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Abstract

Objectives To assess the association between neighbourhood environmental variables and excessive transport-related and
leisure-time sedentary behaviour (ETSB and ELSB, respectively) amongst adult women in Southern Brazil.

Methods A cross-sectional survey was conducted using a representative sample of 1079 women 20 to 69 years of age who
lived in 44 neighbourhoods. Each neighbourhood was determined by drawing a 400-m buffer around the median point of
the participants’ homes. Neighbourhoods were assessed by audit and by using government data. Sedentary behaviour (SB)
and the remaining individual variables were assessed via questionnaire that was administered as an interview. Multilevel
logistic regression analysis was conducted.

Results In the adjusted analysis, women who lived in neighbourhoods with a higher percentage of terrain slope and fewer
public recreation areas per resident had significantly (p < 0.05) increased odds of exhibiting ETSB and ELSB, with 50%
and 40% increases, respectively.

Conclusions The results show that some aspects of the neighbourhood environment such as terrain slope and total public
recreation areas per resident are related to specific SBs, indicating that improvements in neighbourhoods can reduce SB in
women.

Keywords Sedentary behaviour - Environment - Neighbourhood - Women

Introduction

Sedentary behaviour (SB) is defined as activities performed
in a sitting or lying posture under conditions of reduced
energy expenditure (< 1.5 metabolic equivalents) (Seden-
tary Behaviour Research 2012). In recent years, prospec-
tive studies have shown a correlation between time spent in
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SB and the risk of diabetes, cardiovascular diseases,
metabolic syndrome and death (Ford and Caspersen 2012;
Wilmot et al. 2012). Even when daily recommendations for
physical activity (PA) are met, people can incur health
risks if they spend an excessive amount of time in SB
(O’Donoghue et al. 2016). Thus, knowing the factors that
contribute to SB in populations can have important impli-
cations of public health.

SB can occur in four domains: household, occupational,
transport and leisure time (Owen et al. 2011). Each domain
can be affected by individual and environmental factors
that are sociocultural, political, informational or natural
(Owen et al. 2011). Environmental and individual factors
act mutually and can have a higher or lower influence on a
given health outcome (Diez Roux and Mair 2010;
O’Donoghue et al. 2016). Although few studies have
addressed the relationship between environmental factors
and SB (Rhodes et al. 2012), different sets of factors might
be associated with each SB domain (Koohsari et al. 2015;
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Owen et al. 2011), and this association might vary
according to the profile of the evaluated population
(Rhodes et al. 2012).

Although clear delimitation of a person’s environment is
rather difficult, the neighbourhood, i.e. the area near the home,
is commonly used to investigate the environment’s relation-
ship to health outcomes (Diez Roux 2007). Sedentary activi-
ties in the leisure-time and transport domains are more prone
to be influenced by neighbourhood characteristics (Owen et al.
2011). For example, the neighbourhood can directly promote
SB by means of facilities or activities that encourage “sitting
down”, such as establishments that broadcast sports events or
offer computer games. SB can also be influenced by substi-
tution with PA (Barnett et al. 2015; Koohsari et al. 2014). This
situation occurs in neighbourhoods with characteristics that
favour walking (walkability), thus reducing motorized trans-
port (Barnett et al. 2015; Koohsari et al. 2014; Owen et al.
2011), and that offer a broad range of facilities for PA, thus
decreasing the time spent in sedentary leisure-time activities,
such as TV viewing and using the computer (Owen etal. 2011;
Storgaard et al. 2013).

Few studies of SB have analysed the neighbourhood
using objective methods, i.e. by assessing its characteristics
on site via observation, such as by auditing, or through the
use of a geographic information system (GIS). In the audit
procedure, researchers go through the environment
assessing particular aspects of interest, whereas with the
use of GIS, measurements are derived from data sources
that have some spatial reference, such as addresses, and
analysed using computer systems (Browson et al. 2009).
Most SB studies have assessed the walkability and the
socioeconomic status of neighbourhoods, and they gener-
ally found an inverse relationship of the former to SB and
reported controversial results for the latter (Coogan et al.
2012; Ding et al. 2012; Frank et al. 2004; Koohsari et al.
2014; Kozo et al. 2012; Sugiyama et al. 2007; Van Dyck
et al. 2010). Only one Danish study assessed another
neighbourhood feature and found an inverse association
between green space and SB in leisure (Storgaard et al.
2013). In relation to total SB or one of the SB domains, no
other neighbourhood characteristics have been explored,
including community associations, terrain slope and the
presence of facilities that make it possible for residents to
engage in leisure-time physical activity. Furthermore, only
one study analysed the environment and SB in Brazil, and
it only evaluated the perceived environment of participants
(Goncalves et al. 2017). There are no studies of low—
middle-income countries in which an audit was used to
assess neighbourhood facilities, including retail establish-
ments and gyms. Audits can reduce errors compared to the
use of secondary data (Makelarski et al. 2013). Brazil has
undergone a process of rapid urbanization that has caused
problems with infrastructure and has resulted in social
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inequality (Santos 2013). These factors can create contrasts
in city and neighbourhood characteristics and produce
differences in the distribution of SB in the female popu-
lation. Thus, the objective of the present survey was to
assess the association between neighbourhood environ-
mental variables and time spent in SB in the domains of
leisure time and transport amongst women living in urban
areas of a municipality in Southern Brazil.

Methods
Population and procedures

The present work is a cross-sectional study that is part of a
larger survey entitled “Living conditions and health of
adult women: population-based survey in Vale dos Sinos.
Evaluation after 10 years”, which was conducted in 2015.

The study population consisted of women between 20 and
69 years of age who lived in the urban area of Sdo Leopoldo.
Pregnant women, women lacking the physical or mental
ability to answer the questionnaire or women who were unable
to move, even partially, the week prior to the interview were
excluded from the study. The sample size was determined
according to the outcome that required the highest number of
participants (delayed cytopathological examination). It was
calculated considering an odds ratio of 2.0, a confidence level
0f 95%, a statistical power of 80% and a non-exposed/exposed
ratio of 1:2. The calculated sample size was increased by 10%
to compensate for losses and refusals and by 15% to control for
confounding factors; thus, the sample totalled 1281 women. A
two-stage cluster sampling design was adopted: in the first
stage, 45 census tracts were chosen by systematic random
sampling; in the second stage, 36 homes were selected from
each tract. Of the eligible participants, 1126 women agreed to
participate in the study (11.9% losses and refusals). Data were
collected throughout an eight-month period. During home
visits, the women completed a standardized, pre-codified and
pre-tested questionnaire via interview, and the geographic
coordinates of each house were recorded using a GPS (geo-
graphic position system) (eTrex Legend HCx; Garmin Inter-
national, Inc., Olathe, Kansas). All interviewers were trained
and had participated in a pilot study that was conducted in a
non-selected census tract. Reliability was assessed by re-ad-
ministering the questionnaire to a random sample of 10% of
the participants and was not subject to short-term changes.
The data were entered twice in EpiData 3.1 software and
checked for typographical errors.

