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ABSTRACT 

 

Cardiovascular disease (CVD) is the leading cause of death for women in the US. Prevalence 

of risk factors for CVD such as hypertension, physical inactivity and obesity is high in 

African American (AA) women. Ecologic models suggest that built environments which 

support physical activity can reduce risk for CVD. However, questions remain about the 

influence of the built environment on changes or long term maintenance of physical activity, 

health outcomes, and overall risk for CVD.  This study examined the influence of built 

environment characteristics on (1) changes in self-reported physical activity, body mass 

index (BMI), percent body fat (BF%) and blood pressure (BP) five years following an 

individually focused intervention, (2) cardiorespiratory fitness (CRF), lipid profile and 

fasting blood glucose, and (3) the likelihood of having four or more CVD risk factors at ideal 

levels. AA women who took part in the Health Is Power (HIP) project participated in this 

study (N=30). Participant’s neighborhoods were assessed for characteristics hypothesized to 

support physical activity. At five-year follow up, BMI (M=33.5kg/m
2
, SD=8.3) and diastolic 

BP (M=78.9mmHg, SD=10.6) were not significantly different from post intervention. BF% 

(M=43.7, SD=5.8) increased, and systolic BP (M=117.9, SD=13.5), walking physical activity 

(Median=973.0 MET-min/week) and leisure time physical activity (Median=792.2 MET-

min/week) decreased from post intervention. Overall, 66.7% of participants had four or more 

CVD risk factor metrics at ideal levels. Linear regression models showed that built 

environment characteristics did not predict changes in physical activity or health outcomes 

from post intervention to five-year follow up. Higher crime score was associated with larger 

waist circumference [F(1,25)=5.39, p=.029, R
2
=.183], and participants who were older than 
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55 and lived in neighborhoods with few, low quality physical activity resources were least 

likely to have four or more CVD risk factors metrics at ideal levels. To support sustainability 

of health behaviors and outcomes following an individually focused intervention, researchers 

and community leaders should consider the importance of other aspects the intervention such 

as psycho-social factors. Qualitative aspects of the built environment such as crime and 

quality of physical activity resources may be most important for health and disease risk in 

older, AA women.  



 

 

vii 

 

TABLE OF CONTENTS 

I. INTRODUCTION ........................................................................................................................1 

Rationale ..............................................................................................................................1 

Problem Statement, Research Questions and Hypotheses  ..................................................6 

Specific Research Objectives and Hypotheses  ...................................................................7 

Dissertation Outline ...........................................................................................................15 

Definitions of Important Terms and Abbreviations  ..........................................................17 

II. LITERATURE REVIEW ..........................................................................................................18 

Introduction ........................................................................................................................18 

The Ecologic Model and Importance of the Built Environment ........................................20 

Direct Measurement of the Built Environment ..................................................................23 

Physical Activity Resources (PARs) .....................................................................27 

Walkability .............................................................................................................30 

Crime......................................................................................................................35 

Traffic Safety .........................................................................................................39 

Cardiovascular Disease Risk Factors and Health Outcomes Influenced by the Built 

Environment .......................................................................................................................42 

Physical Inactivity ..................................................................................................42 

Cardiorespiratory Fitness .......................................................................................50 

Overweight and Obesity ........................................................................................54 

High Blood Pressure ..............................................................................................59 

Dyslipidemia ..........................................................................................................61 



 

 

viii 

 

Impaired Fasting Glucose ......................................................................................64 

Long Term Maintenance of Health Behaviors ...................................................................65 

Causal Influence of the Built Environment on Physical Activity and Health 

Outcomes ...............................................................................................................66 

Maintaining Health Behaviors and Outcomes Initiated by Individually 

Focused Interventions ............................................................................................67 

Summary ............................................................................................................................70 

III.MANUSCRIPT: THE INFLUENCE OF BUILT ENVIRONMENT 

CHARACTERISTICS ON CHANGES IN PHYSICAL ACTIVITY AND HEALTH 

OUTCOMES IN AFRICAN AMERICAN WOMEN FIVE YEARS FOLLOWING AN 

INTERVENTION 

INTRODUCTION .............................................................................................................73 

METHOD  .........................................................................................................................77 

The Health Is Power Project  .................................................................................77 

Participants .............................................................................................................77 

Study Design ..........................................................................................................78 

Individual Health Outcome Measures ...................................................................78 

Covariates ..............................................................................................................79 

Built Environment Measures .................................................................................80 

Statistical Analyses ................................................................................................85 

RESULTS  .........................................................................................................................86 

Participant Characteristics  ....................................................................................86 



 

 

ix 

 

Built Environment Characteristics .........................................................................89 

Bivariate Associations ...........................................................................................90 

Regression Models Predicting Health Outcomes ..................................................91 

DISCUSSION  ...................................................................................................................91 

IV. MANUSCRIPT: THE INFLUENCE OF BUILT ENVIRONMENT 

CHARACTERISTICS ON CARDIORESPIRATORY FITNESS, LIPID PROFILE, AND 

FASTING BLOOD GLUCOSE LEVELS IN AFRICAN AMERICAN WOMEN  

INTRODUCTION ...........................................................................................................100 

METHOD  .......................................................................................................................105 

Study Design and Participants  ............................................................................105 

Individual Measures .............................................................................................106 

Built Environment Measures  ..............................................................................107 

Covariates ............................................................................................................109 

Statistical Analyses ..............................................................................................110 

RESULTS  .......................................................................................................................111 

Participant and Built Environment Characteristics  .............................................111 

Bivariate Associations .........................................................................................112 

Regression Models Predicting Changes in Health Outcomes .............................112 

DISCUSSION  .................................................................................................................115 

V. MANUSCRIPT: THE BUILT ENVIRONMENT FOR PHYISCAL ACTIVITY AND  

PREDICTION OF RISK FOR CARDIOVASCULAR DISEASE IN AFRICAN 

AMERICAN WOMEN – AN EXPLORATORY DECISION TREE ANALYSIS  



 

 

x 

 

INTRODUCTION ...........................................................................................................122 

METHOD  .......................................................................................................................125 

Study Design and Participants  ............................................................................125 

Individual Measures .............................................................................................126 

Smoking ...................................................................................................126 

Body Mass Index .....................................................................................126 

Physical Activity ......................................................................................126 

Healthy Diet .............................................................................................127 

Cholesterol and Glucose ..........................................................................127 

Blood Pressure .........................................................................................128 

Covariates ............................................................................................................128 

Built Environment Measures ...............................................................................128 

Statistical Analyses ..............................................................................................130 

RESULTS  .......................................................................................................................132 

Participant and Built Environment Characteristics  .............................................132 

Decision Tree Analysis ........................................................................................133 

DISCUSSION  .................................................................................................................136 

VI. SUMMARY, FUTURE DIRECTIONS AND LIMITATIONS ............................................141 

Summary ..........................................................................................................................141 

Future Directions .............................................................................................................144 

Limitations .......................................................................................................................146 

VII. REFERENCES .....................................................................................................................148 



 

 

xi 

 

Appendix A ......................................................................................................................189 

Appendix B ......................................................................................................................198



 

 

xii 

 

LIST OF TABLES 

Table 1. Risk Classification of ‘Ideal for Cardiovascular Health’ in Women  ..............................13 

Table 2. Classification of LDL, Total, HDL Cholesterol and Triglycerides  ................................62 

Table 3. Participant Socioeconomic Characteristics at T2 and 5 year follow up  .........................88 

Table 4. Participant Health Outcomes at three time points and differences between T2 and five 

year follow up  ...............................................................................................................................89 

Table 5. Built Environment Characteristics  ..................................................................................90 

Tables 6a through 6i. Non-Significant Multiple Regression Models Predicting Changes in Health 

Outcomes from T2 to Five Year Follow up – Appendix B .........................................................198 

Table 7. Participant Health Characteristics ..................................................................................111 

Table 8. Built environment characteristics ..................................................................................111 

Table 9. Regression models predicting   O ma   .......................................................................113 

Table 10. Regression models predicting Waist Circumference ...................................................114 

Table 11. Regression Models Predicting Fasting Blood Glucose................................................114 

Table 12. American Heart Association definitions of ideal cardiovascular health metrics for 

adults ............................................................................................................................................123 

Table 13. Number of participants classified as ‘ideal’ for each risk factor metric ......................132 

Table 14. Built Environment Characteristics  ..............................................................................133 



 

 

xiii 

 

LIST OF FIGURES 

Figure 1: The Ecologic Model of Physical Activity ........................................................................3 

Figure 2: Neighborhood environment, changes in physical activity and CVD risk factor 

outcomes  .........................................................................................................................................4 

Figure 3: HIP Project Procedures (T1-T2) .......................................................................................8 

Figure 4:  Example of numbered street segments used for PEDS assessments  ............................83 

Figure 5: Flow chart of participant screening and eligibility for five year follow up ...................87 

Figure 6: Baseline variables that predicted having four or more ideal CVD risk factor metrics at 

ideal levels in decision tree analysis. ...........................................................................................135 

 



 

 

1 

 

CHAPTER 1 

Introduction 

Rationale for Study 

Despite progress in awareness, treatment and prevention, cardiovascular disease (CVD) remains 

the leading cause of death for women in the United States (Heron & Smith, 2007; Lloyd-Jones et 

al., 2009). The percentage of deaths caused by CVD is highest in African Americans (AA), 

(Minino, 2011) and AA women have a higher prevalence of risk factors such as high blood 

pressure, physical inactivity, diabetes and obesity than males and non-hispanic white women 

(Centers for Disease Control and Prevention, 2005a, 2009a; Flegal, Carroll, Ogden, & Curtin, 

2010; National Center for Health Statistics, 2008). National averages for CVD risk factors 

remain high in the US population, as 39.5% report inactivity, obesity (33.9%), high blood 

pressure (31.3%), high blood cholesterol (25.3%) and diabetes (11.3%) (Centers for Disease 

Control and Prevention, 2005a, 2010; Flegal, et al., 2010). Uncovering innovative approaches to 

reduce major risk factors is a priority for the prevention of CVD (World Health Organization, 

2007). A great deal of the decline in heart disease related deaths in women over the last 30 years 

is attributed to primary prevention (Mosca et al., 2011). Primary prevention is cost effective, and 

may be best achieved through upstream approaches that are directed at environmental 

modifications in order to improve health behaviors (Barnett, Anderson, Blosnich, Halverson, & 

Novak, 2005). Physical Activity is an important behavior for reducing risk of CVD, because 

physical activity produces physiologic adaptations to the cardiovascular system that positively 

influence other risk factors, and may exert independent effects on reducing CVD risk (Boone-

Heinonen, Evenson, Taber, & Gordon-Larsen, 2009; Physical Activity Guidelines Committee, 
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2008). The most common method of measuring physical activity is self-report, which often lacks 

reliability and validity compared to objective measures. In this study we will use accelerometry 

to measure physical activity, as well as cardiorespiratory fitness (CRF). CRF is a sensitive and 

objective measure of changes in response to physical activity, and is a strong predictor of 

morbidity and mortality (Physical Activity Guidelines Committee, 2008). 

 A well-established method of primary prevention is promoting health behavior change 

through individual level interventions. Many behavioral interventions with the intent of 

increasing physical activity or decreasing CVD risk have been well described and reviewed in 

the literature (Haskell, 2003; Marcus et al., 2006). Despite baseline to post intervention success 

of many individual interventions, population wide levels of primary risk factors in the United 

States remain alarmingly high. Interventions focused on the individual have limited 

sustainability, and it is not known whether a person’s environment will encourage maintenance 

of health behaviors initiated by an intervention. Research efforts directed at the influence of the 

built environment on CVD risk factors are needed to understand the direct and indirect 

influences that may contribute to maintenance of health behaviors initiated by interventions.  

Ecologic models theorize that individual, social, and environmental factors influence 

health and support behaviors such as physical activity (J.F. Sallis & Owen, 1997; Spence & Lee, 

2003). Neighborhood environment has been suggested as an important influence on physical 

activity and other CVD risk factors (Chow et al., 2009; Finkelstein, Wittenborn, & Farris, 2004). 

Ecologic models posit that a neighborhood supportive of physical activity may lead to overall 

improved health.  The Ecologic Model of Physical Activity (EMPA) takes into account how 
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individual and social factors, the physical environment and policies influence physical activity 

(see Figure 1 below) (R. E. Lee & Cubbin, 2009; Spence & Lee, 2003).  

Technology

Physical

Activity

Micro-environment:
church

Micro-environment:
home

Micro-environment:
workplace

Micro-environment:
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Micro-environment:
park
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Figure 1: The Ecologic Model of Physical Activity (R. E. Lee & Cubbin, 2009; Spence & 

Lee, 2003)  

This has prompted interest in environmental factors that may influence CVD risk factors 

beyond the individual intervention. It is unclear from existing data whether long term changes in 

CVD risk factors will be more likely if health behaviors are supported by the neighborhood 

environment. It is not practical for individual interventions to span five or more years. Therefore, 

it is necessary to determine which elements of the neighborhood environment contribute to the 

maintenance physical activity, and health outcomes such as BMI, BF% and BP (See Figure 2 

below).  
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Figure 2: Neighborhood environment, changes in physical activity and CVD risk factor 

outcomes  

Previous literature supports the hypothesis that a neighborhood which encourages 

physical activity may lead to improvements in other CVD risk factors. Elements of a 

neighborhood that have shown the most consistent associations with physical activity include: 

safety from crime (R. E. Lee & Cubbin, 2009; Tucker-Seeley, Subramanian, Li, & Sorensen, 

2009) and traffic, (Kerr et al., 2011; A. C. King et al., 2006; R. E. Lee, Mama, McAlexander, 

Adamus, & Medina, 2011; McGinn, Evenson, Herring, Huston, & Rodriguez, 2007) availability 

of physical activity resources (PARs), (Diez Roux et al., 2007; Heinrich et al., 2008; Zenk et al., 

2009) and walkability (R. C. Brownson, Hoehner, Day, Forsyth, & Sallis, 2009; Frank, Schmid, 

Sallis, Chapman, & Saelens, 2005; F. Li et al., 2009; J. F. Sallis, Saelens, et al., 2009). In this 

study, we will use this previous research to inform our selection of neighborhood environment 

factors.  
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Cross sectional studies provide evidence for positive associations between these 

neighborhoods elements and CVD risk factors such as BMI, (Heinrich, et al., 2008; B. E. 

Saelens, Sallis, Black, & Chen, 2003; J. F. Sallis, Saelens, et al., 2009) blood pressure (R. C. 

Brownson, et al., 2009), body weight (I. M. Lee, Ewing, & Sesso, 2009), waist circumference (F. 

Li, Harmer, Cardinal, Bosworth, et al., 2009), and diabetes (Pasala, Rao, & Sridhar, 2010). 

However, cross sectional studies are limited by resident self-selection (Boone-Heinonen, 

Gordon-Larsen, Guilkey, Jacobs, & Popkin, 2011; I. M. Lee, et al., 2009), and do not indicate if 

the neighborhood contributes to long term adherence to PA, or maintenance of health outcomes. 

A study by Li et al (F. Li, Harmer, Cardinal, Bosworth, et al., 2009) found that high walkability 

neighborhoods were associated with a decrease in body weight and weight circumference in 

adults who increased their levels PA over one year. However in this study, it was difficult to 

determine whether the decrease in weight and waist circumference was due to neighborhood 

influence on increased PA, or simply the increased PA. This dissertation examined the 

association of environment with changes in PA in addition to changes in health outcomes.  

More thorough investigation of the relationship between neighborhood and CVD risk 

factors using detailed and objective measures of the neighborhood, PA and multiple CVD risk 

factors is needed. The positive impact of living in a neighborhood that supports PA may 

accumulate over time (Doyle, Kelly-Schwartz, Schlossberg, & Stockard, 2006), and may be 

more likely to be detected using physiologic, metabolic markers of health. Few studies have 

examined the influence of neighborhood on objectively measured PA, sensitive physiologic 

outcomes such as CRF, or metabolic risk factors for CVD such as lipid profile and insulin 

resistance. Associations between neighborhood and these outcomes will strengthen previous 
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literature which supports cross sectional findings of the association between neighborhood 

factors and self-reported physical activity or BMI.  

