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ABSTRACT
Background. In the context of healthy ageing, it is necessary to identify opportunities
to implement health interventions in order to develop an active lifestyle with sufficient
physical activity and limited sedentary time in middle-aged and older adults. The
transition to retirement is such an opportunity, as individuals tend to establish new
routines at the start of retirement. Before health interventions can be developed, the
psychological, social and physical environmental determinants of physical activity
and sedentary behaviors during early retirement should be identified, ideally with
longitudinal studies. The aim of this paper was first to examine whether psychological,
social and physical environmental factors at the start of retirement predict longitudinal
changes in physical activity and sedentary behaviors during the first years of retirement.
Second, moderating effects of gender and educational levels were examined.
Methods. This longitudinal study was conducted in Flanders, Belgium. In total, 180 re-
cently retired (>1 month, <2 years at baseline) adults completed a postal questionnaire
twice (in 2012–2013 and two years later in 2014–2015). The validated questionnaire
assessed socio-demographic information, physical activity, sedentary behaviors, and
psychological, social and physical environmental characteristics. Multiple moderated
hierarchic regression analyses were conducted in SPSS 22.0.
Results. Higher perceived residential density (p< 0.001) and lower aesthetics (p= 0.08)
predicted an increase in active transportation (adjusted R2

= 0.18). Higher baseline
self-efficacy was associated with an increase in leisure-time physical activity (p= 0.001,
adjustedR2

= 0.13). Amore positive perception of old age (p= 0.04) and perceiving less
street connectivity (p= 0.001) were associated with an increase in screen time (adjusted
R2
= 0.06). Finally, higher baseline levels ofmodeling from friends (p= 0.06) and lower

perceived land use mix access (p= 0.09) predicted an increase in car use (adjusted
R2
= 0.06). A few moderating effects, mainly of educational level, were found.

Discussion. Walkability characteristics (perceived residential density) and self-efficacy
at the start of retirement are the most important predictors of longitudinal changes
in active transportation and leisure-time physical activity. Few moderating effects
were found, so health interventions at the start of retirement focusing on self-efficacy
and specific walkability characteristics could be effective to increase physical activity
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in recently retired adults. No firm conclusions can be drawn on the importance of
the examined predictors to explain change in car use and screen time, possibly other
factors like the home environment, or automatic processes and habit strength are more
important to explain sedentary behaviors.

Subjects Geriatrics, Global Health, Health Policy, Public Health
Keywords Exercise, Healthy aging, Older adults, Sitting, Ecological model, Active living

INTRODUCTION
Globally, life expectancy has increased steadily over the last decades. Between 2000 and
2050, the proportion of adults older than 60 years of age is expected to double from 11%
to 22% (i.e., from about 605 million to more than a billion) (World Health Organization,
2014). This trend induces major societal challenges, like an increase in health care costs due
to age-related chronic diseases (e.g., cardio-vascular diseases, type 2 diabetes, sarcopenia)
(Organization for Economic Cooperation and Development, 2006). In middle and older age
adopting and adhering to a healthy lifestyle with sufficient levels of physical activity (PA),
limited sedentary time and a healthy diet, is needed to reduce risks for chronic diseases and
mortality (Knoops et al., 2004;King, Mainous & Geesey, 2007). In that context, it is necessary
to identify opportunities to develop healthy lifestyles in middle-aged and older adults in
order to promote healthy ageing.

The transition to retirement can be seen as such an opportunity. Retirement can be
defined as ‘a permanent and complete withdrawal from the labor force’ and goes together
with important changes in time availability and flexibility, social networks, income and
financial security, which can all impact adults’ lifestyles, both positively and negatively (Kim
&Moen, 2002; Barnett, Van Sluijs & Ogilvie, 2012). Currently available evidence shows that
PA and sedentary behaviors rather develop adversely during early retirement: total PA tends
to decrease when making the transition to retirement, and this decrease is probably caused
by a decrease in work- and transport-related PA that is insufficiently compensated by an
increase in leisure-time PA (Slingerl et al., 2007; Touvier et al., 2010; Lahti et al., 2011; Bar-
nett et al., 2014). Retirement has also been associated with an increase in specific sedentary
behaviors like TV viewing and reading, and a decrease in occupational sitting and car use
(Touvier et al., 2010; Barnett et al., 2014; Sprod et al., 2015; Van Dyck et al., in press).

Nonetheless, retirement can also be seen as a transition during which individuals rethink
habitual behaviors and establish new routines (Jonsson, Josephsson & Kielhofner, 2001).
Individuals who are about to retire or retired recently seem to be particularly receptive to
behavior change (e.g., smoking cessation) (Lang et al., 2007). Therefore, early retirement
seems to be a promising stage to implement interventions to stimulate middle-aged and
older adults to develop/maintain a healthy lifestyle.

Before one can develop interventions aiming to increase PA and/or decrease sedentary
behaviors during early retirement, it is necessary to identify the specific psychological, social
and physical environmental determinants of these behaviors during early retirement. In
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health research, socio-ecological frameworks are often used the examine the multi-
dimensional determinants of PA (Sallis, Owen & Fisher, 2008). The socio-ecological frame-
work for PAhas been adapted to examine the potential determinants of sedentary behaviors,
but empirical evidence on these determinants is lacking, especially in older adults (Owen et
al., 2011). A few qualitative studies examined these determinants during early retirement,
mainly by conducting focus group interviews with the target group (Barnett, Guell &
Ogilvie, 2012; McDonald et al., 2015; Kosteli, Williams & Cumming, 2016; Van Dyck et
al., in press). These studies identified that several intrapersonal (e.g., self-efficacy, self-
regulatory strategies, outcome expectations, social norms and beliefs on ageing and retire-
ment, need for personal challenges, perceived health benefits of PA, financial constraints,
loss of daily structure), interpersonal (e.g., social support, social roles and responsibilities)
and physical environmental factors (e.g., opportunities to be active, physical barriers like
poorly maintained sidewalks) can be important factors for (insufficient) PA in recently
retired adults. To our knowledge, only one qualitative study already examined potential
determinants of sedentary behaviors during early retirement (Van Dyck et al., in press) and
concluded that in this age group knowledge on the negative effects of sedentary behaviors
is absent, inducing a lack of motivation to decrease sedentary behaviors.

In addition to the qualitative evidence, quantitative studies are also needed to confirm the
importance of the determinants that emerged from previous focus group studies. Although
qualitative studies are very useful, they usually include small study samples. Consequently,
quantitative studies with larger samples are more appropriate to draw conclusions for ‘the
overall population’. To our knowledge, no previous quantitative studies examined the
multidimensional correlates of PA and sedentary behaviors in this specific target group of
recently retired adults. Ideally, such studies should use a longitudinal design in order to
draw conclusions on whether specific factors at the start of retirement predict changes in
PA and sedentary behaviors during early retirement, and to make it possible to develop
effective health interventions focusing on specific determinants at the start of retirement.

Therefore, the first aim of this paper was to examine whether psychological, social and
physical environmental factors at the start of retirement predict longitudinal changes in
leisure-time PA, active transportation, screen time and car use during the first years of
retirement. Because changes in PA and sedentary behaviors during early retirement have
been shown to be dependent of gender and variations in socio-economic status (Mein et
al., 2005; Chung et al., 2009; Barnett, Van Sluijs & Ogilvie, 2012; Barnett et al., 2014), the
second aimwas to examine whether gender and educational level moderate the associations
examined in the first aim.

