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Abstract

Physical activity is associated with numerous physical and psychosocial health
benefits, yet population levels in the United Kingdom remain low, particularly in lower
socioeconomic groups. Socioecological models posit that social and physical
environments have independent and interactive influences on physical activity.
Although a growing body of literature has examined the independent effect of aspects
of the social and physical environment, interactive effects are rarely assessed. In
addition, there is limited research specifically examining independent or interactive
environmental influences in populations vulnerable to lower levels of physical activity,
such as those living in neighbourhoods with high levels of deprivation. This thesis
examines the association between quality of the neighbourhood physical environment
(aesthetics, maintenance, physical disorder) and social environment (cohesion, safety,
social interaction, support, trust, empowerment) on physical activity in adults living in
income-deprived communities, using Glasgow as a case study. Cross-sectional
analyses, conducted using a socioecological approach, suggested independent and
interactive effects of objectively measured physical environmental factors and
perceived social environmental factors on neighbourhood-based walking and moderate
physical activity. Longitudinal analyses found little evidence that changes in
environmental measures predict change in self-reported walking. However, qualitative
analyses provided insight into potential causal pathways through a system of
interacting environmental factors. Together, findings from this thesis suggest a role for
the quality of the neighbourhood physical and social environment on activity, providing
some evidence of interactive effects of the neighbourhood social and physical
environment. Further research is needed to elucidate causal relationships between the
quality of the neighbourhood environment and physical activity. Findings call for a
complex systems approach to understanding contextual environmental effects on

physical activity in deprived communities.

19



20

Chapter 1



Chapter 1

Chapter 1 Introduction: Environmental correlates of physical
activity in adults

1.1 Physical activity benefits and trends

Physical activity is defined as energy expenditure resulting from any bodily movement
created by skeletal muscle (Caspersen, Powell and Christenson, 1985). In adults, there
are four widely recognised domains in which physical activity can be performed:
occupational, household, transport and recreational, and a number of physical activity
types performed at different levels of intensity (e.g. walking, cycling, sports,
housework) (Sallis et al., 2006). Regular participation in physical activity contributes to
good health through the prevention and management of non-communicable chronic
diseases (NCDs), such as cancer, diabetes, cardiovascular disease and dementia,
which are leading causes of morbidity and mortality worldwide (Allender et al., 2007;
Reiner et al., 2013; World Health Organisation, 2014; Ekelund et al., 2015; Mueller et
al., 2015; Sallis et al., 2016). Indeed, a meta-analysis in 2011 estimated that 3,400
cancer cases every year in the United Kingdom (UK) are attributable to performing an
insufficient level of moderate-to-vigorous intensity physical activity (MVPA) (Parkin,
2011). High-quality meta-analyses and cohort studies unpack some of the mechanisms
through which participation in physical activity can benefit health, including
maintenance of healthy blood pressure levels (Whelton et al., 2002), reductions in
inflammatory markers (Hamer et al., 2012) and reductions in the negative impact of risk
factors for NCDs, including stress, obesity and poor sleep (Fox, 1999; Baillot et al.,

2015; Kredlow et al., 2015).

In light of its associated health benefits, guidelines for physical activity have been
published in the UK (Chief Medical Officer, no date). For adults (19-64 years old),
guidelines recommend participation in daily activity with an accumulation over a week
of either 2150 minutes of moderate activity (e.g. brisk walking), 75 minutes of vigorous

activity (e.g. running) or a combination. It is also recommended that adults participate
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in muscle-strengthening activity and reduce waking sedentary time. Regular brisk
walking for periods of 210 minutes can contribute to an accumulation of MVPA and
meeting physical activity guidelines (Chief Medical Officer, no date). Guidelines for
older adults (=65 years old) are similar, with an additional recommendation to

participate in activities to improve co-ordination and balance.

Despite these guidelines, the UK has particularly low levels of physical activity
compared with other Western European countries (UK Active, 2014; Sport England,
2015), accruing large personal, healthcare and wider societal costs as a result (British
Heart Foundation, 2013; Biswas et al., 2015). Objective measures of physical activity in
4,507 adults aged >16 years, collected as part of the 2008 Health Survey for England,
showed that only 6% of males and 4% of females met the recommended guidelines for
physical activity, although self-reported estimates of meeting guidelines were much
higher at 39% for men and 29% for women (Health and Social Care Information
Centre, 2009). Moreover, objective data showed that 50% of males and 58% of
females not only failed to meet recommended guidelines but were classified as
physically inactive, i.e. achieved less than 30 minutes of moderate-intensity physical
activity (MPA; conducted in >10 minute sessions) over a week (Health and Social Care

Information Centre, 2009).

Levels of inactivity are particularly high among socioeconomically deprived groups,
who can be categorised using Townsend’s definition: “a state of observable and
demonstrable disadvantage, relative to the local community or the wider society or
nation to which the individual, family or group belongs”, i.e. a high level of unmet social
and economic need in individuals or groups (Townsend, 1987; Giles-Corti and
Donovan, 2002; Van Lenthe, Brug and Mackenbach, 2005; Kamphuis et al., 2008).
Self-reported physical activity data from the 2013 Active People Survey revealed that
levels of inactivity (<30 minutes MVPA/week) in England are almost 10 percentage
points higher in local authorities with the highest levels of deprivation compared with

those with the lowest deprivation levels, suggesting spatial inequalities in activity (UK
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Active, 2014). Within Scotland, Scottish Health Survey data from 2016 illustrate
variation in meeting physical activity guidelines and physical inactivity by area
deprivation calculated using the Scottish Index of Multiple Deprivation (SIMD).1 In self-
report data, 54% of adults met physical activity guidelines and 29% were inactive
(classified as <30 minutes of MPA/week) in the most deprived quintile, while 74% met

guidelines and 13% were inactive in the least deprived quintile (Bardsley et al., 2017).

Reducing levels of inactivity is critical to the health of the population. A large European
cohort study including 334,161 males and females estimated that moving adults from
inactivity to a level of activity equivalent to a daily 20-minute walk resulted in reductions
in all-cause mortality by 7%, which was a statistically significant amount when
assessed using Cox proportional hazards models (Ekelund et al., 2015). Additionally,
longitudinal analyses across 15 years in Norway identified low-intensity physical
activity performed over longer durations (i.e. 21 hour of activity which does not cause
sweating or loss of breath plus <1 hour of high intensity activity/week) as a priority
target for reducing mortality in inactive populations (in this instance classified as those

currently achieving <1 hour of low intensity activity/week) (Kopperstad et al., 2017).

Walking for transport or recreation has been identified by the National Institute for
Health and Care Excellence (NICE) as a key target for increasing physical activity in
inactive adults living in the UK (National Institute for Health and Care Excellence,
2012). This is because walking accounts for a large proportion of the physical activity
of adults who meet national physical activity guidelines (and are therefore likely to
obtain activity-related health benefits) (NICE, 2012). Walking is also low-cost and
therefore more accessible for individuals with a low income: a notion reflected in
Scottish Household Survey (SHS) data showing that individuals with a household
income of <£30,000 were more likely to report walking at least 2-4 times/week

compared with those with higher household incomes (Anable et al., 2010). However, a

! The SIMD is a tool used by the Scottish Government to rank deprivation in small area geographies
(‘data zones’) according to income, employment, crime, education, access and housing data.
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decline in walking trips has been reported, with data from the National Travel Survey in
England revealing a 30% decline in the average number of walking trips reported per
person per year between 1995/1997 (292 trips) to 2013 (203 trips) (NatCen Social
Research, 2014). In addition, SHS data showed that between the years 1990/2000 and
2005/2006, the proportion of trips undertaken by foot declined at a faster rate for adults
in the most deprived areas (30% to 20% in the most deprived areas as assessed by

the SIMD; 16% to 12% in the least deprived areas) (Anable et al., 2010).

Understanding the determinants of moving individuals from inactivity to some level of
physical activity, particularly in populations at higher risk of inactivity, could contribute
to the development of effective interventions at a population level, and is therefore a

public health priority.

1.2 Socioecological models of physical activity

A socioecological approach to physical activity posits that physical activity is influenced
by individual characteristics, the social environment, the physical environment and
policies (Figure 1.1). A core tenet of socioecological models is that correlates are
embedded in a system, acknowledging that multiple environmental and individual
characteristics are interrelated and act simultaneously upon the outcome through
independent and interactive effects (Sallis et al., 2006; Cummins et al., 2007; Kremers,
2010). Interventions targeting multiple levels of influence are thought to be the most
effective at increasing population activity levels (Spence and Lee, 2003). This is
reflected in psychological behaviour change frameworks, such as the COM-B
framework, which embrace a socioecological approach by explicitly incorporating
environmental influences of behaviour (Michie, van Stralen and West, 2011).2
Conceptualisations of environmental influences on physical activity discussed in this

thesis adopt a socioecological approach.