Dependent variables

The dependent variables of the study were excessive
transport-related and leisure-time SB (ETSB and ELSB,
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respectively). SB was assessed using an instrument that
was specifically developed for this survey (Electronic
Supplementary Material). The instrument addressed the
time spent per week sitting/lying in several situations on
any day of the week and weekend prior to the interview.
Activities performed in the domains leisure time (recre-
ational computer, tablet or cell phone use at home; TV
viewing; visiting/meeting friends; drinking tea; reading;
religious activities; and crafts) and transport (motorized
transport: car, motorcycle, train, bus) were assessed. If two
activities were performed simultaneously, the interviewees
were asked to choose the one they considered more
important. SB in each domain was expressed in minutes per
day. SB was calculated by adding the time spent in SB
during all days of the week and dividing the result by
seven. Since the outcomes did not exhibit a normal dis-
tribution and because there is a the lack of consistency
regarding a time threshold for SB to be considered a health
risk, a cut-off point was adopted based on the median that
classifies outcomes in ETSB (> 17 min/day) and ELSB
(> 163 min/day). This method has been used in other
studies (Mielke et al. 2014; Storgaard et al. 2013). The
reliability of the SB-measuring instrument was assessed by
test—retest of 97 of the participants. For this analysis, SB
values were transformed into dichotomous variables using
the median as the cut-off point. Kappa values remained
between 0.5 and 0.8, indicating moderate to substantial
agreement.

Individual variables

The individual variables were divided into demographic
variables [age (categorized in 10-year ranges), skin colour
(white, non-white), marital status (with partner, without
partner)]; socioeconomic variables [(socioeconomic status
according to the Brazilian Market Research Association
(Associagdo Brasileira de Empresas de Pesquisa 2014)
A/B—richest, C, D/E—poorest, level of education (0 to 4,
5to7, 8to 10, 11 to 14, > 15 years), household income
per capita (number of minimum wages in quartiles),
employment (yes, no)]; and behavioural variables [smok-
ing (non-smoker, smoker), alcohol consumption
(< 30 g/day, > 30 g/day) (Moreira et al. 1996), leisure-
time physical activity (> 150 min/week, < 150 min/
week), measured using a modified version of the Interna-
tional Physical Activity Questionnaire (IPAQ) (Craig et al.
2003) and transport-related physical activity (yes, no)].
Other investigated variables included automobiles per
household (none, one, two or more), computers per
household (none, one, two or more), children per house-
hold (two or more, one, none) and self-perceived health
(excellent/very good/good, fair/poor).

Neighbourhood environmental variables

The neighbourhoods were outlined by drawing a 400-m
Euclidian buffer around the median point of the partici-
pants’ homes in each sector. These procedures were cal-
culated using ArcGIS software (ESRI®), version 10.3.
Because some census tracts are very extensive, 28 women
lived outside the buffers and were excluded from the study.
One neighbourhood was also excluded because it encom-
passed a large area of the neighbouring municipality, thus
implying the absence of street network data for this
municipality. A total of 44 neighbourhoods and 1079
women remained in the study.

The neighbourhood environmental variables consisted
of a set of characteristics that were divided into three
groups: the built environment, the natural environment and
the social environment. Variables were chosen to represent
characteristics that directly or indirectly promote active
leisure (any physical leisure-time activity) and/or transport
by walking or biking. Thus, this study hypothesized that
neighbourhoods with unfavourable environments for
physical leisure-time activity and/or transport by walking
or biking will contribute to a higher ratio of leisure-time
and transport-related SB (Owen et al. 2011; Sugiyama et al.
2007). A 400-m buffer was used since it is a reasonable
distance for an individual to walk to a point of interest
(Brownson et al. 2009). A description of the analysed
variables for each outcome, their definitions and the means
of data acquisition is provided in Table 1.

Neighbourhood environmental variables were obtained
by audit and from government data. The audit procedure
was conducted over a period of 5 months and was per-
formed by properly trained auditors, and each pair of
auditors assessed approximately seven to eight neigh-
bourhoods. Each pair of auditors was equipped with a map
of the neighbourhood and covered all roads to record the
geographic coordinates of each visualized facility and its
respective description (retail establishment, gym, church,
etc.) in the GPS. The facilities were then classified into
categories for comparison of the variables assessed in the
study. Neighbourhood environmental variables were anal-
ysed using GIS with ArcGIS software (ESRI®), version
10.3, and categorized into tertiles except in the case of
“number of places to perform exercise per resident (PPEX/
resident)”, which exhibited medians of zero and was
expressed as a dichotomous variable. For most of the
neighbourhood environmental variables, the third tertile
represented the category of the non-exposed; exceptions
were the variables “terrain slope” and “distance to bicycle
path”, in which the exposed were those in the first tertile.
Audit reliability was assessed by a test—retest in 20% of the
neighbourhoods (two-week to two-month intervals).
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Table 1 Description and definition of neighbourhood variables, source of data acquisition and corresponding outcomes. Brazil 2018

Neighbourhood variables Definition Source Outcome
Built environment
Number of residents (A) Mean number of residents of the census tracts whose IBGE 1 and 2
centroids comprise the buffer
Number of retail Number of retail establishments within the buffer Audit 1 and 2
establishments (B)
Number of intersections (C) Number of intersections with at least three road segments City Hall street 1 and 2
within the buffer vector files
Total public recreation Sum of areas of parks, squares and open-air public Audit/IBGE 2
areas(PRA)/resident recreation spaces within the buffer/resident
Number of places to perform Number of gyms, sports schools and health centres that Audit/IBGE 2
exercise (PPEX)/resident offer PA within the buffer/resident
Number of associations and Number of associations and churches within the buffer/ Audit/IBGE 2
churches/resident resident
Number of other places/ Number of schools, entertainment centres, government Audit/IBGE 1
resident organisations, public and private health establishments
within the buffer/resident
Distance to bicycle path (m) Distance in a straight line from the centre point of the City Hall 1 and 2
buffer to the nearest bicycle path
Homes with street lighting Mean percentage of homes with street lighting in the census IBGE 1 and 2
(%) tracts of which the centroids comprise the buffer
Walkability index® Composed of variables A, B and C Audit/IBGE 1 and 2
Natural environment
Terrain slope (%) Mean value of slopes (measurement of how steep the Contour lines 1 and 2
ground surface is) within the buffer City Hall
Social environment
Income per capita (R$) Mean income per capita in the census tracts of which the IBGE 1 and 2

centroids comprise the buffer

IBGE Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia e Estatistica) (IBGE, 2010), PA physical activity, /
excessive transport-related sedentary behaviour, 2 excessive leisure-time sedentary behaviour

*Walkability index: each variable (A, B, C) was divided into deciles and assigned a score (first decile = 1 to tenth decile = 10). The sum of the
scores of all three variables comprised the walkability index of each neighbourhood (Sugyiama et al. 2007)

Weighted kappa values were obtained from the classifica-
tion of variables into tertiles and ranged from 0.4 (other
places) to 0.9 (retail establishments), with the observed
variables reaching moderate to substantial agreement.