There are no previous studies that have examined the influence of neighborhood 

environment on maintenance or further improvement in physical activity, BMI, BF% or BP five 

years following a behavioral intervention. Linking the neighborhood environment longitudinally 

to improvements in these health behaviors and outcomes would be a monumental leap toward 

informing city planners and policy makers. These findings would indicate that neighborhoods 

that support physical activity can have a vital impact on public health. This study represents a 

diverse sample of women in a large city and the results could have wide-spread, national level 

dissemination. This project presents an exceptional opportunity to use a unique and large data set 

to examine long term effects of neighborhood environment on physical activity, BMI, BF% and 

BP, and neighborhood environment factors on multiple, objectively measured CVD risk factors.  

1.2 Problem Statement, Research Questions and Hypothesis 

Further research is needed to understand which neighborhood factors have the greatest influence 

on physical activity and other health outcomes, and how neighborhoods may encourage long 

term maintenance of health behaviors that will be reflected by objective and sensitive measures 

of CVD risk. Few studies have examined the influence of neighborhood on sensitive physiologic 

or metabolic outcomes such as cardiorespiratory fitness, blood pressure, lipid profile and fasting 

blood glucose. There are no previous studies that have examined the influence of neighborhood 

environment on maintenance or further improvement in physical activity, BMI, BF% or BP five 

years following a behavioral intervention. The factors selected to represent support for physical 

activity are those which have been consistently identified in previous literature to be associated 
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with physical activity and other health outcomes (see above, page 8). Neighborhood factors will 

be objectively measured and will include: crime risk, traffic safety, average speed limit, sidewalk 

connectivity, pedestrian facility availability, street segment use and number of PARs.  

 The research questions addressed in this dissertation are: 1) which neighborhood factors 

have the greatest influence on changes in physical activity and other health outcomes in AA 

women from post behavioral intervention to five years following the intervention, 2) which 

neighborhood environment factors have the greatest influence on cardiorespiratory fitness, lipid 

profile and fasting blood glucose levels in AA women, and 3) which neighborhood environment 

factors have the greatest influence on overall cardiovascular health in AA women. 

 The general hypotheses of this dissertation addresses whether neighborhood environment 

factors that support physical activity are associated with 1a) positive changes, or maintenance of, 

self-reported physical activity, body mass index, percent body fat and blood pressure from post 

intervention to five years later, 2a) higher levels of cardiorespiratory fitness, 2b) a favorable lipid 

profile and normal values of fasting blood glucose, and 3) classification as ‘ideal for 

cardiovascular health’. To be classified as ‘ideal for cardiovascular health’, participants must 

meet a previously established risk criteria (See Table 1 below) (Mosca, et al., 2011). 

1.3 Specific Research Questions and Hypotheses 

 This study combined newly collected data with data from the ongoing Health Is Power (HIP) 

project.  The goals of HIP were 1) to determine whether a 24 week social cohesion (SOCO) 

intervention to promote walking was more effective for increasing physical activity in 

comparison to a fruit and vegetable intervention in AA and HL women, and 2) to investigate 

whether SOCO participants who resided in high supportive neighborhood environments 
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maintained physical activity at a higher rate over one year than those in a low supportive 

neighborhood environment. This project is now in its final year of funding and in the process of 

data analyses and dissemination.  

 AA and HL participants were randomized into two treatment groups (Vegetable and Fruit 

or physical activity) (See Figure 3 below). There was no effect of group membership on physical 

activity levels from T1 to T2; therefore, for this study, AA women from either treatment group 

will be recruited and collapsed in to one group.  

T1

N(AA)=257

N(HL) =146

Randomization

PA

6 Months

VF

T2

N(AA)=140

N(HL)=59

 

Figure 3. HIP Project Procedures (T1-T2) 

Research Question 1: Which neighborhood environment factors have the greatest influence on 

positive longitudinal changes, or maintenance of health outcomes in AA women five years 

following a behavioral intervention?  
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Research Question 1.1: Which neighborhood environment factors have the greatest 

influence on increasing or maintaining levels of self-reported physical activity in AA 

women five years following a behavioral intervention? 

Research Question 1.2: Which neighborhood environment factors have the greatest 

influence on decreasing or maintaining body mass index (BMI) in AA women five years 

following a behavioral intervention? 

Research Question 1.3: Which neighborhood environment factors have the greatest 

influence on decreasing or maintaining percent body fat (BF%) in AA women five 

years following a behavioral intervention? 

Research Question 1.4: Which neighborhood environment factors have the greatest 

influence on decreasing or maintaining blood pressure (BP) in AA women five years 

following a behavioral intervention? 

The purpose of Research Question 1 was to determine the strength and direction of associations 

between crime risk, traffic safety, average speed limit, sidewalk connectivity, pedestrian facility 

availability, street segment use, number of PARs and longitudinal changes in self-reported 

physical activity, BMI, BF% and BP among/in AA women five years following a behavioral 

intervention. Interventions focused on the individual have limited sustainability. This may be 

because, without continued support for the target health behaviors upon completion of the 

intervention, participants regress to previous habits, patterns and behaviors. Neighborhoods may 

provide the environmental support needed to maintain levels of physical activity and other 

positive changes in health outcomes (BP, BMI, BF%) achieved during the intervention.  Few 

studies have examined the influence of the neighborhood environment on longitudinal changes in 
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physical activity or other health outcomes/CVD risk factors, and the results of these studies are 

inconsistent. One study found positive, longitudinal associations between amount of traffic and 

BMI over six years (Berry et al., 2010).  However, another study found no association between 

changes to exposure to urban sprawl and physical activity, and that moving to a less sprawling 

county was associated with increases in BMI (I. M. Lee, et al., 2009). Research Question 1 may 

provide greater insight to the longitudinal relationship between neighborhood environment, 

physical activity and health outcomes. No previous study has examined longitudinal changes in 

physical activity, BMI, BF% and BP five years following a behavioral intervention in AA 

women. Environmental influences on behavior and health outcomes vary by gender, ethnicity, so 

examining these associations in a sample of adult, AA women will remove the need to control 

for these confounding demographic characteristics. In this study, we will control for 

demographic characteristics that are known to influence physical activity and health outcomes 

including income and age (Centers for Disease Control and Prevention, 2008; Flegal, et al., 

2010; McLaren, 2007). It is important to determine which aspects of the neighborhood 

environment will support levels of physical activity, BMI, BF% and BP in AA women because 

long term, positive changes in these risk factors will reduce risk for CVD and CVD related 

mortality (Kokkinos, Sheriff, & Kheirbek, 2011).  Linking the neighborhood environment 

longitudinally to physical activity and health outcomes will support previously established cross-

sectional associations. Establishing which neighborhood factors have the greatest influence on 

long term maintenance or changes in physical activity, BMI, BF% and BP will provide strong 

evidence for city planners and policy makers to address these specific aspects of the community.   

Next, Research Question 2 addressed the following:  
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Research Question 2: Which neighborhood environment factors have the greatest influence on 

Cardiorespiratory fitness and sensitive physiologic health outcomes in AA women? 

Research Question 2.1: Which neighborhood environment factors have the greatest 

influence on cardiorespiratory fitness in AA women? 

Research Question 2.2: Which neighborhood environment factors have the greatest 

influence on lipid profile in AA women? 

Research Question 2.3: Which neighborhood environment factors have the greatest 

influence on fasting blood glucose in AA women? 

The purpose of Research Question 2 was to determine the strength and direction of the 

associations between crime risk, traffic safety, average speed limit, sidewalk connectivity, 

pedestrian facility availability, street segment use, number of PARs and CRF, lipid profile and 

blood glucose. Physical activity not only decreases risk for developing CVD, but can also modify 

other metabolic risk factors such as insulin resistance and dyslipidemia. In order to detect direct 

associations between environment, physical activity and CVD risk factors, it is important to use 

sensitive and objective physiologic measures.  

The majority of studies that have examined the relationship between the built 

environment and physical activity have measured physical activity using self-report (B. E. 

Saelens & Handy, 2008). Although common in the literature, physical activity measured by self-

report has lower reliability and validity than physical activity measured objectively such as with 

accelerometers (Prince et al., 2008). In addition, epidemiological studies have shown that levels 

of physical activity may actually be substantially lower than indicated by self-report (Troiano et 

al., 2008). 



 

 

12 

 

 CRF also has a strong, inverse relationship with risk for CVD and mortality (Physical 

Activity Guidelines Committee, 2008). The amount and intensity of physical activity a person 

performs is directly related to CRF, and associations between neighborhood environment and 

CRF will function via physical activity behavior. Few studies have investigated associations 

between the built environment and CRF.  A recent study by Hoehner et al. found that 

neighborhood characteristics hypothesized to support physical activity were associated with 

higher levels of CRF.  This finding indicates that CRF is a promising measure that can be used to 

indicate a relationship between neighborhood environment and health.  

Associations between the built environment and metabolic risk factors for CVD such as 

lipid profile and fasting blood glucose have not been thoroughly examined in the literature.  

Previous studies have linked neighborhood characteristics such as deprivation and income with 

lipid profile and insulin resistance (K. E. King, Morenoff, & House, 2011; Merkin et al., 2009; 

Murakami, Sasaki, Takahashi, & Uenishi, 2010) but few have connected neighborhood factors 

that support physical activity with these CVD risk factors. Studies by Auchincloss and 

colleagues (2008 & 2009) have found an association between a greater number of neighborhood 

physical activity resources (PARs) and lower insulin resistance, and lower incidence of type 2 

diabetes (Auchincloss, Diez Roux, Brown, Erdmann, & Bertoni, 2008; Auchincloss et al., 2009). 

No previous studies have examined the relationship between multiple, objectively measured 

neighborhood supports for physical activity and more than one metabolic CVD risk factor. 

Although lipid profile and fasting blood glucose have a genetic component, they are also 

modified by levels of physical activity and CRF (Kelley, Kelley, & Tran, 2004; Leon & Sanchez, 

2001). Associations between neighborhood factors, lipid profile and fasting blood glucose will 



 

 

13 

 

likely operate via physical activity and/or CRF and provide a unique link between environment 

and health.  

Last, Research Question 3 addressed the following:  

Research Question 3: Which neighborhood environment factors predict classification of AA 

women as ‘ideal for cardiovascular health’?  

The purpose of Research Question 3 was to determine the strength and direction of the 

associations between crime risk, traffic safety, average speed limit, sidewalk connectivity, 

pedestrian facility availability, street segment use, number of PARs and classification as ‘ideal 

for cardiovascular health’. To be classified as ‘ideal for cardiovascular health’, participants had 

to meet each of the risk factor criterion outlined in Table 1 below.  

Risk Factor Criteria 

Total Cholesterol  <200 mg/dL (untreated) 

Blood Pressure  <120/80 mm/Hg (untreated) 

Fasting Blood Glucose  <100 mg/dL (untreated) 

Body Mass Index <25 kg/m
2 

Physical Activity  ≥150 min/wk moderate intensity, ≥75 

min/wk vigorous intensity, or combination.  

Table 1. Risk Classification of ‘Ideal for Cardiovascular Health’ in Women (Mosca, et al., 2011) 

Previous literature has established a link between neighborhood characteristics such as 

socioeconomic status, percent minority, disorder and wealth with cardiovascular health behaviors 

and various indices of disease risk (K. E. King, et al., 2011; R. E. Lee & Cubbin, 2002; Merkin, 

et al., 2009).  Only recently have studies begun to examine associations between a neighborhood 

environment that supports physical activity and overall indices of health. A study by Sallis et al. 

looked at associations between walkability and physical quality of life (J. F. Sallis, Saelens, et 

al., 2009), and a recent study found that neighborhood walkability was associated with higher 
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physical functioning scores (Nelson et al., 2011). However no previous study has investigated 

associations between neighborhood environment factors that support physical activity and 

overall cardiovascular health. Findings from Research Question 3 have tremendous potential for 

policy and public health recommendations. For example, a strong, positive association between 

mixed land use, PAR density and classification as ‘ideal for cardiovascular health’ could indicate 

that communities should be designed, or residents should try to reside in communities with many 

parks or fitness facilities, and shops or businesses close to home to increase their likelihood of 

having good cardiovascular health.  

Last, the following Hypotheses were tested: 

Hypothesis 1: Neighborhood factors which support physical activity are associated with positive 

changes in physical activity and other health outcomes in AA women from post behavioral 

intervention to five years following the intervention. 

 Hypothesis 1.1: Neighborhood factors which support physical activity are associated with 

maintenance or an increase in self-reported PA in AA women from post behavioral intervention 

to five years following the intervention. 

 Hypothesis 1.2: Neighborhood factors which support physical activity are associated with 

maintenance or a decrease in BMI in AA women from post behavioral intervention to five years 

following the intervention. 

 Hypothesis 1.3: Neighborhood factors which support physical activity are associated with 

maintenance or a decrease in BF% in AA women from post behavioral intervention to five years 

following the intervention. 
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 Hypothesis 1.4: Neighborhood factors which support physical activity are associated with 

maintenance or a decrease in BP in AA women from post behavioral intervention to five years 

following the intervention. 

Hypothesis 2: Neighborhood factors which support physical activity are positively associated 

with , CRF, and HDL, and negatively associated with total cholesterol, LDL cholesterol and 

fasting blood glucose in AA women. 

 Hypothesis 2.1: Neighborhood factors which support physical activity are positively 

associated with CRF in AA women. 

 Hypothesis 2.2: Neighborhood factors which support physical activity are positively 

associated with HDL Cholesterol, and negatively associated with LDL and Total Cholesterol 

in AA women. 

 Hypothesis 2.3: Neighborhood factors which support physical activity are negatively 

associated with levels of fasted blood glucose in AA women. 

Hypothesis 3: As the presence and quality of neighborhood PAR’s, number of sidewalk 

connections, number of segments with mixed land use, number of segments with a pedestrian 

facility increase and as crime and traffic index scores decrease, the likelihood of AA women 

being classification as ‘ideal for cardiovascular health’ will increase.  

1.4 Outline 

A global representation of the detail provided within this dissertation follows.    

Chapter 1, Introduction, introduces the topic for this thesis.  It also is a guide for the 

chapters that will follow. 
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Chapter 2, Literature Review, explains the current research available on the topic and 

points out limitations in the current knowledge. It further establishes the paucity and 

inconsistencies in longitudinal relationships between neighborhood environment factors which 

support physical activity and changes in physical activity and health outcomes, relationships 

between neighborhood environment factors and selected CVD risk factors and how these can 

decrease overall risk for CVD.  Upon reading this chapter the reader should understand the 

purpose for the investigation topic. 

Chapter 3, MANUSCRIPT: THE INFLUENCE OF BUILT ENVIRONMENT 

CHARACTERISTICS ON CHANGES IN PHYSICAL ACTIVITY AND HEALTH 

OUTCOMES IN AFRICAN AMERICAN WOMEN FIVE YEARS FOLLOWING AN 

INTERVENTION,  investigates whether built environment characteristics hypothesized to 

support physical activity influence changes in self-reported physical activity, BMI, BF%, and BP 

among minority women five years following an intervention.  

Chapter 4, MANUSCRIPT: THE INFLUENCE OF BUILT ENVIRONMENT 

CHARACTERISTICS ON CARDIORESPIRATORY FITNESS, LIPID PROFILE, AND 

FASTING BLOOD GLUCOSE LEVELS IN AFRICAN AMERICAN WOMEN, investigates 

whether built environment characteristics hypothesized to support physical activity influence 

CRF, lipid profile and fasting blood glucose. 

