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ABSTRACT:

Many studies document small area inequalities in morbidity and mortality and show associations between area deprivation and health.  However, few studies unpack the “black box” of area deprivation to show which specific local social and physical environmental characteristics impact upon health, and might be amenable to modification.  We theorised a model of the potential causal pathways to obesity and employed path analysis using a rich dataset from national studies in England and Scotland to test the model empirically.  
Significant associations between obesity and neighbourhood disorder and access to local high street facilities (local shops, financial services and health-related stores found in a typical small UK town) were found.  There was a tendency for lower levels of obesity in areas with more swimming pools and supermarkets.  In turn, policing levels, physical dereliction and recorded violent crime were associated with neighbourhood disorder. 

The analysis identifies several factors that are associated with (and are probably determinants of) obesity and which are outside the standard remit of the healthcare sector.  They highlight the role that public and private sector organisations have in promoting the nation’s health.  Public health professionals should seek to work alongside or within these organisations to capitalise on opportunities to improve health.

BACKGROUND

There has been growing interest in features of the local living environment which might impact on health, evidenced by a rapidly increasing number of studies documenting small area inequalities in morbidity and mortality and showing associations between area deprivation and health.  Many of the more recent studies are based on multilevel data and analysis combining information on individual demographic and socio-economic determinants of health with area level socioeconomic characteristics.  These are able to test whether living in an area of concentrated deprivation is associated with poorer health and whether this association is independent of a resident’s own social and economic characteristics.  A review of these multilevel studies conducted by Pickett and Pearl (2001) concluded that the evidence generally shows that area deprivation is related to morbidity, although the relationship is weaker and smaller in magnitude than the relationships between well-established individual socioeconomic factors and morbidity.  
Despite this increase in the number of quantitative studies, the evidence base remains limited in several respects.  Area deprivation is typically captured using summary indicators of multiple deprivation based on census characteristics (Townsend, Phillimore, & Beattie, 1988; Carstairs & Morris, 1991).  Although not always explicitly stated, the underlying theoretical model is that there is an indirect path between indicators of multiple deprivation and health. Essentially, multiple deprivation is correlated with features of the local area that are plausibly causally related to health.  Macintyre and colleagues (Macintyre, Ellaway & Cummins, 2002) have commented that area effects are often a “black box of somewhat mystical influences on health” and they and others have suggested that the analysis of specific local social and physical environmental domains should be considered in the place of global summary measures (Diez-Roux, 1998).
Previous studies

Recent evidence has started to unpack the “black box” of area effects by relating specific social and physical environmental features of small areas to health using multilevel data.  Neighbourhood social disorder and elements of social capital have been related to several outcomes (Lochner, Kawachi, Brennan & Buka, 2003;).  The cultural and political environment has also been studied, though at a larger spatial scale (Shaw, Dorling & Davey Smith, 2002; Nelleman, Halpern, Leon & Lewis, 1997).  Aspects of the built environment have also been linked to obesity and its determinants (Booth, Pinkston, & Poston, 2005; Schootman, Andresen, Wolinsky, Malmstrom, Miller & Miller, 2006).  Local services and infrastructure have received less attention in empirical research but there are some studies that investigate their association with diet (Wrigley, Warm & Margetts, 2003; Cummins, Petticrew, Higgins, Findlay & Sparks, 2005) and physical activity levels (Brownson, Baker, Housemann, Brennan & Bacak, 2001; Giles-Corti & Donovan, 2002). 

There are at least two major shortcomings in the literature linking neighbourhood environment to health.  First, the theoretical models linking the neighbourhood to health are generally weak.  Second, empirical research has tended to use only a small number of indicators to characterise neighbourhoods.  When several indicators of contextual domains have been included in studies, analyses have generally not considered the complex relationships between the various indicators.  Studies have considered each indicator singly, combined them into a summary index or used multiple regression models to assess the effect of one indicator whilst statistically controlling for the others.  But how do the various contextual domains relate to each other and how do they jointly influence health?  What are the more amenable features of neighbourhoods and what are the mediating pathways linking these to residents’ health?

