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Abstract

Background: Physical activity is important for healthy ageing, and daily walking is seen as a feasible way to be
active at older ages. Yet, many older persons, particularly in lower socioeconomic groups and residing in deprived
neighbourhoods, are insufficiently active. Creating a physical and social neighbourhood environment that is more
supportive for walking has the potential to improve walking behaviour. Current evidence of the impact of changes
to the physical and/or social environmental on walking behaviour is scarce. The aim of the NEW.ROADS study is to
design, implement and evaluate changes to the physical and social environment for the purpose of increasing
walking behaviour among older residents of deprived neighbourhoods.

Methods: Physical and social environmental interventions were developed by matching scientific evidence on
environmental determinants of walking, with input from the target population and stakeholders, and ongoing
neighbourhood activities. Specifically, a neighbourhood walking route was designed and marked, and
neighbourhood walking groups were organised. These environmental interventions were evaluated in a four-
armed experimental study. In addition, the design of the study to evaluate the effect of these environmental
changes on walking behaviour is described.

Discussion: Designing and implementing environmental interventions is a complex endeavour, challenged by
limited available theory and evidence. Input from the target population and professional stakeholders is essential,
but may also put constraints on the evaluation.
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Background
Physical activity is a crucial element of healthy ageing
[1–3], as it may prevent major non-communicable dis-
eases, including coronary heart diseases, type-2 diabetes,
cancer [4], falls [5], and depression [6], and may increase
mobility [7]. Evidence suggests that even moderate phys-
ical activity may reduce the risk of premature mortality
among older persons [8]. Yet, one out of three adults is
insufficiently physically active worldwide [9].
Levels of physical activity are unevenly distributed

according to socioeconomic position (SEP). The inverse
association between individual SEP and leisure time
physical activity has been extensively described [10–13].
Further, ample studies reported older residents of de-
prived neighborhoods to be more often inactive as com-
pared to those residing in more affluent neighborhoods
[14–16]. Thus, there is a need to promote physical
activity among a wide population of older adults, and
particularly among the socioeconomically disadvantaged.
Walking is seen as important type of physical activity for
this purpose; it does not require specific facilities or
equipment, can be done at older ages and for free.
Improvements in physical activity levels are most likely

when interventions and policies are targeted to the most
salient determinants of physical activity. Socio-ecological
models articulate that both individual and environmental
factors influence physical activity [17]. Environmental
factors may be particularly relevant for older persons,
who are, due to their lower mobility, more likely to be
dependent on their immediate living environment. Previ-
ous research on environmental determinants of physical
activity has to a large extent focused on physical envir-
onmental factors, and has most consistently found that
highly walkable neighborhoods are related to more
walking among older persons [18]. Other studies found
relationships with green [19], functional design and levels
of safety [20, 21]. Although less often studied, evidence
also suggests an important role for social environmental
factors, perhaps most notably social support [22, 23].
Socio-ecological models suggest that interventions are

likely to have the greatest effect when determinants at
different levels are addressed simultaneously [24–26].
However, surprisingly little is known about the com-
bined role of physical and social environmental charac-
teristics on physical activity. Recent observational
research confirmed however, that the availability of trails
had a stronger influence on walking when walking part-
ners were around [27]. Further, the availability of parks
was more strongly associated with sports participation
with increasing levels of neighbourhood social capital
among youth [13]. While the limitations of observational
evidence with regard to causal inference are generally
recognized, the number of studies in which changes to
the environment have been evaluated is still small [28].

For the ultimate purpose of creating walkable neighbor-
hoods, more insight in causality is pivotal. Therefore, in
the NEW.ROADS study, we aim to develop, implement
and evaluate social and physical environmental interven-
tions to promote walking behaviour among older adults
living in deprived neighbourhoods. The current paper
describes the development of these interventions and
the design of the evaluation study, in which the separate
and combined effects of the social and physical environ-
mental interventions were tested.

Methods
Setting
The study is situated in Rotterdam, which is the second
largest city of the Netherlands. Compared to the rest of
the Netherlands, Rotterdam is a city with a relatively
high proportion of deprived neighbourhoods. Four of
these deprived neighbourhoods (Bloemhof, Hillesluis,
Nieuwe-Westen, and Tarwewijk) were selected because
of their reasonable similarity in socioeconomic compos-
ition and physical infrastructure.

Development of the environmental interventions
The development of the physical and social environmen-
tal intervention was based on three elements: 1) scien-
tific evidence on important environmental determinants
of walking among older persons, 2) input from the target
population about environmental factors perceived to be
relevant for walking and 3) the need to align the inter-
ventions with ongoing activities in the neighbourhoods
as organised by other stakeholders.

Scientific evidence on environmental determinants of
walking among older adults
A systematic review on physical environmental corre-
lates of physical activity in older adults found few con-
sistent results [29]. However, some evidence suggested
that land-use mix diversity was associated with walking.
Also, associations were reported between access to shops
and recreational walking, and between neighbourhood
walkability and walking for transportation purposes.
Given that salient environmental determinants may de-
pend on the national context [30], we gave more import-
ance to study findings obtained in the Dutch context.
These studies reported a positive association of the avail-
ability of destinations and aesthetics with walking in
older adults [21, 31]. Routes through parks were found
to be a barrier for physically activity among Dutch older
adults [32].
With regard to social environmental characteristics,

more consistent results have been reported. Seeing
others being active [33, 34], experiencing high levels of
social cohesion [35, 36] and peer-support [37, 38] were
positively associated with walking behaviour among
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older adults. A Dutch study reported an association
between larger social networks and walking among older
adults [31].