> The COM-B model comprises capability, opportunity - encompassing physical and social
environmental characteristics - and motivation; both capability and opportunity can act directly
upon behaviour, or indirectly through motivation (Michie, van Stralen and West, 2011).
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Figure 1.1 A socioecological model of physical activity adapted from Sallis, Floyd,
Rogrigues and Saelens (2012)

Political
(e.g. budgets, zoning codes,

design standards)

Physical environmental
(e.g. natural environment,

built environment)

Social/Cultural
(e.g. social norms, social support.
media models)

Individual
(e.g. psychological,
biological)

1.2.1 The ‘neighbourhood’ as a physical activity setting

A socioecological approach acknowledges that physical activity can be performed in a
number of contexts or settings (e.g. neighbourhood, home, workplace, school,
recreational facilities inside or outside home or workplace/school neighbourhoods)
encompassing indoor and outdoor environments. The neighbourhood is a key physical
activity context in socioecological models (Sallis et al., 2006) and the work in this thesis
will focus on the neighbourhood, conceptualised as encompassing physical, social and
psychosocial environments (Kearns and Parkinson, 2001; Siegrist and Marmot, 2004).
In a socioecological approach, the neighbourhood can be considered as a context
within the mesosystem (sitting between the microsystem representing smaller-scale
contexts such as the home and the macro-system representing larger-scale contexts

such as national policies or culture).

Neighbourhood variation in physical activity according to factors such as spatial
distribution of socioeconomic status (SES) has been used to demonstrate potential
neighbourhood environmental effects on activity (Van Lenthe, Brug and Mackenbach,

2005; Kamphuis et al., 2008). As such, improving the neighbourhood to support
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healthy lifestyles is gaining support and recognition as an attractive approach to
intervention (NHS England, no date; Kleinert and Horton, 2016). ‘Active design’
strategies to increase neighbourhood walkability are increasingly recognised as
valuable in policy domains which aim to strategically apply these practices within public
health and planning (e.g. Centre for Active Design’s ‘Active Design Guidelines’ (Centre
for Active Design, 2010); Public Health England’s ‘Healthy People, Healthy Places’
(Public Health England & Local Government Association, 2013), World Health
Organisations’ ‘A healthy city is an active city’ (Edwards and Tsouros, 2014) and
Scottish Government’s ‘Good Places, Better Health’ (Scottish Government, 2008)).
Such strategies are also seemingly popular with the public, with reported positive
associations between measures to increase walkabilty and self-reported

neighbourhood satisfaction (Lee et al., 2017).

Furthermore, it has been argued that increasing population levels of activity by
intervening at the environmental level in the neighbourhood, rather than individual level
(which might lead to socially-patterned uptake and maintenance of the intervention,
dependent on individual factors such as motivation and capability) it is possible to
address observed inequalities in activity and engender sustainable change in
vulnerable populations (Hanson and Jones, 2015; Egan et al., 2016; Zapata Moya and
Navarro Yanez, 2017). As such, area-based initiatives such as targeted urban
regeneration (the renewal and development of social and physical environments of
areas exposed to economic, environmental and social decline) (Egan et al., 2015)
presents an opportunity to implement environmental strategies to physical activity
intervention in deprived neighbourhoods, alleviating an observed burden of lower levels
of physical activity in resident populations (Van Lenthe, Brug and Mackenbach, 2005;

Kamphuis et al., 2008; UK Active, 2014).
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1.2.2 Conceptualisation of neighbourhood contextual effects on physical activity in line

with a socioecological approach

In order to study the neighbourhood as a physical activity setting, it is necessary to
conceptualise ‘the neighbourhood’ and its potential relationship with activity. The
neighbourhood comprises individuals, social relationships, shared resources, the
physical environment and the historical and cultural milieu of a geographical area
(Galster, 2001; Kearns and Parkinson, 2001). The definition of the neighbourhood is
nebulous, both in geographical boundaries — which vary in shape and size according to
numerous factors (e.g. administrative boundaries, multiple types of geographically-
derived boundaries, historical or cultural boundaries etc.), and what it means to
different people, in terms of the way it is used or experienced by the people who inhabit
the neighbourhood as residents, workers or visitors but also in its importance and
relevance (Kearns and Parkinson, 2001). Neighbourhood variation in outcomes can be
attributable to the spatial distribution of individual characteristics (i.e. compositional
factors, such as ethnicity or individual-level SES) or area characteristics (e.g.
contextual factors such as quality of the local green space or level of social cohesion in
the community). The level at which compositional and contextual neighbourhood
factors are defined and measured can vary in scale, from small sub-areas (‘home
area’) to the larger localities (‘locality’) and their setting within a wider context (i.e.
‘urban district or region’) (Kearns and Parkinson, 2001). These factors can be
measured at different scales, from the level of the individual (e.g. subjective
perceptions of the environment) to larger scales such as the neighbourhood (e.g.
objective measures of the neighbourhood environment or aggregated perceptions of

residents within a neighbourhood).

Measurement of the physical environment in a neighbourhood context of residential
and non-residential areas can encompass built and natural environments, including
streets, roads, transit infrastructure, buildings, facilities and amenities (e.g. commercial

premises, leisure premises, public institutions) and green or blue space (e.g. parks,
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natural trails, riversides) (Sallis et al., 2012). This thesis considers the presence,
layout, maintenance and quality or condition of these physical features. Broad
conceptualisation of physical environment can also be drawn from the planning
literature. In particular, the development of the ‘walkability’ construct, which has been
specified as comprising the three ‘Ds’: density (population and employment
opportunities), diversity of land use and design (street layout and sidewalk design)
(Cervero and Kockelman, 1997). Jane Jacob’s seminal text on urban design and
planning: ‘Life and Death of Great American Cities’, identified four conditions
necessary for diverse, vibrant neighbourhoods: diversity of primary uses (i.e. land use
mix: a combination of development types such as commercial and residential), high
connectivity (i.e. a high number of street intersections), buildings diverse in age and
appearance; and high building density (Jacobs, 1961). Jacobs conceived conditions as
working simultaneously, each being a necessary, but not sufficient, condition for

pedestrian activity.’

The social environment in a neighbourhood context can be defined in multiple ways.
This thesis focuses on perceived contextual features of the social environment
measured at the individual level. These were conceptualised using a broad definition of
social capital. In line with other research and in accordance with the Office for National
Statistics definition, social capital encompassed: social cohesion, trust and reciprocity
between neighbours, social interaction and support, participation and membership of
clubs and organisations, civic participation (e.g. voting, influence over decisions) and
views of the neighbourhood in terms of perceived safety from crime (Harper, 2002;
McNeill, Kreuter and Subramanian, 2006). A sense of belonging to the neighbourhood,
defined as emotional attachment and familiarity, was also considered (Finney and
Jivraj, 2013). Cultural aspects of the neighbourhood environment such as shared

traditions and values can also be conceived as falling within the social environment.

3 Notably, in this text Jacobs also demonstrated the interplay between the physical and social aspects of
the street and neighbourhood, describing that a well-designed sidewalk would facilitate feelings of
safety, social interaction and inter-generational contact (Jacobs, 1961).
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The use of a theoretical basis to conceptualise potential mechanisms operating
between the neighbourhood environment and physical activity is necessary to advance
research examining how numerous types of environmental features may work together
to influence physical activity. As Nelson et al. noted: “the lack of theoretical grounding
pervades both [public health and urban planning fields], resulting in a plethora of
exploratory research... it is important to recognise the limitation of analysing the effect
of individual features of the environment on physical activity behaviour. These features
do not exist in isolation” (Nelson et al., 2008). In a socioecological approach, features
of the environment are not treated as isolated and reciprocal relationships between
levels of influence on physical activity are assumed, pertaining to reciprocity between

different types of environment but also between environments and the individual.

A reciprocal relationship between the individual and environment is specified in the
theory supporting the concept of ‘behaviour settings’, which draws on social cognitive
theory and the concept of ‘affordances’. Bandura’s social cognitive theory describes
how the individual is embedded within a nuanced and non-static (i.e. dynamic) social
and physical environment, establishing a reciprocal relationship with the environment
whereby the environment influences the individual’'s behaviour and vice versa
(Bandura, 1989). The concept of ‘affordances’ concerns the cues emerging from the
information available in the environment which influence individuals’ perceptions of,
and behaviour within, that environment (Gibson, 1979). While some environments
provide information that is supportive of certain actions, such as physical activity,
others provide information that discourages these actions. Moreover, the way such
information is interpreted is determined by a host of factors pertaining to the individual
(cognitive, affective and physical), attached social and cultural meaning and physical
design characteristics. Newman’s theory of ‘defensible space’ could be understood
within this framework, whereby the physical design and layout of an environment

produces more or fewer opportunities for behaviours such as causal surveillance of
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shared spaces, in turn influencing the sense of control and safety of the residents and

how a physical space is used (Newman, 1972).

‘Behaviour settings’ can be viewed as the product of affordances within a specific
context, determining physically, socially and culturally appropriate behaviour for that
setting (Barker, 1976). For example, Goli¢nik and Ward Thompson (2010) note that
while a patch of grass of a certain size within a public park may be a behaviour setting
for informal sports, this behaviour would not be performed on a patch of grass of the
same size that is situated in front of corporate buildings. This theoretical stance
highlights the nuance of the relationship between environment and behaviour,
emphasising the importance of examining individuals’ lived experience of place, in

addition to the quantification of an empirical relationship.