MATERIALS AND METHODS
This study was conducted in Ghent (250,000 inhabitants, 156.18 square km (60.3 square
miles), 1,601 inhabitants/square km), Flanders, Belgium. Baseline data were collected in
two waves, a first wave in December 2012 and a second wave in May 2013. Follow-up data
were similarly collected in two waves, two years after baseline data collection (December
2014, May 2015).
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Procedures and participants
The data used for this paper were part of a larger study in adults around retirement age
where at baseline, individuals who retired recently (>1 month, <5 years of retirement) and
individuals who planned to retire within the next 18 months were targeted. However, be-
cause this paper aims to examine whether psychological, social and physical environmental
factors assessed at the beginning of retirement, can predict changes in PA and sedentary
behaviors during early retirement, only the data of individuals who are at the start of their
retirement (>1month, <2 years of retirement) are used. This definition of ‘early retirement’
was chosen after consulting sessions with experts in health research in older adults and
after four focus group sessions with retired adults. These focus groups were conducted in
the scope of another study in the same target group (Van Dyck et al., in press). More details
on the procedures of the larger study and the selection of the analytical sample for the
current paper, can be found below.

In Flanders, the formal retirement age of the current workforce over 50 years of age
lies between 58 and 65 years (Federal Pensions Service Belgium, 2016), but official records
with information on retirement status are not publicly available. Consequently, the Public
Service of Ghent selected a random sample of 7,500 58–65 year old adults from the
municipal register for the study. At baseline, all these adults received an invitation letter
with information on the study (2,500 adults in December 2012, 5,000 adults in May
2013). Only adults who planned to retire within the next 18 months, and those who had
been retired for more than one month but less than five years could participate in the
large-scale study. Retired adults needed to be fully retired from their main occupation, but
engaging in voluntary work was allowed. Furthermore, as PA was one of the outcome
variables, participants had to be able to walk 100 m without assistance in order to
be eligible. Adults who were willing to participate in the study and met the inclusion
criteria, received a postal questionnaire (with a pre-stamped envelope to return the
questionnaire) including questions on socio-demographic characteristics, psychological,
social and physical environmental factors, PA and sedentary behaviors, and physical and
mental health. In total, 597 adults (455 retired, 142 planning to retire) returned a complete
questionnaire. Because it is unknown how many of the 7,500 addressed adults were eligible
to participate in the study, it is not possible to calculate the response rate.

After two years (December 2014 andMay 2015) these 597 adults received the same postal
questionnaire again (follow-up measurements). In total, 463 adults (77.6%) returned a
complete questionnaire at follow-up. Of these 463 participants, five were not yet retired,
three did not report the month/year of retirement, and 9 participants had not been working
before they officially retired (seven housewives and two disabled persons). Consequently,
the final sample that completed both baseline and follow-up measurements of the large-
scale study consisted of 446 participants (341 adults who were already retired at baseline
and 105 adults who retired between baseline and follow-up). For this paper, the 105 adults
who were not retired yet at baseline and adults who had been retired for more than two
years at baseline (n= 161) were excluded from the analyses. This led to a final analytical
sample of 180 adults who were at the start of retirement at baseline.
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The study protocol was approved by the ethics committee of the Ghent University
Hospital (B670201215326). Written informed consent was obtained from all participants.

Measures
Dependent variables: changes in physical activities and sedentary
behaviors
Self-reported PA was assessed with the International Physical Activity Questionnaire
(IPAQ; long past seven days version; available at http://www.ipaq.ki.se.) PA assessed by the
IPAQ showed good reliability (intra-class correlations range from 0.46 to 0.96) and fair-to
-moderate criterion validity compared against accelerometers (median ρ = 0.30) in a 12-
country study (Craig et al., 2003). Frequency (number of days) and duration (minutes/day)
of PA in different domains were queried. Based on this information, separate estimates
of weekly minutes of active transportation (sum of walking and cycling for transport)
and leisure-time PA (sum of leisure-time walking, cycling and moderate-to-vigorous PA
(MVPA)) were calculated.

Self-reported minutes/week of car use and screen time (sum of TV viewing time and
computer use) were assessed using a translated (Flemish) version of the leisure-time
sedentary behavior questionnaire developed by Salmon and collegues (2003). The English-
language version of the questionnaire has fair to excellent reliability (intra-class range
from 0.56 to 0.82). Concurrent validity, assessed against a three-day behavioral log was
fair-to-moderate, with rho’s ranging from 0.20 to 0.60 (Salmon et al., 2003).

Predictors: psychological, social and physical environmental
characteristics
All psychological variables assessed in the questionnaire were derived from previous studies
in adults, older adults and adolescents (Marcus et al., 1992;De Bourdeaudhuij & Sallis, 2002;
Deforche et al., 2004; De Bourdeaudhuijet al., 2005; Van Holle et al., 2015; English Longitu-
dinal Study of Ageing, available at http://elsa-project.ac.uk). Five categories of psychological
variables were included: perceived benefits of PA, perceived barriers towards PA, self-
efficacy, perceptions of retirement and perceptions of old age. Scales were constructed for
perceived benefits of PA (e.g., losingweight, enjoyment;mean of six items, Cronbach’s alpha
(α)= 0.56), perceived barriers (e.g., feeling to old, fear for injuries, bad weather; mean of
11 items, α= 0.87), self-efficacy (e.g., being active even when not feeling well, being active
even without a sport partner; mean of five items, α= 0.82) and perceptions of old age
(e.g., old age is accompanied by loneliness, we can learn a lot from old people; mean of
11 items, α= 0.65). Perceptions of retirement consisted of two items that were analyzed
separately: ‘I perceive retirement as a start for slowing down’ and ‘I perceive retirement as
a start for a more active lifestyle’. All items were scored on a five-point scale with a higher
score reflectingmore positive psychological profiles, except for the self-efficacy items, which
were scored on a three-point scale (I know I cannot, I think I can, I know I can).

Social variables included modelling, social support and social cohesion of the neighbor-
hood. All variables were derived from previous studies in adults (Sallis et al., 1987; Sampson,
Raudenbush & Earls, 1997; De Bourdeaudhuij & Sallis, 2002). Modelling consisted of three
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items (modelling from partner, friends, (grand)children) that were assessed using a seven-
point scale (higher score = more perceived modelling). These items were analyzed sepa-
rately due to low internal consistency (α < 0.50). Scales were constructed for social support
(e.g., how often do friends support you to be active; six items, α= 0.85) and social cohesion
of the neighborhood (e.g., people in my neighborhood can be trusted, this is a close-knit
neighborhood; five items, α= 0.82). These items were scored on a five-point scale ranging
from strongly disagree to strongly agree (higher score=more positive social characteristics).