Chapter 5, MANUSCRIPT: THE BUILT ENVIRONMENT FOR PHYISCAL 

ACTIVITY AND PREDICTION OF RISK FOR CARDIOVASCULAR DISEASE IN 

AFRICAN AMERICAN WOMEN – AN EXPLORATORY DECISION TREE ANALYSIS, 

investigates whether built environment characteristics hypothesized to support physical activity 
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contribute to classification of CVD risk. 

Chapter 6, summarizes the study and discusses future directions, and limitations 

1.5 Definitions of Important Terms and Abbreviations 

CVD: Cardiovascular Disease 

AA: African American 

BMI: Body Mass Index  

BF%: Percent Body Fat 

BP: Blood Pressure 

CRF: Cardiorespiratory Fitness 

SES: Socioeconomic Status 

GIS: Geographical Information System 

PAR: Physical Activity Resource 

MET: Metabolic Equivalent of a task (3.5 milliliters of O2 per kilogram of body weight per 

minute) 

  O ma  : Maximal oxygen uptake 

HIP: Health is Power 
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CHAPTER 2 

1. LITERATURE REVIEW 

2.1 Introduction 

This critical literature review is intended to present a detailed overview of the current 

knowledge related to the relationship between neighborhood environment factors, physical 

activity and CVD risk factors in AA women.  No research investigating changes in physical 

activity and health outcomes over five years using direct measurement of built environment 

variables among AA women has been conducted to date; however, research related to the 

purpose of this proposal is presented.  The information provided will allow the reader to gain an 

understanding for the importance of conducting the proposed research. I will critically review 

literature in the following domains:  1) Ecologic models and the importance of the built 

environment, 2) objective field assessment and GIS-based measurement methods of assessing 

selected built  attributes (PAR’s, walkability, crime and traffic safety), 3) cross-sectional 

relationships between selected built environment attributes and physical activity, 4) methods of 

measuring physical activity, 5) magnitude of CRF as a CVD risk factor and measurement 

methods, 6) significance of selected risk factors for CVD and importance of physical activity for 

achieving desired levels of BMI, BF%, BP, triglycerides, LDL, HDL and total cholesterol, and 

fasted blood glucose, and 7) longitudinal relationships between the built environment and 

physical activity, and the potential of the built environment to support long term maintenance of 

health outcomes following an individual intervention.  
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Presence and quality of PAR’s, walkability, crime and traffic safety will be addressed in the 

built environment measurement section. A brief overview of the relationships between these 

built environment attributes and physical activity and obesity is also described in this section. 

In order to discuss the methodology for the proposed experiment, it is important to understand 

the significance of built environment for health behaviors and outcomes within the framework of 

Ecologic models.  Specifics and examples of PARs, components of walkability, crime and traffic 

safety, as well as common terminology used to describe built environment measurement and 

attributes will be discussed in all sections.  Some of the foremost measures for objective 

assessment of the built environment are also included.  With a foundation for understanding 

measurement of the built environment using objective field assessment and GIS-based measures, 

we extend to the context of how these attributes relate to health behaviors and outcomes such as 

physical activity and BMI. 

In this dissertation, built environment assessments are used to explore cross-sectional and 

longitudinal relationships with physical activity and CVD risk factors. Most research examining 

the built environment and health is cross sectional and assesses associations with self-reported 

physical activity or BMI (Booth, Pinkston, & Poston, 2005; Humpel, Owen, & Leslie, 2002; 

Papas et al., 2007; J. F. Sallis & Glanz, 2009; Wendel-Vos, Droomers, Kremers, Brug, & van 

Lenthe, 2007). Those which have investigated relationships between the built environment and 

objectively measured physical activity, other physiologic health outcomes, or utilize quasi-

experimental or longitudinal study designs reveal significant inconsistencies (Berry, et al., 2010; 

I. M. Lee, et al., 2009; McCormack & Shiell, 2011; Oakes, Forsyth, & Schmitz, 2007).  These 

inconsistencies are discussed in relation to built environment measurement methods of PARs, 
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walkability, traffic and crime, and physical activity.  Using the knowledge available for 

associations between built environment and health we use objective measures of the built 

environment and physical activity, include measures of multiple physiologic health outcomes, 

and explore these relationships longitudinally. 

Since this dissertation investigates associations between the built environment and 

multiple CVD risk factors, significance and measurement of physical inactivity, BMI, BF%, BP, 

CRF, dyslipidemia, and impaired fasting glucose will be reviewed in section 2.4, along with 

previous literature that has examined relationships between the built environment and these risk 

factors.  Last, quasi-experimental and longitudinal studies designs and the potential for the built 

environment to support maintenance of health behaviors or outcomes following and individual 

level interventions will be discussed in section 2.5. The review of literature will conclude with 

section 2.6, in which each section will be summarized and connected with the overall purpose of 

the study:  how objectively measured built environment attributes influence five year changes in 

PA and health outcomes, additional CVD risk factors and overall risk for CVD in AA women.    

2.2 The Ecologic Model and Importance of the Built Environment 

Social ecologic theory and ecologic models of health posit that individual, social and 

environmental factors interact with one another and are associated with health behaviors such as 

physical activity (Egger & Swinburn, 1997; R. E. Lee & Cubbin, 2009; J.F. Sallis & Owen, 

1997; Spence & Lee, 2003).  These factors can be intra individual or extra individual. Intra 

individual factors include ethnicity, gender, self-efficacy or motivation and can significantly 

affect physical activity and health outcomes.  Extra individual factors such as the built 

environment have been hypothesized by the Ecologic Model of Physical Activity (Spence & Lee, 
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2003) to influence physical activity via individual factors, as well as exert a direct effect on 

physical activity.  Environmental influences on physical activity can be further divided into 

levels of influence which are are more proximal or distal to the behavior.  

The most distal environmental influence on physical activity is the macro environment which 

encompasses all other levels and refers to elements of the larger socio-cultural context in which a 

person resides such as social and cultural context, policies or institutional discrimination. The 

most proximal environmental influence on physical activity is the micro environment, which 

includes the immediate surroundings where a person lives, works or goes to school.  The 

mesosystem and exosystem are levels of the ecologic model which refer to interactions and 

linkages between two or more microsystems. In the context of this dissertation, the neighborhood 

or built environment will be considered at the level of micro environment. Components of the 

neighborhood environment hypothesized to influence an individual’s decision and ability to 

engage in physical activity include sidewalks, land use diversity, amount of traffic, or parks and 

other recreational facilities.  

Reviews of the literature over the last decade have identified consistent associations between 

the environment, physical activity and obesity (Booth, et al., 2005; Casagrande, Whitt-Glover, 

Lancaster, Odoms-Young, & Gary, 2009; R. E. Lee, McAlexander, & Banda, 2011; Owen, 

Humpel, Leslie, Bauman, & Sallis, 2004; B. E. Saelens & Handy, 2008; B. E. Saelens, Sallis, & 

Frank, 2003; J. F. Sallis & Glanz, 2009), as well as relationships between intra-individual factors 

such as self-efficacy and motivation with physical activity and obesity (V. Cleland et al., 2010; 

Eyler et al., 2003; Giles-Corti & Donovan, 2002a).  This evidence for multiple levels of 

influence on physical activity and obesity has made it clear that it may not be sufficient to 
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address intra-individual or extra-individual influences exclusively in order to affect health 

behaviors (Carlson et al., 2012; Giles-Corti & Donovan, 2002a; Papas, et al., 2007). Due to the 

cross-sectional nature of the majority of this research it is difficult to determine the direction of 

these relationships and the most effective strategies to maintain health behaviors over time 

(Wendel-Vos, et al., 2007).  

Based on the theoretic framework of the Ecologic Model of Physical Activity (Figure 1, page 

7), Neighborhood Environment, Changes in physical activity and CVD Risk Factor Outcomes 

(Figure 2, page 8) was presented above. Figure 2 suggests that a behavioral intervention may 

influence physical activity initiation or adoption and result in positive changes in health 

outcomes and CVD risk factors, but to influence long term maintenance or longitudinal changes 

in physical activity, neighborhood environment factors which support physical activity are 

needed. Recent empirical studies support the importance of the built environment for physical 

activity, as they have found associations between the built environment and physical activity 

after controlling for individual and psychosocial correlates (Rodriguez, Evenson, Diez Roux, & 

Brines, 2009; B. E. Saelens et al., 2011; L. A. Wilson et al., 2011). Figure 2 suggests that 

positive changes in health outcomes and CVD risk factors operate via increases in physical 

activity, and neighborhood environment may also have independent effects on these health 

outcomes. Take for example, an AA woman who takes part in an individual level intervention 

that addresses self-efficacy for physical activity and knowledge of the importance of physical 

activity for health, and provides structured walking groups to increase physical activity. At the 

conclusion of the intervention she is walking three days per week, has lowered her blood 

pressure and lost four pounds. She is armed with the individual tools of knowledge and 
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confidence that she can engage in physical activity and improve her health. However in the 

coming weeks, she finds that her level of physical activity has declined. Although she wants to 

walk and knows she should walk, she finds that the nearest park to her home is a 10 minute drive 

away. It is nearly impossible to walk around her neighborhood to get exercise because are no 

sidewalks, traffic speeds are over forty miles per hour, and she has heard of assaults and 

robberies occurring in her neighborhood. The bank, post office, and supermarket are over two 

miles away, and the same problems with sidewalks, traffic and crime deter her from walking to 

these destinations. After two months she realizes she has only had one walk since the 

intervention, her blood pressure is back to where it was prior to the intervention, and she hasn’t 

lost any more weight. This example illustrates the importance of the built environment based on 

Ecologic models and its contribution to maintenance of physical activity and long term changes 

in health outcomes (See Figure 2, page 8).  

Although this dissertation will investigate the strength and direction of cross-sectional and 

longitudinal associations between neighborhood environment factors (crime risk, traffic safety, 

average speed limit, sidewalk connectivity, pedestrian facility availability, street segment use, 

number of PARs) and physical activity and health outcomes/CVD risk factors, intra-individual 

factors (age, SES) can also be significant influences on physical activity and health 

outcomes/CVD risk factors (Centers for Disease Control and Prevention, 2008; Flegal, et al., 

2010; McLaren, 2007) and will be measured as covariates and included as covariates in analyses. 

2.3 Direct Measurement of the Built Environment  

Direct built environment measurement involves two primary methods of data collection:  

objective field assessments using in-person audit tools, and aggregated, existing data sets 
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managed by Geographical Information Systems (GIS).  Both will be discussed in this section as 

the primary measures of neighborhood environment factors for this dissertation. 

Objective Field Assessments are done using audit tools designed for systematic 

observation of the built environment, including the presence and quality of built environment 

features hypothesized to influenced physical activity and other health outcomes. Audit tools can 

be used to collect information about built environment features not included in a GIS database 

(e.g. indicators of neighborhood disorder at a park such as graffiti, litter or drug paraphernalia), 

or to measure features that are best assessed through in-person observation (R. C. Brownson, et 

al., 2009). Audit tools require the people assessing the neighborhood to be physically present in 

the neighborhood. Assessors may walk, or drive through a neighborhood (windshield 

assessment) coding characteristics of sidewalks, streets, parks, recreation facilities or trails using 

a systematic and standardized protocol. The audit tool can be a paper form or an electronic 

version of a form with yes/no questions, Likert scales, or open ended questions with open space 

for written comments or observations. Built environment characteristics are usually measured 

within pre-defined areas surrounding a participant’s home (400, 800 or 1600 meter buffer). For 

assessing a neighborhood the unit of measurement is a street-segment, which is the two facing 

sides of one street block. Researchers typically do not measure all street segments within this 

buffer area, with some exceptions (R. E. Lee, Booth, Reese-Smith, Regan, & Howard, 2005), but 

select a random sample to represent the area (McMillan, Cubbin, Parmenter, Medina, & Lee, 

2010).  Other units of measurements include PAR areas, or segments of trails. Specific built 

environment features and the tools used to measure them will be discussed in upcoming sections.     
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Conducting objective field assessments is time consuming. Researchers must select sites, 

define units of measurement and sampling procedures, train observers, collect and enter the data, 

then score and code raw data into functional variables. Time required for data collection will 

vary depending on the number of neighborhoods or participants, the percentage of segments 

sampled, the number of items observed (e.g. all PARs, or only playgrounds), and the tool used 

(ranges from 10-20 minutes per segment) (R. C. Brownson, et al., 2009). Because of the time 

commitment required to conduct objective field assessments, researches should assess whether 

in-person audit is necessary to answer their research question, or whether existing GIS data, or 

resident perceptions of the environmental variables in question would suffice. Objective field 

assessments can capture quality of the environment (e.g. maintenance, safety) and can produce 

very detailed assessments of a neighborhood.  

Auditors who go into the field should have some knowledge of the content area (urban 

planning, recreation studies).  Most often, observers are undergraduate students or graduate 

research assistants who are trained to observe features of the built environment. Training 

sessions in the classroom as well as in the field are recommended before the observers collect 

data. Proper training of auditors is essential for objective field assessments because reliability of 

audit tools is most often determined by inter-observer reliability (R. C. Brownson, et al., 2009).   

There have been several audit tools developed in recent years and described in a review 

by Brownson and colleagues (2009). These tools vary greatly in the type and variety of 

environmental features which they measure; from sidewalks, to parks or entire communities.  

Audit tools also vary by the level of detail at which environmental features are measured; from 

one or two items, to dozens of items to measure a single characteristic. Selecting an audit tool to 
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use for an objective field assessment entails thorough consideration of the environmental 

characteristics or features being measured, time required, costs, instrument reliability and 

validity and the goal(s) of the research question.  

GIS-based measures refer to measures of the built environment derived from existing 

data sources with some sort of spatial reference, such as an address or census boundary.  Using 

GIS to assess the built environment for physical activity is the best way to generate objective 

measures for studies involving large geographic areas or a considerable number of 

neighborhoods or participants (R. C. Brownson, et al., 2009; Butler, Ambs, Reedy, & Bowles, 

2011; Thornton, Pearce, & Kavanagh, 2011). The most frequently assessed built environment 

variables for physical activity by GIS are population density, land use mix, access to recreation 

facilities, street connectivity, sidewalks, vehicular traffic, crime, and composite indexes 

representing a combination of one or more of these variables (R. C. Brownson, et al., 2009; 

Frank et al., 2010; Frank, et al., 2005). Many studies have found associations between physical 

activity, BMI and built environment variables measured by GIS (Duncan, Aldstadt, Whalen, 

Melly, & Gortmaker, 2011; Frank, et al., 2005; Handy, Cao, & Mokhtarian, 2008; McGinn, et 

al., 2007). Even so, this technique is relatively new, and numerous methodological issues remain 

(Butler, et al., 2011; A. Forsyth, Schmitz, Oakes, Zimmerman, & Koepp, 2006).  One issue is the 

lack of detailed and consistent protocols. Often these variables or the level at which they are 

measured is not defined clearly enough to be replicated. For e ample “intersection density” may 

or may not include freeways, or data for a given variable may have been collected in varying 

geographic units (census tract or block, parcel, buffers of set distances). What becomes 

increasingly complex is attempting to impose an artificial spatial area (census block) on a 
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standardized buffer around a participant’s home. A consensus on the most appropriate 

geographic scale for measuring the built environment for physical activity has not yet been 

determined (C. Lee, Moudon, & Courbois, 2006). A second issue is the accuracy and 

completeness of data. GIS data are typically collected for purposes other than for research such 

as taxes, advertising, or managing infrastructure, and complete data may not be available for an 

entire study area. In addition, one variable measured by GIS data may have been captured in a 

different year from another variable, and the environment may have been changed or altered 

from the time the data was collected to the time it is used in conjunction with physical activity 

data (A. Forsyth, et al., 2006; Porter, Kirtland, Neet, Williams, & Ainsworth, 2004).  The 

accuracy and completeness of the data source, and the geographic scale at which the measures 

are aggregated contribute to the reliability and validity of GIS built environment measures (R. C. 