Conceptual models and frameworks provide a schematic representation of putative
relationships between multiple aspects of the neighbourhood environment and physical
activity. In attempting to unpack the ‘black box’ of neighbourhood effects on health
more broadly, Macintyre, Ellaway and Cummins (2002) present an organising
framework through which enables separation of a hierarchy of levels through which
neighbourhood environments influence health. These levels are:

1. Material or infrastructural resources “Opportunity structures” to lead healthy
lives through direct and indirect influences from the local physical and social
environment, including:

a. Physical factors experienced by all residents, e.g. climate, air quality,
geography;

b. Availability of healthy environments for living, e.g. provision of safe
residential, leisure and occupational environments;

c. Public and private services supporting healthy living, e.g. adequate

social, transport, education and health services.
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2. Collective social functioning and practices Features that influence use and
perception of the area and relationships and social resources shared by the
community, including:

a. Socio-cultural factors, e.g. political and cultural environment and history,
social capital;

b. Internal and external neighbourhood reputations, e.g. perceptions of the
area held by residents, outsiders and those in authority such as service

providers or investors.

A limitation of this framework acknowledged by the authors is the breadth of the
categories, which hamper the generation of specific hypotheses about pathways of
influence on specific outcomes (Macintyre, Ellaway and Cummins, 2002). A specific
context and pathway through which the environment might influence health, such as
environmental influences on physical activity in deprived neighbourhoods, offers the
possibility to operationalise the organising framework by drawing on empirical and

theoretical evidence in the public health literature.

Kramer et al. (2017) recently published a theory of the mechanisms through which
urban regeneration programmes can encourage leisure-time walking in deprived
neighbourhoods (Figure 1.2). Drawing on 13 qualitative studies in the area, the
authors reported strong support that safer, well-designed environments with better
infrastructure and aesthetics increased walking by creating more relaxing, attractive
and convenient settings for the behaviour. There was some support in the literature
that more physical activity facilities and higher levels of social capital facilitated walking
by increasing settings for physical activity and opportunities to develop social

relationships (Kramer et al., 2017).
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Figure 1.2 Kramer et al.'s (2017) theory of urban regeneration programmes' influences
on leisure-time walking in deprived populations

Intervention Environment Mechanism Outcome
More LTW facilities More settings
—» (e.g., parks, trails,
sidewalks)
Less safety problems Less stress and
(e.g., crime, antisocial fear*
—®| behavior, stray dogs, >
traffic)
Better physical design
(e.g., lighting, dense >
trees, isolation, uneven
Urban surfaces) More
regeneration LTW
— >
programs Better infrastructure More
! (e.g., connectivity, convenience* —
benches, distance)
Better aesthetics More relaxation
(e.g., architecture, and stress
—»| nature, landscaping, release® —
maintenance)
More social capital More social
support
>
More social
interaction
Context
Personal factors
Context Intrapersonal factors

Area deprivation

* With bold typeface indicates the pathways with the most supporting evidence. LTW: leisure-
time walking.

In order to develop this conceptualisation, Kramer et al. (2017) call for quantitative
research focusing on mechanisms of how changes in physical activity might be
engendered through urban regeneration activities. The authors state: “Mechanisms
describe how a program produces its outcome(s)... whether and how these
mechanisms are enacted upon depends on the context in which they are activated’
(Kramer et al., 2017).
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As already alluded to, a socioecological approach acknowledges different types of
mechanisms which might operate between environmental influences and physical
activity in a system. As such, it postulates that different levels of influence have both
independent and interactive effects on physical activity. An independent effect occurs
when a variable has a direct effect on the outcome that is not dependent on another
variable. Figure 1.3 illustrates independent effects of variables (X and Y) upon the
outcome (Z); the variance is decomposed into two separate pathways: a and b.

Figure 1.3 Schematic of independent effects of variables X and Y on outcome Z

X &

Y b

An interactive effect occurs when variables are interrelated and work together to
produce an effect on the outcome. Figure 1.4 illustrates independent (X; Y) and
interactive effects (X by Y = XY) on the outcome (Z); the variance in the outcome is
decomposed into three separate pathways: a, b and c. A significant interactive effect
can be indicative of a mediating, moderating or synergistic function of the independent
variables (Baron and Kenny, 1986). For example, Y could sit on the causal pathway
between X and Z (mediating effect) or Y could moderate the strength and/or direction
of the effect of X on Z (moderating effect). Alternatively, X and Y could act in
combination (XY) to exert a greater effect on Z than the independent effects of X and Y
alone (i.e. the interactive effect is greater than the sum of its parts and manifest in a
multiplicative rather than additive manner; synergistic effect). If the effect of X (pathway
a) is substantially weakened but the effect of Y (pathway b) is not substantially
changed by the introduction of XY (pathway c¢), this indicates a mediating or
moderating effect of Y (pathway ¢ now explains part of the variance originally explained
by pathway a). If the effects of both X and Y (pathways a and b) are substantially

weakened by the introduction of XY (pathway c), this is indicative of a moderating or
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synergistic effect (pathway ¢ now explains part of the variance originally explained by
pathways a and b) (Baron and Kenny, 1986; Slinker, 1998). In the absence of evidence
to hypothesise a linear pathway from antecedent variable to intervening variable to
outcome, it is valuable to first establish an interactive effect by testing the significance
of pathway c. Furthermore, it is a worthwhile consideration that interactive effects may
not be amenable to operationalisation through linear pathways of influence: proponents
of a ‘chaotic’ paradigm of health promotion purport that interactions between variables
within a complex system may be non-linear, with variables acting upon one another in
a recursive fashion (supporting the examination of non-linear synergy between
variables, rather than specifying antecedent and intervening variables) (Resnicow and
Vaughan, 2006). The notion of ‘complexity’ also endorses a focus on the pathways of
influence rather than linear cause-and-effect relationships, proposing that effect
modification (i.e. interaction, mediation and moderation), feedback (i.e. recursive
effects whereby change in one factor affects the function of another factor) and
adaption (i.e. compensatory behaviour in a factor owing to change in another factor)
are common characteristics of the relationship between factors along a pathway (El-
Sayed and Galea, 2017).

Figure 1.4 Schematic of independent and interactive effects of variables X and Y on
outcome Z, adapted from Baron & Kenny (1986)

X a
b

Y > Z
Cc

XY
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Examining independent and interactive effects of the social and physical environment
on physical activity could advance our understanding of the potential mechanisms of
influence operating between the neighbourhood environment and activity. The
literature exploring independent effects of environmental factors on physical activity is
more developed than the literature examining interactive effects. It is therefore useful to
provide an overview of the literature investigating independent effects as an
introduction to a broader evidence base of neighbourhood environmental effects on

physical activity.

1.3 Independent associations between social and physical neighbourhood

environments and physical activity

Reviews of the literature and large cross-country studies such as the International
Physical activity and Environment Network (IPEN) study support a consistent
association between higher levels of participation in physical activity and features of
the neighbourhood physical environment, in particular: connectivity, increased land use
mix, walkability and adequate pavement provision (Duncan, Spence and Mummery,
2005; Sallis et al., 2009; McCormack and Shiell, 2011; Ding et al., 2013; Sallis et al.,
2016). However, less consistent associations have been revealed for access to public
transit and facilities, residential density and perceived traffic safety (Duncan, Spence
and Mummery, 2005; Sallis et al., 2009; McCormack and Shiell, 2011; Ding et al.,
2013; Sallis et al., 2016). In terms of walking, a 2008 review of reviews found
consistent positive associations between walking for transport and density, land use
mix and distance to non-residential destinations, but more equivocal results for
associations between walking for recreation and physical environment attributes

(Saelens and Handy, 2008).

In a systematic review of 38 studies, higher-quality social environments increased the
likelihood of higher levels of overall physical activity, walking and sports participation

(Samuel, Commodore-Mensah and Himmelfarb, 2014). In a preliminary conceptual
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framework, the authors conceptualised social environmental factors as two over-
arching constructs: ‘social capital’, encompassing sense of community, trustworthiness,
reciprocity between neighbours, and ’collective efficacy’, encompassing social control
and social cohesion (Samuel, Commodore-Mensah and Himmelfarb, 2014). A recent
review which excluded studies with samples of less than 500 participants reported
some evidence of positive associations between perceived and objective safety from
crime and leisure-time and transport-related physical activity in adults, but found most
evidence for null associations (da Silva et al., 2016). The authors stated that more
qualitative research in specific groups is needed to elucidate the influence of safety on
individual’s behaviour, in addition to prospective and quasi-experimental studies. In an
earlier review, associations between crime rates and perceived safety and physical
activity were also inconsistent (Foster and Giles-Corti, 2008). Possible factors
contributing to inconsistent results include: measurement error resulting from
inadequate crime measures; physical activity outcomes that are not context-specific
(and therefore may obscure the potential effect of contextual factors upon behaviour);
and lack of consideration of physical and social environmental variables that may

mediate or moderate examined relationships (Foster and Giles-Corti, 2008).