Developments in statistical software now allow us to develop and test theoretical models linking attributes of neighbourhoods to each other and to health.  A structural equation modelling approach goes beyond simple description of the association between a given contextual characteristic and health in that it allows the researcher to develop a pathway from a given characteristic, through other contextual characteristics and individual responses, to health status.  Although causality cannot be demonstrated unequivocally using cross-sectional, observational data this approach is a further step on the way to identifying suitable points for environmental intervention.

Here we develop a theoretical framework linking socio-relational characteristics, the built environment and local facilities and services to obesity.  We then test how well our model is supported by empirical data.  Throughout, we are concerned with developing the evidence base in a way that will highlight potentially modifiable factors that are associated with obesity.  We focus on local areas, typically bounded by census ward or postcode (or zip code) sector boundaries, and often called neighbourhoods as a short-hand.  This level is appropriate for considering the impact of social relations, features of the built environment and services and amenities on health.
Theoretical framework linking residential context to obesity
Obesity is a growing public health problem (Hedley, Ogen, Johnson, Carroll, Curtin & Flegal, 2004; Prentice, 2006).  It has been estimated that over 100,000 excess deaths per year in the US and an estimated cost of over ₤3.0billion in the UK can be attributed to obesity (Flegal, Graubard, Williamson & Gail, 2005).  It is a risk factor for some of the leading causes of mortality, including cardiovascular disease, diabetes, stroke, and some cancers.  Obesity arises as an imbalance between energy intake and expenditure and as such a sedentary lifestyle and poor nutrition are key modifiable determinants of obesity development.  It is the chosen focus of our study because, in addition to being a major public health challenge, its key determinants may be shaped by features of the local residential environment (Morenoff, Diez Roux, Osypuk, & Hansen, 2006; Hill & Peters, 1998; Poston & Foreyt, 1999).
Focusing on individual obesity, we consider the contextual determinants of physical activity and diet and create a theoretical model based on existing literature and, wherever there is no supporting literature, we provide or extend existing frameworks to include plausible causal pathways.  Beginning with socio-relational aspects of neighbourhoods, studies suggest that fear is inversely related to physical activity levels and to obesity.  Parental rating of neighbourhood safety is associated with childhood obesity (Lumeng, Appugliese, Cabral, Bradley, & Zuckerman, 2006).  Experiencing fear on the streets near one’s home and fear of being robbed, attacked or injured can lead people to limit their outdoor physical activities (Ross, 1993).  Walking for fitness or pleasure is associated with safety, lower levels of walking being reported by people who feel less safe (Parkes & Kearns, 2006).
The experience of fear, feeling threatened and not trusting one’s neighbours capture elements of social disorder.  According to the “broken windows” theory, physical disorder and social disorder are correlated and can reinforce each other in a vicious cycle (Wilson & Kelling, 1982).  The theory suggests that a neighbourhood physical disorder (such as a broken window) acts as a signal that a community’s informal social control is weak and ineffective against deviant behaviours.  A large body of research shows that those who perceive a higher incidence of incivilities have a greater fear of crime (Austin, Furr & Spine, 2002).  Violence is also likely to impact upon social disorder, possibly by inhibiting social interaction (Fullilove, Heon, Jimenez, Parsons, Green & Fullilove, 1998), increasing fear and discouraging residents from trusting each other.
Land use, notably mixed commercial-residential land use, is associated with higher levels of walking (Doyle, Kelly-Schwartz, Schlossberg & Stockard, 2006; Frank, Sallis, Conway, Chapman, Saelens & Bachman, 2006).  Levels of physical activity are reported to be higher in places with local sport and leisure facilities (Giles-Corti & Donovan, 2002) and in places with attractive scenery (Brownson et al, 2001) and parks and open space with defined 'destinations' such as play equipment and cafes (Sugiyama et al 2005) although studies have been somewhat under-powered to detect statistically significant effects.  Urban sprawl may discourage walking.  Morenoff and colleagues postulated that greater population density would be positively associated with walking because places that people could walk to would be more closely situated (Morenoff, Diez Roux, Osypuk & Hansen, 2006).  In line with expectation, they found a positive association between population density and walking.
Dietary intake is the second key determinant of obesity.  Weight gain occurs when energy intake exceeds energy expenditure but this is costly and difficult to measure accurately in large population studies.  Fruit and vegetable intake is one aspect of diet quality that is easier to measure and is inversely correlated with obesity (He, Hu, Colditz, Manson, Willett & Liu, 2004; Sturm & Datar, 2005).  The increasing consumption of convenience foods outside the home is another important aspect of diet that may relate to obesity (Hill & Peters, 1998).  Studies from the US show that the presence of supermarkets is associated with a greater intake of fruit and vegetables and lower fat intake (Morland, Wing & Diez Roux, 2002) and that the relative availability of low fat and high fibre foods in local stores is associated with greater intake of those foods (Cheadle, Psaty, Curry et al, 1991).  Less easy access to a supermarket (defined in terms of both proximity and access to a car) is associated with lower levels of fruit and vegetable consumption (Rose & Richards, 2004) and an association between number of fast-food outlets and obesity rates has been found (Maddock, 2004).