To assess perceived physical environmental factors, the Dutch version of the NEWS
questionnaire was used (De Bourdeaudhuij, Sallis & Saelens, 2003). Physical environmental
subscales includedwere residential density, land usemix diversity, land usemix access, street
network connectivity, infrastructure and safety for walking and cycling, traffic safety, crime
safety and aesthetics. Land usemix diversity can be defined as ‘the level of integration of dif-
ferent types of uses for physical spacewithin an area, including residential, office, retail/com-
mercial, institutional, industry and public space’ (Saelens, Sallis & Frank, 2003). Land use
mix access refers to the accessibility (e.g., distance and presence/absence of physical barriers)
of destinations. Street network connectivity can be defined as ‘the directness or ease to travel
between two points that is directly related to the characteristics of street design’ (e.g., many
intersections, few dead-end-streets) (Saelens, Sallis & Frank, 2003). Calculation of these
subscales was based on the official NEWS scoring guidelines (available at http://sallis.
ucsd.edu), with a higher score reflecting a more positive environmental perception. The
Dutch NEWS has acceptable to good reliability (intraclass correlation coefficients between
0.40 and 0.97) and acceptable validity (coefficients between 0.21 and 0.91) (De Bourdeaud-
huij, Sallis & Saelens, 2003). All environmental factors were rated on a four-point scale, ex-
cept for residential density (three-point scale) and land use mix diversity (five-point scale).

Socio-demographic covariates and moderators
Self-reported socio-demographics included gender, age, weight, height and educational
level (primary, secondary, tertiary education). BMI was calculated by dividing the weight
(kg) by the height (m) squared. For the analyses, educational level was dichotomized into
high education (i.e., tertiary education) versus low education (i.e., primary and secondary
education).

Statistical analyses
All data were analyzed using SPSS 22.0 and multiple moderated hierarchic regression
analyses were conducted to answer the research questions. In a first step,measures of change
in PA (active transportation and leisure-time PA) and sedentary behaviors (screen time and
car use) between baseline and follow-up were created by regressing the PA and sedentary
behavior measures at follow-up onto their respective baseline values. Based on these regres-
sion outcomes, residualized change scores were computed. These scores can be interpreted
as the amount of increase/decrease in PA or sedentary time between baseline and follow-
up, independent of baseline scores. Furthermore, they eliminate autocorrelated error and
regression to the mean effects and are therefore preferable to simple change scores (Cohen
& Cohen, 1985; Bland & Altman, 1994).
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In a second step, multicollinearity (r > 0.60) between the predictors (psychological, so-
cial and physical environmental characteristics) was analyzed. Only between perceived land
usemix access and land usemix diversity (r = 0.65) and between self-efficacy and perceived
barriers towards PA (r = 0.62)multicollinearitywas present. Consequently, only the predic-
tor with the strongest correlationwith the dependent variable was included in the regression
analyses. In a third step, bivariate correlations between the potential predictors and the out-
come variables were examined. Only predictors that had a correlation with the dependent
variable of p< 0.15 were included in the regression models (Tabachnik & Fidell, 2007).

In a final step, multiple moderated hierarchic regression analyses were conducted to
examine whether psychological, social and physical environmental factors at the start
of retirement predicted changes in PA and sedentary behaviors during early retirement,
and the moderating effects of gender and educational level. Eight regression models were
constructed, two for each dependent variable (residualized change scores of active trans-
portation, leisure-time PA, screen time and car use). In a first block, the socio-demographic
covariates (gender, age, BMI, educational level) were entered. In a second block, the psycho-
logical, social and physical environmental factors (predictors; baseline values) were entered
as independent variables. In the third block, the cross-products (gender × predictor or
educational level × predictor) were added to examine the moderating effects of gender
(four models, one for each dependent variable) and educational level (four models).
In case of significance, separate regression models (men versus women or high versus
low educational level) were run to interpret the direction of the interaction. Statistical
significance was set at 0.05 but because of the small study sample, marginally significant
results (p< 0.10) were also reported. In physical activity research it is common to report
on marginally significant findings when the sample size is limited (e.g.,Van Holle et al.,
2016; De Cocker et al., 2016).

RESULTS
Baseline descriptive statistics of the study sample are presented in Table 1. In summary,
48.6% of the sample was male, mean age was 62.5 (2.1) years, 45.5% of the sample had a
low educational level (i.e., no college or university degree) and mean BMI was 25.4 (3.9)
kg/m2. Average values of the psychological, social and physical environmental factors, and
of the outcome variables (PA and sedentary behaviors) can also be found in Table 1.

For change in active transportation, the following nine predictors were included in the
regressionmodel: self-efficacy, perceiving retirement as a start for slowing down, modelling
from (grand)children, neighborhood social cohesion, residential density, land use mix
access, street connectivity, infrastructure/safety for walking and cycling and aesthetics. Six
predictors were included in the model for change in leisure-time PA: perceived benefits,
self-efficacy, perceiving retirement as a start for being active, modelling from partner,
land use mix access and traffic safety. Perception of old age and street connectivity were
included as predictors in the model for change in screen time. Finally, modelling from
friends, residential density and land use mix access were included in the model for change
in car use.
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Table 1 Baseline descriptive characteristics of the study sample (n= 180).

Variable

Socio-demographic covariates

Gender (%)

Men 48.6

Women 51.4

Age (mean (SD)) 62.5 (2.1)

Educational level (%)

High educational level 54.5

Low educational level 45.5

Body Mass index (mean (SD)) 25.4 (3.9)

Predictors (mean (SD))

Psychological factors

Perceived benefitsa 3.6 (0.6)

Perceived barriersa 4.1 (0.7)

Self-efficacyb 2.1 (0.54)

Perceptions of retirementa

Retirement= slowing down 2.5 (1.1)

Retirement=more active life 3.2 (1.1)

Perception of old agea 3.5 (0.5)

Social factors

Modelling from partnerc 4.5 (2.2)

Modelling from friendsc 4.2 (1.9)

Modelling from (grand)childrenc 5.0 (1.5)

Social supporta 3.6 (1.0)

Neighborhood social cohesiona 3.6 (0.7)

Physical environmental factors

Residential densityb 192.6 (77.8)

Land use mix diversitya 3.0 (0.8)

Land use mix accessd 3.2 (0.8)

Street network connectivityd 2.9 (0.5)

Infrastructure and safety for 2.5 (0.5)

Walking and cyclingd

Traffic safetyd 2.5 (0.6)

Crime safetyd 3.0 (0.6)

Aestheticsd 2.5 (0.6)

Dependent variables (mean (SD))

Physical activity (min/week)

Active transportation 240.8 (253.0)

Leisure-time physical activity 312.4 (359.2)

Sedentary behaviors (min/week)

Screen time 1425.4 (777.2)

Car use 320.0 (387.8)

Notes.
aPositively scored on a five-point scale.
bPositively scored on a three-point scale.
cPositively scored on a seven-point scale.
dPositively scored on a four-point scale.
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Psychological, social and physical environmental predictors of
changes in PA and moderating effects of gender and
educational level
Results of the regression analyses are presented in Table 2. Perceived residential density
(β = 0.41, p< 0.001) and perceived aesthetics (β =−0.18,p= 0.08) were (marginally)
significant predictors of changes in active transportation (adjusted R2

= 0.179). Higher
perceived residential density and lower perceived aesthetics at baseline were related to
an increase in active transportation. Educational level moderated the relation between
modelling from (grand)children and change in active transportation (β = 0.66,p= 0.09).
In participants with a low educational level, no association was found between modelling
from (grand) children and change in active transportation (β = 0.06,p= 0.68) whereas
in participants with a high educational level, higher modelling from (grand)children was
related to an increase in active transportation (β = 0.22,p= 0.06). No other moderating
effects, neither of educational level, nor of gender could be identified with regard to change
in active transportation.