The literature examining independent effects of the neighbourhood environment is
dominated by cross-sectional studies, meaning that studies might be subject to
selection bias, whereby more active individuals select to live in neighbourhoods with
particular attributes (McCormack and Shiell, 2011). However, evidence from
longitudinal or quasi-experimental studies is emerging which strengthens the
assumption of a causal association between social and physical environments and
physical activity by assessing temporal associations and minimising potential selection
bias. For example, longitudinal analysis of data from the Netherlands Housing Survey
revealed that changes to perceived social cohesion, social and physical disorder and
green space were significantly associated with self-reported physical activity and sports

participation (Jongeneel-Grimen et al., 2014). However, a quasi-experimental study
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conducted in Western Australia found non-significant differences in self-reported
walking at 12 and 36 months’ follow-up between individuals who relocated to housing
developments with activity-supportive characteristics (e.g. land-use mix, traffic calming
or increased street connectivity) and those who relocated to a conventional

development (Christian et al., 2013).

Evaluations of area-based urban regeneration programmes in terms of impact on
physical activity can adopt a quasi-experimental design. However, they are currently
few in number and unfortunately those that exist provide equivocal evidence (Batty et
al., 2010; Lawless et al., 2010; Kramer et al., 2014; Mohan, Longo and Kee, 2017).
Evaluation of holistic, multifactorial area-based regeneration in 40 of the most deprived
neighbourhoods in the Netherlands reported a small effect of intervention at 3.5 years
(Kramer et al., 2014), yet this effect was non-significant compared with control
neighbourhoods 6.5 years after intervention (Ruijsbroek et al., 2017). Relative to
control neighbourhoods, neighbourhoods receiving area-based intervention through the
New Deal for Communities in the UK saw a decrease in frequent physical activity, over
a 6-year period (Batty et al., 2010). Furthermore, an area renewal intervention in 36
deprived neighbourhoods in Northern Ireland targeting economic, social and physical
factors (e.g. employment opportunities, crime prevention and green space
improvements) found a non-significant increase in self-reported weekly physical activity
in intervention neighbourhoods compared with control neighbourhoods using a

difference-in-difference regression analysis (Mohan, Longo and Kee, 2017).

Although such evidence does not provide support for a causal relationship between the
neighbourhood environment and physical activity, potential mechanisms of causal
influence might be obscured by broad evaluations of interventions which
disproportionately target certain features of the environment. This could lead to
difficulty in accurately attributing (significant and non-significant) effects (Ruijsbroek et
al., 2017). For example, Kearns et al. noted that improvements in more tangible,

physical aspects of the environment (i.e. housing) may be prioritised by those
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implementing area-based regeneration programmes over covert upstream features of
the environment (i.e. social and economic conditions) (Kearns et al., 2013). As such,
upstream social causes underpinning health outcomes and behaviours might remain
unresolved, hindering actual examination of the relationship between environmental

change and physical activity.

In line with a focus on mechanisms of influence, Petticrew (2011) suggests it might be
meaningful to unpack complex interventions such as urban regeneration programmes
into ‘processes’ and ‘outcomes’, not only examining outcomes from the whole
programme but also taking a ‘simpler’ approach by focusing on processes influencing
individual outcomes, such as individual-level physical activity within specific contexts.
Although longitudinal and quasi-experimental studies are growing in number, they
remain relatively few and could benefit from being broader in their interrogation of
physical and social changes in the neighbourhood environment, while attempting to

elucidate specific pathways of influence (McCormack and Shiell, 2011).

1.3.1 Independent associations between social and physical environments and

physical activity in deprived communities

As discussed, spatial inequalities in physical activity demonstrated in the UK might
suggest that area deprivation has a role in the relationship between the environment
and physical activity (Anable et al., 2010; UK Active, 2014; Bardsley et al., 2017).
Deprivation is a multidimensional construct pertaining to access to resources and
opportunities arising from economic and social circumstances. Measures of relative
deprivation including the SIMD and English Index of Multiple Deprivation can be used
to assess small area geographies nationally in terms of disadvantage or poverty by
area. In these tools, seven domains are used to capture socioeconomic deprivation:
income, employment, crime, education (including school performance, skills and

training), access to services, access to housing (including over-crowding and central

38



Chapter 1

heating) and health. As such, these measures calculate area deprivation by also taking

account of individual or household measures such as income.

The concept of ‘deprivation amplification’ suggests that areas ranked as high in
multiple deprivation are less likely to have resources and attributes which support
healthy lifestyles; for example, fewer physical activity facilities and a lower frequency of
street sweeping. However, analysis from Glasgow suggests that spatial distribution of
facilities or resources does not necessarily disadvantage socioeconomically deprived
areas (Macintyre, 2007). It has been suggested that rather than the presence of
physical resources, the quality of these resources and social factors, might be more
important (Macintyre, 2007). In addition, Walsh et al. (2010, 2016) allude to the
importance of social capital and political empowerment (alongside other economic and
physical factors and methodological limitations) in making the city ‘vulnerable’ to
excess mortality arising from deprivation which is not observed in other cities in the UK
with similar deprivation profiles. In light of observed area variation in physical activity by
deprivation, there is a need for a clearer understanding of the mechanisms operating
between deprivation and poorer health or health-related behaviours such as physical

activity.

In the wider literature, the quality, or condition, of aspects of neighbourhood social and
physical environment might be able to explain important differences in physical activity
by neighbourhood deprivation (Van Lenthe, Brug and Mackenbach, 2005; Kamphuis et
al., 2008). Importantly, evidence drawn from North America (Wilson et al., 2004;
Neckerman et al., 2009; Steinmetz-Wood and Kestens, 2015), Australia (Sugiyama et
al., 2015) and the UK (Zandieh et al., 2016) suggests exposure to poorer
neighbourhood environmental quality is significantly higher in deprived, low-SES

neighbourhoods.

For example, a study of 2,172 census tracts in New York City, combining Geographic

Information Systems (GIS) and observation, found that income-deprived communities
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did not differ from non-deprived communities in structural walkability indices (i.e.
connectivity, land use mix and density) but did differ in objectively-measured (audited)
quality-related aspects including crime-related complaints, narcotics arrests,
cleanliness of streets, number of street trees and number of landmarked buildings, with
deprived communities faring worse (Neckerman et al, 2009). The authors
recommended that future research examines how neighbourhood conditions such as
crime and physical disorder may interact and synergistically affect physical activity. In a
sample of older adults in Birmingham, UK, disproportionate exposure to lower
perceived levels of safety and aesthetics in deprived than in non-deprived
neighbourhoods was related to lower levels of walking in deprived neighbourhoods,
while a similar disparity in amenity provision was not related to activity outcomes
(Zandieh et al., 2016). Despite these insights, the role of the quality of the
neighbourhood environment in neighbourhood-based physical activity remains
comparatively under-researched — with the focus tending to fall upon structural aspects

of the environment.

1.3.2 Glasgow Community Health and Wellbeing Research and Learning (GoWell)

Glasgow Community Health and Wellbeing Research and Learning (GoWell) is a
research programme exploring the effect of an urban regeneration programme on
multiple health and wellbeing outcomes in deprived neighbourhoods in Glasgow, UK.
Will Glasgow Flourish? describes Glasgow Housing Association’s (GHA) holistic
approach to a 10-year programme of regeneration and renewal across income-
deprived neighbourhoods in Glasgow (Crawford, Beck and Hanlon, 2007). The
programme included housing, economic, social, physical and cultural regeneration.
Key physical environmental regeneration activities intended to improve: high quality
public realm; retail and other private sector facilities; development of brownfield sites;
enhanced natural environment; and access to green space and attractive communities
which attract new residents and businesses (Appendix 1.1). Key social regeneration

activities aimed to improve and promote: sustainable, mixed communities; financial
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inclusion; sustainable tenancies; healthier lifestyles; skills and employment potential
and strong and safe communities and also to reduce: homelessness, anti-social
behaviour and crime (Appendix 1.1). Variations in type and intensity of regeneration
activities is discussed in more detail in Will Glasgow Flourish? (Crawford, Beck and

Hanlon, 2007).

Income-deprivation (i.e. percentage of residents in receipt of income-related benefits),
rather than multiple deprivation was used as a measure of deprivation in GoWell due to
the relative ease of calculating it in absolute terms while obtaining comparable
measure across each GoWell neighbourhood (Walsh 2008). However, it is important to
note that most SIMD domains correlate very highly within the GoWell neighbourhoods,

indicating socioeconomic deprivation across the seven domains (Walsh, 2008).