Based on our reading of the literature, the hypothesised links between local socio-relational characteristics, the local built environment, local services and obesity can be depicted as a diagram (see Figure 1) and this provides the model for the analyses presented here.  Features of the local social and physical environment may affect obesity through encouraging physical activity (by offering a clean and unthreatening environment to walk in and providing local facilities as destinations) and through promoting healthy eating (by offering reasonably priced healthful foods and not providing easy access to fast-food outlets).
METHODS
Study participants and study areas 

Data from the Health Survey for England (HSE) (years 1994-1999) and the Scottish Health Survey (SHS) (years 1995 and 1998) were combined to provide a large dataset which was representative of the general population of England and Scotland.  Data from the HSE and SHS were collected by face-to-face interview in the participant’s home.  The Health Surveys have achieved an estimated response rate ranging from 69% to 81%.  A random sample of postcode sectors is selected each year, stratified by health authority and percentage of households headed by someone in a non-manual occupation.  Within each postcode sector, a random sample of approximately 19 households is drawn from the small user Postcode Address File.  Further details on the survey methodology are given elsewhere (Erens & Primatesta, 1998; Shaw, McMunn & Field, 2000).  Based on all postcode sectors represented in the combined 1994-1999 dataset, 438 were included in the present study.  The areas were selected as follows: 109 census wards in London and the southeast (chosen in linked projects using other study cohorts but where HSE participants also happened to reside); 68 wards in the rest of England (chosen randomly from all wards with a minimum of 40 HSE respondents stratified by population density and Carstairs deprivation index); 81 postcode sectors in Scotland (chosen randomly from all postcode sectors with a minimum of 35 SHS respondents stratified as above).  (The SHS includes a smaller number of participants than the HSE.)  Ward boundaries were converted to full and part postcode sectors using a look-up table available from Manchester Information and Associated Services.  Postcode sectors were therefore used to define neighbourhood boundaries in England and Scotland for analysis in this study.  Postcode sectors have an average population of around 5,000 and are administrative units created for the organisation of mail delivery.  The sample of postcode sectors slightly over-represented deprived and urban postcode sectors in England and under-represented deprived postcode sectors in Scotland.
A total of 12,605 Health Survey participants provided information on obesity and socio-demographic characteristics and were linked to contextual data.  There were no differences in the age, sex, social class or obesity of participants who were linked and those who were not.