Needs assessment of the target group: focus group studies
with older adults
A well-described challenge when investigating environ-
mental determinants of physical activity, is that object-
ively measured environmental characteristics do not
need to match with how these characteristics are per-
ceived by residents [39], and this may vary by socioeco-
nomic group [40]. For instance, the score for availability
of green spaces may be high based on GIS-data, but the
accessibility of these green spaces may be perceived as
poor by residents (e.g. since they feel unsafe). To get
more insight in which physical and social environmental
factors are important for walking as perceived by the
target group, we conducted four focus group interviews
with 5-12 older adults from deprived neighbourhoods
in which the environmental interventions would be
implemented.
In the focus group interviews, older adults indicated,

that the availability of shops and benches are important
for walking. They also emphasized the importance of
aesthetically pleasing features, such as green, water and
seeing the ducks swimming in the pond. When walking
alone, participants mentioned to avoid walking along
dense bushes, as this was perceived as unsafe.
With regard to the social environment, focus group

participants indicated their neighbourhoods as lively,
which both had a negative and positive connotation.
Positive elements of the neighbourhoods included the
high level of social contacts, young children playing on
the streets and big markets attracting many clients.
Negative aspects of the liveliness however, were burglary,
robbery, noise, disrespectful youth and drunks. Partici-
pants described how they were sometimes afraid of
being ripped and harassed when walking through the
neighbourhood, However, they also indicated that walk-
ing together may mitigate some of their safety concerns.
The focus groups further showed that older adults

liked outings, preferably when these included having a
cup of coffee or tea together. Older adults indicated that
peer support was an important factor for walking. In
addition, seeing others being active was important for
some older adults.

Collaboration with stakeholders on planned or ongoing
activities
Developing and implementing an environmental inter-
vention requires collaboration with stakeholders [41], for
instance to fine tune the interventions with plans by
local governments, and to generate support of commu-
nity organizations. In the neighbourhoods that were

selected for the interventions, a variety of municipal pro-
grams and grassroots organisations already organised
initiatives aimed at improving health and wellbeing. We
familiarised ourselves with these initiatives, and tried to
collaborate with the initiatives that fitted well with our
aims. In fact, we decided to form a multi-disciplinary
project team. This enabled us to identify projects with
goals similar to those of our interventions, such as a
marked walking route planned in one of the neighbor-
hoods and a programme aimed at training lay-man to
help people getting more active (the Physical Activity
Buddy program). Such collaborations meant that the
interventions partly built upon ongoing initiatives, which
were not necessarily theory- and evidence-based. This
constrained the development of the interventions to
some extent (e.g. route markers for walking routes
were already chosen), however, the alignment with
stakeholders and ongoing activities was seen as an
important advantage for a successful implementation
of the interventions.
The combination of available scientific evidence, input

from the target groups and the wish to align and collab-
orate with initiatives from other stakeholders resulted in
an intervention in which the physical component con-
sisted of the design of a walking route, and the social
component consisted of the initiation of lay-men orga-
nised walking groups.

Implementation of the physical environmental change:
design of a neighbourhood walking route
The first step in determining the walking route was the
visualisation of the availability of important destinations
such as shops and GPs in each neighbourhood. Munici-
pal and commercial databases were used with informa-
tion on the availability of shops and relevant facilities for
older adults, and these were put on a GIS-based map
(Fig. 1). This was done by a knowledge institute (“De
Veldacademie”) with whom we collaborated. The areas
with the highest density of these facilities were treated as
hotspots (“anchor points”), thereby emphasizing the
importance of their connectivity and interrelatedness.
Once the important items on “accessibility” were

mapped, the maps were enriched with information
derived from the focus groups and field observations to
capture safety related elements. For example, focus
group participants sometimes explicitly stated that they
perceived some areas as dangerous and others as very at-
tractive to walk. These maps were discussed with muni-
cipal policy makers, urban planners and welfare workers
that participated in the project team. Based on their
local knowledge, elements of “pleasurability” were added
to the map (e.g. street art exhibitions, monumental
houses or streets, or historical sites) and less attractive
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parts were removed. The locations that were mapped
formed the basis of a first draft of the routes.
The routes were then walked by two researchers (RP,

JdG) to identify issues not yet mapped, such as the
availability of benches, presence of litter and graffiti,
signs of vandalism. In addition we used the observations
to check for other important factors mentioned in the
Hierarchy of Walking needs such as the quality of the
pavement, completeness of the pedestrian network and
accessibility of the route with walking frame or wheel-
chair [42]. The routes were modified accordingly. Finally,
the principal investigator (RP) walked the definitive
routes with a policy advisor and an urban planner of the
municipality, to check whether the route could be imple-
mented and to get approval for construction of the
route.