Using cross-sectional self-reported data from the first wave of the GoWell programme,
Mason, Kearns and Bond (2011) examined the associations between neighbourhood-
based walking on at least 5 days/week and a number of individual items assessing
individual, economic, residential and physical and social environmental factors. In
terms of physical environment correlates, logistic regression analyses revealed that
while use of parks and play areas doubled an individual's likelihood of frequent
walking, there was no effect of perceived quality of local parks and play areas. The
built form of participants’ accommodation (i.e. multi-storey flat, low-rise flat, house) and
use of other amenities including sports facilities, supermarket and shops and libraries
was also reported to have no effect while there was an effect of using social venues in
the neighbourhood, with regular use predicting 1.28 greater odds of frequent walking.
Within this context, the relationship between objectively measured structural walkability
metrics (residential density and street connectivity) and self-reported physical activity is
being examined (personal communication). However, no exploration of the role of
objective measures of the quality of the physical environment on physical activity has

been conducted within the GoWell programme.
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Again using data from the first wave of GoWell, self-reported internal reputation (i.e.
sense of progress from residing in the neighbourhood) and external reputations of the
neighbourhood has been reported to have, respectively, a significant negative and
positive effect on walking (Mason, Kearns and Bond, 2011). A surprising negative
effect was also reported for participation in local clubs and organisations and perceived
trust of others in the neighbourhood, while there was a positive effect of perceived
belonging to the neighbourhood, informal social control and perceived harmony
between residents of different backgrounds. The largest effect was for sense of
belonging which predicted 1.69 increased odds in walking on at least 5 days/week.
Using geocoded objective crime data from wave 2, Mason, Kearns and Livingston
(2013) explored cross-sectional effects of perceived and objective safety and crime on
frequent neighbourhood-based walking in the GoWell sample. In this study there was a
positive effect of perceived safety walking in the neighbourhood after dark and safety at
home, which persisted after consideration of socio-demographics, while an association
between walking and objective five-year person-related (opposed to property-related)
crime rate for the neighbourhood was rendered non-significant in multivariable models.
Qualitative research in GoWell samples illustrate the multifaceted nature of perceived
safety and anti-social behaviour within this context and the diversity in inter-
generational experiences negotiating this aspect of the neighbourhood social
environment (Egan et al., 2012; Neary et al., 2013). However, previous GoWell
research has not investigated interactions between social and physical environment

measures and how this might also explain potentially counter-intuitive findings.

GoWell is unique in offering the opportunity to elucidate hypothesised mechanisms
through which the quality of the perceived social environment and perceived and
objectively-assessed physical environment might exert independent and interactive
influences on walking and physical activity in deprived communities in the UK, using

recent data from a community-based sample. A review of the current evidence base
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assessing interactive effects of the social and physical environment on physical activity

would be useful in informing such research.

1.4 Interactive or simultaneous associations between social and physical

neighbourhood environments and physical activity

As previously mentioned, a central hypothesis of socioecological models is that
different levels of influence (i.e. political, physical, social, individual) produce interactive
effects on physical activity (Sallis et al., 2006). Such effects are predicated on
associations between the physical and social environment, as reported in the literature
(Coley, Sullivan and Kuo, 1997; Bothwell, Gindroz and Lang, 1998; Kuo et al., 1998;
Wood et al., 2008; Brown et al., 2009; Mehta, 2009; Child et al., 2016). For example,
physical environment characteristics such as green space, street layout, diversity of
facilities and provision of porches or balconies (permitting casual surveillance) have
been associated with more social interaction, a greater sense of community and social
support in adults and older adults (Coley, Sullivan and Kuo, 1997; Bothwell, Gindroz
and Lang, 1998; Kuo et al., 1998; Wood et al., 2008; Brown et al., 2009; Mehta, 2009;
Child et al., 2016). The quality or condition of the physical environment is also
important: higher levels of upkeep in neighbourhoods were related to a 5% higher
mean score on a social capital scale, including items on reciprocity, social network,
trust and civic engagement, in residents of 3 suburbs in Perth, Australia (Wood et al.,
2008). However, although associations exist, the direction of the relationships between
the physical environment and social environment is not clear. It is possible that
individuals who experience a better quality social environment are more likely to
protect or improve their physical environment. Likewise, it may be that the
characteristics and quality of the physical environment, such as pleasant communal
spaces, generate a higher quality social environment. Moreover, much of the evidence
supporting an association between the social and physical environment predominantly
comes from American and Australian samples, limiting generalisability (Coley, Sullivan

and Kuo, 1997; Bothwell, Gindroz and Lang, 1998; Brown et al., 2009). It is possible
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that the relationship would operate differently in other populations where different
social and cultural factors are at play and there are divergences in the traditions of
urban planning, urban design and housing practices. Where social and spatial
inequalities in physical activity are apparent, as in the UK, it may be particularly
important to differentiate between deprived and non-deprived populations (UK Active,

2014; Bardsley et al., 2017).

Qualitative studies provide initial insight into the potential effect the interplay between
the social and physical environment might have on physical activity and indicate the
usefulness of simultaneously measuring the social and physical environment in order
to effectively evaluate and develop multilevel interventions to increase physical activity.
In Belfast, Northern Ireland, 113 parents, adolescents, older adults and community
activists participated in 14 focus groups aimed at examining factors that impeded or
facilitated the use of local physical activity infrastructure (Prior et al., 2014).
Participants revealed that they didn’t view physical activity participation as being
determined by discrete facilitators and barriers but a “complex web of concerns”
including threats of violence, vandalism, actions of neighbours, weather and the wider
political environment (Prior et al., 2014). Another study in Ireland, with a sample of 53
adults, explored the reasons behind a null effect for an intervention involving the
introduction of walking route improvements and signage (Burgoyne, Coleman and
Perry, 2007). The authors found that multiple social and physical environmental
barriers persisted in the environment and mitigated the effect of the intervention. For
example, anti-social behaviour discouraged route use; an intervention to enhance the

physical attractiveness of the route did little to overcome this social barrier.

In addition to examining the interplay between the physical and social environment to
understand null effects of interventions (e.g. Prior et al., 2014), or interrogate
inconsistencies in the literature which could arise for variance which has not be
accounted for (e.g. Foster and Giles-Corti, 2008) simultaneous consideration of the

social and physical environment could also help to elucidate counter-intuitive cross-
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sectional relationships between physical environments and physical activity. For
example, walkability (assessed by physical metrics including density, connectivity and
land use mix) has been associated with leisure-time and transport-related physical
activity in high-income and low/middle-income countries (McCormack et al., 2012; Reis
et al., 2013). However, in some studies in Canada and USA, lower levels of physical
activity were self-reported in areas that were objectively classified as highly walkable
(according to physical metrics such as connectivity) than in areas that were objectively
less walkable (King, 2008; Jack and McCormack, 2014). Such findings raise questions
about the importance of quality-related features of the physical environment or aspects

of the social environment in ostensibly ‘walkable’ environments.

1.4.1 Systematic review of literature testing simultaneous and interactive associations

of environment on physical activity

Investigating simultaneous or interactive effects of multiple levels of influence (e.g. the
social and physical environment) on physical activity could test a key tenet of
socioecological models of physical activity while also exploring reasons behind current
inconsistencies in the literature (e.g. Foster and Giles-Corti, 2008). To the best of my
knowledge, at the time of writing there was no review of research which simultaneously
assessed the effect of social and physical environment (as conceptualised for this

thesis) on physical activity at the neighbourhood scale.

As such, a systematic review was conducted with the aim to i) synthesise empirical
research which simultaneously examined associations between physical activity and
both social and physical environmental variables and ii) assess the extent to which
social and physical environmental variables have been considered simultaneously and
interactively in the literature. In such research, simultaneous examination of physical
and social environmental variables might have been achieved using a number of
different statistical methods, including multivariate models, structural equation

modelling or models examining effect modification (e.g. mediation or moderation) while
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also testing for direct effects. In each case, effects of social and physical variables on

physical activity had to be reported.

A version of this systematic review has been published in SSM - Population Health
(Appendix 1.2) (Sawyer et al., 2017a). The search and results have been updated

since publication.

1.4.1.1 Search strategy

PRISMA guidelines informed the design, execution and presentation of the review.
Four scientific databases (Ovid MEDLINE, Embase, PsycINFO and Social Policy and
Practice) were searched in June, 2017. Reference searches of relevant articles were
also performed and original articles were found from conference proceedings obtained

in the database search.

Search terms are presented in Table 1.1. Search terms were selected to identify
literature investigating relevant physical and social constructs and all types of physical
activity outcome. In line with the focus of this thesis, search terms pertaining to the
social environment encompassed neighbourhood social capital constructs but not
constructs relating to neighbourhood social composition, such as socioeconomic status
(Moore and Kawachi, 2017). Social variables measuring latent constructs pertaining
directly to physical activity (e.g. support for or modelling of physical activity) were not
targeted as they were seen to assess individual aspects of socialisation in relation to
physical activity, rather than the social environment of the neighbourhood. Such
variables are not usually included at the environmental level in socioecological models
of activity. Terms pertaining to the physical environment were fairly broad and did not
explicitly target transport-related constructs (e.g. access to transit); it was expected that
selected search terms would be sufficient to identify research examining these aspects.
Owing to an anticipated lack of research, the review was not limited to studies using a

sample from deprived neighbourhoods. Additionally, it was not limited to studies using
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exclusively urban populations, to ensure large studies using national survey samples
were not excluded from review.

Table 1.1 Systematic review search terms and syntax

Construct Search terms

Physical environment | (built environment or physical environment or connectivity or walkab*
or neighbourhood or neighbourhood or green space or greenspace or
office or workplace or housing or gym or school or community centre
or care home or nursing home or park or recreation* facilit* or
recreation* space) in abstract OR title

Social environment (social capital or social control or social* cohesi* or social network or
trust or safety or crime or social environment or social interaction or
socio-cultural) in abstract OR title.