Regarding change in leisure-time PA, baseline self-efficacy was the only significant pre-
dictor (β = 0.32,p= 0.001; adjustedR2

= 0.134). Higher baseline levels of self-efficacy were
associated with an increase in leisure-time PA. Educational level moderated the relation
between perception of retirement (i.e., retirement is a start for a more active lifestyle) and
change in leisure-time PA (β =−0.67,p= 0.045). In participants with a low educational
level, a more positive perception of retirement was related to an increase in leisure-time
PA (β = 0.35,p= 0.002) while in participants with a high educational level, no association
was found (β = 0.06,p= 0.56). No other moderating effects of educational level or gender
could be identified.

Psychological, social and physical environmental predictors of
changes in sedentary behaviors and moderating effects of gender
and educational level
Results of the regression analyses are presented in Table 3. Baseline perception of old
age (β = 0.16,p= 0.04) and perceived street connectivity (β =−0.25,p= 0.001) were
significantly related to change in screen time (adjusted R2

= 0.064). A more positive
perception of old age and perceiving less street connectivity were associated with an
increase in screen time. Educational level and gender were not significant moderators of
any of the associations.

Regarding change in car use, baseline modeling from friends (β = 0.21,p= 0.06) and
perceived land usemix access (β =−0.20,p= 0.09)were (marginally) significant predictors
(adjusted R2

= 0.058). Higher baseline levels of modeling from friends and lower perceived
land usemix access were associated with an increase in car use. Educational level and gender
were marginally significant moderators of the relation between modelling from friends and
change in car use (β = 0.63,p= 0.06 and β =−0.54,p= 0.08). In females (β =−0.01,p=
0.94) and participants with a low educational level (β = 0.04,p= 0.83) no relation could
be identified. In males (β = 0.23,p= 0.10) and participants with a high educational
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Table 2 Multiple moderated hierarchic regression analyses: associations with changes in PA andmoderating effects of educational level and
gender.

Dependent variable Predictors Adj R2 β value 95% CI p-value

Change in active transportation Block 1 (sociodemographic covariates) 0.009
Block 2 0.188

Self-efficacy 0.01 −0.31, 0.37 0.88
Retirement= slowing down 0.10 −0.08, 0.25 0.30
Modelling from (grand)children 0.12 −0.04, 0.19 0.22
Neighborhood social cohesion −0.05 −0.35, 0.20 0.60
Residential density 0.41 0.002, 0.008 <0.001
Land use mix access 0.07 −0.18, 0.34 0.55
Street network connectivity −0.12 −0.64, 0.19 0.28
Infrastructure/safety for walking and cycling 0.11 −0.27, 0.70 0.39
Aesthetics −0.18 −0.58, 0.03 0.08

Block 3Aa 0.180
Educational level× self-efficacy 0.21 −0.53, 0.85 0.64
× retirement= slowing down −0.03 −0.38, 0.34 0.91
×modelling from (grand)children 0.66 −0.04, 0.50 0.09
× neighborhood social cohesion 0.39 −0.44, 0.81 0.56
× residential density 0.02 −0.005, 0.006 0.94
× land use mix access 0.76 −0.16, 1.03 0.15
× street network connectivity 0.36 −0.69, 1.15 0.62
× infrastructure/safety for walking and cycling −0.22 −1.21, 0.90 0.77
× aesthetics −0.02 −0.77, 0.74 0.97

Block 3Bb 0.152
Gender× self-efficacy −0.30 −0.96, 0.47 0.50
× retirement= slowing down 0.07 −0.35, 0.43 0.84
×modelling from (grand)children 0.37 −0.13, 0.38 0.33
× neighborhood social cohesion 0.23 −0.46, 0.68 0.70
× residential density −0.47 −0.01, 0.002 0.22
× land use mix access 0.31 −0.44, 0.77 0.59
× street network connectivity 0.67 −0.45, 1.28 0.34
× infrastructure/safety for walking and cycling −0.72 −1.57, 0.54 0.34
× aesthetics −0.41 −0.96, 0.39 0.41

Change in leisure-time PA Block 1 (sociodemographic covariates) 0.065
Block 2 0.199

Perceived benefits 0.03 −0.25, 0.35 0.74
Self-efficacy 0.32 0.26, 0.94 0.001
Retirement=more active life 0.08 −0.09, 0.24 0.37
Modelling from partner 0.05 −0.05, 0.10 0.55
Land use mix access 0.06 −0.14, 0.28 0.51
Traffic safety 0.14 −0.04, 0.45 0.10

Block 3Aa 0.204
Educational level× perceived benefits 0.30 −0.48, 0.79 0.63

(continued on next page)
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Table 2 (continued)

Dependent variable Predictors Adj R2 β value 95% CI p-value

× self-efficacy 0.26 −0.46, 0.88 0.54
× retirement=more active life −0.68 −0.69,−0.01 0.045
×modelling from partner −0.17 −0.21, 0.10 0.39
× land use mix access 0.18 −0.34, 0.54 0.65
× traffic safety 0.14 −0.04, 0.45 0.10

Block 3Bb 0.168
Gender× perceived benefits 0.35 −0.52, 0.89 0.61
× self-efficacy −0.17 −0.84, 0.55 0.68
× retirement=more active life −0.05 −0.38, 0.32 0.88
×modelling from partner 0.07 −0.13, 0.18 0.76
× land use mix access −0.34 −0.64, 0.26 0.41
× traffic safety −0.26 −0.71, 0.34 0.49

Notes.
aBlock 3A: regression model with educational level as a moderator.
bBlock 3B: regression model with gender as a moderator.
PA, physical activity; CI, confidence interval; Adj, adjusted.

level (β = 0.24,p= 0.07), higher baseline levels of modelling from friends were marginally
significantly associated with an increase in car use. No other moderating effects were found.

DISCUSSION
To our knowledge, this was the first quantitative study with a longitudinal design examining
the multidimensional correlates of PA and sedentary behavior in recently retired adults.
This paper aimed to examine whether psychological, social and physical environmental
factors at the start of retirement can predict longitudinal changes in leisure-time PA, active
transportation, screen time and car use during the first years of retirement. Furthermore,
potential moderating effects of gender and educational level were examined.

Overall, the results showed that only a limited number of the included factors were
associated with changes in PA and sedentary behaviors. Somemoderating effects, mainly of
educational level, were found, suggesting that to a certain extent, distinct approaches could
be preferable to optimally reach high- and low-educated individuals in future interventions.
However, as most of these moderating effects of educational level were only marginally sig-
nificant, no definite conclusions can be drawn. Future studies with larger study samples are
needed to examine this more thoroughly. Furthermore, the explained variance of the cor-
relates was considerably larger for changes in PA (13.4% for change in leisure-time PA and
17.9% for change in active transportation) than for changes in sedentary behaviors (5.8%
for change in car use and 6.4% for change in screen time). This could be due to the fact
that the content of the questions to assess the psychological, social and physical environmen-
tal factors primarily focused on PA and not specifically on sedentary behaviors; for instance,
modelling was assessed by asking how often the participants’ partner/friends/(grand)
children were physically active, and perceived barriers/benefits were queried towards PA.
Only the questions about participants’ perceptions of retirement, perceptions of old age,
social cohesion of the neighborhood and specific physical environmental factors (e.g.,
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Table 3 Multiple moderated hierarchic regression analyses: associations with changes in sedentary behaviors andmoderating effects of gender
and educational level.