Route markings
The idea of the grass root organization with which we
collaborated was to add art to the neighborhood, thereby
making the neighborhood more colorful. Children of
local primary schools could enter a competition by
designing a 30 by 30 centimeter paving stone and by
submitting the design (on paper) to the organization.
The best designs were selected for a workshop in which
the paving stones were painted. This process had already
started before we initiated our collaboration. Together
with the grass roots organization we extended this pro-
ject within the neighborhood in which they started
(Bloemhof) and extended this to other neighborhoods in
which we planned a walking route.

Implementing the route
On each corner two painted paving stones were placed
in such a way that the direction of the route was logical
from both directions. In addition, additional painted
paving stones were placed on segments that consisted of
long straight streets, to confirm walkers that they were
still on the right track.

Promotion of the routes
The walking routes were promoted via various channels:
local media campaigns (initiated by the grassroots initia-
tive), an opening event of the route (by an alderman)
and a door-to-door spread of a glossy route guide and
map within the neighbourhood in which the route was
created.

The implementation of the walking groups
Based on the needs of the target population and previ-
ous evidence for their effectiveness on an individual level
[43, 44], we decided that organising walking groups
would be the social intervention. The older adults in our
focus groups indicated that seeing other people walk
improved the likelihood that they would go for a walk.
Therefore, the walking groups were specifically meant to
walk through their neighbourhood, so that this may
affect people not participating in the walking groups as
well. We collaborated with the Municipal Health Ser-
vices Rotterdam and a non-governmental organisation
(NGO, named Avant Sanare) and developed the inter-
vention by using their Physical Activity Buddies System
(PABS). The PABS is an extension of the Beweegkuur

Fig. 1 GIS-based anchor point analysis of relevant hotspots in one the neighbourhoods
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[45] and aims to target hard-to-reach groups and stimu-
late them to be more physically active. In PABS, those
who experience a barrier to be physically active
(“searchers”) are matched with experienced exercisers
(“PA buddies”).
The PA buddies received an extensive training, led by

a qualified educationist, on motivating people to be
physically active and maintaining this motivation. After
the training the PA buddies could either be matched
with “searchers” through a database maintained by the
Municipal Health Services, or by setting up their own
groups via their own networks. Moreover, regular peer
support meetings and supervision meetings were
planned throughout the year. The approach of PABS fits
well with the Volunteer Lay Leader Model – in which
volunteers with a similar background as the target group
has proven successful in interventions targeted at hard-
to-reach groups. This model has proven effects on
disseminating falls prevention program among older
adults [46] and improvement of self-management among
diabetics [47]. The PABS program was however not
specifically aimed at groups of older adults.

Adapting the physical activity buddies system to facilitate
walking groups
PABS provided us with a good infrastructure to train
interested (active) people from the general public to
become walking group leaders and start walking groups.
Based on the course materials and manual, an additional
course session was written aimed at teaching how to set-
up a walking group and deal with functional limitations
of older adults.
In all focus group interviews we conducted, drinking

coffee or tea afterwards was mentioned as a big incentive
for older adults to take part in an activity. This was also
recognized by the experts in the study team. Therefore it
was decided that a component of the walking groups
was a joint closure with coffee and tea. This was subsi-
dized by the study for the first 12 sessions.

Promotion of the walking groups
The walking group leaders were instructed to attract
people from their own neighbourhood. Recruitment
through word of mouth can be a successful strategy for
participation among older adults [48]. Participants and
group leaders (PA buddies) were recruited by adverts
placed on the front page of local door-to-door news-
papers. Furthermore, a coloury flyer was spread door-
to-door in the neighbourhoods in which the social
intervention was planned to recruit participants and group
leaders. Recruitment also took place by using the existing
channels of the PABS program.

Evaluation study
Aim of the evaluation study
We will study whether changes in the physical and social
environment can increase walking among Dutch older
adults living in deprived neighbourhoods. Further, we
will explore how and for whom these environmental
changes affected walking, by applying quantitative and
qualitative methods.

Evaluation design, participants and recruitment
The environmental interventions are evaluated in a
four-armed experimental study on changes in minutes
walked. These four arms correspond to four neighbour-
hoods, namely: 1) a neighbourhood with the physical
environmental intervention, 2) a neighbourhood with the
social environmental intervention, 3) a neighbourhood
with both physical and social environmental interventions
and 4) a control neighbourhood (no interventions). These
neighbourhoods were selected in close collaboration with
policy makers on their comparability (demographics,
physical environment). Although random allocation to
study arms was envisaged, due to collaboration with on-
going activities assignment to the study arms was mostly
based on practical reasons (e.g. the walking route project
with which we collaborated started in one of the neigh-
bourhoods; which became the physical environmental
condition). Measurements will take place at baseline
and 3 and 6 months after implementation of the en-
vironmental changes.
G*Power was used to perform a sample size calcula-

tion [49]. Because the aim of the intervention was to
increase walking, our sample size calculations was based
on the differences in the change in minutes walked, We
used a repeated measures ANOVA design for this
purpose, with four groups measured three times. We
assumed a small effect size (f ) of 0.1. In repeated mea-
sures, the correlation between the repeated measure-
ments is also of importance, which we assumed to be
0.5, based on the reliability of the IPAQ (the instrument
which was used to measure walking) [50]. Considering a
power of 0.8 and a p-value of 0.05, a total sample size of
328 older adults is needed [49].
Other studies that recruited people from a “commu-