Contextual data

Based on previous work laying out a framework indicating the various ways in which neighbourhoods might meet basic human needs (ranging from air, water, food and shelter through to education, housekeeping, means of exchange and play), attempts were made to gather information on seventeen domains considered important for everyday living (Macintyre, Ellaway & Cummins, 2002).  Although there was a substantial gap between an idealised dataset which captured these domains and the available data, more than 300 variables were obtained from a wide range of primary and secondary sources. These contextual data consisted of measures of local infrastructure and services and neighbourhood socio-relational characteristics.

i) Measures of local infrastructure and services

Secondary data on measures of the local service and infrastructural environment were obtained from central government departments, local authorities, voluntary and public sector agencies, commercial and industrial organizations.  Variables capturing the following domains were included in this study: Crime; Policing; Physical dereliction; High Street services (local shops, financial services and health-related stores found in a typical small town in the UK); Leisure centres; Supermarkets; Fast-food outlets; Urban sprawl.  These measures are described in Table 1 and a full outline of the methods used and data collected can be found elsewhere (Cummins, Macintyre, Davidson & Ellaway, 2005).
The data were originally obtained at various spatial scales.  For the present analysis, all contextual variables were converted to postcode sector.  For example, crime rate was measured at the local authority level (average population about 125,000).  Each postcode sector within a local authority was given the same crime rate.  Since crime rates are very unlikely to be homogeneous within local authorities, this introduces additional error into the measurement of crime.  This could bias the estimate of the association between crime rate and body mass index, probably towards the null hypothesis of no association.

ii) Measures of neighbourhood socio-relational characteristics
A review of the literature covering both theoretical development and empirical investigation of neighbourhood socio-relational characteristics was conducted (Stafford, unpublished thesis).  Based on this, a 70-item questionnaire was developed using cognitive piloting techniques.  Five items captured neighbourhood disorder with possible responses on a 7 point Likert scale: “People would be afraid to walk alone in this area after dark”; “Neighbours are threatening”; “Most people in this area can’t be trusted”; “This area is always full of litter and rubbish”;  “Vandalism and graffiti are a big problem in this area” (see Table 1).
The postal questionnaire was sent to a random sample of residents aged 16 and over, selected from the electoral register, living in the same neighbourhoods as participants in the two health surveys.  It is important to note that this questionnaire was not sent to Health Survey participants themselves and so the data are external to health survey data.  A total of 12,403 questionnaires were returned giving a response rate of 42%.  This was lower than anticipated although is in line with response rates from similar neighbourhood surveys.  Within each neighbourhood, responses to each of the five items were aggregated by taking the mean score for all respondents.  More detail on the design and validation of the survey is given elsewhere (Stafford, Bartley, Wilkinson, Boreham, Thomas, Sacker et al., 2003).
Geocoding
All contextual variables capturing local infrastructure and services and neighbourhood socio-relational characteristics were linked to individual level Health Survey data through participant’s postcode.  Permission to use the postcode data was obtained from Health Survey funders and principal investigators.

Outcomes and other data from the Health Survey for England and Scottish Health Survey
Sex, age and social class based on occupation were obtained by face-to-face interview.  Social class was classified into 6 groups according to the Registrar General’s classification.  Height, weight, waist and hip circumference were measured by a trained nurse in the participant’s home.  Body mass index (BMI) captures overall obesity and was calculated as weight (kg) divided by the square of the height (metres). It would have been of interest to include intermediate health behaviours (notably physical activity and diet) into the model but these were not collected in a consistent way across the survey years and across countries.  However, information on participation in sports clubs, gyms and exercise classes was available from the neighbourhood survey.  Neighbourhood average sports participation was included in the model as there may be a contagion effect of local physical activity levels.  Figure 2 shows the data available in this study that capture the theoretical model outlined in Figure 1.
Statistical methods 