Statistical analysis

A distribution of the neighbourhood variables according to
measures of central tendency and dispersion is shown. The
variation of outcomes according to the analysed variables
is expressed as odds ratios and 95% confidence intervals
(95% CIs). Analyses were performed using Stata software,
version 11.0 (Stata Corp., College Station, TX, USA).
The association of neighbourhood variables with ETSB
and ELSB was assessed by multilevel logistic regression
using MLwiN software (Centre for Multilevel Modelling,
Bristol, UK), version 3.0, with the second-order predictive
quasi-likelihood (PQL) method (Rasbash et al. 2000). A
multilevel analysis was used to simultaneously assess the
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effect of group variables (neighbourhood, level II, distal)
and individual variables (level I, proximal) on the outcome
(Diez Roux 2002). In the present survey, neighbourhood
variables were considered exposure variables, whereas
individual variables were considered confounding vari-
ables. Only neighbourhood and individual variables that
presented p < 0.05 in the bivariate analysis were consid-
ered for multivariate analysis. To avoid collinearity
amongst variables that measured the same construct, only
those with higher significance were used in the analysis.
Thus, three analysis models were established: in Model 1,
neighbourhood variables were adjusted for one another; in
Model 2, each neighbourhood variable was adjusted for
individual variables; and in Model 3, neighbourhood
variables were adjusted for one another and for individual
variables. All three models were used for each outcome
(ETSB and ELSB). Associations were considered signifi-
cant when the probability level was less than or equal to
5% (p < 0.05).
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Results

The sample consisted of women with a mean age of
43.3 years (SD: 13.3), who were predominantly white skin
colour (74.1%), who lived with a partner (63.9%) and who
were employed (55.9%). The mean income per capita was
1.3 minimum wages (SD: 1.4), and the mean level of
education was 9.8 years (SD 10.4). The women spent a
mean of 202.9 (SD: 162.6) and 33.2 (SD: 56.0) min-
utes/day on SB in the transport and leisure-time domains,
respectively (data not given in tables).

The 44 assessed neighbourhoods exhibited a mean of
571.2 (SD: 152.4) residents, 121.8 (SD: 155.7) retail
establishments and 52.7 (SD: 14.9) road intersections.
These indicators produced a mean walkability index of
17.1 (SD: 5.1). Approximately one-third of the neigh-
bourhoods had only 0.8 m” total public recreation area
(PRA)/resident, were located > 2438 m from a bicycle
path and had > 6.2% terrain slope, and half of the sample
had less than 0.0020 PPEX/resident. The mean neigh-
bourhood per capita income was R$ 919.09 (SD: 533), and
the mean percentage of homes with neighbourhood street
lighting was 95.9% (5.9). The mean number of churches
and associations per neighbourhood was 6.2 (SD: 5.7)
(Table 2).

In the bivariate analysis of individual variables, younger
women of the A/B class, with higher levels of education,
higher income, two or more automobiles per household and
who performed some type of physical activity during
transport exhibited higher odds of ETSB. Conversely,
unemployed women who smoked, were inactive during
their leisure time and had fair/poor self-perceived health

had lower chances of ETSB. For the domain leisure, class
A/B unemployed women with one or more computers per
household, not living with a child, who smoked and had
fair/poor self-perceived health exhibited higher chances of
ELSB, whereas women within the age range of 40 to
49 years exhibited lower chances of ELSB (Table 3).

In the bivariate analysis of neighbourhood environ-
mental variables, women living in neighbourhoods with
higher terrain slopes and low walkability index had higher
odds of ETSB. Women living in neighbourhoods further
from a bicycle path, with worse street lighting and with
lower income had lower odds of ETSB. In the leisure
domain, women living in neighbourhoods with lower PRA/
resident had higher odds of ELSB. Finally, neighbourhoods
that were classified as low PPEX/resident or had higher
terrain slope and lower income exhibited reduced odds of
ELSB amongst women (Tables 4, 5).

In the multivariate analysis for ETSB (Table 6), Model
1 showed that only income and terrain slope remained
associated with the outcome. Higher-income neighbour-
hoods were associated with less ETSB, while neighbour-
hoods with higher slope were associated with more ETSB.
After adjusting each neighbourhood environmental vari-
able to the individual variables (Model 2), low walkability
and high terrain slope were associated with more ETSB.
Finally, in Model 3, only terrain slope remained associated
with the outcome. For ELSB, Model 1 showed that women
living in low-income and PPEX/resident neighbourhoods
tended to have less ELSB, while those living in neigh-
bourhoods with more PRA/resident tended to have more
ELSB. In Model 2, the same variables remained associated
with ELSB as in Model 1, whereas women living in

Table 2 Description of

environmental variables Variables Mean SD Median  Minimum  Maximum

analysed in the neighbourhoods  Nymper of residents® 5712 1524 5540 3310 1103.0

(n = 44). Brazil 2018 . . .
Number of retail establishments® 121.8 155.7 68.0 13.0 855.0
Number of intersections® 52.7 14.9 52.5 18.0 89.0
Total public recreation area (m?)/resident 6.9 9.2 4.0 0 43.0
Number of places to perform exercise/resident 0 0 0 0 0.03
Number of associations and churches/resident 0.01 0.01 0.01 0 0.4
Number of other places/resident 0.2 0.7 0.0 0 0.4
Distance to bicycle path (m) 24709  2718.7 14945 0 15,588.0
Homes with street lighting (%) 95.9 5.9 98.0 71.9 100.0
Walkability index” 17.1 5.1 17.5 6.0 28.0
Terrain slope (%) 4.6 3.7 3.8 0.3 11.8
Income per capita (R$) 919.9 533.0 701.0 380.4 2436.4

SD standard deviation

“Variables used to calculate the walkability index

bWalkability index: each variable (A, B, C) was divided into deciles and assigned a score (first decile = 1 to
tenth decile = 10). The sum of the scores of all three variables comprised the walkability index of each
neighbourhood (Sugyiama et al. 2007)
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Table 3 Prevalence (%) and odds ratios with respective 95% confidence intervals, for excessive transport-related and leisure-time sedentary
behaviour according to individual variables in adult women (n = 1079). Brazil 2018

Individual variables

% ETSB (95% CI)

OR (95% CI)

% ELSB (95% CI)

OR (95% CI)