nity dwelling” population found responses of 15-17 %
[51, 52]. Hence, approximately 700 older adults in each
neighbourhood needed to be approached. A sample of
700 older adults aged 55 years and above residing in the
selected four neighbourhoods was randomly drawn from
the Municipal Inhabitant Registration. In line with rec-
ommendations to maximise response to postal surveys,
older adults were approached by first sending an invita-
tion letter with a brochure on the study [53]. Two weeks
after sending the introduction letter, all older adults who
had not objected to take part in the study, received a
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first questionnaire pack, including an introduction letter,
a brochure about the purpose and set-up of the study,
the questionnaire, a consent form, and a free-post return
envelope. Three to four weeks later, non-responders
received another questionnaire pack and were called or
visited. To serve as a “thank you” and to boost participa-
tion, the introduction letters mentioned the chance of
winning gift vouchers of 10 Euro.
A random subsample from the responders to the pos-

tal survey was recruited for wearing an accelerometer
and a GPS logger for 7 consecutive days during each
wave of data collection. The Medical Ethics Committee
of the Erasmus University Medical Centre approved this
study.

Conceptual framework
Empirical evidence on mechanisms by which environ-
mental factors influence physical activity is largely
lacking [54]. Therefore, we drew on socio-ecological
frameworks and observational studies to conceptualise
how physical and social environmental factors may
influence walking behaviour among older adults. Our
conceptual framework is depicted in Fig. 2, and suggests
a direct influence of the environment on walking behav-
iour [55] and two indirect mechanisms:

1) Mediation by perceived environmental and cognitive
factors: Environments conducive to walking are
hypothesized to positively influence perceptions of
the walking environment [42, 55], which may
positively influence motivational determinants of
walking (Fig. 2), such as attitudes towards walking.

2) Moderation of the relation between the intention to
walk and walking behaviour. Social and physical
environmental factors may facilitate transferring

intentions to behaviour [56–58]. In other words,
environmental changes may help to mitigate the
intention-behaviour gap (i.e. no behaviour change
despite having a positive intention towards the new
behaviour) which was found for different lifestyle
behaviours [59], including physical activity [60, 61].
Thus, for older adults with positive intentions to
walk, modifying the physical and social environment
may facilitate them to act accordingly (Fig. 2).

Measurements
For the overall evaluation of the interventions in terms
of walking behaviour, and to understand the underlying
mechanisms, participants receive a questionnaire pack at
each time point. Table 1 schematically shows which
constructs will be measured at each time point.

Outcomes
Self-reported physical activity will be measured by
means of the IPAQ long version [62]. The primary
outcome measure will be weekly minutes spend walking
in leisure time and for transport. Secondary outcome
measures include moderate-to-vigorous physical activity
(IPAQ), objectively measured levels of MVPA (measured
with accelerometers) and perceived health [63].

Understanding the underlying mechanisms: mediating
factors
To study the proposed mechanisms, we will measure
neighbourhood perceptions, using the Neighbourhood
Environment Walkability Scale (NEWS) [64], Theory of
Planned Behaviour constructs [65] and social cohesion
and social capital constructs in questionnaires.

Fig. 2 Conceptual framework of the NEW.ROADS study
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Understanding the intervention effect: process evaluation
The process evaluation of NEW.ROADS will consist of
various components with the aim to understand the
awareness, use acceptability, feasibility, implementation
and appreciation of the interventions among partici-
pants. This will be done by using a number of activities
ranging from the analysis of GPS tracks and accelerom-
eter data, to conducting walk-along interviews, and
analysis of questionnaire data.
Whether people use the walking routes will be mea-

sured in a 10 % subsample of older adults, by means of
GPS loggers (Travel recorder X, BT-Q1000X, QStarz
International). The BT-QStarz GPS logger has a relatively
good performance in terms of accuracy and battery life.
The participants will be instructed to charge the GPS
logger overnight, while keeping it switched on – previous
studies have shown high compliance with this procedure
(Jones et al., [66]).
To get insight in the perceptions of the participants on

the walking route, walk-along interviews will be held
with 30 participants from neighbourhoods in the phys-
ical environment condition. During these walk along in-
terviews, the participants walk a part of the walking
route with members of the research team. The walk will
be recorded with two voice recorders (one for the mem-
ber of the research team and one for the participant)
and a GPS logger. Moreover, geo-coded photographs will
be taken from important physical or social environmen-
tal characteristics.
In the final questionnaire at T2, items about aware-

ness, use and appreciation of the environmental changes
from the participant’s point of view will be measured. To
get further insight in this, a random selection of 100
participants will be phoned and asked about their aware-
ness of the route and ways to further improve the route.

