Knuiman, M.W.; Divitini, M.L.; Hooper, P.; Amarasinghe, A.;
Giles-Corti, B. How important is the land use mix measure in understanding walking behaviour? Results
from the RESIDE study. Int. J. Behav. Nutr. Phys. Act. 2011, 8, 55. [CrossRef]

45. Smith, L.; Hamer, M. Sedentary behaviour and psychosocial health across the life course. In Sedentary
Behaviour Epidemiology; Leitzmann, M.F., Jochem, C., Schmid, D., Eds.; Springer: Cham, Switzerland, 2018;
pp. 311–318.

46. Helbich, M. Toward dynamic urban environmental exposure assessments in mental health research. Environ.
Res. 2018, 161, 129–135. [CrossRef]

47. Wendel-Vos, W.; Droomers, M.; Kremers, S.; Brug, J.; van Lenthe, F. Potential environmental determinants of
physical activity in adults: A systematic review. Obes. Rev. 2007, 8, 425–440. [CrossRef]

48. Brookfield, K. Residents’ preferences for walkable neighbourhoods. J. Urban Des. 2017, 22, 44–58. [CrossRef]
49. Collins, P.A.; Tait, J.; Fein, A.; Dunn, J.R. Residential moves, neighbourhood walkability, and physical activity:

A longitudinal pilot study in Ontario Canada. BMC Public Health 2018, 18, 933. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1186/s12889-016-2841-3
http://www.ncbi.nlm.nih.gov/pubmed/26887323
http://dx.doi.org/10.1111/obr.12529
http://www.ncbi.nlm.nih.gov/pubmed/28524615
http://dx.doi.org/10.1016/j.ypmed.2009.07.027
http://www.ncbi.nlm.nih.gov/pubmed/19751757
http://dx.doi.org/10.1016/j.jth.2017.06.001
http://dx.doi.org/10.1016/j.numecd.2007.07.008
http://www.ncbi.nlm.nih.gov/pubmed/18083016
http://dx.doi.org/10.1186/1479-5868-8-55
http://dx.doi.org/10.1016/j.envres.2017.11.006
http://dx.doi.org/10.1111/j.1467-789X.2007.00370.x
http://dx.doi.org/10.1080/13574809.2016.1234335
http://dx.doi.org/10.1186/s12889-018-5858-y
http://www.ncbi.nlm.nih.gov/pubmed/30055595
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design and Study Population 
	Outcomes 
	Walkability Index 
	Confounders 
	Statistical Analyses 
	Ethics 

	Results 
	Descriptive Statistics 
	Regression 

	Discussion 
	Main Findings and Interpretation 
	Strengths and Limitations 

	Conclusions 
	References