Dependent variable Predictors Adj R2 β value 95% CI p-value

Change in screen time Block 1 (sociodemographic covariates) 0.052
Block 2 0.116

Perception of old age 0.16 0.02, 0.61 0.04
Street network connectivity −0.25 −0.69,−0.17 0.001

Block 3Aa 0.105
Educational level× perception of old age 0.02 −0.59, 0.62 0.97
× street network connectivity −0.04 −0.54, 0.50 0.93

Block 3Bb 0.105
Gender× perception of old age −0.07 −0.65, 0.57 0.91
× street network connectivity 0.11 −0.46, 0.60 0.80

Change in car use Block 1 (sociodemographic covariates) −0.015
Block 2 0.058

Modelling from friends 0.21 −0.01, 0.24 0.06
Residential density −0.14 −0.005, 0.001 0.26
Land use mix access −0.20 −0.54, 0.04 0.09

Block 3Aa 0.084
Educational level×modelling from friends 0.63 −0.01, 0.51 0.06
× Residential density −0.20 −0.01, 0.004 0.54
× Land use mix access −0.67 −1.11, 0.27 0.23

Block 3Bb 0.080
Gender×modelling from friends −0.54 −0.47, 0.02 0.08
× Residential density 0.05 −0.006, 0.007 0.89
× Land use mix access 0.57 −0.26, 0.95 0.26

Notes.
aBlock 3A: regression model with educational level as a moderator.
bBlock 3B: regression model with gender as a moderator.
PA, physical activity; CI, confidence interval.

residential density, aesthetics) were more general and did not focus specifically on PA.
Until now, almost no studies examining potential correlates of sedentary behaviors used
questions specifically related to sedentary behaviors, mainly because this type of research
is still in its infancy, and little is known about its potential correlates. Also theoretical
frameworks should be fine-tuned and tested empirically: the socio-ecological framework
of PA (Sallis, Owen & Fisher, 2008) has been adapted for sedentary behavior (Owen et al.,
2011) and is now being increasingly used in sedentary behavior research, but it seems that
more thorough adaptation and the inclusion of novel sedentary-specific correlates is still
needed. In that context, Chastin et al. (2016) recently introduced the Systems Of Sedentary
behaviors (SOS) framework, an adaptation of the framework of Owen et al. (2011). The
SOS framework has been developed based on literature review and expert meetings, and
is a transdisciplinary model taking into account six clusters of potential determinants of
sedentary behavior. Future research should empirically examine the theoretical correlates
of the SOS framework in order to find out whether including these factors can increase the
explained variance.
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When examining the results in more detail, it can be concluded that the physical
environmental perceptions (residential density) were important to explain changes in
active transportation. Also in previous (cross-sectional) studies in adults and older
adults, transportation PA was more frequently related to the physical environment
than recreational PA (Van Cauwenberg et al., 2011; Van Holle et al., 2012). Walkability
characteristics like residential density and land use mix access have been consistently
associated with active (and passive) transportation in adults (Van Holle et al., 2012), but
evidence in older adults is less consistent (Van Cauwenberg et al., 2011; Bauman et al.,
2012). The present study adds evidence for the importance of the built environment
in recently retired adults and confirms the assumption that living in a high walkable
neighborhood can be beneficial to increase active transportation. Therefore, as emphasized
in previous studies in adults (Heath et al., 2006; Bauman et al., 2012; Sallis et al., 2016),
health interventions and policy makers should pay attention to optimizing the walkability
of neighborhoods for active transportation, and to make people who live in less walkable
environments aware of the possibilities that do exist in their neighborhood (e.g., recreational
facilities). In that way, not only adults, but also the specific group of recently retired adults
can potentially be reached.

Self-efficacy (i.e., confidence in the ability to be active without a sport partner, when
not having a lot of time, when not feeling well and when the weather is not good) was the
only factor that predicted a positive change in leisure-time PA in the total sample. Previous
studies have shown that self-efficacy is amongst themost important determinants of leisure-
time PA in (older) adults (Caudroit, Stephan & Le Scanff, 2011; Koeneman et al., 2011;
Bauman et al., 2012; Van Stralen et al., 2009). Nonetheless, it was somewhat surprising that
no other psychological or social factors were related to change in leisure-time PA since
results of previous qualitative studies in recently retired adults identified several specific
intra- and interpersonal correlates of leisure-time PA, like social support, perceived health
benefits and financial constraints (Barnett, Guell & Ogilvie, 2012; McDonald et al., 2015;
Kosteli, Williams & Cumming, 2016; Van Dyck et al., in press). These variables were also
assessed in our study, but were not related to the outcome measures. The current quanti-
tative study could not confirm these previous qualitative results. The importance of self-
efficacy confirms that future interventions should be multi-dimensional and combine an
individual with an environmental focus, in order to increase different types of PA in recently
retired adults (Sallis, Owen & Fisher, 2008).

Unexpected results were found regarding the correlates of change in screen time: adults
with positive perceptions of old age and those who perceived higher street connectivity
showed an increase in screen time. These findings are opposite to what one would expect
from the socio-ecological framework for sedentary behavior (Owen et al., 2011). In this
framework it is suggested that perceiving high street connectivity and having a positive psy-
chosocial profile would be related to less sedentary time. This may confirm the assumption
that correlates that focus on PA seem not really suitable to be linked to sedentary behaviors.
Previous literature on the multidimensional correlates of sedentary behaviors in (older)
adults is very limited, but the available evidence also showed inconsistent associations of
street connectivity and other aspects of the physical environment with sedentary behaviors:
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some studies found negative associations (Sugiyama et al., 2007; King et al., 2010), while
other studies found no or positive associations (Kozo et al., 2012;Teychenne, Ball & Salmon,
2012; Chastin et al., 2015). Furthermore, it might be that other factors like the home
environment (e.g., number of screens in the home, having a TV in the bedroom; Jones et
al., 2010), or automatic processes and habit strength are more strongly related to changes
in screen time than the currently included variables (Conroy et al., 2013).

Some moderating effects of educational level and gender were identified; however one
should keep inmind thatmost of these results were onlymarginally significant: higher levels
of modelling from (grand)children only predicted an increase in active transport in high-
educated adults, while only in low-educated adults, amore positive perception of retirement
(i.e., perceiving retirement as a start for a more active lifestyle) predicted an increase in
leisure-time PA. The two other moderating effects were in the unexpected direction (i.e.,
in men and high-educated adults, higher modelling from friends predicted an increase
in car use). Because only four of the forty examined moderating effects were significant,
one can presume that generic interventions focusing on men and women, as well as low-
and high-educated retired adults have the potential to be effective. Emphasizing specific
aspects in low- or high-educated adults, like a focus on modelling from grand(children) in
high-educated adults or on obtaining a positive perception of retirement in low-educated
adults, could increase the effectiveness of such interventions.