The purpose of the study was to investigate the inter-relationships between various contextual domains and their relationship with overall obesity and body fat distribution.  Some contextual domains were modelled using latent variables.  Others were observed directly because they were the only indicator for a particular domain.  In the first stage of the modelling, a measurement model was tested to assess how well the observed indicators captured the underlying latent constructs using confirmatory factor analysis (Lawley & Maxwell, 1971).  Once our measurement models had been confirmed, structural equation models linking all of the various domains to BMI were applied.  Health Survey participant’s sex, age and social class were included in the final model as potential confounding factors.  Mplus software was used for all the modelling (Muthen & Muthen, 2005).  
Robust maximum likelihood estimation methods were used to handle the clustering of participants within postcode sectors and the non-normality of several of the variables.  Models were assessed using three goodness of fit indices: the Chi-squared test of model fit, the Comparative Fit Index and the Root Mean Square Error of Approximation.  There are many goodness of fit indices for the assessment of fit for structural equation modelling. Standardised factor loadings and path coefficients are presented throughout.  Unstandardised model estimates with confidence intervals and goodness of fit statistics are presented in Appendix 1.
RESULTS

Complete data on age, sex, social class, all relevant contextual variables and BMI were available for 6848 participants.   Table 2 summarises the demographic characteristics and obesity for included participants.  There were no differences in age, sex, social class or obesity for complete cases compared with cases with missing contextual data and the estimates were similar when cases with missing data on some of the variables were included.  For brevity, only models using complete cases are presented.

Measurement model

A single order factor capturing neighbourhood disorder (generated from finding neighbours threatening, not trusting neighbours, fear, vandalism and litter) fitted the data well (Table 3).  Another single order factor capturing high street facilities (based on health-related stores and financial services) also fitted the data well.  Distance to post office, number of libraries and number of bingo halls did not load on this factor.  Number of libraries and bingo halls were not related to either indicator of obesity and were dropped from the analysis.  Distance to post office was retained in the model as a single item predictor of obesity.
Structural equation model

The final structural model capturing relationships between the various environmental characteristics and BMI is presented in Figure 3.  The data fitted the a priori model well (Chi-squared test of model fit 360.7 on 171 degrees of freedom, RMSEA 0.013).  As expected, neighbourhood disorder was greater in places with higher crime rates and was associated with policing levels.  Areas with greater numbers of special constables had lower levels of social disorder.  However, the number of police officers was positively associated with social disorder.  This counterintuitive finding is discussed later.  A positive association between signs of physical dereliction and neighbourhood disorder was found.  In areas of greater neighbourhood disorder, aggregate levels of participation in sports clubs and activities were lower.
Adjusting for age, sex and social class, resident’s BMI was negatively associated with average sports participation rate, high street facilities and proximity to a post office.  There was no direct association between neighbourhood disorder and BMI.  However, there was an indirect association.  BMI was linked to disorder through average sports participation rate (indirect path coefficient 0.013 p<0.05).  The associations between the number of swimming pools, number of local supermarkets and population density and BMI did not achieve statistical significance but were in the expected direction.  (A model including the presence of McDonald’s restaurants did not converge so this variable was dropped from the analysis.  Simple correlation analysis indicated very low correlation between BMI and McDonald’s restaurants so its omission from the final model is unlikely to have a substantial impact on other estimates.)
BMI increased by 0.62kg/m2 for each 10 year increase in age and was 1.30kg/m2 higher in social class V compared with social class I (estimates calculated from Appendix 1).  Comparing the 75th and 25th centile of average sports participation, mean BMI was 0.23kg/m2 lower in places with greater participation.  For population density, the corresponding mean difference in BMI was 0.36kg/m2 and for supermarkets it was 0.44kg/m2.
DISCUSSION

Several local determinants of obesity were identified in this study.  Neighbourhood disorder is positively associated with obesity.  Access to local high street facilities, proximity to a post office and population density are also associated with lower obesity.  Previous work suggests that levels of obesity are higher in economically deprived areas, even after taking individual factors such as sex, age and social class into account (Ellaway, Anderson & Macintyre, 1997; van Lenthe & Mackenbach, 2002; Kinra, Nelder & Lewendon, 2000).  Our findings illustrate the ways in which specific features of the residential environment are associated with body size.  They highlight neighbourhood disorder and access to local high street facilities as possible determinants of obesity in the local population.