Discussion
In this paper we described the development and evalu-
ation protocol of physical and social environmental
interventions to promote walking behaviour among
older adults living in deprived neighbourhoods. It shows

that developing, implementing and evaluating such
environmental interventions is challenging, given spe-
cific circumstances in the local context in which these
interventions were implemented (i.e. specific wishes
from the target group, and ongoing activities of other
stakeholders).
First of all, the theory and evidence base for develop-

ing interventions that modify the physical environment
in order to promote physical activity is small. While
some socio-ecological frameworks are available, only
some of them explicitly inform which environmental fac-
tors specifically impact upon physical activity, and what
the underlying mechanisms are. Calls have been made to
come up with a better understanding of how, when and
for whom environmental interventions work [54]. We
acknowledge that such understanding is not yet as elab-
orate as seen in the field of health psychology [57, 67].
A second challenge is that the interventions described in

this paper are implemented in ‘the real’ world, which is out
of control of the researcher [68]. This means, for instance,
that other initiatives may be ongoing with similar goals as
the interventions to be developed. In this project, cooper-
ation with various organisations helped us to identify other
parties that were already operating (or starting to operate) in
the field and strengthen each other’s projects. Therewith we
experienced ourselves how important cooperation with local
organisations and with different disciplines is. On the other
hand, it should be noted that these collaborations also con-
strain the development and evaluation of interventions for
researchers. In our case the decision of the specific route
markers in the physical environmental intervention (i.e.
painted tiles) was already made, whereas other route
markers) could have had advantages over tiles, for instance
with regard to visibility. However, ignoring the potential for
cooperation would increase the costs, which is undesirable
from a cost perspective. An associated challenge is that
intervention implementation is out of control of the re-
searcher. Whereas the walking routes were implemented
in close collaboration with the project team, by nature, the
social environmental interventions were under less control
of the research team.

Table 1 Timeline of measurements during the effect and process evaluation of the NEW.ROADS study

T0 T1 T2

Time February/March August/September November/December

Primary outcomes Self reported walking (IPAQ) Self reported walking (IPAQ) Self reported walking (IPAQ)

Secondary outcomes MVPA (IPAQ)
Perceived health (SF12)

MVPA (IPAQ) MVPA (IPAQ)
Perceived health (SF12)

Determinants Perceived environmental factors (NEWS)
Social cohesion and social capital
Theory of Planned Behaviour constructs

Perceived environmental factors (NEWS)
Social cohesion and social capital
Theory of Planned Behaviour constructs

Perceived environmental factors (NEWS)
Social cohesion and social capital
Theory of Planned Behaviour constructs

Process evaluation GPS GPS
Walk along interviews

GPS
Questionnaire: awareness, use and appreciation
Phone interviews
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To conclude, we described the development and
evaluation of two interventions, one targeting the social
neighbourhood environment and the other targeting the
physical neighbourhood environment. The evaluation
study will provide evidence for their separate and
combined effects on walking behaviour of residents.
Moreover, it will shed light in how changes to the en-
vironment may cause changes in walking behaviour.

Acknowledgement
We are indebted to Otto Trienekens (Veldacademie), Manouck Kwakernaat
and Denise Kruithof (de Stoeptegelfabriek), Floor Bemelmans (AvantSanare),
Karel Mulder (Sport en Recreatie, Rotterdam) and colleagues at the
Municipality and Municipal Health Service.

Funding
This study is supported by a grant of the Netherlands Organisation for Health
Research and Development, project number 200130004.

Availability of data and materials
Not applicable owing to the manuscript type.

Authors’ contributions
RGP conceptualised and designed the study, and wrote the first draft of this
protocol. CBMK contributed to the coordination of the study, and critically
revised the manuscript. JMdG coordinated the data collection and commented
on the draft manuscript, AO conceptualised and designed the stud and critically
revised the manuscript, FJvL supervised the study, and critically revised the
manuscript. All authors approved and read the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
This study has been approved by the Medical Ethics Committee of the Erasmus
University Medical Centre. Each participant gave written informed consent.

Author details
1Department of Public Health, Erasmus University Medical Center Rotterdam,
Rotterdam, The Netherlands. 2MRC Epidemiology Unit and UKCRC Centre for
Diet and Activity Research (CEDAR), School of Clinical Medicine, University of
Cambridge, Cambridge, UK. 3Department of Human Geography and Spatial
Planning, Faculty of Geoscience, Utrecht University, Utrecht, The Netherlands.
4Department of Health Promotion, Maastricht University, Maastricht, The
Netherlands.

Received: 1 July 2016 Accepted: 19 August 2016

References
1. Chodzko-Zajko WJ, Proctor DN, Fiatarone Singh MA, Minson CT, Nigg CR,

Salem GJ, Skinner JS. American College of Sports Medicine position stand.
Exercise and physical activity for older adults. Med Sci Sports Exerc. 2009;41:
1510–30.

2. Savela SL, Koistinen P, Tilvis RS, Strandberg AY, Pitkälä KH, Salomaa VV,
Miettinen TA, Strandberg TE. Physical Activity at Midlife and Health-Related
Quality of Life in Older Men. Arch Intern Med. 2010;170:1171–2.

3. McPhee JS, French DP, Jackson D, Nazroo J, Pendleton N, Degens H.
Physical activity in older age: perspectives for healthy ageing and frailty.
Biogerontology. 2016; [Epub ahead of print].

4. Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT. Lancet
Physical Activity Series Working Group. Effect of physical inactivity on major
non-communicable diseases worldwide: an analysis of burden of disease
and life expectancy. Lancet. 2012;380:219–29.

5. Sherrington C, Whitney JC, Lord SR, Herbert RD, Cumming RG, Close JC.
Effective exercise for the prevention of falls: a systematic review and
meta-analysis. J Am Geriatr Soc. 2008;56:2234–43.

6. Sjösten N, Kivelä SL. The effects of physical exercise on depressive
symptoms among the aged: a systematic review. Int J Geriatr Psychiatry.
2006;21:410–8.

7. Visser M, Pluijm SM, Stel VS, Bosscher RJ, Deeg DJ, Longitudinal Aging Study
Amsterdam. Physical activity as a determinant of change in mobility performance:
the Longitudinal Aging Study Amsterdam. J Am Geriatr Soc. 2002;50:1774–81.

8. Hupin D, Roche F, Gremeaux V, Chatard JC, Oriol M, Gaspoz JM, Barthélémy JC,
Edouard P. Even a low-dose of moderate-to-vigorous physical activity reduces
mortality by 22 % in adults aged ≥60 years: a systematic review and meta-
analysis. Br J Sports Med. 2015;49:1262–7.

9. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U, Lancet
Physical Activity Working Group. Global physical activity levels: surveillance
progress, pitfalls, and prospects. Lancet. 2012;380:247–57.

10. Beenackers MA, Kamphuis CBM, Giskes K, Brug J, Kunst AE, Burdorf A,
van Lenthe FJ. Socioeconomic inequalities in occupational, leisure-time,
and transport related physical activity among European adults: A systematic
review. IJBNPA. 2012;19:116.

11. Droomers M, Schrijvers CTM, Mackenbach JP. Educational level and
decreases in leisure time physical activity: predictors from the longitudinal
GLOBE study. J Epidemiol Comm Health. 2001;55:562–8.

12. Giles-Corti B, Donovan RJ. Socioeconomic status differences in recreational
physical activity levels and real and perceived access to a supportive
physical environment. Prev Med. 2002;35:601–11.

13. Prins RG, Mohnen SM, van Lenthe FJ, Brug J, Oenema A. Are neighbourhood
social capital and availability of sports facilities related to sports participation
among Dutch adolescents? Int J Behav Nutr Phys Act. 2012;9:90.

14. Hillsdon M, Lawlor DA, Ebrahim S, Morris JN. Physical activity in older
women: associations with area deprivation and with socioeconomic
position over the life course: observations in the British Women's Heart
and Health Study. J Epidemiol Comm Health. 2008;62:344–50.

15. Fox KR, Hillsdon M, Sharp D, Cooper AR, Coulson JC, Davis M, Harris R,
McKenna J, Naciri M, Stathi A, Thompson JL. Neighbourhood deprivation
and physical activity in UK older adults. Health Place. 2011;17:633–40.

16. van Lenthe FJ, Brug J, Mackenbach JP. Neighbourhood inequalities in
physical activity: the role of neighbourhood attractiveness, proximity to
local facilities and safety. Soc Sci Med. 2005;60:763–75.

17. Kremers SP. Theory and practice in the study of influences on energy
balance-related behaviors. Patient Educ Couns. 2010;79:291–8.

18. Van Holle V, Van Cauwenberg J, Van Dyck D, Deforche B, Van de Weghe N,
De Bourdeaudhuij I. Relationship between neighborhood walkability and older
adults’ physical activity: results from the Belgian Environmental Physical Activity
Study in Seniors (BEPAS Seniors). Int J Behav Nutr Phys Act. 2014;11:110.

19. Astell-Burt T, Feng X, Kolt GS. Green space is associated with walking and
moderate-to-vigorous physical activity (MVPA) in middle-to-older-aged
adults: findings from 203 883 Australians in the 45 and Up Study. Br J
Sports Med. 2014;48:404–6.

20. Strath SJ, Greenwald MJ, Isaacs R, Hart TL, Lenz EK, Dondzila CJ, Swartz AM.
Measured and perceived environmental characteristics are related to
accelerometer defined physical activity in older adults. Int J Behav Nutr Phys
Act. 2012;9:40.

21. Etman A, Kamphuis CBM, Prins RG, Burdorf A, Pierik F, van Lenthe FJ.
Characteristics of residential areas and transportational walking among frail
and non-frail Dutch elderly: does the size of the area matter? Int J Health
Geogr. 2014;13:7.

22. Wendel-Vos W, Droomers M, Kremers S, Brug J, Lenthe FJ. Potential
environmental determinants of physical activity in adults: A systematic
review. Obes Rev. 2007;8:425–40.

23. Chaudbury H, Campo M, Michael Y, Mahmood A. Neighbourhood environment
and physical activity in older adults. Soc Sci Med. 2016;149:104–13.

24. Sallis JF, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J. An ecological
approach to creating active living communities. Annu Rev Public Health.
2006;27:297–322.

25. Ball K. People, places…and other people? Integrating understanding of
intrapersonal, social and environmental determinants of physical activity.
J Sci Med Sport. 2006;9:367–70.