Strengths of this study firstly include its longitudinal design. Second, we focused
specifically on adults who are at the start of retirement, which is an important but currently
understudied group in health research. Third, a broad range of PA and sedentary behaviors
were examined while previous studies mainly focused on either leisure-time PA or TV
viewing time, and not on active transportation or car use. However, some limitations should
be acknowledged. First, a relatively small sample of recently retired adults participated in
the study, limiting the power of our analyses, the generalizability of our findings, and
possibly inducing selection bias. Second, only self-reported PA and sedentary behaviors
were included. Third,most included predictors primarily focused on PA and not specifically
on sedentary behaviors.

Based on the current findings and limitations, we can formulate some suggestions for
future research. First, it is recommended to combine the use of questionnaires with objective
assessments of sedentary time. Second, potential sedentary-specific factors (e.g., habit
strength of sedentary behaviors, home environmental factors) should be included to further
unravel the determinants of changes in car use, screen time and other sedentary behaviors.

CONCLUSIONS
In conclusion, this study showed that walkability characteristics (perceived residential
density) and self-efficacy at the start of retirement can predict longitudinal changes in active
transportation and leisure-time PA. Fewmoderating effects of gender and educational level
were found, so health interventions at the start of retirement, focusing on self-efficacy
and specific walkability characteristics, could be effective to increase PA in recently retired
adults. No firm conclusions can be drawn on the importance of the examined predictors
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to explain change in car use and screen time because the explained variances of these
regressionmodels were small. It is possible that other factors like the home environment, or
automatic processes and habit strength, are more important to explain sedentary behaviors.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
Delfien Van Dyck’s research is funded by the Research Foundation Flanders (FWO,
post-doctoral mandate FWO12/PDO/158). The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Research Foundation Flanders (FWO, post-doctoral mandate FWO12/PDO/158).

Competing Interests
The authors declare there are no competing interests.

Author Contributions
• Delfien Van Dyck conceived and designed the experiments, performed the experiments,
analyzed the data, wrote the paper, prepared figures and/or tables.
• Greet Cardon and Ilse De Bourdeaudhuij conceived and designed the experiments,
wrote the paper, reviewed drafts of the paper.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The study protocol was approved by the ethics committee of the Ghent University
Hospital (B670201215326).

Data Availability
The following information was supplied regarding data availability:

The raw data has been supplied as a Supplementary File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.3242#supplemental-information.

REFERENCES
Barnett I, Guell C, Ogilvie D. 2012. The experience of physical activity and the transition

to retirement: a systematic review and integrative synthesis of qualitative and
quantitative evidence. International Journal of Behavioral Nutrition and Physical
Activity 9:97 DOI 10.1186/1479-5868-9-97.

Van Dyck et al. (2017), PeerJ, DOI 10.7717/peerj.3242 15/20

https://peerj.com
http://dx.doi.org/10.7717/peerj.3242#supplemental-information
http://dx.doi.org/10.7717/peerj.3242#supplemental-information
http://dx.doi.org/10.7717/peerj.3242#supplemental-information
http://dx.doi.org/10.1186/1479-5868-9-97
http://dx.doi.org/10.7717/peerj.3242


Barnett I, Van Sluijs E, Ogilvie D,WarehamNJ. 2014. Changes in household, transport
and recreational physical activity and television viewing time across the transition
to retirement: longitudinal evidence from the EPIC Norfolk cohort. Journal of
Epidemiology and Community Health 68:747–753 DOI 10.1136/jech-2013-203225.

Barnett I, Van Sluijs EMF, Ogilvie D. 2012. Physical activity and transitioning to
retirement: a systematic review. American Journal of Preventive Medicine 43:329–336
DOI 10.1016/j.amepre.2012.05.026.

Bauman AE, Reis RS, Sallis JF, Wells JC, Loos RJF, Martin BW, for the Lancet
Physical Activity SeriesWorking Group. 2012. Correlates of physical activity:
why are some people physically active and others not? Lancet 380:258–271
DOI 10.1016/S0140-6736(12)60735-1.

Bland JM, Altman DG. 1994. Regression towards the mean. British Medical Journal
308:1499 DOI 10.1136/bmj.308.6942.1499.

Caudroit J, Stephan Y, Le Scanff C. 2011. Social cognitive determinants of phys-
ical activity among retired older individuals: an application of the health
action process approach. British Journal of Health Psychology 16:404–417
DOI 10.1348/135910710X518324.

Chastin SFM, Buck C, Freiberger E, MurphyM, Brug J, Cardon G, O’Donoghue
G, Pigeot I, Oppert JM, DEDIPAC consortium. 2015. Systematic literature
review of determinants of sedentary behaviour in older adults: a DEDIPAC
study. International Journal of Behavioral Nutrition and Physical Activity 12:127
DOI 10.1186/s12966-015-0292-3.

Chastin S, De CraemerM, Lien N, Bernaards C, Buck C, Oppert JM, Nazare JA,
Lakerveld J, O’Donoghue G, HoldsworthM, Owen N, Brug J, Cardon G, DEDIPAC
consortium. 2016. The SOS-framework (Systems of Sedentary behaviours): an
international transdisciplinary consensus framework for the study of determinants,
research priorities and policy on sedentary behaviour across the life course: a
DEDIPAC-study. International Journal of Behavioral Nutrition and Physical Activity
13:83 DOI 10.1186/s12966-016-0409-3.

Chung S, DominoME, Stearns SC, Popkin BM. 2009. Retirement and physical activ-
ity: analyses by occupation and wealth. American Journal of Preventive Medicine
36:422–428 DOI 10.1016/j.amepre.2009.01.026.

Cohen J, Cohen P. 1985. Applied multiple regression/correlation for the behavioral sciences.
2nd edition. Hillsdale: Erlbaum.

Conroy DE, Maher JP, Elavsky S, Hyde AL, Doerksen SE. 2013. Sedentary behavior as
a daily process regulated by habits and intentions. Health Psychology 32:1149–1157
DOI 10.1037/a0031629.

Craig CL, Marshall AL, SjöströmM, Bauman AE, BoothML, Ainsworth BE, Pratt
M, Ekelund U, Yngve A, Sallis JF, Oja P. 2003. International physical activity
questionnaire: 12-country reliability and validity.Medicine & Science in Sports &
Exercise 35:1381–1395 DOI 10.1249/01.MSS.0000078924.61453.FB.

Van Dyck et al. (2017), PeerJ, DOI 10.7717/peerj.3242 16/20

https://peerj.com
http://dx.doi.org/10.1136/jech-2013-203225
http://dx.doi.org/10.1016/j.amepre.2012.05.026
http://dx.doi.org/10.1016/S0140-6736(12)60735-1
http://dx.doi.org/10.1136/bmj.308.6942.1499
http://dx.doi.org/10.1348/135910710X518324
http://dx.doi.org/10.1186/s12966-015-0292-3
http://dx.doi.org/10.1186/s12966-016-0409-3
http://dx.doi.org/10.1016/j.amepre.2009.01.026
http://dx.doi.org/10.1037/a0031629
http://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
http://dx.doi.org/10.7717/peerj.3242


De Bourdeaudhuij I, Lefevre J, Deforche B,Wijndaele K, Matton L, Philippaerts R.
2005. Physical activity and psychosocial correlates in normal and overweight 11–19
year olds. Obesity Reviews 13:1097–1105 DOI 10.1038/oby.2005.128.