Brownson, et al., 2009).  Time and monetary resources are needed in order to acquire GIS data. 

To obtain GIS data, it may require downloading internet files, contacting government offices or 

paying companies for the use of their data. It can also be expensive and time consuming to train 

or hire personnel who have the skills to manage and integrate GIS data with health or physical 

activity data (Porter, et al., 2004).  Despite these limitations, GIS is a useful tool because we are 

able to examine associations between physical activity and the actual environment as opposed to 

resident perceptions or self-report, and are able to study detailed environmental variables over 

large geographic areas. In this dissertation we will use GIS measures of vehicular traffic and 

crime, which we have readily available from the Department of Transportation and the Houston-

Galveston Area Council and the FBI Uniform Crime Report databases respectively.  

2.3.1 Physical Activity Resources (PARs) 
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PARs include any facility or resource which provides an opportunity to do physical activity such 

as trails, parks, gyms, fitness centers, schools, playgrounds, or community centers. Ecologic 

models and available data suggest that neighborhoods with greater access, availability and 

quality of PARs provide superior opportunities to do physical activity, which may lead to greater 

participation in physical activity and positive health outcomes. (Diez Roux, et al., 2007; 

Heinrich, et al., 2008; Heinrich et al., 2007; J. F. Sallis, Saelens, et al., 2009)  

Direct PAR measures. The number or presence of PARs in a neighborhood can be 

evaluated using GIS. PARs can be located using municipal databases, telephone or internet 

directories. These PARs are counted, and mapped to a specified geographic area, or within a 

buffer surrounding a study participant’s home. Although this method may be time efficient, 

assessing the density or presence of PARs in a neighborhood does not capture qualitative 

information about PARs that may have an important influence on physical activity or health. For 

example a study by Prince and colleagues (2012) found that for women, the amount of total park 

area (km
2
 per 1000 people) was associated with higher odds of being active, but also associated 

with higher odds of being overweight/obese (Prince et al., 2012).  

In this dissertation we will measure neighborhood PARs using objective field 

assessments. Several in-person audit instruments that evaluate neighborhood PARs have 

emerged in recent years (Bedimo-Rung, Gustat, Tompkins, Rice, & Thomson, 2006; R.C. 

Brownson et al., 2004; Cavnar et al., 2004; R. E. Lee, et al., 2005; McKenzie, Cohen, Sehgal, 

Williamson, & Golinelli, 2006; B.E. Saelens et al., 2006; Troped, Whitcomb, Hutto, Reed, & 

Hooker, 2009), and have been reviewed in the literature (R. C. Brownson, et al., 2009). These 

assessment tools allow researchers to directly measure several attributes of PARs, and gather 
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quantitative and qualitative information about the facility.  PAR attributes are objectively defined 

and rated by field assessors based on independent definitions for each attribute’s e istence and/or 

a quality rating.  The most commonly measured PAR attributes include accessibility (proximity, 

cost), features (e.g. exercise stations, swimming pool, soccer field), amenities (e.g. bathrooms, 

picnic tables, lighting) and incivilities (physical disorder, maintenance) (R. E. Lee, et al., 2005). 

The density or number of neighborhood PARs and these attributes influence physical activity, 

and may differ by neighborhood SES and ethnicity. (Baker, Schootman, Kelly, & Barnidge, 

2008; Diez Roux, et al., 2007; Gordon-Larsen, Nelson, Page, & Popkin, 2006; Heinrich, et al., 

2007; Kaczynski, Potwarka, & Saelens, 2008; R. E. Lee, et al., 2005).  Residence in a 

neighborhood with inferior accessibility (whether a PAR is free or pay for use) and quality 

(amenities, features or degree of incivility) of neighborhood PARs may contribute to insufficient 

levels of physical activity or a higher BMI. Heinrich and colleagues (2007 & 2008) found 

availability, accessibility and incivilities were positively associated with physical activity, and 

higher quality of PAR amenities and features, and fewer incivilities were associated with lower 

BMI.  Another study of physical activity prevalence in eleven countries found that low cost 

recreation facilities were associated with increased physical activity (J. F. Sallis, Bowles, et al., 

2009). 

PARs and health disparities. Inequalities in the presence and attributes of neighborhood 

PARs may help explain ethnic and SES disparities in physical activity and (Gordon-Larsen, et 

al., 2006; Parks, Housemann, & Brownson, 2003). Some of the previous literature in this area 

has found that lower SES and minority neighborhoods have fewer PARs (Estabrooks, Lee, & 

Gyurcsik, 2003; R. E. Lee, et al., 2005; Moore, Diez Roux, Evenson, McGinn, & Brines, 2008). 
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On the other hand, some studies have found a greater presence of PARs in low SES 

neighborhoods, but disparities in other PAR attributes (Cutts, Darby, Boone, & Brewis, 2009; 

Giles-Corti & Donovan, 2002b).  Incivilities have been used to describe the quality and social 

order of a neighborhood, and can be applied in the same context to PARs (Airey, 2003; J. Q. 

Wilson & Kelling, 1982). Incivilities are more common at PARs in low SES neighborhoods (R. 

E. Lee, et al., 2005), and PAR incivilities may be a barrier to PA that is of particular 

consequence in low SES and minority neighborhoods where concerns about crime and safety 

have been reported as deterrents to physical activity (Casagrande, et al., 2009). PAR presence 

and attribute quality can be directly measured using objective field assessments and have been 

significantly associated with physical activity and other health outcomes. We will use objective 

field assessment data (the Physical Activity Resource Assessment (PARA)) to examine 

associations between PAR density and quality, and physical activity and health outcomes.  

2.3.2 Walkability  

Neighborhood walkability refers to elements of urban form that have the potential to influence 

physical activity. Empirical studies provide support for positive associations between walkability 

and physical activity, BMI or obesity (Adams et al., 2011; Christian et al., 2011; Frank, Kerr, 

Sallis, Miles, & Chapman, 2008; B. E. Saelens, et al., 2011; J. F. Sallis, Saelens, et al., 2009; 

Sundquist et al., 2011). In one study, walkability explained additional variation in the number of 

minutes of activity per day over sociodemographic factors, and individuals in the highest 

walkability quartile were 2.4 times more likely than individuals in the lowest walkability quartile 

to meet the recommended 30 minutes of moderate physical activity per day (Frank, et al., 2005). 

The elements of urban form that characterize a neighborhood as ‘walkable’ include street 
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connectivity, residential density, sidewalk access and mixed land use (Frank, et al., 2010; Frank, 

et al., 2005; Lo, 2009). Reviews from the transportation, urban design and planning literature 

have examined results of neighborhood comparison and correlational studies and found that 

residents from communities with higher residential density, greater connectivity, and more land 

use mix report higher rates of walking and cycling than low-density, poorly connected, and 

single land use neighborhoods. (C. Lee & Moudon, 2006; B. E. Saelens, Sallis, & Frank, 2003; 

Transportation Research Board, 2005)  

Composite indices of walkability have been developed and widely used in the public 

health, physical activity, and transportation literature (Carr, Dunsiger, & Marcus, 2010; Duncan, 

et al., 2011; Frank, et al., 2010; Frank, et al., 2005; Sundquist, et al., 2011).  For example, one 

index was developed using objective measures of land use mix, residential density and street 

connectivity (e.g. US Census Bureau data, parcel-level land use database), then converted to 

standardized z-scores and assigned relative contribution weights. (Frank, et al., 2010; Frank, et 

al., 2005) Another composite index of walkability is the Walk Score
®
 algorithm. (Carr, et al., 

2010; Walk Score) Walk score
®
 uses data from sources such as Google, Open Street Map, and 

public transit agencies. The Walk Score
®
 of an address, zip code or city is calculated by mapping 

out the walking distance to amenities in nine different categories, and also given a penalty for 

having poor pedestrian friendliness metrics, such as having long blocks or low intersection 

density. Categories are then weighted according to their importance, and the distance to a 

location, counts, and weights determine a base score of an address, which is then normalized to a 

score from 0 to 100. (Walk Score, 2011)  Limitations of using a composite index of walkability 

include: the omission of other built environment factors that may influence physical activity and 
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health outcomes along with walkability (e.g. crime, traffic, PAR accessibility), (Adams, et al., 

2011; C. Lee & Moudon, 2004) and the strong associations between walkability index and 

physical activity done primarily for transportation purposes (Frank, et al., 2010; C. Lee & 

Moudon, 2006; Oakes, et al., 2007). To define walkability in this dissertation, we will examine 

the following constructs: land use mix, street connectivity and pedestrian facility availability.  

Land use mix is a component of proximity (distance between trip origins and the 

destination), which is hypothesized to influence physical activity because increasing proximity 

will increase the convenience or ease of accessing a destination by walking or bicycling. Land 

use mix is the intermingling of several types of land uses such as residential, commercial, and 

public open space or parks. For example, living above a retail shop or restaurant increases the 

ease and convenience of walking to this destination. Street segment use for purposes other than 

single family, residential homes can also be used as an estimate for residential density (A.; 

Forsyth, Oakes, Shmitz, & Hearst, 2007). Varying the combination of land uses can affect the 

relationship of walkability with different types and amounts of walking. For example more than 

60 minutes per week of transport walking had the strongest and most significant association with 

walkability when land use included ‘residential’, ‘retail’, ‘office’, ‘health, welfare and 

community’, and ’entertainment, culture and recreation’. However, any (greater than zero 

minutes per week) recreational walking was more strongly associated with walkability when land 

use categories included ‘public open space’, ‘sporting infrastructure’ and ‘primary and rural’ 

land uses (Christian, et al., 2011).  A study which calculated availability of retail space in 

neighborhoods by using the percentage of land area that contained retail uses, provides further 

support for the association between land use mix and physical activity. This study found that the 
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highest quartile of the percentage of area devoted to retail was associated with higher levels of 

walking to places after adjustment for age, gender, race/ethnicity, education, income, and street 

connectivity. Being in the top quartile; greater than 10.6% of area in retail relative to the baseline 

category of having no retail - was associated with 1.8 higher odds of some walking, and 2.6 

higher odds of walking to places (Rodriguez, et al., 2009). 

Street connectivity refers to the ease or directness of travel between the origin and the 

destination within the street or sidewalk pattern (B. E. Saelens, Sallis, & Frank, 2003). Street 

connectivity measured using GIS database techniques has been operationalized several ways, 

including block length, block size, and four way intersection densities (R. C. Brownson, et al., 

2009; Dill, 2004; Frank, et al., 2010). Connectivity is high when streets are laid out in a grid 

pattern, there are few barriers (e.g. freeways), route distance is similar to straight-line distance 

and there is a choice of taking different routes to the same destination. Low connectivity is 

characteristic of the layout of modern suburbs with long block size, barriers to direct travel (e.g., 

cul de sacs), and few route choices. Reviews of the literature have found that street connectivity 

is most often and most strongly associated with active transportation and walking for utilitarian 

purposes (greater connectivity, higher levels of physical activity) (Humpel, et al., 2002; Owen, et 

al., 2004; B. E. Saelens, Sallis, & Frank, 2003; Transportation Research Board, 2005). Recent 

studies also provide support for the influence of street connectivity on meeting daily physical 

activity recommendations. A study by Wilson and colleagues (2011) found that the likelihood of 

walking for more than 300 minutes per week (compared to less than 30 minutes per week) was 

1.93 times greater in areas with the most connectivity (L. A. Wilson, et al., 2011).  
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Sidewalk access or available pedestrian facilities are also components of neighborhood 

walkability. Having sidewalks on most streets has been associated with meeting physical activity 

recommendations (Casagrande, et al., 2009; J. F. Sallis, Bowles, et al., 2009). A review of 

adults’ walking found that walking was associated with having sidewalks in the residential 

neighborhood (Sugiyama, Neuhaus, Cole, Giles-Corti, & Owen, 2012). Land use mix and street 

connectivity are most often associated with physical activity for transportation or utilitarian 

purposes (B. E. Saelens, et al., 2011), and we anticipate that including pedestrian facility 

availability will improve the possibility of capturing associations with physical activity for 

leisure, recreation or any purpose. 

Although reviews of the literature point to consistent, positive associations between 

objectively measured walkability (using existing data sources and GIS techniques) and physical 

activity, there are existing studies that did not find, or found contrary associations between 

walkability and physical activity or BMI (McCormack & Shiell, 2011). The Twin Cities Walking 

Study found neither density nor street connectivity were related to miles walked per day or 

increased total physical activity, and the most walkable neighborhoods had the greatest mean and 

median BMI (McDonald, Oakes, & Forsyth, 2011; Oakes, et al., 2007). Another study in youth 

found that children in neighborhoods with the most highly connected streets reported less 

physical activity outside of school than children from neighborhoods with less connected streets 

(Mecredy, Pickett, & Janssen, 2011). An explanation of these contradictory relationships 

requires further exploration of the association between walkability and physical activity using 

alternate built environment measurement techniques, objective measures of physical activity, and 

other physiologic or metabolic health outcomes.  



 

 

35 

 

Due to the burden of the time needed to collect data using objective field assessments, 

walkability is not often measured using in-person audit tools (McCormack & Shiell, 2011). 

Audit tools capture micro level features that are not easily captured in publicly available data. A 

study by Casagrande and colleagues (2011) used the Pedestrian Environmental Data Scan 

(PEDS) to measure walkability (Clifton, 2007). They conducted a confirmatory factor analysis to 

construct a walkability score. The final indicators of walkability measured by the PEDS included 

connections to other sidewalks and crosswalks, the presence of stop signs, obstructions in the 

sidewalk, and designated crosswalks. Using these factors to create the walkability score, this 

study found that among individuals living in predominately white and high-SES neighborhoods, 

residing in highly walkable neighborhoods was associated with a lower prevalence of obesity 

compared to individuals living in poorly walkable neighborhoods (Casagrande, Gittelsohn, 

Zonderman, Evans, & Gary-Webb, 2011). In this dissertation we will also use the PEDS audit 

tool to measure walkability. We will not create an index of walkability, but will examine each of 

the selected factors that comprise walkability independently.  Consistent with the Casagrande 

study, we will also include the number sidewalk connections from the PEDS.  However, we will 

include the types of land use in each street segment to capture land use mix and residential 

density, and a count of pedestrian facilities available in each to capture access to, or availability 

of sidewalks. Based on the results of the review of literature presented above and in the 

subsequent sections 2.3.3 and 2.3.4, it is hypothesized that these elements of the built 

environment will capture associations between the ‘walkability’ of a neighborhood and physical 

activity and other health outcomes.  