Age range (years)
60-69
50-59
4049
30-39
20-29
Skin colour
Not white
White
Marital status
No partner
Partner
Economic class®
D and E
C
A and B
Level of education (years)
0-4
5-7
8-10
11-14
15 or more
Income in MW
< 0.52
0.53-0.86
0.87-1.53
> 1.54
Employed
Yes
No
Computers per household
None
One
Two or more
Children per household®
Two or more
One
None
Automobiles per household
None
One
Two or more
Smoking
Non-smoker
Smoker
Alcohol (g/day)
<30
> 30

37.1 (29.2-45.0)
38.1 (30.7-45.5)
52.7 (46.1-59.2)
53.8 (46.6-60.9)
57.1 (50.6-63.5)

43.0 (36.5-49.5)
50.5 (45.1-55.8)

NA

26.1 (19.0-33.2)
43.7 (39.3-48.0)
64.6 (57.3-71.9)

25.2 (19.3-31.2)
38.8 (32.7-44.9)
40.5 (31.7-49.3)
64.0 (58.2-69.7)
78.1 (69.7-86.5)

322 (27.3-37.1)
43.6 (37.7-49.5)
52.2 (44.4-60.0)
68.1 (60.4-75.7)

60.7 (55.7-65.6)
33.3 (28.6-37.9)

NA

43.7 (32.4-55.0)
51.8 (46.6-57.0)
48.0 (42.8-53.2)

34.2 (29.4-38.9)
53.1 (48.1-58.0)
71.2 (60.7-81.8)

50.3 (45.5-55.2)
40.7 (34.6-46.8)

48.7 (44.3-53.0)
44.4 (25.6-63.3)

1

1.1 (0.7-1.7)
2.1 (1.4-3.2)
2.1 (1.4-3.2)
2.4 (1.5-3.7)

1
1.4 (1.0-1.8)

1
2.2 (1.4-3.4)
5.3 (3.4-8.5)

1

1.9 (1.3-2.9)
2.1 (1.3-3.2)
5.3 (3.6-7.9)
10.7 (6.0-19.0)

1

1.6 (1.1-2.3)
2.3 (1.6-3.3)
4.5 (3.1-6.5)

1
0.3 (0.3-0.4)

1
1.4 (0.9-2.1)
1.1 (0.8-1.7)

1
2.2 (1.7-2.9)
4.8 (3.2-7.3)

1
0.7 (0.5-1.0)

1
0.8 (0.4-1.8)

62.2 (52.9-71.6)
52.1 (44.5-59.5)
40.1 (33.1-47.1)
44.5 (37.2-51.8)
59.5 (52.6-66.4)

49.1 (43.5-54.7)
50.8 (46.6-54.9)

51.0 (45.9-56.2)
49.9 (44.8-55.1)

43.3 (37.1-49.5)
51.1 (45.2-56.9)
52.2 (46.4-57.9)

49.5 (42.6-56.3)
47.9 (41.9-53.9)
50.0 (41.5-58.5)
51.3 (45.4-57.1)
55.2 (46.2-64.3)

47.3 (41.0-53.6)
48.2 (41.5-55.0)
52.3 (44.6-59.9)
53.3 (46.2-60.4)

41.0 (35.8-45.4)
62.5 (57.4-67.7)

47.3 (42.8-51.9)
50.9 (45.5-56.3)
54.6 (46.8-62.5)

42.2 (30.8-53.6)
40.4 (34.0-46.7)
56.8 (52.4-61.3)

50.5 (45.8-55.2)
50.4 (44.9-55.9)
49.7 (39.7-59.7)

48.9 (44.8-52.9)
56.8 (50.9-62.6)

50.2 (46.4-54.0)
55.6 (37.0-74.1)

1
0.7 (0.4-1.0)
0.4 (0.3-0.6)
0.5 (0.3-0.8)
0.9 (0.6-1.4)

1
1.1 (0.8-1.4)

1
1.0 (0.8-1.3)

1
1.4 (1.0-2.1)
1.5 (1.0-2.1)

1
0.9 (0.6-1.4)
1.0 (0.7-1.5)
1.1 (0.8-1.6)
1.2 (0.8-2.0)

1

1.1 (0.8-1.5)
1.2 (0.9-1.7)
1.2 (0.9-1.8)

1
2.5 (1.9-3.2)

1
1.2 (0.9-1.5)
1.3 (1.0-1.9)

1
0.9 (0.6-1.4)
1.9 (1.3-2.7)

1
1.0 (0.8-1.3)
1.0 (0.7-1.4)

1
1.4 (1.0-1.9)

1
1.2 (0.6-2.6)
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Table 3 (continued)

Individual variables % ETSB (95% CI)

OR (95% CI)

% ELSB (95% CI) OR (95% CI)

Transport-related PA

Yes 45.2 (41.2-49.2)

No 55.2 (47.5-62.9)
Leisure-time PA (min/wk)

> 150 58.6 (49.4-67.7)

< 150 46.9 (42.7-51.2)

Self-perceived health
Excellent/very good/good 54.6 (49.1-60.3)

Fair/poor 36.6 (32.6-40.6)

1 49.7 (45.1-54.2) 1
1.5 (1.1-1.9) 51.7 (46.4-56.9) 1.1 (0.9-1.4)
1 50.7 (41.2-60.1) 1
0.7 (0.5-0.9) 50.3 (46.3-54.2) 1.0 (0.7-1.4)
1 48.3 (44.0-52.6) 1
0.5 (0.4-0.6) 54.3 (49.5-59.0) 1.3 (1.0-1.6)

ETSB excessive transport-related sedentary behaviour, ELSB excessive leisure-time sedentary behaviour, PA physical activity, min/wk (minutes
per week), OR odds ratio, NA variables not analysed because they were not part of the theoretical model related to the outcome

Values shown in bold are p < 0.05

*Socioeconomic status according to the Brazilian Market Research Association (A/B: richest; D/E: poorest) (Associagdo Brasileira de Empresas

de Pesquisa (2014)

®MW minimum wage (value of minimum wage in 2015 = R$ 1006.88)

€< 12 years

neighbourhoods with high terrain slope tended to have
more ELSB. When neighbourhood environmental variables
were adjusted to one another and to individual variables
(Model 3), only the variable PRA/resident remained asso-
ciated with ELSB.

Compared to the empty model, the contextual-level
variances were reduced by 45% for ETSB and by 55% for
ELSB after the joint inclusion of the neighbourhood vari-
ables. This result indicates that, for these outcomes, a large
proportion of the areas’ variance originated from differ-
ences in the contextual variables between the areas. With
the inclusion of the individual variables, there was a greater
reduction in variance for the ETSB outcome (83%)
(Table 6).

Discussion

This study shows that some objectively measured neigh-
bourhood environmental characteristics were associated
with SB in the studied population. Women who lived in
neighbourhoods with a higher percentage of terrain slope
had 50% higher odds of exhibiting ETSB. Similarly, in the
leisure domain, a lower PRA/resident ratio in the neigh-
bourhood increased the odds of ELSB in women by 40%.