De Bourdeaudhuij I, Sallis JF. 2002. Relative contribution of psychological determinants
to the prediction of physical activity in three population based samples. Preventive
Medicine 34:279–288 DOI 10.1006/pmed.2001.0979.

De Bourdeaudhuij I, Sallis JF, Saelens BE. 2003. Environmental correlates of physical ac-
tivity in a sample of Belgian adults. American Journal of Health Promotion 18:83–92
DOI 10.4278/0890-1171-18.1.83.

De Cocker K, De Bourdeaudhuij I, Cardon G, Vandelanotte C. 2016. The effectiveness
of a web-based computer-tailored intervention on workplace sitting: a randomized
controlled trial. Journal of Medical Internet Research 18:e96 DOI 10.2196/jmir.5266.

Deforche B, De Bourdeaudhuij I, Tanghe A, Hills AP, De Bode P. 2004. Changes in
physical activity and psychosocial determinants of physical activity in children
and adolescents treated for obesity. Patient Education & Counseling 55:407–415
DOI 10.1016/j.pec.2003.07.012.

Federal Pensions Service Belgium. 2016. Available at http://www.onprvp.fgov.be
(accessed on 18 May 2016).

Heath G, Brownson R, Kruger J, Miles R, Powell KE, Ramsey LT, the Task Force on
Community Preventive Services. 2006. The effectiveness of urban design and land
use and transport policies to increase physical activity: a systematic review. Journal of
Physical Activity & Health 3:S55–S76 DOI 10.1123/jpah.3.s1.s55.

Jones KE, Otten JJ, Johnson RK, Harvey-Bering JR. 2010. Removing the bedroom
television set; a possible method for decreasing television viewing time in overweight
and obese adults. Behavior Modification 34:290 DOI 10.1177/0145445510370994.

Jonsson H, Josephsson S, Kielhofner G. 2001. Narratives and experience in an occupa-
tional transition: a longitudinal study of the retirement process. American Journal of
Occupational Therapy 55:424–432 DOI 10.5014/ajot.55.4.424.

Kim JE, Moen P. 2002. Retirement transitions, gender, and psychological well-being:
a life-course, ecological model. The Journals of Gerontology Series B 57:212–222
DOI 10.1093/geronb/57.3.P212.

King AC, Goldberg JH, Salmon J, Owen N, Dunstan D,Weber D, Doyle C, Robinson
TN. 2010. Identifying subgroups of US adults at risk for prolonged television viewing
to inform program development. American Journal of Preventive Medicine 38:17–26
DOI 10.1016/j.amepre.2009.08.032.

King DE, Mainous 3rd AG, Geesey ME. 2007. Turning back the clock: adopting a
healthy lifestyle in middle age. The American Journal of Medicine 120:598–603
DOI 10.1016/j.amjmed.2006.09.020.

Knoops KT, de Groot LC, Kromhout D, Perrin AE, Moreiras-Varela O, Menotti A,
Van StaverenWA. 2004.Mediterranean diet, lifestyle factors, and 10-year mortality
in elderly European men and women: the HALE project. Journal of the American
Medical Association 292:1433–1439 DOI 10.1001/jama.292.12.1433.

Van Dyck et al. (2017), PeerJ, DOI 10.7717/peerj.3242 17/20

https://peerj.com
http://dx.doi.org/10.1038/oby.2005.128
http://dx.doi.org/10.1006/pmed.2001.0979
http://dx.doi.org/10.4278/0890-1171-18.1.83
http://dx.doi.org/10.2196/jmir.5266
http://dx.doi.org/10.1016/j.pec.2003.07.012
http://www.onprvp.fgov.be
http://dx.doi.org/10.1123/jpah.3.s1.s55
http://dx.doi.org/10.1177/0145445510370994
http://dx.doi.org/10.5014/ajot.55.4.424
http://dx.doi.org/10.1093/geronb/57.3.P212
http://dx.doi.org/10.1016/j.amepre.2009.08.032
http://dx.doi.org/10.1016/j.amjmed.2006.09.020
http://dx.doi.org/10.1001/jama.292.12.1433
http://dx.doi.org/10.7717/peerj.3242


KoenemanMA, VerheijdenMW, ChinapawMJM, Hopman-RockM. 2011. De-
terminants of physical activity and exercise in healthy older adults: a systematic
reviews. International Journal of Behavioral Nutrition and Physical Activity 8:142
DOI 10.1186/1479-5868-8-142.

Kosteli M,Williams SE, Cumming J. 2016. Investigating the psychosocial determinants
of physical activity in older adults: a qualitative approach. Psychology & Health
31:730–749 DOI 10.1080/08870446.2016.1143943.

Kozo J, Sallis JF, Conway TL, Kerr J, Cain K, Saelens BE, Frank LD, Owen N. 2012.
Sedentary behaviors of adults in relation to neighborhood walkability and income.
Health Psychology 31:704–713 DOI 10.1037/a0027874.

Lahti J, LaaksonenM, Lahelma E, Rahkonen O. 2011. Changes in leisure-time physical
activity after transition to retirement: a follow-up study. International Journal of
Behavioral Nutrition and Physical Activity 8:36 DOI 10.1186/1479-5868-8-36.

Lang IA, Rie NE,Wallace RB, Guralnik JM, Melzer D. 2007. Smoking cessation and
transition into retirement: analyses from the English longitudinal study of ageing.
Age and Ageing 36:638–643 DOI 10.1093/ageing/afm119.

Marcus BH, Selby VC, Niaura RS, Rossi JS. 1992. Self-efficacy and the stages of
exercise behavior change. Research Quarterly for Exercise and Sport 63:60–66
DOI 10.1080/02701367.1992.10607557.

McDonald S, O’Brien N,White M, Sniehotta FF. 2015. Changes in physical ac-
tivity during the retirement transition: a theory-based, qualitative interview
study. International Journal of Behavioral Nutrition and Physical Activity 12:25
DOI 10.1186/s12966-015-0186-4.

Mein GK, Shipley MJ, HillsdonM, Ellison GT, MarmotMG. 2005.Work, retirement
and physical activity: cross-sectional analyses from the Whitehall II study. European
Journal of Public Health 15:317–322 DOI 10.1093/eurpub/cki087.

Organization for Economic Cooperation and Development. 2006.Study projects
growing pressure on public health spending over and above effects of ageing society.
Available at http://www.oecd.org (accessed on 20 April 2016).

Owen N, Sugiyama T, Eakin E, Gardiner PA, TremblayMS, Sallis JF. 2011. Adults’
sedentary behavior: determinants and interventions. American Journal of Preventive
Medicine 41:189–196 DOI 10.1016/j.amepre.2011.05.013.

Saelens BE, Sallis JF, Frank LD. 2003. Environmental correlates of walking and cycling:
findings from transportation, urban design, and planning literatures. Annals of
Behavioral Medicine 25:80–91 DOI 10.1207/S15324796ABM2502_03.