Physical activity (physical activity or walk or sedentary or exercis* or sit* or active
travel” or active transport®) in abstract or title

Studies had to have the following criteria for inclusion in the review:

* A healthy (non-clinical) adult sample (=15 years old) residing in rural, suburban
or urban neighbourhoods in a developed country (countries);

* A minimum of one social and one physical environmental characteristic
included within a single statistical model, with reported results for their
association with the outcome;

* Physical activity as a primary outcome;

* Results from quantitative, observational analyses reported in an academic,

peer-reviewed journal after the year 1980.

The following data were extracted from selected studies: author(s), publication year,
sample characteristics (sample size, urbanity, sex, age group, deprivation
characteristics), exposure and outcome measurement tools (subjective/objective),
operationalisation of exposure variables and independent and interactive associations
between exposures and outcomes in simultaneous analyses. Where both within-
neighbourhood and between-neighbourhood results were reported, within-
neighbourhood results were reported. It was not possible to compare results from
multivariate analyses with results from univariate analyses as univariate results were
often not presented. Therefore, conclusions about whether associations were

attenuated in multivariate models compared with univariate models could not be drawn.
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To ensure only studies of sufficient rigour were included in the review, study quality
was assessed using an existing tool to appraise the study’s research question,
theoretical underpinning, design, sampling, context, data collection, statistical analysis,
generalisability of results, acknowledgment of study limitations and ethical issues
(Croucher et al.,, 2003, 2013). Studies needed to meet ‘essential’ criteria to be

considered of sufficient quality (Appendix 1.3).

I conducted the search of the literature, the screening of study eligibility against
inclusion criteria at every stage (title, abstract and full-text), quality assessment and
data extraction. My primary supervisor (AF) independently performed the full-text
screening. Inter-rater reliability between myself and AF was 94%; disagreements were

discussed and resolved.

1.4.1.2 Identified literature

The flow of studies through the review process is shown in Figure 1.5.
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Figure 1.5 Flowchart depicting the stages of the search process and study selection
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The literature search obtained 2,443 independent records. Following title, abstract and

full-text screening, 55 studies reporting results from 77 separate statistical models were

obtained for inclusion in a narrative review. Study characteristics are presented in

Table 1.2. It was not advisable to conduct a meta-analysis of studies due to

heterogeneity of exposure and outcome variables which could have produced an

inaccurate quantification of summary results (Higgins Green, no date). All studies were

deemed to be of sufficient quality for inclusion in the review; assessment against the

quality criteria is presented in Appendix 1.2.
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Reference Sample N Country Physical activity outcome Social environmental Physical environmental
measure(s) measure(s)

Ali et al., 2017 Adults (>19 years); | 5,034 UK MPA; self-reported Subjective Subjective

urban
Amorim, Adults (20-69 years); | 972 Brazil Overall active travel, overall Subjective Subjective
Azevedo and urban leisure-time; self-reported
Hallal, 2010
Adlakha et al., Adults (21-65 years); | 2,015 USA Overall; self-reported Subjective Subjective
2015 urban
Bird et al.,, 2009 | Older adults (>60 | 333 Australia Overall; self-reported Subjective Subjective

years); urban
Booth et al., Older adults (>60 | 449 Australia Overall; self-reported Subjective Subjective
2000 years); urban
Bracy et al., Adults (20-65 years); | 2,068; 718 | USA MVPA,; objective Subjective Objective, subjective
2014° older adults (>66 (accelerometer); walking

years); urban active travel, walking leisure-

time; self-reported
Caspi et al., Adults (>18 years); | 729 USA Walking active travel, walking Subjective Objective
2013 urban leisure-time; self-reported
Cleland et al., Women (18-45 | 4,108 Australia Overall leisure-time; self- Subjective Subjective
2010° years); urban/rural reported
Eichinger et al., | Adults (18-91 years); | 904 Austria Overall, overall leisure-time, Subjective Subjective
2015 urban/rural overall active travel; self-
reported

Fisher et al., Older adults (64-94 | 582 USA Walking*; self-reported Subjective Objective
20047 years); urban
Florindo, Adults (>18 years); | 890 Brazil Overall; self-reported Subjective Subjective
Salvador and urban
Reis, 2013"
Foster, Hillsdon | Adults (16-74 years); | 4,265 England Walking; self-reported Subjective Subjective
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and Thorogood,
2004

urban/rural

Gomes et al., Adults (>18 years); | 6,166 Brazil Walking leisure-time; self- Subjective Subjective
2011 urban reported

Gomes et al., Adults (>18 years); | 5,779 Brazil Overall leisure-time; self- Objective Objective
2016 urban reported

Granner et al., Adults (>18 years); | 2,025 USA MVPA, walking; self-reported Subjective Subjective
2007 urban/rural

Handy, Cao and | Adults; urban 1,682 USA MVPA*; self-reported Subjective Objective, subjective
Mokhtarian,

2008"

Heesch, Giles- Adults (40-65 years); | 10,233 Australia MVPA,; self-reported Subjective Subjective
Corti and Turrell, | urban

2014

Huston et al., Adults (>18 years); | 1,701 USA Overall leisure-time; self- Subjective Subjective
2003 urban/rural reported

Jack and Adults (>18 years); | 1,875 Canada Walking active travel*, walking | Subjective Objective, subjective
McCormack, urban leisure-time*; self-reported

2014°

Jauregui et al., Adults (20-65 years); | 659 Mexico MVPA,; objective Subjective Subjective
2016 urban

Jia, Usagawa Adults (15-75 years); | 1,582 China Walking active travel, walking Subjective Subjective
and Fu, 2014° urban leisure-time; self-reported

Kamphuis, Van Adults (25-75 years); | 3,839 Netherlands | MVPA; self-reported Subjective Subjective
Lenthe, et al., urban

2008"

Karusisi et al., Adults (30-79 years); | 7,105 France MVPA*; self-reported Subjective Subjective
2012 urban

King et al., Adults (18-85 years); | 645 USA Walking active travel, walking Subjective Subjective
2006° urban leisure-time, MVPA; self-

reported
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King, 2008 Older adults (>65 | 190 USA Overall*; self-reported Subjective Objective

years); urban
Li and Fisher, Older adults (>65 | 582 USA Overall*; self-reported Subjective Subjective
2004° years); urban
Lovasi et al., Adults (>18 years); | 8,034 USA Overall active travel; self- Objective Objective
2013 urban reported
Mason, Kearns Adults (>16 years); | 5,657 Scotland Walking*; self-reported Subjective Objective, subjective
and Bond, 2011° | urban
Perez, Carlson, | Adults (18-65 years); | 86 USA MVPA*; objective Subjective Subjective
etal., 2016 urban
Perez, Slymen, Adults (18-65 years); | 436 USA Overall active travel; self- Subjective Subjective
etal., 2016 urban reported; MVPA; objective and

subjective

Poortinga, 2006 | Adults (>16 vyears); | 14,836 England Walking, MVPA, overall; self- Subjective Subjective

urban/rural reported
Prince et al., Adults (>18 years); | 3,383 Canada Overall; self-reported Objective, subjective Objective
20117 urban
Prince et al., Adults (>18 years); | 4,727 Canada Overall; self-reported Objective Objective
2012 urban
Richardson et Adults; urban 791 USA MVPA,; objective Objective Objective
al.,
2017°
Rohm Young Women (20-50 | 234 USA MVPA,; self-reported Subjective Subjective
and Voorhees, years); urban
2003
Salvador et al., Older men (>60 | 152 Brazil Overall; self-reported Subjective Subjective
2009° years); urban
Strath et al., Older adults; urban 148 USA Light, MVPA, overall; objective | Objective, subjective Objective, subjective
2012
Troped et al., Women (40-59 | 68,968 USA Walking, MVPA; self-reported | Subjective Subjective
2011 years); urban/rural
Trumpeter and Adults (>18 years); | 290 USA Walking leisure-time; self- Subjective Subjective
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Wilson, 2014 urban reported

Van Adults (55-65 years); | 2,700 Australia Walking, MVPA; self-reported | Subjective Subjective
Cauwenberg et urban/rural

al., 2017

Van Dyck et al., | Woman (18-46 | 4,139 Australia Walking leisure-time, walking Subjective Objective
2013 years); urban/rural active travel; self-reported

Van Dyck et al., | Adults (18-66 years); | 7273 11 countries | MVPA,; objective Subjective Subjective
2015 urban

Van Holle et al., | Older adults (>65 | 438 Belgium Walking active travel; self- Subjective Objective, subjective
2016 years); urban reported

Van Lenthe, Adults (20-69 years); | 8,767 Netherlands | MVPA, overall active travel, Objective Objective
Brug and urban overall leisure-time; self-

Mackenbach, reported

2005°

Voorhees and Women (20-50 | 285 USA MVPA,; self-reported Subjective Subjective
Rohm Young, years); urban

2003

Wallmann, Adults (18-65 years); | 310 Germany Walking, MVPA; self-reported | Subjective Subjective
Bucksch and urban

Froboese, 2012

Weber Corseuil | Older adults (>60 | 1,656 Brazil Overall leisure-time, overall Subjective Subjective
et al., 2012 years); urban active travel; self-reported

Wen, Kandula Adults (>18 years); | 41,545 USA Walking; self-reported Subjective Subjective
and Lauderdale, | urban/rural