The association between terrain slope and ETSB was as
expected and confirmed the hypothesis that difficulties in
transport by walking or biking due to the environment can
favour ETSB due to the increased use of motorized trans-
port. No published studies have evaluated the relationship

between terrain slope and SB. However, some studies have
found that terrains with higher slopes are directly associ-
ated with less PA during commuting (Kang et al. 2017; Lee
and Moudon 2006).

In the model that analysed each neighbourhood variable
fitted to individual variables, lower walkability indices
increased the odds of ETSB in women by 40%. However,
when the remaining neighbourhood variables were inclu-
ded, this result lost statistical significance. In studies con-
ducted in the USA, individuals whose living areas offered
more walkability tended to use their automobiles less often
(Frank et al. 2004; Kozo et al. 2012). Although the direc-
tion of the association found in the above-cited studies is
similar to that observed in the present work, comparisons
should be made with caution given that both the SB
domains and the methods used to evaluate walkability
differed. Whereas our study used all SB performed during
transport to constitute the domain, i.e. time spent in an
automobile, on a bus or on a motorcycle, the cited studies
only used the time spent in an automobile. Although the
components of walkability used in the studies are similar,
the index was calculated differently, and the size of the
evaluated area also varied.

The present work shows that PRA/resident was inver-
sely associated with ELSB amongst women, consistent
with the results of surveys conducted in Europe (Com-
pernolle et al. 2016; Storgaard et al. 2013). The presence of
PRA might have encouraged the women to perform open-
air PA at the expense of sedentary activity in closed
environments. Although the present survey did not
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Table 4 Prevalence (%) and odds ratios with the respective 95%
confidence intervals of excessive transport-related sedentary beha-
viour according to neighbourhood variables in adult women
(n = 1079). Brazil 2018

Table 5 Prevalence (%) and odds ratios with respective 95% confi-
dence intervals for excessive leisure-time sedentary behaviour
according to neighbourhood variables in adult women (n = 1079).
Brazil 2018

Neighbourhood variables % ETSB (95% CI) OR (95% CI)

Neighbourhood variables % ELSB (95% CI) OR (95% CI)

Number of other places/resident

High (= 0.0046) 48.6 (43.1-54.1) 1

Medium 49.4 (40.6-58.3) 1.1 (0.7-1.7)
(= 0.0015 < 0.0045)
Low (< 0.0014) 477 (39.9-55.5) 1.0 (0.6-1.5)

Distance to bicycle path (m)
Low (< 1128)
Medium (> 1129 < 2437)
High (> 2438)

Homes with street lighting (%)
High (> 98.9)

56.5 (48.1-64.9) 1
48.8 (41.8-55.7) 0.8 (0.5-1.1)
41.3 (36.4-46.4) 0.6 (0.4-0.8)

53.6 (43.2-63.9) 1

Medium (> 96.6 < 98.8) 48.8 (42.2-554) 0.8 (0.6-1.3)

Low (< 96.5) 44.6 (39.0-50.3) 0.6 (0.4-1.0)
Walkability index*

High (= 19) 45.7 (40.8-50.7) 1

Medium (> 15 < 18) 47.8 (39.8-55.8) 1.1 (0.7-1.7)

Low (< 14) 54.2 (43.8-64.6) 1.4 (1.0-2.1)
Terrain slope (%)

Low (< 1.41) 44.8 (38.9-50.7) 1

Medium (> 1.42 < 6.20) 473 (39.2-554) 1.1 (0.8-1.7)

High (> 6.21) 53.3 (46.0-60.7) 1.5 (1.0-2.3)
Income (R$)

High (> 895.7) 61.5 (52.4-70.8) 1

Medium (> 620.6 < 895.6) 45.7 (40.1-51.3) 0.5 (0.4-0.8)

Low (< 620.5) 43.1 (38.0-48.2) 0.5 (0.3-0.7)

ETSB excessive transport-related sedentary behaviour, CI confidence
interval, OR odds ratio

Values shown in bold are p < 0.05

*Walkability index: each variable (A, B, C) was divided into deciles
and assigned a score (first decile = 1 until tenth decile = 10). The
sum of the scores for all three variables comprised the walkability
index of the neighbourhood (Sugyiama et al. 2007)

specifically address natural spaces, such as green areas,
many spaces included in this variable were composed of
public squares, which usually have green areas. Thus, in
addition to the area available for walking or performing
other leisure-time activities, squares can also represent
green areas. When these factors are absent, they can predict
higher levels of SB (Triguero-Mas et al. 2015) and can
negatively affect the overall and mental health of individ-
uals (Teychenne et al. 2014).

Amongst the models used to explain ELSB, we also
found neighbourhood variables that exhibited significance
in Model 2, but not in the final analysis, as occurred for
PPEX/resident, income and terrain slope. The presence of
other neighbourhood variables might have nullified the

@ Springer

Total public recreation area

(m?)/resident

High (> 8.8) 45.8 (38.2-53.4) 1

Medium (> 0.81 < 8.7) 51.3 (47.0-55.5) 1.2 (0.8-1.7)

Low (< 0.80) 53.8 (47.7-60.0) 1.4 (1.0-2.0)
Number of places to perform

exercise/resident

High (> 0.0021)
Low (< 0.0020)

Number of associations and
churches/resident

High (> 0.0148) 48.1 (43.7-52.4) 1
Medium (> 0.005 < 0.0147) 50.0 (42.3-57.7) 1.1 (0.8-1.6)
Low (< 0.004) 53.0 (46.0-59.9) 1.2 (0.9-1.8)
Distance to bicycle path (m)
Low (< 1128)
Medium (> 1129 < 2437)
High (> 2438)
Homes with street lighting (%)
High (> 98.9)

56.8 (49.9-63.6) 1
46.6 (42.8-50.5) 0.7 (0.5-0.9)

48.0 (39.7-56.4) 1
52.3 (46.3-58.3) 1.1 (0.8-1.6)
50.4 (45.5-55.3) 1.1 (0.7-1.5)

54.3 (47.8-60.7) 1

Medium (> 96.6 < 98.8) 49.1 (42.7-55.5) 0.8 (0.5-1.1)

Low (< 96.5) 48.6 (42.1-55.1) 0.8 (0.5-1.1)
Walkability index*

High (> 19) 51.4 (47.1-55.8) 1

Medium (> 15 < 18) 44.7 (36.8-52.5) 0.8 (0.5-1.1)

Low (< 14) 53.2 (44.6-61.8) 1.1 (0.8-1.5)
Terrain slope (%)

Low (< 1.41) 53.7 (48.8-58.5) 1

Medium (> 1.42 < 6.20) 53.5 (46.9-60.0) 1.0 (0.7-1.5)