Our study goes a step further in seeking to identify upstream determinants of obesity, acting through neighbourhood disorder, some of which fall within the remit of local public sector service providers.  Policing is one environmental factor that is linked to neighbourhood disorder in our study and which might be amenable to modification.  Greater numbers of special constables are associated with lower neighbourhood disorder.  Special constables differ from the regular police force in that they are trained volunteers who provide a link between the regular police force and the local community.  Our findings could indicate that the nature of their work is effective in reducing neighbourhood disorder.  Alternatively, special constables may patrol areas where there is less crime and disorder, thus freeing up regular police resources for higher crime and disorder areas.  In line with this explanation, we found that the number of regular police officers is associated with higher disorder.  A positive correlation between crime rates and police numbers has been demonstrated and discussed elsewhere: police resources may impact upon crime but equally, crime may lead to an increase in police numbers (Machin & Marie, 2005).  Another explanation is that police officers are employed in tackling crimes which are unrelated to neighbourhood disorder and so are diverted from activities which may impact on disorder.

Residents also appear to be less trusting and to feel more fearful and threatened in their neighbourhoods where greater sections of the land lie vacant and derelict.  Derelict and vacant land is land which cannot be developed for beneficial use without treatment and includes contaminated and unsightly land (Scottish Executive National Statistics, 2004).  Transforming these areas into useful spaces, be they residential, commercial or more attractive green spaces, could improve residents’ perceptions of their local environment, remove opportunities for antisocial behaviour and encourage residents to be more physically active.  Our findings suggest that this may, in turn, be associated with lower obesity for residents.
The presence of local high street services and proximity to a post office is also related to obesity.  The high street services factor comprised of health-related facilities (pharmacies, opticians and dentists) and financial services.  It is likely that several other retail outlets are also located in the same vicinity as retail facilities tend to cluster together through agglomeration economies of scale.  Having a varied selection of local amenities within walking distance may encourage residents to walk (rather than to drive) when they need everyday goods and services and may provide a more conducive environment in which to walk for leisure.  This factor could also be capturing the full range of independent and multiple-owned local grocery, convenience and restaurant food provision, which may affect obesity through dietary patterns.  As anticipated, population density is negatively correlated with obesity.  In line with Morenoff and colleagues (Morenoff, Diez Roux, Osypuk & Hansen, 2006), we hypothesised that population density indicates proximity of places that people could walk to.   The association between swimming pools/supermarkets and obesity was in the expected direction but did not reach statistical significance.  The data were limited in that we were only able to capture local authority run swimming pools.  
Our study highlights the links between the various environmental domains.  Features of the built environment and public service provision are related to neighbourhood disorder.  In the burgeoning social capital literature there has been a tendency for researchers to focus on social capital and to ignore the socioeconomic context and the role of other local services.  Our findings provide some support for social capital as a mediating variable linking arguably more directly amenable environmental factors – the built environment and public services – to obesity.
This is one of the first and largest studies to model direct plausible pathways linking the local residential environment to a specified health outcome.  It used structural equation models to test these pathways and employed methods which allow for the clustering of participants within local areas.  However, some limitations should be acknowledged.  Chief among these is the lack of available data describing the residential environment.  We were interested in several domains for which it was not possible to find suitable indicators.  We also theorised links between environmental characteristics and resident’s physical activity and diet, but individual data on these intermediate health behaviours were not available.  Given the observational nature of the study, we cannot discount the possibility that self-selection explains some of the associations seen here.  For example, people for whom physical activity is important may choose to live in areas which are well-stocked with sports facilities.  Note, however, that we have adjusted for personal socioeconomic position and this is a key determinant of a person’s ability to choose where to live.  Our study has wide geographical coverage but is cross-sectional and so we were unable to look at local social processes relating to behavioural and health change.  In-depth studies would provide complementary information and may be especially useful in addressing the lack of longitudinal data linking the residential environment to health.  In line with most other quantitative studies, environmental data were obtained for administrative boundaries and these do not necessarily match resident’s psychologically defined local area.  In fact, residents are likely to perceive the boundaries of their local area differently from one another, maybe according to their life stage, their usual means of transport, their mobility and a host of other factors.  It may not be possible to have a standard definition of local area which is appropriate for everyone.  This is an on-going challenge for health studies of the residential environment.  Some environmental data were only available at local authority district level and misclassification error is likely to be higher for these variables.  For example, the crime rate is not homogeneous within a local authority so some crime rate will be underestimated in some areas and overestimated in others.  This reduces the power of the study to detect associations between crime and neighbourhood disorder.
Conclusion