Sallis JF, Cerin E, Conway TL, AdamsMA, Frank LD, Pratt M, Salvo D, Schipperijn
J, Smith G, Cain KL, Davey R, Kerr J, Lai PC, Mitas J, Reis R, Sarmiento OL,
Schofield G, Troelsen J, Van Dyck D, De Bourdeaudhuij I, Owen N. 2016. Physical
activity in relation to urban environments in 14 cities worldwide: a cross-sectional
study. Lancet 387:2207–2217 DOI 10.1016/S0140-6736(15)01284-2.

Sallis JF, Grossman RM, Pinski RB, Patterson TL, Nader PR. 1987. The development of
scales to measure social support for diet and exercise behaviors. Preventive Medicine
16:825–836 DOI 10.1016/0091-7435(87)90022-3.

Van Dyck et al. (2017), PeerJ, DOI 10.7717/peerj.3242 18/20

https://peerj.com
http://dx.doi.org/10.1186/1479-5868-8-142
http://dx.doi.org/10.1080/08870446.2016.1143943
http://dx.doi.org/10.1037/a0027874
http://dx.doi.org/10.1186/1479-5868-8-36
http://dx.doi.org/10.1093/ageing/afm119
http://dx.doi.org/10.1080/02701367.1992.10607557
http://dx.doi.org/10.1186/s12966-015-0186-4
http://dx.doi.org/10.1093/eurpub/cki087
http://www.oecd.org
http://dx.doi.org/10.1016/j.amepre.2011.05.013
http://dx.doi.org/10.1207/S15324796ABM2502_03
http://dx.doi.org/10.1016/S0140-6736(15)01284-2
http://dx.doi.org/10.1016/0091-7435(87)90022-3
http://dx.doi.org/10.7717/peerj.3242


Sallis JF, Owen N, Fisher EB. 2008. Ecological models of health behavior. In: Glanz K,
Rimer BK, Viswanath K, eds. Health behavior and health education: theory, research
and practice. San Francisco: Jossey-Bass, 465–486.

Salmon J, Owen N, Crawford D, Bauman A, Sallis JF. 2003. Physical activity and
sedentary behavior: a population-based study of barriers, enjoyment and preference.
Health Psychology 22:178–188 DOI 10.1037/0278-6133.22.2.178.

Sampson RJ, Raudenbush SW, Earls F. 1997. Neighborhoods and violent crime: a multi-
level study of collective efficacy. Science 277:918–924
DOI 10.1126/science.277.5328.918.

Slingerland AS, Van Lenthe FJ, Jukema JW, Kamphuis CBM, Looman C, Giskes K,
HuismanM, Narayan KM,Mackenbach JP, Brug J. 2007. Aging, retirement, and
changes in physical activity: prospective cohort findings from the GLOBE Study.
American Journal of Epidemiology 165:1356–1363 DOI 10.1093/aje/kwm053.

Sprod J, Ferrar K, Olds T, Maher C. 2015. Changes in sedentary behaviours across
the retirement transition: a systematic review. Age and Ageing 44:918–925
DOI 10.1093/ageing/afv140.

Sugiyama T, Salmon J, Dunstan DW, Bauman AE, Owen N. 2007. Neighborhood
walkability and TV viewing time among Australian adults. American Journal of
Preventive Medicine 33:444–449 DOI 10.1016/j.amepre.2007.07.035.

Tabachnik BG, Fidell LS. 2007.Using multivariate statistics. 5th edition. Boston: Allyn
and Bacon, 140.

TeychenneM, Ball K, Salmon J. 2012. Correlates of socio-economic inqualities in
women’s television viewing: a study of intrapersonal, social and environmental
mediator. International Journal of Behavioral Nutrition and Physical Activity 9:3
DOI 10.1186/1479-5868-9-3.

Touvier M, Bertrais S, Charreire H, Vergnaud AC, Hercberg S, Oppert JM. 2010.
Changes in leisure-time physical activity and sedentary behaviour at retirement: a
prospective study in middle-aged French subjects. International Journal of Behavioral
Nutrition and Physical Activity 7:1–14 DOI 10.1186/1479-5868-7-1.

Van Cauwenberg J, De Bourdeaudhuij I, DeMeester F, Van Dyck D, Salmon J,
Clarys P, Deforche B. 2011. Relationship between the physical environment and
physical activity in older adults: a systematic review. Health & Place 17:458–469
DOI 10.1016/j.healthplace.2010.11.010.

Van Dyck D, Mertens L, Cardon G, De Cocker K, De Bourdeaudhuij I. Opinions
towards physical activity, sedentary behavior and interventions to stimulate active
living during early retirement: a qualitative study in recently retired adults. Journal of
Aging and Physical Activity In Press.

VanHolle V, Deforche B, Van Cauwenberg J, Goubert L, Maes L, Van deWeghe N,
De Bourdeaudhuij I. 2012. Relationship between the physical environment and
different domains of physical activity in European adults: a systematic review. BMC
Public Health 12:807 DOI 10.1186/1471-2458-12-807.

VanHolle V, Van Cauwenberg J, Deforche B, Van deWeghe N, De Bourdeaudhuij
I, Van Dyck D. 2015. Do psychosocial factors moderate the association between

Van Dyck et al. (2017), PeerJ, DOI 10.7717/peerj.3242 19/20

https://peerj.com
http://dx.doi.org/10.1037/0278-6133.22.2.178
http://dx.doi.org/10.1126/science.277.5328.918
http://dx.doi.org/10.1093/aje/kwm053
http://dx.doi.org/10.1093/ageing/afv140
http://dx.doi.org/10.1016/j.amepre.2007.07.035
http://dx.doi.org/10.1186/1479-5868-9-3
http://dx.doi.org/10.1186/1479-5868-7-1
http://dx.doi.org/10.1016/j.healthplace.2010.11.010
http://dx.doi.org/10.1186/1471-2458-12-807
http://dx.doi.org/10.7717/peerj.3242


objective neighborhood walkability and older adults’ physical activity? Health &
Place 34:118–125 DOI 10.1016/j.healthplace.2015.05.004.

VanHolle V, Van Cauwenberg J, Gheysen F, Van Dyck D, Deforche B, Van deWeghe
N, De Bourdeaudhuij I. 2016. The association between Belgian older adults’
physical functioning and physical activity: what is the moderating role of the physical
environment? PLOS ONE 11(2):e0148398 DOI 10.1371/journal.pone.0148398.

Van StralenMM, De Vries H, Mudde AN, Bolman C, Lechner L. 2009. Determinants
of initiation and maintenance of physical activity among older adults: a literature
review. Health Psychology Review 3:147–207 DOI 10.1080/17437190903229462.

World Health Organization. 2014. 10 facts on ageing and the life course. WHO, Geneva.
Available at http://www.who.int/ features/ factfiles/ ageing/ageing_facts/ en/ .

Van Dyck et al. (2017), PeerJ, DOI 10.7717/peerj.3242 20/20

https://peerj.com
http://dx.doi.org/10.1016/j.healthplace.2015.05.004
http://dx.doi.org/10.1371/journal.pone.0148398
http://dx.doi.org/10.1080/17437190903229462
http://www.who.int/features/factfiles/ageing/ageing_facts/en/
http://dx.doi.org/10.7717/peerj.3242