2.3.3 Crime 
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Epidemiological and empirical research has shown that residence in a low SES or disadvantaged 

neighborhood is associated with lower levels of physical activity, higher BMI, and poorer health 

outcomes such as increased risk for CVD (Booth, et al., 2005; Law, Power, Graham, & Merrick, 

2007; R. E. Lee & Cubbin, 2002; R.E. Lee, et al., 2011; Merkin, et al., 2009). These associations 

may be partially attributed to higher rates of crime and greater concerns for personal safety in 

these neighborhoods (Patterson, 1991; Wood et al., 2008). Higher crime rates and greater 

perceptions of crime in one’s neighborhood are related to lower levels of physical activity and 

higher BMI; particularly in women, those who are older, and ethnic minority women 

(Casagrande, et al., 2009; Doyle, et al., 2006; Eyler, et al., 2003; S. Foster & Giles-Corti, 2008; 

Roman & Chalfin, 2008; J. F. Sallis, King, Sirard, & Albright, 2007; Suminski, Poston, Petosa, 

Stevens, & Katzenmoyer, 2005). In a study that described women as having worse health than 

men (walked less, higher BMI, more likely to have weight-related chronic conditions) found that 

this gender difference in odds of walking, predicted BMI and having a weight related condition 

was 2-3 times greater in high crime areas than low crime areas. Based on these findings, it 

appears that an environment with rates of high crime may be more detrimental to women’s 

health than for men’s health, particularly in the arenas of walking, obesity, and incidence of 

hypertension, and diabetes. (Doyle, et al., 2006). Constructs related to crime, neighborhood 

disorder and personal safety can be measured by self-report (perceptions of crime or safety), 

objective neighborhood assessments, and with existing data which has recorded information on 

the incidence and type of crime (e.g. municipal or county police reports) (R. C. Brownson, et al., 

2009).  
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Perceptions of safety or fear of crime may be a barrier to physical activity, particularly 

physical activity which is engaged in outdoors and in one’s neighborhood. To measure perceived 

safety, researchers use questionnaires or surveys that ask participants to answer “yes” or “no” 

whether they feel unsafe in their neighborhood, or to rate the degree to which they feel unsafe in 

their neighborhood. Examples of these questions are “do you feel safe walking in your 

neighborhood during the day?”; “do you feel safe walking in your neighborhood at night?”; “do 

you feel crime is a problem in your neighborhood?” (Alexander, Bergman, Hagstromer, & 

Sjostrom, 2006; B. E. Saelens, Sallis, Black, et al., 2003). A potential limitation with some of 

these questions is they do not clearly state what the source of insecurity or fear is, and therefore 

may be interpreted in various ways by respondents. A review of evidence of the relationships 

between neighborhood safety and physical activity by Foster SS (2008) found mixed results, but 

that perceptions of safety tend to affect groups who are known to exhibit anxiety about crime 

such as older adults, women, and ethnic minority populations. Several studies have found that 

African American women who perceived their neighborhood as safe were more likely to report 

being physically active (Suminski, et al., 2005; Wilbur, Chandler, Dancy, & Lee, 2003; Wilcox, 

Bopp, Oberrecht, Kammermann, & McElmurray, 2003). Building on these associations between 

perceived safety and self-reported physical activity, a study by Bennett and colleagues (2007) 

measured physical activity using pedometers and found that women who reported their 

neighborhoods as unsafe during night-time hours had nearly 1,100 fewer steps per day than those 

who viewed their surroundings as safe (Bennett et al., 2007). Perceived safety from crime is also 

associated with BMI in both men and women (Christian, et al., 2011). 
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Built environment characteristics at the street level may promote perceptions of safety by 

giving residents a feeling of increased surveillance or decreased vulnerability to crime (S. Foster 

& Giles-Corti, 2008). These features can be measured using objective neighborhood assessments 

(in-person audit tools) and include street lighting, and incivilities such as graffiti, litter, and 

vandalism.  The presence of incivilities in a neighborhood may act as an intermediate variable, 

indicating the presence of disorder which may increase concerns about crime or safety (Wood, et 

al., 2008).   

Actual crime is typically measured by using existing data sources such as municipal 

police reports (Oh et al., 2010), or a uniform crime report at the county or city level from the US 

Census Bureau (Doyle, et al., 2006). Objectively measured crime rates can be normalized to 

crimes per number of people, and separated into type of crime; crimes against property and 

crimes against person. Previous literature supports a relationship between objective measures of 

crime or safety and physical activity and other health outcomes. A study by Doyle and 

colleagues (2006) found that participants who lived in counties with lower crime rates tended to 

walk more and have lower BMI’s than those in more crime prone areas, and that this effect of 

crime rates was substantially stronger in women. Weak correlations exist between perceived 

crime or safety and actual crimes (McGinn, Evenson, Herring, Huston, & Rodriguez, 2008; Oh, 

et al., 2010). Perceptions of crime have been more commonly measured in the literature, and 

therefore more consistently associated with physical activity (S. Foster & Giles-Corti, 2008).  

However, examining associations between objectively measured crime and physical activity is 

critical because of the possible confounding effect crime rate has on the link between 

neighborhood walkability and physical activity (McAlexander, Banda, McAlexander, & Lee, 
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2009).  Urban neighborhoods with greater population density are more walkable, but also have 

higher crime rates (U.S. Department of Justice Federal Bureau of Investigation "Crime in the 

United States", 2010). Crimes per 100,000 people were found to be positively associated with a 

neighborhood “Walk Score”, which is a reliable and valid estimate of access to walkable 

amenities (Carr, et al., 2010). This relationship may lead to conclusions which seem 

contradictory. For example a study by Prince and colleagues (2012) found that every standard 

deviation increase in crime rate resulted in an 8-9% decrease in the odds of overweight or 

obesity. However this confounding relationship between crime and walkability suggests that in 

order to promote physical activity and health, neighborhoods must be both safe and walkable 

(Doyle, et al., 2006). In this dissertation we will use objectively measured crime rates to examine 

the associations between crimes, physical activity and health outcomes in AA women.  

2.3.4 Traffic Safety  

An aspect of the built environment hypothesized to influence physical activity is traffic safety. 

Elements of traffic safety such as lower traffic speeds, lower traffic volume, and fewer crashes 

involving pedestrians and bicyclists may encourage physical activity, especially walking and 

physical activity done for transportation purposes (Owen, et al., 2004; Transportation Research 

Board, 2005). In order to study the associations between traffic safety and physical activity, 

traffic speed, traffic volume and crash data have been examined using GIS, self-report 

questionnaires, and less commonly, objective field assessments.  

Objective measures of traffic safety. Data availability for measures of traffic safety 

depends on local policies, and data sources are not always readily available in all metropolitan 

areas (R. C. Brownson, et al., 2009). To gather traffic speed or volume data, posted speed limits 
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or traffic counts can be gathered from county street network files or from the U.S. Census 

Bureau Topologically Integrated Geographic Encoding and Referencing (TIGER) database of 

selected geographic and cartographic information. Data for traffic crashes can be retrieved from 

county or state department of transportation organizations (DOTs), or private traffic or highway 

research institutes. A proxy for the degree of vehicular traffic has also been measured by street 

width, which is likely to affect the volume of traffic and incidence of traffic crashes (Roemmich, 

Epstein, Raja, & Yin, 2007). Previous literature supports associations between physical activity 

and traffic safety measured by GIS. McGinn and colleagues (2007) examined associations 

between both self-reported and objectively measured indices of traffic and physical activity. This 

study only found statistically significant associations between physical activity and traffic 

indices measured by GIS. They found that participants living in areas of low-traffic speed and 

volume were less likely be inactive compared to those living in areas of high-traffic speed and 

volume. Participants who lived in areas where there was a low occurrence of crashes were more 

likely to meet recommendations for leisure physical activity (McGinn, et al., 2007). 

Perceived traffic safety. Self-report questionnaires which assess resident perceptions of 

the built environment are a common method used in previous literature to measure traffic safety. 

Two common surveys that include questions which pertain to traffic safety are the Neighborhood 

Environment Walkability Scale (NEWS) (B. E. Saelens, Sallis, Black, et al., 2003) and the 

International Prevalence Study – environmental module (Alexander, et al., 2006). Questions to 

assess perception of traffic safety may ask residents/participants to indicate how strongly they 

agree or disagree with a statement on a Likert-type rating scale. Examples from the NEWS are, 

“there is so much traffic along the street I live on that it makes it difficult to walk” and “most 
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drivers exceed the posted speed limits”. Other studies have used adapted versions of these 

established surveys (V. Cleland, et al., 2010).  Empirical support also exists for cross-sectional 

and longitudinal relationships between perceptions of traffic safety and physical activity. 

Ainsworth and colleagues found that reporting light traffic was related to meeting 

recommendations for physical activity in a sample of AA women (Ainsworth, Wilcox, 

Thompson, Richter, & Henderson, 2003). An intervention study over a one year time period 

found that women who perceived their environment to be less safe from volume of car traffic or 

speed of traffic decreased their daily walking time. Women who perceived their neighborhood to 

be safer from car traffic increased their walking time by 22 minutes per day (Kerr, et al., 2011). 

Another longitudinal study found that increases in walking for transportation were associated 

with perceiving neighborhoods to have traffic slowing devices present (V. Cleland, et al., 2010).  

Traffic safety measure by objective field assessment. Although less common in the 

literature, traffic speed limits can be measured using in-person audit instruments (Moudon & 

Lee, 2003).  A study by Lee and colleagues (2011) recorded traffic speed limits on every street-

segment with an 800meter radius of participant’s homes. They found inverse associations 

associating lower speed limits with greater walking, vigorous physical activity and total physical 

activity (R. E. Lee, S. K. Mama, K. P. McAlexander, et al., 2011).  

Consistent with the EMPA, empirical support exists for the built environment feature of 

traffic safety having an influence on physical activity. In this dissertation we will extend the 

findings of the current literature by measuring traffic safety using objective field assessments. 

Neighborhood audits will determine the speed limit for each street segment in a participant’s 

neighborhood.  Associations between average neighborhood speed limit (sum of speed limits per 
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segment divided by number of segments per neighborhood) and multiple health outcomes and 

risk factors for CVD will be examined.  

 

2.4 CVD Risk Factors and Health Outcomes Influenced by the Built Environment 

 

Modifiable cardiovascular disease (CVD) risk factors include physical inactivity, low 

levels of cardiorespiratory fitness (CRF), overweight or obesity, hypertension, dyslipidemia, and 

impaired fasting glucose (Cannon, 2007). Over the last several years, efforts to prevent or treat 

CVD have resulted in significantly lower CVD-related mortality. However, the prevalence of 

CVD risk factors among US adults such as obesity, hypertension and type 2 diabetes remains 

alarmingly high. Health promotion efforts and interventions which target individual level 

behavior change may elicit desirable outcomes such as weight loss, but are difficult to sustain 

over time.  Approaches which target prevention rather than treatment of CVD should address 

environmental factors that have the ability to affect health behaviors (Hemsing & Greaves, 2008; 

Renalds, Smith, & Hale, 2010). The subsequent sections will describe the significance and 

measurement of, and the relationship of the built environment with the following risk factors for 

CVD: physical inactivity, CRF, BMI and percent body fat (BF%), hypertension, dyslipidemia, 

and impaired fasting glucose. The relationship of physical activity and the built environment will 

not be discussed further, as it was described in detail above.  

 

2.4.1 Physical Inactivity  

 

Many studies have investigated the associations between directly measured built 

environment attributes and physical activity and (Gordon-Larsen, et al., 2006; Handy, Boarnet, 

Ewing, & Killingsworth, 2002; Humpel, et al., 2002; C. Lee & Moudon, 2006; B. E. Saelens & 



 

 

43 

 

Handy, 2008; B. E. Saelens, Sallis, & Frank, 2003; B. E. Saelens, et al., 2011), but not all studies 

have found consistent relationships. As outlined above, these associations may depend on the 

specific built environment attribute being examined, and how it is measured. The presence and 

strength of the relationship between a built environment attribute and physical activity is also 

related to the type and intensity of physical activity, the population being examined (e.g. 

children, adults, race/ethnicity, gender, low/high income, etc.) as well as the way physical 

activity is measured.  

Health benefits of physical activity. Physical activity comprises all leisure and non-

leisure body movements resulting in an increased energy output from the resting condition 

(Ainsworth et al., 2011; Warburton, Nicol, & Bredin, 2006).  A linear relationship exists between 

physical activity and health status, and engaging in physical activity is associated with decreased 

disease and mortality risk (Blair & Morris, 2009; US Department of Health and Human Services, 

1996; Warburton, et al., 2006). There is a direct relationship between physical inactivity and 

cardiovascular mortality, and physical activity is an independent, modifiable risk factor for CVD 

(Ekblom-Bak, Hellenius, Ekblom, Engstrom, & Ekblom, 2010; Fletcher et al., 1996; Reddigan, 

Ardern, Riddell, & Kuk, 2011).  Physical activity has also been linked to other CVD risk factors; 

physical activity helps to decrease or maintain body weight, has a blood pressure–lowering 

effect, and has been shown to reduce risk for type 2 diabetes. A recent study observed negative 

associations between physical activity and systolic blood pressure, blood glucose, diabetes, 

hypertension, body mass index and obesity, and a positive association was seen with HDL-

cholesterol (Luke, Dugas, Durazo-Arvizu, Cao, & Cooper, 2011). Higher intensity and total 

amounts of physical activity result in greater health benefits.  
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Recommendations and prevalence of physical activity for adults. Several organizations 

and agencies recommend that adults accumulate a minimum of 30 minutes per day of moderate-

intensity physical activities on most days of the week to achieve health benefits of physical 

activity, although further health gains are possible with greater amounts and intensity of physical 

activity (ACSM, 2009 ; Haskell et al., 2007; US Department of Health and Human Services, 

2008). A meta-analysis by Zheng and colleagues (2009) found that walking for 30 minutes, five 

days per week was associated with a 19% reduction in risk for heart disease (Zheng et al., 2009). 

Due to the unrelenting problem of overweight and obesity in the United States, the role of 

physical activity in population health has reached the forefront of national level data collection 

(eg. National Health and Nutrition Examination Survey [NHANES], Behavioral Risk Factor 

Surveillance System [BRFSS]) (Centers for Disease Control and Prevention, 1984-2010, 1999-

2010). Prevalence estimates for adherence to the recommended physical activity guidelines 

reveal that most Americans do not achieve the minimum recommended amounts of physical 

activity (Centers for Disease Control and Prevention, 2008; Macera et al., 2005; Sapkota, 

Bowles, Ham, & Kohl, 2005). Self-report data from the 2001 and 2003 BRFSS indicate that 

approximately 45% of adults achieve 30 minutes of moderate activity on five or more days per 

week (Macera, et al., 2005).  Similarly, adherence prevalence estimates for adults self-reported 

physical activity from the 2003-2004 NHANES were approximately 51% (Sapkota, et al., 2005).  

A study by Troiano and colleagues (2008) examined prevalence estimates of adult physical 

activity collected using accelerometer data from the 2003-2004 NHANES. Accelerometers are 

believed to overcome some of the limitations of population surveys such as reporting bias. This 

study found that objectively measured prevalence of adherence to physical activity 
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recommendations (achieving 30 or more minutes of accumulated moderate or greater intensity 

activity on 5 days per week) was less than 5% among U.S. adults (Troiano, et al., 2008). The 

inconsistency between levels of self-reported physical activity and objectively measured physical 

activity using accelerometers is concerning, as fewer adults than initially thought (based on self-

reported physical activity data) are engaging in the minimum amount of physical activity needed 

to achieve health benefits. A systematic review of literature to determine the extent of agreement 

between subjectively (self-report) and objectively (accelerometer, pedometer, etc.) assessed 

physical activity in adults found also found that correlations between self-report and direct 

measures were generally low to moderate (Prince, et al., 2008). The lack of correspondence 

between self-reported and objectively measured physical activity highlights the importance of 

physical activity measurement methods for detecting cross-sectional relationships between the 

built environment and physical activity, and accurate measurement of physical activity to detect 

changes in physical activity in longitudinal analyses or following behavioral interventions.  

How is physical activity measured? Physical activity levels are often monitored to assess 

the health behaviors of a given population, or the efficacy of a program or intervention designed 

to increase physical activity.  Accurate assessment of physical activity is needed to identify 

current amounts and changes at the population level and to assess the effectiveness of 

interventions or programs. A systematic review reports that the method of measuring PA may 

have a significant impact on the observed levels of physical activity (Prince, et al., 2008). There 

are several techniques for the assessment of physical activity and all can be grouped into the 

general categories of subjective or objective. Subjective or ‘self-report’ measures include 

questionnaires, logs, surveys, diaries and interviews.  Objective or direct measures of physical 
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activity include: calorimetry (e.g. doubly labeled water), physiologic markers such as 

cardiorespiratory fitness, accelerometers, pedometers, hear rate monitors, or direct observation. 

Although doubly labeled water - the criterion for measuring energy expenditure, has been used to 

validate field methods of physical activity measurement, there is currently no ‘gold standard’ for 

physical activity measurement and a need continues to exist for valid, accurate and reliable 

measures of physical activity (Dishman, Washburn, & Schoeller, 2001; Ferrari, Friedenreich, & 

Matthews, 2007; Westerterp, 2009). For the purposes of this dissertation literature review, only 

self-reported questionnaires and accelerometry will be discussed as measures of physical 

activity. 