Low levels of neighbourhood disorder and the presence of high street facilities are associated with lower levels of obesity for residents.  We have shown how social, physical and service features of the local environment relate to obesity.  Our findings illustrate that several of the determinants of obesity are not within the standard remit of the healthcare sector.  They highlight the role that public and private sector organisations have in promoting the nation’s health.  Public health professionals should seek to work alongside or within these organisations to capitalise on opportunities to improve health.

Table 1. Description of contextual information
	Domain
	
	Spatial scale
	Complete for n postcode sectors
	Median
	Inter-quartile range
(min-max)

	Crime
	Recorded violent crime rate per 1000 population
	Local Authority
	390
	561
	892

	Policing
	Number of special constables
	Local Authority
	394
	452
	432

	
	Number of police
	Local Authority
	394
	5931
	16561

	Physical dereliction
	Number of missed waste collections per 100000 collections
	Local Authority
	394
	81
	127

	
	Vacant and derelict land (hectares)
	Local Authority
	342
	126
	409

	High Street services
	Number of pharmacies
	Postcode sector 
	398
	1
	1 (0-7)

	
	Number of optical practices
	Postcode sector
	398
	1
	2 (0-7)

	
	Number of dental practices
	Postcode sector
	302
	1
	1 (0-8)

	
	Number of libraries
	Local Authority
	372
	15
	15 (1-55)

	
	Number of banks
	Postcode sector
	398
	0
	2 (0-18)

	
	Number of building societies
	Postcode sector
	398
	0
	0 (0-8)

	
	Number of bingo halls
	Postcode district
	359
	0
	0 (0-1)

	
	Distance to nearest Post Office (m)
	Postcode sector
	397
	366
	517

	Leisure centres
	Number of swimming pools operated by LA
	Local Authority
	395
	4
	5 (0-19)

	
	Expenditure on leisure & recreation £
	Local Authority
	395
	8835
	7633

	Urban sprawl
	Population density per square km
	Postcode sector
	395
	2317
	3254

	Supermarkets
	Number of multiple food retailers
	Postcode district
	396
	1
	2 (0-5)

	Fast-food outlets
	Number of McDonald’s restaurants
	Postcode sector
	398
	0
	1 (0-8)

	Social disorder
	Average score “Feel threatened by neighbours” (possible range from 1 to 7)
	Postcode sector
	357
	1.7
	0.6

	
	Average score “Can’t trust people in this area”
	Postcode sector
	356
	2.1
	0.7

	
	Average score “Afraid to walk alone in area after dark”
	Postcode sector
	356
	3.7
	1.1

	
	Average score “Vandalism and graffiti big problem in this area”
	Postcode sector
	357
	3.9
	1.6

	
	Average score “Area full of litter and rubbish”
	Postcode sector
	357
	3.5
	1.2

	Physical activity
	Average rate of participation in sports clubs
	Postcode sector
	357
	0.27
	0.18


Table 2. Description of Health Survey for England and Scottish Health Survey participants

	
	Men (n=3222)

n (%)
	Women (n=3801)

n (%)