2007

Wen and Zhang, | Adults (>18 years); | 3,530 USA MVPA,; self-reported Subjective Objective
2009" urban

Wilbur et al., Women (20-50 | 399 USA MVPA,; self-reported Subjective Subjective
2003a years); urban

Wilbur et al., Women (20-50 | 300 USA MVPA,; self-reported Subjective Subjective
2003b° years); urban

Wilcox et al., Women (>40 years); | 2.338 USA Overall; self-reported Subjective Subjective
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2000 urban/rural

Yuma-Guerrero, | Women (>15 years); | 2,750 USA Overall; self-reported Subjective Subjective
Cubbin and von | urban/rural
Sternberg, 2017

Zhou et al., 2013 | Adults; urban 478 China MVPA, overall leisure-time, Subjective Subjective
overall active travel; objective
(accelerometer), self-reported

Zoellner et al., Adults (>18 years); | 372 USA Walking, overall; self-reported | Subjective Subjective
2012 urban

*Neighbourhood-based physical activity; * predominantly deprived sample; T within-neighbourhood results unavailable, therefore between-neighbourhood results are
reported. Objective measures of physical activity were all accelerometry.
N.B. Karusisi et al. (2012) studied location non-specific and neighbourhood-based physical activity.
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There were no studies published before the year 2000 and over two thirds of the
studies (n=40) were published in the last 10 years (i.e. since 2007). Nearly half of the
studies (n=22) used data exclusively from samples living in the USA and 43 studies
were conducted in exclusively urban contexts. Deprived samples were used in 15
studies. Nine studies had a female-only sample and 1 study had a male-only sample.
An older adult sample was used in 9 studies, although the definition of an older adult
ranged from >60 years old to >66 years old. Sample sizes varied substantially from
n=86 to n=8,767; 19 studies had a sample over 3,000 participants. Most studies used
self-reported physical activity outcomes (only 8 studies included objective measures),
self-reported social environment measures (only 7 studies included objective
measures) and self-reported physical environment measures (only 17 studies included
objective measures, which were predominantly used to assess structural rather than

quality-related aspects of the environment).

Physical or social environmental variables which were deemed conceptually similar
(e.g. housing density and housing type, or neighbourhood networks and socialising)
were clustered into illustrative categories to facilitate the interpretation of results.
Composition of these categories is displayed in Figure 1.6 and Figure 1.7.
Independent categories were created for variables which featured in more than 5
studies (i.e. approximately 10% of included studies); 2 variables (WCs and pollution)
which appeared in less than 5 studies each but were not conceptually similar to other
variables were also treated as independent categories. More categories for physical
environmental variables were obtained due to a broader examination of various
physical environment characteristics across studies and the wider use of commonly
used conceptualisations of social capital which prompted wide-spread use of coherent

terminology to characterise social variables.
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Figure 1.6 lllustrative categories for physical environment variables
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Figure 1.7 lllustrative categories for social environment variables

1.4.1.3 Independent physical environment correlates

Independent associations between physical environment variables and physical activity
outcomes are presented in Table 1.3. When features of the social environment were
simultaneously considered, overall there was weak or inconsistent evidence of an
association between walking and variables assessing: outdoor communal space, street
condition and physical activity facilities. There was a positive relationship between

walking for active travel and perceived access to services including shops, transit stops
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and post offices (Jack and McCormack, 2014; Jia, Usagawa and Fu, 2014) but a null
association was reported for leisure-time walking and access to services (Jack and
McCormack, 2014; Jia, Usagawa and Fu, 2014; Trumpeter and Wilson, 2014). There
was inconsistent evidence of an association between recreation facilities and overall
walking, walking for active travel and leisure-time walking. Similarly, conflicting results
were reported for land use mix and self-reported walking for active travel, self-reported
leisure-time walking and accelerometry-assessed light-intensity physical activity (King
et al.,, 2006; Strath et al., 2012; Van Holle et al., 2016). Greater connectivity was
associated with high levels of walking for active travel in 3 studies (King et al., 2006;
Jack and McCormack, 2014; Van Holle et al., 2016); null associations with leisure-time
walking were reported in 2 of these studies (King et al., 2006; Jack and McCormack,
2014). When connectivity was included in a ‘walkability’ index, including aspects such
as non-residential density and land use mix, there was a positive relationship with
walking for active travel but a negative association with leisure-time walking (Van Dyck

et al., 2013; Van Holle et al., 2016).
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Table 1.3 Results for separate analyses testing for physical environment variables

Walking & Light physical activity | MVPA Overall physical activity
Studies(N) | Negative | Null | Positive | Negative | Null [ Positive | Negative | Null [ Positive

COMMUNAL SPACE
Green/open 17 47 37 7 47 77 2
space
General design | 4 17 5 27
Aesthetics 14 6 17 1 6 47 77 2
Cues of disorder | 6 4 2 17 2 2
FACILITIES/AMENITIES
Recreation 15 17 5 47 4 47 5 3
facilities
Food outlets 6 1 17 57 17
Institutions 3 1 1
Shops 8 27 2 1 2 4
WCs 1 1 1 1
Services 4 17 1 47 1 1
STREET CONDITIONS
Pavements 15 1 2 1 8 1 1 8 27
Pedestrian envir | 10 4 2 3 27 5
Street lighting 8 4 5 1
Traffic 20 6 9 2 27 12
Pollution 4 1 1 2 2 17
PA FACILITIES
PA/health 14 1 5 2 1 4
clubs/facs
Walk/bike trails 10 3 1 2 10 3
LAND USE
Density 9 6 1 37 1
Land use mix 7 1 1 2 5 27 2 1
Resid’l density 4 1 1 3 1 1 1
CONNECTIVITY
Connectivity 9 2 3" 4 3" 2" 2 17
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Walkability index | 3 1
with connectivity
Transit 6 1 6" 1 4

Chapter 1

Table shows number of analyses in each category. T Conflicting results, e.g. results differing in stratified analyses; in these cases, the key result was reported.
Physical outcomes were reported individually for studies with multiple physical activity outcomes, e.g. walking for active travel and leisure-time walking. Institutions

included public, social, educational, financial or religious organisations. MVPA: moderate-to-vigorous physical activity.
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For MVPA, there were some positive relationships between MVPA and green space
and aesthetics, but results predominantly revealed non-significant associations.
Results were equivocal for associations between MVPA and recreation facilities,
pedestrian environment and connectivity. Studies were more consistent in reporting
null effects for pavement provision and condition, traffic volume, land-use mix,

residential and non-residential density and proximity to transit.

Pollution (capturing perceived air pollution, sewage and objectively measured noise
pollution) had a negative association with overall physical activity (Van Lenthe, Brug
and Mackenbach, 2005; Florindo, Salvador and Reis, 2013) but a positive association
with overall active travel (Van Lenthe, Brug and Mackenbach, 2005). There was
relatively strong evidence that physical activity facilities were positively related to
overall physical activity. In contrast, only 3 of 13 tested associations between overall
physical activity and walking or cycle trials reached significance: Adlakha et al. (2015)
and Eichinger et al. (2015) both reported positive associations with overall leisure-time
physical activity, although Adlakha et al. (2015) reported a stronger effect on overall
active travel than overall physical activity. The only study using data from a sample in
China revealed a differential effect of street connectivity on overall active travel (null
effect) and overall leisure-time physical activity (negative effect) (Zhou et al., 2013),
reflecting reported associations with walking outcomes (King et al., 2006; Jack and

McCormack, 2014).

1.4.1.4 Independent social environment correlates

Independent associations between physical environment variables and physical activity
outcomes are presented in Table 1.4. When features of the physical environment were
simultaneously considered, overall there were positive associations between walking
and social cohesion and sense of belonging to the neighbourhood. Most studies
reported null effects of crime on walking and conflicting results for safety, social

networks, composite measures of social disorder (encompassing cues such as police
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presence and loitering or intoxicated individuals), engagement and trust. Surprisingly,
perceived sense of progress for your neighbourhood (i.e. internal reputation) and a
composite social capital measure (encompassing social cohesion, trust and reciprocity)
were negatively related to leisure-time walking and overall walking (Mason, Kearns and
Bond, 2011; Caspi et al., 2013). However, the composite social capital measure had a

positive association with walking for active travel (Caspi et al., 2013).
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Table 1.4 Results for separate analyses testing for social environment variables

Walking & Light physical activity | MVPA Overall physical activity
Studies(N) | Negative [ Null [ Positive | Negative | Null [ Positive | Negative | Null | Positive

SOCIAL CAPITAL
Capital [ 2 17 | 17 | | L1 | | |
REPUTATION
External 1 1
reputation
Sense of 1 1
progress
SOCIAL NETWORK
Networks |7 | 1 |2 | 1 | 1 | | 4 | 2 |
TRUST & EMPOWERMENT
Trust 2 1 1 1 1
Trust & 1 17 1
cohesion
Engagement | 4 1 1 1 2 1
COHESION & SAFETY
Cohesion 12 2 4 1 3 5' 2
Belonging 5 4 1 1 17
Crime 25 27 7 6' 107 4 137 1
Safety 24 2 77 57 4 17 27 4 6"
Disorder 7 2 2 1 1 5 1

Table shows number of analyses in each category. T Conflicting results, e.g. results differing in stratified analyses; in these cases, the key result was reported.
Physical outcomes were reported individually for studies with multiple physical activity outcomes, e.g. walking for active travel and leisure-time walking. Institutions
included public, social, educational, financial or religious organisations. MVPA: moderate-to-vigorous physical activity.
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Studies revealed more consistent positive associations between MVPA and social
networks. Single studies reported a positive effect of trust, engagement and a
composite social capital measure on MVPA and a null association between a
composite score for trust and engagement and MVPA, but it is difficult to draw
conclusions owing to the paucity of research. More studies examined the relationship
between MVPA and crime, safety and social disorder, but associations rarely reached

significance.