Self-report questionnaires. Physical activity data collection for a large sample or at the 

population level is typically accomplished using self-report questionnaires which can be self-

administered or interviewer administered. These surveys commonly ask participants to recall the 

intensity, frequency, duration and total amount of physical activity performed over the past day, 

week or month. Questionnaires vary in detail and the length of the period of time being surveyed. 

Higher coefficients for validity and reliability are seen for simple questionnaires that ask 

participants to recall physical activity performed within the last week (Shephard, 2003). 

Interpretation and classification of type, frequency, intensity, duration and total amount of 

physical activity can vary based on age, gender, and culture or ethnicity of the population being 

surveyed. Questionnaires with a global consensus on wording, methods scoring and 

interpretation such as the International Physical Activity Questionnaire (IPAQ) (Craig et al., 

2003) show the strongest reliability and validity across diverse populations (Bauman, Bull, et al., 

2009). Standardized approaches have been developed to handle data as continuous variables (e.g. 
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minutes per week, MET-minutes per week) or to classify participants into activity categories 

(e.g. inactive or meets recommendations, low, moderate or high). 

Strengths. Self-report questionnaires are useful for gleaning information about physical 

activity levels of the population and are the most commonly used physical activity assessment 

tool for researchers and clinicians because of their practicality, low cost, low participant burden, 

and general acceptance (Ainsworth, 2009; Dishman, et al., 2001; Prince, et al., 2008). Recall 

questionnaires can identify details about the frequency, intensity and duration of physical 

activity, classify various domains of physical activity (leisure, transportation, occupation, 

household chores, gardening, etc.) and are able to capture all forms of physical activity including 

bicycling and swimming. Self-report questionnaires can be adapted to fit the needs of any 

population, and are available in long or short versions to obtain the amount of detail needed to 

answer the research question (Bauman, Ainsworth, et al., 2009).  

Limitations. Numerous limitations of self-report methods have been identified and 

discussed (Ainsworth, 2009; Dishman, et al., 2001; Ferrari, et al., 2007; Prince, et al., 2008; 

Vanhees et al., 2005). Self-report questionnaires may over or under-estimate true physical 

activity levels, possibly due to social desirability, inaccurate perceptions of intensity or duration 

of physical activity, and recall bias (Prince, et al., 2008; Troiano, et al., 2008).  Self-report 

methods of physical activity have also been critiqued for their limited reliability and validity, 

which may be related to their reliance on respondents ability to remember and appropriately 

interpret and classify physical activity dosage (e.g. light, moderate, vigorous) (Ferrari, et al., 

2007; Shephard, 2003; Westerterp, 2009). Participants may not be familiar with activities that 
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constitute physical activity, or have the same understanding of physical activity definitions as 

intended by the questions and the researcher.  

Accelerometry-measured physical activity. Accelerometers have been accepted as a valid 

means of physical activity assessment. They are battery operated motion sensors worn at the 

waist that detect the speed and intensity of body movement (acceleration) in the vertical plane 

(Ainsworth, 2009). Data are typically recorded in 1-minute episodes, and activities are expressed 

in ‘counts’ with greater counts, reflecting greater amounts and intensity of movement (Welk, 

2002). Participants are asked to wear the monitors for a minimum number of hours per day 

(usually 10-12 hours) (Paul et al., 2008) over a period of seven days, and may remove the 

accelerometers during sleeping, bathing, or swimming.  There are several brands of 

accelerometers available, and in the context of research the ActiGraph is one of the most widely 

used, and has been evaluated for reliability in free living adults (McClain, Sisson, & Tudor-

Locke, 2007). Several accelerometers have also been evaluated for validity with doubly labeled 

water as a criterion reference (Plasqui & Westerterp, 2005). Self-report measures of physical 

activity are generally higher than PA measured directly using accelerometers (Layne, Mama, 

Banda, & Lee, 2011; Prince, et al., 2008; Troiano, et al., 2008).  

Strengths. Accelerometers have been referred to as the indicated method for physical 

activity assessment in a non-laboratory setting (Westerterp, 2009). Accelerometers offer a 

potential solution to some of the problems associated with self-reported data such as recall and 

response bias. They are small, can store data for multiple days, and are becoming more 

affordable (Troiano, et al., 2008). Accelerometers provide information about the total amount, 

the frequency, the intensity, and the duration of physical activity (Vanhees, et al., 2005). These 
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physical activity variables are used to develop cut points for physical activity intensity levels 

directly related to metabolic equivalents (METs). This can provide researchers with more 

detailed and accurate information compared to questionnaires such as estimated caloric 

expenditure.  

Limitations. Certain types of physical activity such as swimming or cycling may not be 

captured by accelerometer, but according to NHANES 2003-2004, fewer than 10% of adults 

reported bicycling for leisure, and fewer than 5% reported swimming (Troiano, et al., 2008).  

Other common limitations of accelerometry are the cost (approximately $350) and the need for a 

trained technician to download and interpret data. The use of accelerometers in a large study 

sample can be challenging compared to self-report due to the elevated cost to them and the 

availability of personnel and equipment needed to process and analyze data. Adherence or non-

compliance with accelerometer wear leads to data loss, which can have a significant impact on 

the estimates of physical activity (Paul, et al., 2008). Technical difficulty can exist when 

deciding on accelerometer data collection protocols because many investigators do not report 

wear adherence, how missing data were treated, or how much data (hours per day) were 

considered acceptable to be included in the analyses (Layne, et al., 2011).  Determination of 

intensity cut-points and time sampling intervals also requires extensive knowledge of 

accelerometers and equipment training.  

Physical activity is an important health behavior that can reduce risk for CVD (Blair & 

Morris, 2009; Zheng, et al., 2009) and is influenced by attributes of the built environment.  

Accurate assessment of physical activity is important to detect the strength and direction of 

changes and associations between the built environment and physical activity.  Results from 
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studies investigating associations between the built environment and physical activity can 

depend on whether objective or self-report assessments of physical activity were used.  It is 

particularly important to assess physical activity in accurately populations that are most 

vulnerable to low levels of physical activity such as women, and those with a higher BMI 

because these groups are more likely to over report levels of physical activity (Ferrari, et al., 

2007; Prince, et al., 2008; Slootmaker, Schuit, Chinapaw, Seidell, & van Mechelen, 2009). Since 

strengths and limitations exist for both types physical activity measurement, it is ideal for 

physical activity to be measured using multiple methods (Ferrari, et al., 2007; Prince, et al., 

2008).  

2.4.2 Cardiorespiratory Fitness 

There is an inexorable relationship between physical activity and cardiorespiratory fitness 

(CRF); which is a positive, linear association between physical activity amount and intensity and 

fitness level (Wang et al., 2010; Warburton, et al., 2006). Low CRF and inactivity are related to 

increased risk for morbidity and mortality, and are associated with poorer health outcomes and a 

greater prevalence of CVD risk factors (Blair, Cheng, & Holder, 2001; Kokkinos, et al., 2011; 

LaMonte et al., 2005; McAuley & Blair, 2011).  However, much of the literature credits CRF 

with a stronger relationship to individual CVD risk factors as well as incidence and mortality of 

CVD (Ekblom-Bak, et al., 2010; D. C. Lee, X. Sui, F. B. Ortega, et al., 2011; Sassen et al., 2009; 

P. T. Williams, 2001). This robust relationship was demonstrated in a recent study by Lee and 

colleagues (2011) which examined changes in fitness in men over 11 years and found that for 

every one metabolic equivalent (METs) improvement in fitness there was a 15% lower risk of 

all-cause mortality and 19% lower risk of CVD mortality, independent of changes in BMI (D. C. 
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Lee, X. Sui, E. G. Artero, et al., 2011). Previous literature suggests that CRF and physical 

activity may have different relationships with CVD risk and mortality because all of the variance 

in CRF is not explained by physical activity levels (P. T. Williams, 2001). CRF naturally 

decreases with age and is positively influenced by lifestyle factors other than being physically 

active, such as not smoking, and maintaining a low BMI (Jackson, Sui, Hebert, Church, & Blair, 

2009). One epidemiological study examined the prevalence of estimated CRF in healthy adults 

20-49 years of age in the US and found that CRF varied by ethnicity; non-Hispanic black women 

had lower fitness levels than did non-Hispanic white and Mexican-American women, and 

regardless of gender or ethnicity, people who were obese had a significantly lower CRF than did 

non obese adults (Wang, et al., 2010). CRF should be considered a risk factor distinct from 

physical activity and is worthwhile to measure in screening and in intervention studies (Ekblom-

Bak, et al., 2010; P. T. Williams, 2001). 

How is CRF Measured? CRF is an objective measure associated with physical activity 

patterns. The gold standard measure of CRF is direct measurement of ma imal o ygen uptake 

(  O ma ) typically e pressed as milliliters of o ygen (O2) uptake per kilograms of body mass
-1

 

per minute
-1

, or metabolic equivalents (METs) where 1 MET equals 3.5 milliliters of O2 uptake 

per kilograms of body mass
-1

 per minute
-1

.
 
Direct assessment of ma imal o ygen uptake 

(  O ma ) is obtained by conducting a graded e ercise test and measuring ventilitory gas 

exchange at maximal exertion (ACSM, 2009 ). This method has generally been considered 

impractical in studies with large sample sizes or epidemiologic studies (Blair & Jackson, 2001; 

LaMonte & Blair, 2006). However, many indirect procedures for estimating   O ma  are 

available, and may be more practical for estimating CRF outside of a clinical or exercise 
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physiology laboratory setting.    O ma  can be estimated from 1) e ercise duration, or workload 

and heart rate response during a submaximal graded exercise test, 2) field tests (e.g. the amount 

of time required to walk or run a specified distance), or 3) non-exercise regression models using 

predictors such as gender, age, body size, resting HR and self-reported physical activity (ACSM, 

2009 ; Cooper, 1968; Jurca et al., 2005; McNaughton, Hall, & Cooley, 1998; Noonan & Dean, 

2000; Zwiren, Freedson, Ward, Wilke, & Rippe, 1991). For the purpose of this dissertation, only 

methods of submaximal treadmill exercise testing will be discussed.  

Submaximal Treadmill Exercise Testing. Submaximal exercise tests are used to assess CRF 

when direct measurement of maximal CRF is not feasible. Maximal CRF is most often referred 

to as   O ma . The basic aim of a submaximal exercise test is to determine the heart rate 

response to a given workload, and use this response to predict ma imal CRF or   O ma . The 

American College of Sports Medicine advises that estimates of   O ma  from the HR response 

to submaximal exercise test are based on several physiologic assumptions: the steady state heart 

rate obtained for each e ercise work rate is stable from day to day, a linear relationship e ists 

between heart rate and work rate, the projected ma imal workload signifies   O ma , the 

maximum heart rate for a given age is uniform, VO2 at a given work rate is the same from one 

person to the next, and the person performing the test is not taking medications that alter heart 

rate (ACSM, 2009 ). Based on these assumptions for submaximal exercise testing, in order to 

have a valid test it is imperative to accurately measure heart rate. The use of a heart rate monitor 

can reduce the source of human error (compared to palpation), and heart rate should be 

monitored frequently.  It is important to control for factors that may impact resting or 

submaximal heart rate response such as caffeine, food intake, heat or humidity, or anxiety. The 
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test mode should be consistent with the foremost activity done by the participant, and the most 

common mode of exercise for women is walking (R. C. Brownson et al., 2000). Modified 

versions of any validated maximal treadmill protocol can be used to assess submaximal exercise. 

The stages of a treadmill submaximal exercise test should be three minutes or longer, and the 

endpoint is 70% of heart rate (HR) reserve ([HRmax – HRrest X .70] + HRrest) or 85% of age 

predicted maximum HR, which is consistent with other submaximal testing modalities (ACSM, 

2009 ). The HR values at the stopping point are extrapolated to age-predicted maximal heart rate 

and the highest workload (speed and/or incline) that would have been achieved at this ma imal 

heart rate, or total duration of the test is used to estimate and   O ma  using validated prediction 

equations (Bruce, Kusumi, & Hosmer, 1973; C. Foster et al., 1984; Kaminsky & Whaley, 1998). 

Submaximal exercise testing to predict CRF is less invasive than direct measurement of ma imal 

o ygen uptake (  O ma ) and demonstrates higher reliability and validity than field tests and 

non-exercise prediction equations (Bruce, et al., 1973; Jessup, Tolson, & Terry, 1974; Jurca, et 

al., 2005).   

Associations between CRF and the built environment. Few studies have examined 

associations between the built environment and CRF. Relationships between the built 

environment and CRF are hypothesized to operate via physical activity. Residents of a 

neighborhood that is walkable, has many high quality PARs, and is safe from traffic or crime 

would engage in more physical activity, which would elicit higher levels of CRF.  One study has 

tested this hypothesis, and found that neighborhood characteristics which support more physical 

activity and less driving were associated with higher levels of CRF, and this relationship was 

attenuated after adjusting for physical activity (Hoehner, Handy, Yan, Blair, & Berrigan, 2011).  
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More studies like this are needed to understand the impact of built environment on CRF. CRF is 

an important outcome measure because it has strong relationships with health outcomes, CVD 

risk factors and mortality risk. CFR is an objective indicator of physical activity, and is sensitive 

to intensity and even modest amounts of physical activity (Church, Earnest, Skinner, & Blair, 

2007). One limitation of CRF as an outcome measure is the fact that CRF declines with age 

regardless of physical activity level (Jackson, Sui, et al., 2009), which was demonstrated in the 

Hoehner (2011) study by the lack of association between CRF and living in a neighborhood with 

older homes and shorter commute times in older adults (> 66 years). 

Physical activity and CRF are independently associated with lower CVD risk, and measuring 

both variables is important for identifying overall risk for CVD (Blair, et al., 2001; Ekblom-Bak, 

et al., 2010; P. T. Williams, 2001) and will add to the literature that has already identified 

associations between the built environment and physical activity.  

2.4.3 Overweight and Obesity 

Having excess body weight is referred to as being overweight or obese depending on the degree 

of excess. Overweight and obesity is associated with increased risk for CVD, hypertension, 

stroke, type 2 diabetes, several types of cancer, and other afflictions such as gallbladder disease, 

sleep apnea and osteoarthritis (Centers for Disease Control and Prevention, 2001; C. Li et al., 

2008; National Institutes of Health NHLBI, 1998). It is important to identify and screen for 

overweight and obesity, and several techniques are available to measure body fat. In the context 

of this dissertation, only body mass index (BMI) to assess overweight and obesity, and 

bioelectrical impedance to measure percent body fat (BF%) will be discussed. 
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Body Mass Index (BMI) is a reliable measure of overweight and obesity and is a means 

of classifying or screening for weight status’ that may lead to health problems and increased risk 

for mortality and morbidity (National Institutes of Health NHLBI, 1998; U.S. Preventive 

Services Task Force, 2004).  BMI does not measure body fat directly, but is highly correlated 

with direct measures of body fat (Mei et al., 2002). BMI is a number calculated from a person's 

weight and height using one of the following formulas:  

BMI = 
( kg/m² ) 

(weight in pounds * 703 ) 
———————————— 
height in inches² 

 

BMI = 
( kg/m² ) 

weight in kilograms 
———————————— 
height in meters² 

 

Normal weight (i.e., healthy weight) is defined as a BMI between 18.5 kg/m
2
 and 24.9 kg/m

2
. 