High (= 6.21) 43.9 (37.6-50.3) 0.7 (0.5-1.0)

Income (R$)
High (> 895.7)
Medium (> 620.6 < 895.6)
Low (< 620.5)

57.4 (51.5-64.8) 1
50.7 (43.6-57.8) 0.8 (0.5-1.1)
45.8 (41.3-50.2) 0.6 (0.4-0.9)

ELSB excessive leisure-time sedentary behaviour, CI confidence
interval, OR odds ratio

Values shown in bold are p < 0.05

*Walkability index: each variable (A, B, C) was divided into deciles
and assigned a score (first decile = 1 to tenth decile = 10). The sum
of the scores for all three variables comprised the walkability index of
the neighbourhood (Sugyiama et al. 2007)

effects of these variables. An effect was found in an
unexpected direction for PPEX/resident, indicating that the
odds of ELSB were reduced by 30% in women who lived
in neighbourhoods with lower PPEX/resident. This finding
might be explained by the fact that the number of PPEX/
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Table 6 Multilevel logistic regression models of the effect of neighbourhood on excessive transport-related and leisure-time sedentary behaviour

in adult women (n = 1079). Brazil 2018

Neighbourhood variables Empty
model

ETSB

Model 1 OR (95% CI)

Model 24 OR (95% CI)

Model 3 OR (95% CI)

Distance to bicycle path (m)

Low (< 1128) 1.0 1.0 1.0

Medium (> 1129 < 2437) 0.8 (0.5-1.3) 1.1 (0.7-1.6) 1.2 (0.8-1.8)

High (> 2438) 0.8 (0.5-1.3) 0.9 (0.7-1.2) 1.2 (0.8-2.0)
Homes with street lighting (%)

High (> 98.9) 1.0 1.0 1.0

Medium (> 96.6 < 98.8) 1.1 (0.7-1.6) 1.0 (0.7-1.5) 1.1 (0.7-1.7)

Low (< 96.5) 0.9 (0.6-1.4) 1.2 (0.8-1.8) 1.4 (0.9-2.1)
Walkability index

High (= 19) 1.0 1.0 1.0

Medium (> 15 < 18) 0.8 (0.5-1.3) 1.1 (0.7-1.5) 0.9 (0.6-1.3)

Low (< 14) 1.3 (0.8-1.9) 1.4 (1.0-2.0) 1.2 (0.8-1.7)
Terrain slope (%)

Low (< 1.41) 1.0 1.0 1.0

Medium (> 1.42 < 6.20) 1.0 (0.7-1.6) 1.2 (0.8-1.7) 1.2 (0.8-1.9)

High (= 6.21) 1.5 (0.9-2.4) 1.5 (1.0-2.1) 1.5 (1.0-2.4)
Income (R$)

High (> 751.00) 1.0 1.0 1.0

Medium (> 620.49 < 750.99) 0.6 (0.4-1.0) 0.8 (0.5-1.2) 0.7 (0.5-1.1)

Low (< 620.48) 0.5 (0.3-0.9) 1.0 (0.7-1.5) 0.8 (0.5-1.4)

Variance (SE) 0.185 (0.078) 0.102 (0.061) - 0.032 (0.054)
Reduction of variance (%) 449 82.7
Neighbourhood variables Empty ELSB

model

Model 1 OR (95% CI)

Model 2B OR (95% CI)

Model 3 OR (95% CI)

Number of places to perform
exercise/resident

High (> 0.0019/resident)
Low (< 0.0019/resident)

Total public recreation area/
resident

High (> 8.70 m?*/resident)

Medium (> 0.81 < 8.70 m%
resident)

Low (< 0.80 m?/resident)
Income (R$)
High (> 751.00)

Medium
(> 620.49 < 750.99)

Low (< 620.48)
Terrain slope (%)
Low (< 1.41)
Medium (> 1.42 < 6.20)
High (= 6.21)
Variance (SE) 0.105 (0.060)

1.0
0.7 (0.5-1.0)

1.0
1.2 (0.8-1.7)

1.4 (1.0-2.0)

1.0
0.7 (0.5-1.0)

0.7 (0.5-1.0)

1.0

1.2 (0.8-1.6)
0.8 (0.6-1.2)
0.047 (0.048)

1.0
0.7 (0.5-1.0)

1.0
1.2 (0.9-1.8)

1.5 (1.0-2.1)

1.0
0.8 (0.6-1.2)

0.7 (0.4-1.0)

1.0
1.1 (0.7-1.5)
0.7 (0.5-1.0)

1.0
0.8 (0.6-1.1)

1.0
1.2 (0.8-1.8)

1.4 (1.0-2.1)

1.0
0.8 (0.5-1.2)

0.7 (0.5-1.1)

1.0

1.2 (0.8-1.7)
0.8 (0.6-1.3)
0.066 (0.056)
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Table 6 (continued)

Neighbourhood variables Empty ELSB
model
Model 1 OR (95% CI) Model 2% OR (95% CI) Model 3 OR (95% CI)
Reduction in variance 55.2 37.1

ETSB excessive transport-related sedentary behaviour, OR odds ratio, CI confidence interval, ELSB excessive leisure-time sedentary behaviour,

SE standard error

Values shown in bold are p < 0.05

In Model 1, neighbourhood variables were adjusted for one another; in Model 2, each neighbourhood variable was adjusted for individual
variables (“age range, skin colour, economic class, level of education, income, employment, presence of an automobile in the household,
smoking, physical leisure-time activity, physical transport-related activity and self-perceived health; Bage range, economic class, employment,
presence of a computer in the household, presence of a child in the household, smoking, self-perceived health); in Model 3, neighbourhood
variables were adjusted for one another and to the individual variables in Model 2

resident alone was not sufficient to measure the access
women had to such places; other characteristics such as
price or quality should also be considered (Handy and
Clifton 2001). Similarly, contrary to our expectation, living
in neighbourhoods with a lower income was associated
with lower ELSB. Income is a proxy for neighbourhood
characteristics that were not measured directly (Diez Roux
et al. 2001) and that are related to both the generally
available infrastructure and the conservation of physical
spaces. The hypothesis that poorer neighbourhoods exhibit
worse physical conditions and infrastructure for open-air
activity, thus favouring ELSB, was not confirmed in this
survey. Interestingly, terrain slope exhibited an opposite
effect on ELSB relative to its effect in the transport
domain, showing that the environment can interfere dif-
ferently in each SB domain, as reported in a study that
assessed terrain slope and physical leisure-time and trans-
port activity (Lee and Moudon 2006).