There were also predominantly null associations between overall physical activity and
objectively-measure crime. The effect of safety on overall physical activity was
equivocal: 6 of the tested associations were in the expected positive direction, while 4
were null and 2 were in a negative direction. Finally, an inconsistent set of results were
reported for examined relationships between overall physical activity and social
cohesion (Li and Fisher, 2004; King, 2008; Cleland et al., 2010; Eichinger et al., 2015);
sense of belonging to the neighbourhood (Prince et al., 2011, 2012); and engagement
(Poortinga, 2006; Prince et al., 2011, 2012). Only null effects were reported for an

effect of social networks (Poortinga, 2006; Bird et al., 2009).

1.4.1.5 Simultaneous and interactive environmental influences

Table 1.5 presents the number and percentage of statistical models which had both
statistically significant social and physical environmental correlates of walking (48% of
models), MVPA (42% of models) and overall physical activity (33% of models). Studies
reported fewer models with only physical environmental correlates, only social
environmental correlates or neither social nor physical environmental correlates for
walking and MVPA, suggesting social and physical correlates operated simultaneously
on these outcomes. There was an equal number of models with both social and
physical environmental correlates (33%) and only physical environmental correlates
(833%) for overall physical activity. There were fewer models with only social

environmental correlates across physical activity outcomes; this might be in part due to
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the inclusion of fewer social variables in models. Most models which tested interactive
effects were for walking; a majority of these models (71%) reported an interactive effect
of social and physical environmental correlates on the outcome. There was less
evidence of interactive effects of the social and physical environment on MVPA (33%
of models) and overall physical activity (50% models). Of the 77 statistical models
across 55 studies included in this review, only 12 models from 7 studies included
interactive terms for social and physical environmental exposures.

Table 1.5 Significance of physical and social correlates across models with different
physical activity outcomes

Significant correlates Walking MVPA Overall PA
N (% of models) N (% of models) N (% of models)
Both  physical and | 13 (48.1) 11 (42.3) 11 (33.3)
social
Physical only 8 (29.6) 6 (23.1) 11 (33.3)
Social only 2(7.4) 2(7.7) 4(12.1)
Neither 4 (14.8) 7 (26.9) 7(21.2)
Interaction* 5(71.4) 1(33.3) 1 (50.0)

*Interaction terms were included for 12 models with walking (n=7), MVPA (n=3) and overall PA
(n=2) as outcomes. The denominator used to calculate percentages for ‘both physical and
social’, ‘physical only’, ‘social only’ and ‘neither’ rows is the number of models for each physical
activity outcome. The denominator used to calculate percentages for the ‘interaction’ row is the
number of models with interaction terms for each physical activity outcome. PA: physical
activity; MVPA: moderate-to-vigorous physical activity.

Five studies explored an intervening role of crime or safety (King, 2008; Van Dyck et
al., 2013; Bracy et al., 2014; Jack and McCormack, 2014; Perez et al., 2016). Perez et
al. (2016) revealed a significant interactive effect of pavement maintenance and safety
on performing objectively-measured neighbourhood-based MVPA, with maintenance
only increasing activity in participants who perceived their neighbourhoods as safe
(Perez et al., 2016). Similarly, aesthetics was only positively related to performing any
daily MVPA in participants who reported high levels of social cohesion within in this

sample of 86 adults in the USA (Perez et al., 2016).

Two other studies found an interactive effect between perceived crime and a
composite score of walkability constructed from a number of metrics including non-
residential density, connectivity and access to transit). In a sample of 1,700 adults

living in deprived urban neighbourhoods in Canada, perceptions of crime were lower in
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neighbourhoods classified as highly walkable by objective measurement (Jack and
McCormack, 2014). However, self-reported walking for active travel in the
neighbourhood was significantly decreased in participants who perceived greater levels
of crime in neighbourhoods which were highly-walkable — not in neighbourhoods with

middle or low levels of walkability.

The maijority of interactive terms tested by Bracy et al. were non-significant although an
interactive effect of walkability and crime on objectively-assessed MVPA reached
significance (Bracy et al., 2014). In a sample also drawn from deprived
neighbourhoods in North America, the authors observed that among participants
reporting low levels of crime in the neighbourhood, participants living in
neighbourhoods deemed highly walkable by objective measurement increased their
likelihood of performing on average 91 additional minutes of MVPA/week compared
with those in neighbourhoods which were deemed to have low levels of walkability.
There was a significantly smaller difference in MVPA in participants who reported high
levels of crime and lived in neighbourhoods with high walkability (performing on

average 38 additional minutes/week) compared with low walkability.

In another deprived context, in Australia, perceived safety and social cohesion were
also reported to partially mediate a significant relationship between GIS-assessed
walkability metrics including connectivity and non-residential density (in this instance:
supermarkets, food outlets, playgrounds and physical activity facilities) on leisure-time
walking but not walking for active travel in a sample of women (Van Dyck et al., 2013).
Perceived safety explained 20% of the reported effect of walkability on leisure-time
walking, suppressing any significant effect of the physical environment variable, while
social cohesion was found to explain less but still a substantial amount (13%) of the

effect of walkability.

Finally, perceived safety from crime mediated an association between overall

neighbourhood-based physical activity and garden maintenance in 645 older adults
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living in Denver, USA (King, 2008). In addition, Sobel’'s test of mediation was used to
identify a modifying effect of social cohesion in the relationship between activity and
window bars, garden maintenance and litter. Inclusion of these two social variables in
the statistical model rendered associations between activity and window bars and

garden maintenance non-significant.

Two studies examined the role of social cohesion in hypothesised relationships
between park (e.g. green space) access and activity. Van Cauwenberg et al. (2017)
reported no main effect of park proximity but did observe an interactive effect of park
proximity with a composite measure of trust and social cohesion. In 2,700 adults aged
55-65 years living in Australia, those with higher level of perceived trust and cohesion
in their neighbourhood and who perceived a shorter distance to the nearest park were
more likely to engage in higher levels of self-reported walking; there was no such effect
on MVPA (Van Cauwenberg et al., 2017). Another study from 2017, but conducted in
the USA in a similarly large sample (n=2,750), found no main effect of park proximity to
self-reported overall physical activity, nor a mediating effect of self-reported social
cohesion (Yuma-Guerrero, Cubbin and von Sternberg, 2017). However, the authors did
report a main effect of safety on activity, which operated partly through social cohesion,

indicating a possible pathway of influence for these variables.

Other studies were excluded from the review at full text screening because they did not
report associations for social or physical environment and physical activity. However,
they add to preliminary evidence on interactive effects. For example, Foster et al.'s
(2016) longitudinal study of environmental effects on physical activity over 7 years of
the RESIDential Environment Study (RESIDE) in Australia found that the association
between perceived safety and neighbourhood-based walking was attenuated (although
retained significance) when social cohesion and objectively-measured physical

variables (i.e. aesthetics, lighting and traffic volume) were entered into the model.
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Chapter 1

In a large sample of 23,693 adults in Sweden, a positive association between
objectively measured green space quality and self-reported overall physical activity
was only observed in adults who perceived their neighbourhood as safe; a negative
association was revealed in adults who perceived their neighbourhood as unsafe
(Weimann et al., 2017). It is noteworthy that the vast majority of adults perceived their
neighbourhood as highly safe (92% of males and 80% of females) (Weimann et al.,
2017). Also investigating interactive effects with safety, in a sample of 380 adults in
Canada, Kaczynski and Glover (2012) revealed the highest levels of leisure-time
walking were in participants who perceived their neighbourhoods as highly-walkable
and socially-connected (a composite measure of social cohesion and trust), although
walkability appeared to be more important in predicting walking for active travel.
Furthermore, crime was found to mediate an effect of recreational facilities on self-
reported MVPA in adults in Chicago (Berchuck et al., 2016). However, there was
spatial heterogeneity in the mediating effect: it was only evident in neighbourhood in
south Chicago which historically are more deprived and ethnically-diverse with higher

crime rates (Berchuck et al., 2016).

Finally, Van Holle et al. (2016) reported a 3-way interaction between neighbourhood
income, GlS-assessed walkability (i.e. connectivity, residential density and land use
mix) and a self-reported composite of social trust and cohesion on accelerometer-
assessed MVPA. In this sample of 431 older adults in Belgium, a negative association
between social trust and cohesion and minutes of MVPA was elicited in participants
living in low-income neighbourhoods which were highly w