26. Hutch DJ, Bouye KE, Skillen E, Lee C, Whitehead L, Rashid JR. Potential
strategies to eliminate built environment disparities for disadvantaged and
vulnerable communities. Am J Public Health. 2011;101:587–95.

Prins et al. BMC Public Health  (2016) 16:907 Page 8 of 9



27. Franzini L, Taylor W, Elliott MN, Cuccaro P, Tortolero SR, Janice Gilliland M,
Grunbaum J, Schuster MA, Franzini L. Neighborhood characteristics
favorable to outdoor physical activity: disparities by socioeconomic and
racial/ethnic composition. Health Place. 2010;16:267.

28. Panter J, Heinen E, Mackett R, Ogilvie D. Impact of New Transport
Infrastructure on Walking, Cycling, and Physical Activity. Am J Prev Med.
2016;50:e45–53.

29. Van Cauwenberg J, De Bourdeaudhuij I, De Meester F, Van Dyck D, Salmon J,
Clarys P, Deforche B. Relationship between the physical environment and
physical activity in older adults: a systematic review. Health Place. 2011;17:458–69.

30. Cummins S, Macintyre S. Food environments and obesity–neighbourhood
or nation? Int J Epidemiol. 2006;35:100–4.

31. Kamphuis CBM, van Lenthe FJ, Giskes K, Huisman M, Brug J, Mackenbach JP.
Socioeconomic differences in lack of recreational walking among older
adults: the role of neighbourhood and individual factors. Int J Behav Nutr
Phys Act. 2009;6:1.

32. Borst HC, Miedema HME. Influence of environmental street characteristics on
walking route choice of elderly people. J Environm Psychol. 2009;29:477–84.

33. Saito Y, Oguma Y, Inoue S, Tanaka A, Kobori Y. Environmental and individual
correlates of various types of physical activity among community-dwelling
middle-aged and elderly Japanese. Int J Environm Res Public Health. 2013;
10:2028–42.

34. Inoue S, Ohya Y, Odagiri Y, Takamiya T, Kamada M, Okada S, Oka K,
Kitabatake Y, Nakaya T, Sallis JF, Shimomitsu T. Perceived neighborhood
environment and walking for specific purposes among elderly Japanese.
J Epidemiol. 2011;21:481–90.

35. de Leon CF M, Cagney KA, Bienas JL, Barnes LL, Skarupski KA, Scherr PA,
Evans DA. Neighborhood social cohesion and disorder in relation to
walking in community-dwelling older adults: a multilevel analysis. J Aging
Health. 2009;21:155–71.

36. Brown SC, Huang S, Perrino T, Surio P, Borges-Garcia R, Flavin K, Brown CH,
Pantin H, Szapocznik J. The Relationship of Perceived Neighborhood Social
Climate to Walking in Hispanic Older Adults: A Longitudinal, Cross-Lagged
Panel Analysis. J Aging Health. 2011;23:1325–51.

37. Chaudhury H, Mahmood A, Michael YL, Campo M, Hay K. The influence of
neighborhood residential density, physical and social environments on
older adults’ physical activity: An exploratory study in two metropolitan
areas. J Aging Studies. 2012;26:35–43.

38. Strath S, Isaacs R, Greenwald MJ. Operationalizing environmental indicators
for physical activity in older adults. J Aging Phys Act. 2007;15:412–24.

39. Prins RG, Oenema A, van der Horst K, Brug J. Objective and perceived
availability of physical activity opportunities: differences in associations with
physical activity behavior among urban adolescents. Int J Behav Nutr Phys
Act. 2009;6:70.

40. Kamphuis CB, Mackenbach JP, Giskes K, Huisman M, Brug J, van Lenthe FJ.
Why do poor people perceive poor neighbourhoods? The role of objective
neighbourhood features and psychosocial factors. Health Place. 2010;16:744–54.

41. Wight D, Wimbush E, Jepson R, Doi L. Six steps in quality intervention
development (6SQuID). J Epidemiol Comm Health. 2016;70:520–5.

42. Alfonzo MA. To walk or not to walk? The Hierarchy of Walking Needs. Environ
Behav. 2005;37:808–36.

43. McNeill LH, Kreuter MW, Subramanian SV. Social environment and physical
activity: a review of concepts and evidence. Soc Sci Med. 2006;63:1011–22.

44. Ogilvie D, Foster CE, Rothnie H, Cavill N, Hamilton V, Fitzsimons CF, Mutrie N.
Scottish Physical Activity Research Collaboration. Interventions to promote
walking: systematic review. BMJ. 2007;334:1204.

45. Helmink JH, Meis JJ, de Weerdt I, Visser FN, de Vries NK, Kremers SP.
Development and implementation of a lifestyle intervention to promote
physical activity and healthy diet in the Dutch general practice setting: the
BeweegKuur programme. Int J Behav Nutr Phys Act. 2010;7:49.

46. Ullmann G, Williams HG, Plass CF. Dissemination of an evidence-based program
to reduce fear of falling, South Carolina, 2006-2009. Prev Chronic Dis. 2012;9:E103.