One of the limitations of the present work is its cross-
sectional design, which does not allow us to establish a
cause—effect relationship between neighbourhood charac-
teristics and SB in women. Another limitation lies in the
use of a subjective SB-measuring instrument that has not
yet been validated against an objective measuring method.
Hence, the possibility that SB in women was over- or
underestimated cannot be excluded. However, it is impor-
tant to note that in general the questionnaire exhibited good
reproducibility. Furthermore, although some associations
between neighbourhood environmental characteristics and
SB in women were found, whether this was the result of the
substitution of physical activity for sedentary behaviour
remains an open question. Moreover, the places in which
sedentary activities were performed by women could not
be determined to confirm the hypothesis that this occurred
within the neighbourhood buffer. To answer these ques-
tions, future studies must simultaneously assess the

@ Springer

activities performed by women, both sedentary and not,
and the places where these activities occur (Koohsari et al.
2015).

To our knowledge, this is the first study in which the
association between the neighbourhood environment and
SB in the domains leisure time and transport has been
assessed in a representative female population in Brazil
using objective measures of the environment. The use of
this method allowed the study to better elucidate neigh-
bourhood environmental characteristics and, more specifi-
cally, avoided a large time gap between SB manifestation
and data on the environment, as occurs in the evaluation of
numbers of retail establishments and gyms, for example.
Furthermore, the association of some environmental char-
acteristics such as terrain slope and PPEX with SB was
assessed for the first time. The reduction in the variance
found after inclusion of the individual and contextual
variables to some extent indicates that the variables used in
the final model were sufficient for the evaluation of the
contextual effects.

Conclusion

The present work shows that living in a neighbourhood
with higher terrain slope increased the odds of women
exhibiting ETSB, whereas living in a neighbourhood with
fewer public recreation areas per resident increased the
odds of ELSB. Our hypothesis was partially confirmed by a
conceptual model in which the residents of neighbourhoods
with worse conditions for walking or biking are more prone
to transport-related SB and the residents of neighbourhoods
with fewer available facilities for performing leisure-time
activities tended to engage in more leisure-time SB. The
fact that many of the analysed variables exhibited no
associations with SB could be due to an actual absence of
relationships between these variables and SB or to the
possibility that these characteristics did not present
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sufficient variability in the urban setting to permit the
detection of such associations. Nevertheless, the findings
indicate that improvements in urban planning can have a
beneficial impact on women’s health by reducing the odds
of SB.

Compliance with ethical standards

Ethical approval All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964
Declaration of Helsinki and its later amendments or comparable
ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study. The study was approved by the
Research Ethics Committee of the Universidade do Vale do Rio dos
Sinos (University of Vale do Rio dos Sinos) under number 653.394.

References

Associacdo Brasileira de Empresas de Pesquisa (2014) Classificagdo
economica 2015. http://www.abep.org/criterio-brasil. Accessed
10 June 2014

Barnett A, Cerin E, Ching CS, Johnston JM, Lee RS (2015)
Neighbourhood environment, sitting time and motorised trans-
port in older adults: a cross-sectional study in Hong Kong. BMJ
Open 5:¢007557. https://doi.org/10.1136/bmjopen-2014-007557

Brownson RC, Hoehner CM, Day K, Forsyth A, Sallis JF (2009)
Measuring the built environment for physical activity: state of
the science. Am J Prev Med 36:599-S123. https://doi.org/10.
1016/j.amepre.2009.01.005

Compernolle S, Cocker K, Roda C et al (2016) Physical environ-
mental correlates of domain-specific sedentary behaviours across
five European regions (the SPOTLIGHT project). PLoS ONE
11:e0164812. https://doi.org/10.1371/journal.pone.0164812

Coogan PF, White LF, Evans SR, Palmer JR, Rosenberg L (2012) The
influence of neighborhood socioeconomic status and walkability
on TV viewing time. J Phys Act Health 9:1074-1079

Craig CL, Marshall AL, Sjostrom M et al (2003) International
physical activity questionnaire: 12-country reliability and valid-
ity. Med Sci Sports Exerc 35:1381-1395. https://doi.org/10.
1249/01.MSS.0000078924.61453.FB

Diez Roux AV (2002) A glossary for multilevel analysis. J Epidemiol
Commun Health 56:588-594

Diez Roux AV (2007) Neighborhoods and health: where are we and
were do we go from here? Rev Epidemiol Sante Publique
55:13-21. https://doi.org/10.1016/j.respe.2006.12.003

Diez Roux AV, Mair C (2010) Neighborhoods and health. Ann N 'Y
Acad Sci 1186:125-145. https://doi.org/10.1111/j.1749-6632.
2009.05333.x

Diez Roux AV, Merkin SS, Arnett D et al (2001) Neighborhood of
residence and incidence of coronary heart disease. N Engl J] Med
345:99-106. https://doi.org/10.1056/NEJM200107123450205

Ding D, Sugiyama T, Winkler E, Cerin E, Wijndaele K, Owen N
(2012) Correlates of change in adults’ television viewing time: a
four-year follow-up study. Med Sci Sports Exerc 44:1287-1292.
https://doi.org/10.1249/MSS.0b013e31824ba87e

Ford ES, Caspersen CJ (2012) Sedentary behaviour and cardiovas-
cular disease: a review of prospective studies. Int J Epidemiol
41:1338-1353. https://doi.org/10.1093/ije/dys078

Frank LD, Andresen MA, Schmid TL (2004) Obesity relationships
with community design, physical activity, and time spent in cars.
Am J Prev Med 27:87-96. https://doi.org/10.1016/j.amepre.
2004.04.011

Goncalves PB, Hallal PC, Hino AAF, Reis RS (2017) Individual and
environmental correlates of objectively measured physical
activity and sedentary time in adults from Curitiba, Brazil. Int
J Public Health 62:831-840. https://doi.org/10.1007/s00038-
017-0995-0

Handy S, Clifton K (2001) Evaluating neighborhood accessibility:
possibilities and practicalities. J Transp Stat 4:67-78

Kang B, Moudon AV, Hurvitz PM, Saelens BE (2017) Differences in
behavior, time, location, and built environment between objec-
tively measured utilitarian and recreational walking. Transp Res
Part D 57:185-194

Koohsari MJ, Sugiyama T, Kaczynski AT, Owen N (2014) Associ-
ations of leisure-time sitting in cars with neighborhood walka-
bility. J Phys Act Health 11:1129-1132. https://doi.org/10.1123/
jpah.2012-0385

Koohsari MJ, Sugiyama T, Sahlqvist S, Mavoa S, Hadgraft N, Owen
N (2015) Neighborhood environmental attributes and adults’
sedentary behaviors: review and research agenda. Prev Med
77:141-149. https://doi.org/10.1016/j.ypmed.2015.05.027

Kozo J et al (2012) Sedentary behaviors of adults in relation to
neighborhood walkability and income. Health Psychol
31:704-713. https://doi.org/10.1037/a0027874

Lee C, Moudon AV (2006) Correlates of walking for transportation or
recreation purposes. J Phys Act Health 3:S77-S98. https://doi.
org/10.1123/jpah.3.s1.577