	Age (years)

16-29

30-44

45-64

65+
	614 (19)

1089 (34)

1097 (34)

422 (13)
	708 (19)

1224 (32)

1307 (34)

562 (15)

	Social class based on occupation

I

II

IIINM

IIIM

IV

V
	209 (6)

805 (25)

342 (11)

1163 (36)

519 (16)

184 (6)
	87 (2)

852 (22)

1391 (37)

339 (9)

771 (20)

361 (10)

	BMI mean (sd)


	26.45 (4.20)

complete for 3158 participants
	26.23 (5.17)

complete for 3690 participants


Table 3. Measurement models for Neighbourhood disorder and High street facilities factors

	
	Standardised factor loading
	Unstandardised factor loading (95% CI)
	Chi-squared (degrees of freedom)
	CFI
	RMSEA

	Neighbourhood disorder factor
	
	7.3 (4)
	0.98
	0.008

	Neighbours threatening
	0.50
	1.00
	
	
	

	Can’t trust neighbours
	0.57
	1.05 (0.84,1.26)
	
	
	

	Fear of walking alone after dark
	0.64
	2.42 (1.37,3.48)
	
	
	

	Vandalism and graffiti
	0.75
	3.33 (2.01,4.65)
	
	
	

	Litter and rubbish
	0.84
	3.19 (2.12,4.27)
	
	
	

	
	
	
	
	
	

	High street facilities factor
	
	3.5 (4)
	1.00
	0.00

	Pharmacies
	0.68
	1.00
	
	
	

	Opticians
	0.54
	0.84 (0.57,1.10)
	
	
	

	Dentists
	0.68
	0.93 (0.71,1.15)
	
	
	

	Banks
	0.66
	1.57 (1.17,1.98)
	
	
	

	Building societies
	0.35
	0.39 (0.17,0.60)
	
	
	


Legend

Figure 1. Theoretical model linking social and physical environmental characteristics to obesity
Figure 2. Structural model to be tested in this study
Figure 3. Structural model linking environmental characteristics to body mass index
Numbers on each arrow are standardised path coefficients.  Bold indicates statistical significance at the 5% level.
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Appendix 1. Model estimates and goodness of fit indices from structural equation models for obesity
	
	Body mass index model

estimate (95%CI)

	Number of participants

Number of postcode sectors
	6848

198

	Neighbourhood disorder on

Violent crime*

No. special constables*

No. police officers*

Vacant/derelict land*

Missed waste collections*
	0.028 (-0.007,0.063)

-0.240 (-0.455,-0.025)

0.016 (0.008,0.024)

0.083 (0.024,0.143)

0.033 (-0.069,0.136)

	Average sports participation rate on

Neighbourhood disorder
	-0.214 (-0.324,-0.104)

	Obesity on

Average sports participation rate

Neighbourhood disorder

Swimming pools

Population density*

High street facilities

Proximity to post office*

Supermarkets
	-1.320 (-2.262,-0.377)

-0.007 (-0.095,0.005)

-0.045 (-0.095,0.005)

-0.230 (-0.446,-0.014)

-0.168 (-0.323,-0.014)

-0.021 (-0.173,0.132)

	Model fit statistics

Chi-square

CFI

RMSEA
	360.67 (171df)

0.826

0.013


*Variables have been re-scaled from Table 1 by dividing by 1000
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Figure 2. Structural model to be tested in this study
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Figure 1. Theoretical model linking social and physical environmental characteristics to obesity
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Figure 3. Structural model linking environmental characteristics to body mass index





Individual characteristics





Environmental characteristics





SES





Sex





Age





Supermarkets





Population density








BMI





Sports participation rate





Vacant/derelict land





No. special constables





Violent crime rate




















-








-





-





-





+





-








-





+






































+





+





+





-





-





-





-





-





+





+





+





-





+





-





+





-





+





-





-





+





Post office





-





Post office





-0.019








PAGE  
1