Under weight (i.e., a weight where there is not enough weight for good health) is a BMI falling 

below 18.5 kg/m
2
. A BMI between 25 kg/m

2
 and 29.9 kg/m

2
 is considered overweight, and a 

BMI that meets or exceeds kg/m
2
 indicates obesity. A BMI in the overweight or obese category 

can be detrimental to health and is considered a risk factor for CVD. Obese weight status is 

further divided into three classes: Class 1 obesity is defined by a BMI between 30 kg/m
2
 and 

34.9 kg/m
2
 and Class 2 obesity is defined by a BMI between 35 kg/m

2
 and 39.9 kg/m

2
. Class 3 

obesity (i.e., morbid obesity) is defined as a BMI at or above 40 kg/m
2
 and is defined as a 

signficant health risk. In the United States from 2007-2008, the age-adjusted prevalence of 

obesity for adults was 33.8% overall, 32.2% among men, and 35.5% among women. The 

prevalence estimates for overweight and obesity combined (BMI ≥25 kg/m
2
) were 68.0% 
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overall, 72.3% among men, and 64.1% among women. Obesity prevalence varied by racial or 

ethnic group, and was highest for non-Hispanic black women (49.6%) (Flegal, et al., 2010). BMI 

can be self-reported or directly measured by researchers or clinicians. However, comparisons of 

self-report versus direct measures suggest that people tend to under-report weight and BMI 

(Gorber, Tremblay, Moher, & Gorber, 2007). 

Strengths and Limitations of BMI. BMI is a practical and widely used measure of weight 

status. BMI is simply weight adjusted for height, which allows a large number of participants to 

be measured fairly quickly. Compared to other measures of body composition, BMI is less 

invasive, less expensive, and does not require highly trained assessors.  Limitations of BMI for 

adults are that it does not account for age, gender, or ethnicity and does not directly measure 

amounts of fat or lean mass.  Because BMI does not account for fat mass, an individual with a 

large amount of lean mass (muscle) or low BF% such as an athlete may be misclassified as 

overweight or obese. Since BMI does not account for fat or lean mass it may underestimate 

adiposity in older adults and women, because lean mass naturally declines with age and is higher 

in men than in women. Recently, O’Connor and colleagues also found that BMI overestimated 

BF% in African American women (O'Connor et al., 2010). Because of these variations among 

BMI, BF% will also be measured to examine associations between built environment attributes 

and overweight or obesity. 

Percent body fat (BF%) is the weight of the person's fat (fat mass) divided by the 

person's total weight and includes essential fat and storage fat. Essential fat is that amount of fat 

necessary for bodily and reproductive functions. Storage fat consists of fat accumulation in 

adipose tissue and includes fat that protects internal organs. BF% is a direct measure of body 

http://en.wikipedia.org/wiki/Body_fat
http://en.wikipedia.org/wiki/Adipose_tissue
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composition, and equations have been developed that account for gender, age and ethnicity 

(Jackson, Ellis, McFarlin, Sailors, & Bray, 2009).  Methods of BF% measurement include: dual-

energy x-ray absorptiometry (DXA), under water weighing, Bod Pod, skinfold, and bioelectrical 

impedance analysis (BIA).  

BIA is a quick, relatively inexpensive and noninvasive method of measuring BF%. BIA 

involves the passing of a low level electric current throughout the body and the measurement of 

the impedance to that current (Lukaski, Johnson, Bolonchuk, & Lykken, 1985).  BIA is a more 

precise method of measuring body composition than BMI, and has been validated in children and 

adults (Houtkooper, Lohman, Going, & Howell, 1996; Kyle, Genton, & Pichard, 2002). BIA 

provides estimates of fat free mass and total body water, which are then used to calculate body 

fat amounts (Houtkooper, et al., 1996).  Hand-to hand devices or foot-to-foot scale devices are 

the most commonly used because they require little training, and place minimal burden on the 

participant.  BIA is a preferred method of BF% measurement because it is less intrusive on 

participant privacy than other methods such as skinfold or underwater weighing. Participants 

simply step on a scale, grip a device, or have electrodes placed on hands and feet. BIA is more 

costly than BMI, but much less expensive than DXA, BodPod or underwater weighing. One 

limitation of BIA is that in order to avoid biasing results, participants must follow specific 

guidelines, particularly proper hydration, which is necessary for accurate impedance 

measurement. 

 The built environment and overweight or obesity. The obesity epidemic in the United 

States has been blamed on an obesogenic environment (R.E. Lee, et al., 2011). The built 

environment can influence both physical activity and dietary habits which determine energy 
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balance and therefore contribute to weight status (Papas, et al., 2007). Reviews by Booth and 

colleagues (2005) and Papas and colleagues (2007) found strong evidence of a relationship 

between built environment features and the prevalence of obesity. These findings are particularly 

concerning for lower SES neighborhoods, as residents in these areas may have less access to 

recreational facilities or food stores with healthful, affordable options (Booth, et al., 2005; 

Lovasi, Hutson, Guerra, & Neckerman, 2009). Studies that examine relationships between 

aspects of the built environment that provide opportunities for physical activity and overweight 

and obesity typically measure the built environment in the ways described above for the built 

environment and physical activity. The majority of these studies operationalize overweight or 

obesity using BMI. The general consensus in the literature is an inverse relationship between 

built environment attributes that support physical activity such as walkability, presence of high 

quality PARs, crime and BMI (Casagrande, et al., 2011; Heinrich, et al., 2008; Hoehner, et al., 

2011; Mobley et al., 2006; J. F. Sallis, Saelens, et al., 2009). Although one study in low income, 

African Americans found the opposite; greater sidewalk connectivity was associated with higher 

BMI’s (McAlexander, et al., 2009). The authors hypothesized that these findings might be 

explained by high crime rates discouraging residents to use sidewalks.  

In the review by Papas et al. (2007), the measure of overweight and obesity in all studies 

was BMI, primarily by self-report. Few studies have examined the influence of the built 

environment on other measures of overweight or obesity. A study by Li and colleagues (2009) 

examined neighborhood built environment characteristics such as walkability, in relation to one 

year change in body weight and waist circumference among adults. Among residents who 

increased their levels of vigorous physical activity during the one year assessment period, high-
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walkability neighborhoods were associated with decreases of 1.2 kg in weight and 1.57 cm in 

waist circumference(F. Li, Harmer, Cardinal, Bosworth, et al., 2009). Another study by 

McAlexander and colleagues (2009) unexpectedly found that higher street connectivity and 

greater PAR accessibility predicted higher BF% (McAlexander, et al., 2009). More research is 

needed, especially using outcomes such as measured BMI and direct measures of body 

composition such as BF%, to understand the complex relationships between built environment 

attributes that support physical activity and overweight or obesity. Self-reported BMI is typically 

underreported, and using measured height and weight to calculate BMI may reveal associations 

between the built environment and obesity have been underestimated. Since BF% is a more 

accurate measure of adiposity, using BF% as an outcome measure may reveal associations 

between the built environment attributes and obesity as a result of behaviors that lead to 

increased adiposity (e.g. physical inactivity).  

2.4.4 High Blood Pressure 

High blood pressure or hypertension is the force of blood against your artery walls as it circulates 

through your body. Blood pressure (BP) rises and falls throughout the day, and normally 

increases with exercise; however, sustained hypertension increases the risk for CVD and stroke 

(Centers for Disease Control and Prevention, 2011e). High BP is an important and modifiable 

risk factor for CVD, and the relationship of BP and risk for CVD is positive and linear. For 

adults 40 to 70 years of age, each increment of 20 mm Hg increase in systolic, or 10 mm Hg 

increase in diastolic BP doubles the risk of CVD (ACSM, 2009 ). Approximately 1 in 3 adults in 

the United States have high blood pressure, and the highest prevalence is among African 

Americans (Centers for Disease Control and Prevention, 2011e). Normal BP is a systolic BP 
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<120 mm Hg, and a diastolic BP <80 mmHg. Pre-hypertension is defined as systolic BP between 

120-139 mm Hg or diastolic BP between 80-89 mmHg. Stage 1hypertension is defined as 

systolic BP between 140-159 mm Hg or diastolic BP between 90-99 mm Hg, and Stage 2 is 

defined as systolic BP ≥160 mm Hg or diastolic BP ≥100 mm Hg. For those with stage 1 and 

stage 2 hypertension, antihypertensive drug therapy is indicated (US Department of Health and 

Human Services NHLBI, 2004).   

Lifestyle modifications including physical activity are critical for the prevention and 

treatment of hypertension (US Department of Health and Human Services NHLBI, 2004). A 

meta-analysis which examined the effects of aerobic exercise on BP found that aerobic exercise 

was associated with a significant reduction in mean systolic and diastolic BP, and these 

associations were observed in hypertensive and normotensive, and in overweight and normal-

weight participants (Whelton, Chin, Xin, & He, 2002). However, the physical activity 

interventions reviewed that lasted longer than 6 months showed smaller reductions in blood 

pressure, perhaps because of difficulties in sustaining regular exercise. Built environment 

attributes which support physical activity may contribute to the likelihood of maintaining levels 

of physical activity that can prevent or treat hypertension. The prevalence of hypertension has 

not decreased since 2002 (Centers for Disease Control and Prevention, 2011e) and the role of 

neighborhood characteristics in blood pressure control merits further investigation.   

Previous research has shown that living in a disadvantaged or low socioeconomic status 

neighborhood is related to an increased likelihood having high BP (Cozier et al., 2007; Diez-

Roux et al., 1997; Merkin, et al., 2009), but the specific neighborhood characteristics and 

mechanisms responsible for the associations of neighborhood environment and BP are not as 
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clear. More recent studies have begun to explore associations between built environment 

attributes supportive for PA and their subsequent impact on BP. A 2007 study by Agyemang and 

colleagues found that high quality green space was associated with lower odds of hypertension, 

and nuisance from motor traffic was associated with a higher diastolic BP (Agyemang et al., 

2007). Another study by Li and colleagues (2009) examined built environment characteristics 

and resident health behaviors as they related to change in BP over one year. This study found 

decreases in systolic and diastolic BP for those living in high walkable neighborhoods, and that 

negative effects of fast-food restaurants on BP were diminished among high-walkable 

neighborhoods (R. C. Brownson, et al., 2009). Built environment attributes hypothesized to 

influence physical activity may also be interpreted as neighborhood attributes that are “non-

stressors”. These environmental characteristics may have the potential to reduce or prevent high 

BP via reduced stress in addition to increased physical activity.  

2.4.5 Dyslipidemia 

Abnormalities in blood lipid and lipoprotein concentrations (dyslipidemia) are a major and 

modifiable risk factor for CVD. Too much cholesterol can accumulate in the blood, and elevated 

total blood cholesterol contributes to the initiation and progression of atherosclerosis or coronary 

artery disease, which increases the risk for CVD (Choi, Vilahur, Yadegar, Viles-Gonzalez, & 

Badimon, 2006; Schober, Carroll, Lacher, & Hirsch, 2007). Particles called lipoproteins carry 

cholesterol in the blood and there are two common types of lipoproteins which are considered 

modifiable risk factors for CVD. Elevated Low-density lipoprotein (LDL) cholesterol is an 

independent risk factor for CVD, because high levels of LDL can lead to a buildup of plaque in 

the arteries (atherosclerosis). High-density lipoprotein (HDL) cholesterol absorbs cholesterol and 



 

 

62 

 

carries it back to the liver, which flushes it from the body. Low HDL cholesterol levels are 

associated with an increased risk for coronary artery disease. Triglycerides are another type of fat 

in food which is also carried in the blood and high blood levels of triglycerides also increase the 

risk for CVD. Classification for LDL, total, HDL cholesterol and triglyceride levels according to 

the National Cholesterol Education Program is outlined in Table 2 below. Recent NHANES data 

shows that from 2005-2008 an estimated 33.5% of United States adults had high LDL 

cholesterol (Centers for Disease Control and Prevention, 2011d). 

LDL Cholesterol (mg/dL) 
 

<100 Optimal 

100-129 Near optimal/above optimal 

130-159 Borderline high 

160-189 High 

≥190 Very high 

Total Cholesterol (mg/dL)  

<200 Desirable 

200-239 Borderline high 

≥240 High 

HDL Cholesterol (mg/dL)  

<40 Low 

≥60 High 

Triglycerides (mg/dL)  

<150 Normal 

150-199 Borderline high 

200-499 High 

≥500 Very high 
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Table 2. Classification of LDL, Total, HDL Cholesterol and Triglycerides (National Cholesterol 

Education Program, 2002) 

Lifestyle modification is important for the prevention and treatment of dyslipidemia 

(National Cholesterol Education Program, 2002). Physical activity can lower triglyceride LDL 

and levels, and raise HDL cholesterol resulting in a reduction of the incidence of coronary artery 

disease and subsequently a lower risk for CVD (Leon & Sanchez, 2001; Wei, Macera, Hornung, 

& Blair, 1997). Changes in lipid profiles have a dose-response relationship with aerobic exercise, 

with the largest effects observed for high-intensity aerobic training and improvement in HDL 

cholesterol (Tambalis, Panagiotakos, Kavouras, & Sidossis, 2009). A meta-analysis examining 

the effects of aerobic exercise on lipids and lipoproteins in women found that aerobic exercise is 

an efficacious intervention method for increasing HDL and decreasing total cholesterol, LDL 

cholesterol, and triglyceride levels in women (Kelley, et al., 2004). 

A built environment which supports physical activity may lead to improved blood lipid 

and lipoprotein concentrations. Neighborhood context, such as poverty level, has been found to 

be associated with outcomes related to dyslipidemia such as measures of subclinical 

atherosclerosis, and overall risk for CVD (D. Kim, Diez Roux, Kiefe, Kawachi, & Liu, 2010; 

Merkin, et al., 2009; Murray et al., 2010).  Among women, the highest quartile of neighborhood 

deprivation was associated with 2.5 higher odds of coronary artery calcification (D. Kim, et al., 

2010), and cumulative exposure to neighborhood poverty was associated with higher amounts of 

subclinical atherosclerosis (carotid intimal-media thickness) and greater cardiovascular risk 

(Murray, et al., 2010). Another recent study found that for African Americans, living in a low 

socioeconomic status neighborhood is associated with a greater CVD risk profile (which 
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included total and HDL cholesterol levels) (Merkin, et al., 2009). No previous studies have 

examined the influence of built environment attributes such as PAR presence and quality, 

walkability, or safety from traffic and crime on levels of triglycerides, total, LDL, and HDL 

cholesterol.  

2.4.6 Impaired Fasting Glucose 

Type 2 diabetes is one of the leading causes of mortality in the United States, and many of these 

deaths are related to complications of diabetes including CVD (Centers for Disease Control and 

Prevention, 2011a). Identifying those at risk for developing type 2 diabetes is critical for 

prevention. Levels of fasting blood glucose above normal are associated with an increased risk of 

developing type 2 diabetes, and increased cardiovascular risk (DeFronzo & Abdul-Ghani, 2011). 

Diagnostic categories for impaired fasting glucose have been established to identify those at risk 

for developing type 2 diabetes (American Diabetes Association, 2003). A plasma glucose level 

of ≤100 mg/dL after an overnight fast is considered normal. Fasting plasma glucose values 

between 100 mg/dL and 126 mg/dL indicate impaired fasting glucose and a fasting blood 

glucose ≥1 6 mg/dL is one criteria for diagnosis of diabetes (Expert Committee on the Diagnosis 

and Classification of Diabetes Mellitus, 2003). The primary form of treatment for impaired 

fasting glucose, and an efficacious strategy to prevent progression to type 2 diabetes is lifestyle 

modification including weight loss, improved dietary habits and physical activity (Grundy, 2012; 

Petersen & McGuire, 2005). Physical activity has been shown to improve glycemic control 

among diabetics, and non-diabetics (Chipkin, Klugh, & Chasan-Taber, 2001), and should be an 

included in any program or intervention designed to prevent diabetes in those with impaired 

fasting glucose (DeFronzo & Abdul-Ghani, 2011).  
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A built environment which supports physical activity may lead to improved fasting blood 

glucose and reduced incidence of type 2 diabetes. Few previous studies have examined the 

relationship between the built environment and glycemic control. Recent studies by Auchincloss 

and colleagues (2008 and 2009) have found associations between availability of healthy foods, 

PARs and insulin resistance and diabetes. One study found that living in a neighborhood with 

better PARs and healthy foods was associated with lower insulin resistance (measured using an 

index calculated as fasting insulin x fasting blood glucose) (Auchincloss, et al., 2008). In a five 

year follow up study, having more neighborhood resources that support being physically active 

and having a healthy diet were associated with lower type 2 diabetes incidences, and a combined 

score for physical activity and healthy foods, was also associated with a 38% lower incidence of 

type 2 diabetes (Auchincloss, et al., 2009). In both studies, these associations were mediated by 

BMI, physical activity and diet, but remained significant. Finding a relationship between the 

built environment and improved fasting blood glucose may be a key for the prevention of 

progression to type 2 diabetes. This study will examine the influence of neighborhood PARs, 

walkability, crime and safety on impaired fasting glucose.  