Makelarski JA et al (2013) Are your asset data as good as you think?
Conducting a comprehensive census of built assets to improve
urban population health. J Urban Health 90:586—601. https://doi.
org/10.1007/s11524-012-9764-9

Mielke GI, da Silva IC, Owen N, Hallal PC (2014) Brazilian adults’
sedentary behaviors by life domain: population-based study.
PLoS ONE 9:¢91614. https://doi.org/10.1371/journal.pone.
0091614

Moreira LB, Fuchs FD, Moraes RS, Bredemeier M, Cardozo S, Fuchs
SC, Victora CG (1996) Alcoholic beverage consumption and
associated factors in Porto Alegre, a southern Brazilian city: a
population-based survey. J Stud Alcohol 57:253-259

O’Donoghue G et al (2016) A systematic review of correlates of
sedentary behaviour in adults aged 18-65 years: a socio-
ecological approach. BMC Public Health 16:163. https://doi.
org/10.1186/s12889-016-2841-3

Owen N, Sugiyama T, Eakin EE, Gardiner PA, Tremblay MS, Sallis
JF (2011) Adults’ sedentary behavior determinants and inter-
ventions. Am J Prev Med 41:189-196. https://doi.org/10.1016/j.
amepre.2011.05.013

Rasbash J, Browne W, Goldstein H, Yang M, Plewis I, Healy M et al.
(2000) A wuser guide to MLwiN. Centre for Multilevel
Modelling:277. Multilevels Models Project, Institute of Educa-
tion, University of London. http://www.bris.ac.uk/medialibrary/
sites/cmm/migrated/documents/manual-web.pdf. Accessed 01
June 2017

Rhodes RE, Mark RS, Temmel CP (2012) Adult sedentary behavior: a
systematic review. Am J Prev Med 42:e3—e28. https://doi.org/10.
1016/j.amepre.2011.10.020

Santos M (2013) A urbanizagao brasileira Editora da Universidade de
Sao Paulo, 5a edigao:176

Sedentary Behaviour Research N (2012) Letter to the editor:
standardized use of the terms “sedentary” and “sedentary

@ Springer


http://www.abep.org/criterio-brasil
https://doi.org/10.1136/bmjopen-2014-007557
https://doi.org/10.1016/j.amepre.2009.01.005
https://doi.org/10.1016/j.amepre.2009.01.005
https://doi.org/10.1371/journal.pone.0164812
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1016/j.respe.2006.12.003
https://doi.org/10.1111/j.1749-6632.2009.05333.x
https://doi.org/10.1111/j.1749-6632.2009.05333.x
https://doi.org/10.1056/NEJM200107123450205
https://doi.org/10.1249/MSS.0b013e31824ba87e
https://doi.org/10.1093/ije/dys078
https://doi.org/10.1016/j.amepre.2004.04.011
https://doi.org/10.1016/j.amepre.2004.04.011
https://doi.org/10.1007/s00038-017-0995-0
https://doi.org/10.1007/s00038-017-0995-0
https://doi.org/10.1123/jpah.2012-0385
https://doi.org/10.1123/jpah.2012-0385
https://doi.org/10.1016/j.ypmed.2015.05.027
https://doi.org/10.1037/a0027874
https://doi.org/10.1123/jpah.3.s1.s77
https://doi.org/10.1123/jpah.3.s1.s77
https://doi.org/10.1007/s11524-012-9764-9
https://doi.org/10.1007/s11524-012-9764-9
https://doi.org/10.1371/journal.pone.0091614
https://doi.org/10.1371/journal.pone.0091614
https://doi.org/10.1186/s12889-016-2841-3
https://doi.org/10.1186/s12889-016-2841-3
https://doi.org/10.1016/j.amepre.2011.05.013
https://doi.org/10.1016/j.amepre.2011.05.013
http://www.bris.ac.uk/medialibrary/sites/cmm/migrated/documents/manual-web.pdf
http://www.bris.ac.uk/medialibrary/sites/cmm/migrated/documents/manual-web.pdf
https://doi.org/10.1016/j.amepre.2011.10.020
https://doi.org/10.1016/j.amepre.2011.10.020

522

C. B. Cafruni et al.

behaviours”. Appl Physiol Nutr Metab 37:540-542. https://doi.
org/10.1139/h2012-024

Storgaard RL, Hansen HS, Aadahl M, Glumer C (2013) Association
between neighbourhood green space and sedentary leisure time
in a Danish population. Scand J Public Health 41:846-852.
https://doi.org/10.1177/1403494813499459

Sugiyama T, Salmon J, Dunstan DW, Bauman AE, Owen N (2007)
Neighborhood walkability and TV viewing time among Aus-
tralian adults. Am J Prev Med 33:444-449. https://doi.org/10.
1016/j.amepre.2007.07.035

Teychenne M, Abbott G, Ball K, Salmon J (2014) Prospective
associations between sedentary behaviour and risk of depression
in socio-economically disadvantaged women. Prev Med
65:82-86. https://doi.org/10.1016/j.ypmed.2014.04.025

Triguero-Mas M et al (2015) Natural outdoor environments and
mental and physical health: relationships and mechanisms.

@ Springer

Environ Int 77:35-41. https://doi.org/10.1016/j.envint.2015.01.
012

Van Dyck D, Cardon G, Deforche B, Owen N, Sallis JF, De
Bourdeaudhuij I (2010) Neighborhood walkability and sedentary
time in Belgian adults. Am J Prev Med 39:25-32. https://doi.org/
10.1016/j.amepre.2010.03.004

Wilmot EG et al (2012) Sedentary time in adults and the association
with diabetes, cardiovascular disease and death: systematic
review and meta-analysis. Diabetologia 55:2895-2905. https://
doi.org/10.1007/s00125-012-2677-z

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1139/h2012-024
https://doi.org/10.1139/h2012-024
https://doi.org/10.1177/1403494813499459
https://doi.org/10.1016/j.amepre.2007.07.035
https://doi.org/10.1016/j.amepre.2007.07.035
https://doi.org/10.1016/j.ypmed.2014.04.025
https://doi.org/10.1016/j.envint.2015.01.012
https://doi.org/10.1016/j.envint.2015.01.012
https://doi.org/10.1016/j.amepre.2010.03.004
https://doi.org/10.1016/j.amepre.2010.03.004
https://doi.org/10.1007/s00125-012-2677-z
https://doi.org/10.1007/s00125-012-2677-z

	Neighbourhood environment and transport-related and leisure-time sedentary behaviour amongst women in a city in Southern Brazil: a multilevel analysis
	Abstract
	Objectives
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Population and procedures
	Dependent variables
	Individual variables
	Neighbourhood environmental variables
	Statistical analysis

	Results
	Discussion
	Conclusion

	References