47. Glazier RH, Bajcar J, Kennie NR, Wilson K. A systematic review of interventions
to improve Diabetes care in socially disadvantaged populations. Diabetes Care.
2006;29:1675–88.

48. Buffel T, De Donder L, Phillipson C, Dury S, De Witte N, Verte D. Social
participation among older adults living in medium-sized cities in Belgium:
the role of neighbourhood perceptions. Health Prom Int. 2014;29:655–68.

49. Beck TW. The importance of a priori sample size estimation in strength and
conditioning research. J Strength Cond Res. 2013;27:2323–37.

50. Mader U, Martin BW, Schutz Y, Marti B. Validity of four short physical activity
questionnaires in middle-aged persons. Med Sci Sports Exerc. 2006;38:1255–66.

51. Ogilvie D, Mitchell R, Mutrie N, Petticrew M, Platt S. Personal and
environmental correlates of active travel and physical activity in a deprived
urban population. Int J Behav Nutr Phys Act. 2008;5:43.

52. Goodman A, Sahlqvist S, Ogilvie D, iConnect Consortium. New walking and
cycling routes and increased physical activity: one- and 2-year findings from
the UK iConnect Study. Am J Public Health. 2014;104:e38–46.

53. Edwards P. Questionnaires in clinical trials: guidelines for optimal design
and administration. Trials. 2010;11:2.

54. McCormack GR, Shiell A. In search of causality: a systematic review of the
relationship between the built environment and physical activity among
adults. Int J Behav Nutr Phys Act. 2011;8:125.

55. Kremers SP, de Bruijn GJ, Visscher TL, van Mechelen W, de Vries NK, Brug J.
Environmental influences on energy balance-related behaviors: a dual-
process view. Int J Behav Nutr Phys Act. 2006;15(3):9.

56. Fishbein M. The role of theory in HIV prevention. AIDS Care. 2000;12:273–8.
57. Prins RG, Van Empelen P, Te Velde SJ Timperio A, Van Lenthe FJ, Tak NI,

Crawford D, Brug J, Oenema A. Availability of sports facilities as moderator
of the intention-sports participation relationship among adolescents. Health
Educ Res. 2010;25:489–97.

58. Prins RG, Beenackers MA, Boog MC, Van Lenthe FJ, Brug J, Oenema A.
Neighbourhood social capital as a moderator between individual cognitions
and sports behaviour among Dutch adolescents. Soc Sci Med. 2014;105:9–15.

59. Armitage CJ, Conner M. Efficacy of the Theory of Planned Behaviour: a
meta-analytic review. Br J Soc Psychol. 2001;40:471–99.

60. Rhodes RE, Brown SG, McIntyre CA. Integrating the perceived neighborhood
environment and the theory of planned behavior when predicting walking in
a Canadian adult sample. Am J Health Promot. 2006;21:110–8.

61. Rhodes RE, de Bruijn GJ. How big is the physical activity intention-behaviour
gap? A meta analysis using the action control framework. Br J Health
Psychol. 2013;18:296–309.

62. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ainsworth BE,
Pratt M, Ekelund U, Yngve A, Sallis JF, Oja P. International physical activity
questionnaire: 12-country reliability and validity. Med Sc Sports Exerc. 2003;
35:1381–95.

63. Brazier JE, Roberts J. The estimation of a preference-based measure of health
from the SF-12. Med Care. 2004;42:851–9.

64. Saelens BE, Sallis JF, Black JB, Chen D. Neighborhood-based differences in
physical activity: an environment scale evaluation. Am J Public Health. 2003;
93:1552–8.

65. Ajzen I. The theory of planned behavior. Org Behav Hum Decision Proc.
1991;50:179–211.

66. Jones AP, Coombes EG, Griffin SJ, van Sluijs EM. Environmental supportiveness
for physical activity in English schoolchildren: a study using Global Positioning
Systems. Int J Behav Nutr Phys Act. 2009;6:42.

67. Bartholomew LK, Parcel GS, Kok G, Gottlieb NH, Fernandez ME. Planning health
promotion programs. An Intervention Mapping approach. San Francisco:
Jossey-Bass; 2006. p. 767.

68. Ogilvie D, Giles-Corti B, Hooper P, Yang L, Bull F. Methods for Researching
the Physical Activity Impacts of ‘ Natural Experiments’ in Modifying the Built
Environment. J Phys Act Health. 2010;7:S341–55.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Prins et al. BMC Public Health  (2016) 16:907 Page 9 of 9


	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Methods
	Setting
	Development of the environmental interventions
	Scientific evidence on environmental determinants of walking among older adults
	Needs assessment of the target group: focus group studies with older adults
	Collaboration with stakeholders on planned or ongoing activities

	Implementation of the physical environmental change: design of a neighbourhood walking route
	Route markings
	Implementing the route
	Promotion of the routes

	The implementation of the walking groups
	Adapting the physical activity buddies system to facilitate walking groups
	Promotion of the walking groups


	Evaluation study
	Aim of the evaluation study
	Evaluation design, participants and recruitment
	Conceptual framework
	Measurements
	Outcomes
	Understanding the underlying mechanisms: mediating factors
	Understanding the intervention effect: process evaluation


	Discussion
	Acknowledgement
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