2.5 Long term maintenance of health behaviors  

Neighborhood built environment factors which support physical activity may help sustain 

physical activity and other health outcomes even after the conclusion of an individual 

intervention. The majority of the literature which has examined associations between the built 

environment and physical activity or health outcomes are cross sectional study designs 

(McCormack & Shiell, 2011; B. E. Saelens & Handy, 2008; J. F. Sallis & Glanz, 2009).  

Although these numerous cross-sectional studies have demonstrated that attributes of the built 



 

 

66 

 

environment are associated with physical activity and obesity, more longitudinal studies and 

quasi-experimental evaluations of environmental changes are needed to establish causality, and 

determine if the built environment can maintain health behaviors and outcomes initiated by an 

intervention. 

2.5.1 Causal influence of the built environment on physical activity and health outcomes  

One limitation of cross sectional studies of the built environment and physical activity or obesity 

are study designs that do not control for competing explanations of associations such as 

neighborhood self-selection.  Those who are inclined to walk for transportation, or exercise for 

leisure may seek out a neighborhood to live based on these preferences. As a result, the 

magnitude of associations between the built environment and physical activity may be 

exaggerated. Cross-sectional studies which account for neighborhood self-selection using 

methods such as direct questioning or statistical control have found attenuated associations 

between built environment factors and physical activity (McCormack & Shiell, 2011). Quasi-

experimental and longitudinal studies of the built environment and physical activity or obesity 

can also rule out self-selection and provide evidence which alludes to causality in built 

environment, physical activity and health relationships. Although relatively scarce, these studies 

do exist in the literature. A review of 13 experimental and quasi-experimental studies on built 

environments and physical activity (physical activity was measured either in the same 

respondents before and after relocating to a new neighborhood or in the same or separate 

respondents before and after environmental modification) found that associations between street 

connectivity, land use, population density, aesthetics, sidewalks, parks, traffic and walkability 

and physical activity that were both contrary and consistent with cross-sectional findings 
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(McCormack & Shiell, 2011). For example, one study of movers and non-movers found that 

perceptions of positive changes in neighborhood attractiveness were important for explaining 

increases in physical activity (Handy, et al., 2008). Conversely, another study of movers found 

no associations between changing residence to a neighborhood with decreased urban sprawl and 

increased physical activity, and that those who moved to a less sprawling area actually gained 

more weight (I. M. Lee, et al., 2009). Another study with repeated measures in the same 

participants found that an increase in neighborhood intersection density was positively associated 

with self-reported walking, bicycling and jogging, but only neighborhoods with low population 

density (low urbanicity) (Hou et al., 2010). Longitudinal studies also found mixed results. 

Increases in self-reported walking over two years among mothers in an Australian study were 

associated with perceived public transport accessibility, trusting many people in the 

neighborhood (walking for leisure), connectivity, pedestrian crossings, and local traffic 

(transport-related walking) (V. Cleland, et al., 2010). A six-year, longitudinal investigation of the 

relationship between the built environment and BMI found that participants who perceived that 

traffic in their neighborhood made it difficult to walk were more likely have an increased BMI, 

but found no relationship between neighborhood walkability and change in BMI (Berry, et al., 

2010). More studies using quasi-experimental and longitudinal design are needed in order to 

determine if a causal link exists between the built environment and PA or obesity.  

2.5.2 Maintaining health behaviors and outcomes initiated by individual level interventions  

Long term maintenance of a healthy body weight and meeting the recommended levels of 

physical activity is difficult to achieve through individual level interventions exclusively (R.E. 

Lee, et al., 2011; Mitchell, Catenacci, Wyatt, & Hill, 2011; Spence & Lee, 2003). Many 
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behavioral interventions with the intent of increasing physical activity or decreasing CVD risk 

factors have been well described and reviewed in the literature (Marcus, et al., 2006; Murphy, 

Nevill, Murtagh, & Holder, 2007). Despite baseline to post intervention success of many 

individual interventions, population wide levels of primary risk factors in the United States 

remain alarmingly high, which suggests that these types of interventions are not sufficient to 

affect health at a community or population level. A review of controlled intervention studies 

which targeted physical activity and healthy eating among adults in community, worksite, or 

medical clinic settings found that eleven of these seventeen studies showed significant positive 

changes in physiological outcomes and/or physical activity and healthy eating behaviors, and 

outcomes were generally maintained during follow-up periods of up to five years - but only to 

the extent that intervention programs continued (Blue & Black, 2005). It is challenging to retain 

participants in an intervention setting for up to five years, and securing funding for this duration 

may also be problematic. A meta-analysis of interventions promoting physical activity in obese 

populations revealed that interventions shorter than six months have significantly larger effects 

when compared to longer interventions (Gourlan, Trouilloud, & Sarrazin, 2011). This meta-

analysis also found that only nine out of forty-six studies reported maintenance of physical 

activity after the intervention had ended. Of these, all nine studies reported no change in physical 

activity at follow up (maintenance of physical activity), but follow up periods only ranged from 

three to sixteen months. Therefore, it is not known if interventions focused on the individual will 

have long term sustainability, or whether a person’s neighborhood or built environment will 

contribute to maintenance of health behaviors after the completion of the intervention.  
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Previous evidence exists to support a moderating effect of built environment attributes on 

intervention outcomes, though the direction of moderation is not always consistent. One study 

examined whether perceived environment variables moderated the effects of five physical 

activity interventions, and found a positive moderating effect of perceived traffic and crosswalk 

safety (A. C. King, et al., 2006). A study by Sallis and colleagues (2007) examined whether 

perceived environmental variables could predict changes in physical activity after a 6 month 

physical activity intervention in inactive adults. This study also found a positive moderating 

effect; women reporting no unattended dogs and low crime in their neighborhoods and men 

reporting frequently seeing people being active in their neighborhoods did 50–75 more minutes 

of physical activity per week at the end of the intervention than did those with different 

environmental characteristics (J. F. Sallis, et al., 2007).  Conversely however, another study that 

examined moderating effects of neighborhood environment on walking levels in adults from two 

physical activity lifestyle intervention studies found that participants in the intervention group 

living in low walkable neighborhoods increased walking time more than those living in high 

walkable neighborhoods (Kerr, et al., 2011). Albeit the results of this study seem contradictory 

since those who lived in the least walkable neighborhoods benefited most from the intervention, 

it is important to note that a) those living in the higher walkable neighborhoods did more 

physical activity at baseline, and b) it is not known whether those in the low walkable 

neighborhoods would be able to maintain the increased levels physical activity after the 

intervention without sufficient environmental support. 

The results of these studies present a promising link between the built environment and 

intervention outcomes. However it is not clear which built environment attributes are most 
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important for decreasing risk for CVD, and more longitudinal research efforts are needed to 

determine whether the built environment can contribute to long term maintenance of health 

behaviors initiated by interventions, once the intervention has been completed. 

2.6 Summary  

This critical literature review was intended to present a detailed overview of the current 

knowledge related to associations between the built environment and physical activity, BMI or 

obesity, and other CVD risk factors. No research investigating 1) how objectively measured built 

environment attributes influence changes in physical activity, BMI, BF% and BP five years 

following completion of a behavioral intervention among AA and HL women, or 2) how 

objectively measured built environment attributes influence CRF, dyslipidemia and fasting blood 

glucose among African American women has been conducted to date; however previous research 

related to the purpose of this proposal was presented above.  This information provided an 

understanding of the importance of conducting the proposed research as related to the following 

domains:  1) Ecologic models and the importance of the built environment, 2) direct built 

environment measurement methods of selected attributes (PAR’s, walkability, crime and traffic 

safety) using objective field assessment and GIS-based methods, 3) cross-sectional relationships 

between selected built environment attributes and physical activity, 4) self-report and 

accelerometer methods of measuring physical activity, 5) magnitude of CRF as a CVD risk 

factor and measurement methods, 6) significance of selected risk factors for CVD and 

importance of physical activity for achieving desired levels of BMI, BF%, BP, triglycerides, 

LDL, HDL and total cholesterol, and fasted blood glucose, and 7) longitudinal relationships 
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between the built environment and physical activity, and the potential of the built environment to 

support long term maintenance of health outcomes following an individual intervention.  

All sections and literature were included in order for the reader to comprehend the 

background, significance and underlying mechanisms for the proposed methodology of this 

research.  It is important to understand Ecologic models and the inclusion of selected built 

environment attributes and CVD risk factors based on previous research, as well as the 

relationships between these built environment attributes, physical activity and CVD risk factors.  

In this dissertation, objective built environment measures were used to explore longitudinal 

and cross-sectional relationships between built environment attributes hypothesized to support 

physical activity, and BMI, BF%, BP, CRF, lipid profile or fasting blood glucose.  Most cross-

sectional built environment research reveals significant positive relationships among self-

reported physical activity or BMI and objectively measured built environment attributes such as 

presence and quality of neighborhood PARs, walkability, safety from traffic and crime (Diez 

Roux, et al., 2007; S. Foster & Giles-Corti, 2008; Frank, et al., 2008; Heinrich, et al., 2008; 

Heinrich, et al., 2007; Kerr, et al., 2011; C. Lee & Moudon, 2006; R. E. Lee, S. K. Mama, K. P. 

McAlexander, et al., 2011; Roman & Chalfin, 2008; J. F. Sallis, Saelens, et al., 2009; Sundquist, 

et al., 2011; Transportation Research Board, 2005). However, inconsistencies in these 

relationships have been observed in studies which have used quasi-experimental or longitudinal 

study designs (Berry, et al., 2010; I. M. Lee, et al., 2009; McCormack & Shiell, 2011).  Further, 

little is known about the relationships between the above built environment attributes and CVD 

risk factors such as high BP, low CRF, dyslipidemia, and impaired fasting glucose, or how these 

built environment attributes can contribute to long term maintenance of health behaviors and 
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outcomes after participating in an individual level intervention.  Last, minority women are at 

high risk for physical inactivity, obesity, hypertension, diabetes and the chronic diseases 

associated with these risk factors.  These disparities are related to the selection of the target 

population, and are in conjunction with the overall purpose of the proposed study. The next 

chapters (Chapters 3, 4 and 5) detail the methods and results of the conducted experiments. 

Chapter three investigates whether built environment characteristics hypothesized to support 

physical activity influence changes in self-reported physical activity, BMI, BF%, and BP among 

minority women five years following an intervention. Chapter four investigates whether built 

environment characteristics hypothesized to support physical activity influence CRF, lipid 

profile and fasting blood glucose. Chapter 5 investigates whether built environment 

characteristics hypothesized to support physical activity contribute to classification of CVD risk 

factor prevalence. Chapter 6 provides a summary of the findings, suggestions for future studies, 

and describes limitations of the study. 
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CHAPTER 3  

MANUSCRIPT 1: The influence of built environment characteristics on changes in physical 

activity and health outcomes in African American women five years following an intervention. 

 

 INTRODUCTION 

Chronic diseases such as heart disease, cancer, and stroke are the leading causes of death for 

women in the United States (Centers for Disease Control and Prevention, 2009c). Many of the 

risk factors for these diseases such as hypertension, physical inactivity and obesity are 

modifiable, but prevalence of these risk factors remains high, particularly in African American 

women (Go et al., 2013). Though many individual level behavioral interventions have been 

developed which target risk factor reduction in this vulnerable population, only 36.3% of African 

American women meet minimum recommendations for physical activity (30 minutes per day of 

moderate physical activity at least 5 days per week; or 20 minutes of vigorous-intensity physical 

activity at least 3 days per week) (National Center for Chronic Disease Prevention and Health 

Promotion, 2007), 58.5% of  non-Hispanic black women are obese (Flegal, Carroll, Kit, & 

Ogden, 2012), and an estimated 47% of black women have high blood pressure (Go, et al., 

2013). Interventions focused on the individual have limited sustainability, and it has been 

hypothesized that the built environment may play an important role in long term maintenance of 

physical activity, obesity and overall health (Fitzgibbon et al., 2012; J. F. Sallis, Floyd, 

Rodriguez, & Saelens, 2012).  

Ecologic models suggest that environments or neighborhoods with characteristics that 

support physical activity have residents who tend to engage in more physical activity, are less 

likely to be overweight, and may be more likely to maintain healthy behaviors (J. F. Sallis, 

Bowles, et al., 2009). Reviews of the literature over the last decade have identified cross 
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sectional associations linking the built environment with physical activity and obesity (Booth, et 

al., 2005; Casagrande, et al., 2009; R.E. Lee, et al., 2011; Owen, et al., 2004; B. E. Saelens & 

Handy, 2008; B. E. Saelens, Sallis, & Frank, 2003; J. F. Sallis & Glanz, 2009) Components of 

the built environment that have been most consistently related to physical activity and weight or 

BMI include walkability (Adams, et al., 2011; Christian, et al., 2011; Frank, et al., 2008; B. E. 

Saelens, et al., 2011; J. F. Sallis, Saelens, et al., 2009; Sundquist, et al., 2011), accessibility of 

physical activity resources (PARs) (Diez Roux, et al., 2007; Heinrich, et al., 2008; Heinrich, et 

al., 2007; J. F. Sallis, Saelens, et al., 2009), and safety from crime (Eyler, Matson-Koffman et al. 

2003; Suminski, Poston et al. 2005; Doyle, Kelly-Schwartz et al. 2006; Sallis, King et al. 2007; 

Foster and Giles-Corti 2008; Roman and Chalfin 2008; Casagrande, Whitt-Glover et al. 2009) 

and traffic (Owen, Humpel et al. 2004; Transportation Research Board 2005).  

This evidence for an environmental influence on physical activity and obesity has made it 

clear that it may not be sufficient to address health behaviors exclusively at the individual level 

(Carlson, et al., 2012; Giles-Corti & Donovan, 2002a; Papas, et al., 2007), particularly in the 

vulnerable population of African American women (Fitzgibbon, et al., 2012). Although 

numerous cross-sectional studies have demonstrated that attributes of the built environment are 

associated with physical activity and obesity, more longitudinal studies are needed to establish 

causality, and determine whether the built environment can contribute to long term maintenance 

of health behaviors and outcomes initiated by individually focused interventions.(Wendel-Vos, et 

al., 2007).  

Neighborhood built environment factors which support physical activity may help sustain 

physical activity and other health outcomes even after the conclusion of an individually focused 
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intervention. Living in an environment or neighborhood with characteristics that support physical 

activity may interact with intervention goals to improve maintenance of health behaviors and 

outcomes. For example, living in a neighborhood which is safe, with many sidewalks may make 

it easier for a person to increase walking as part of a physical activity intervention. Since this 

infrastructure is already established in her neighborhood, this person may be more likely to 

maintain these levels of walking after the intervention has ended. (R. E. Lee, Mama, Medina, Ho, 

& Adamus, 2012)  

Previous evidence exists to support a moderating effect of built environment attributes on 

intervention outcomes, though the direction of moderation is not always consistent. One study 

examined whether perceived environment variables moderated the effects of five physical 

activity interventions, and found a positive moderating effect of perceived traffic and crosswalk 

safety (A. C. King, et al., 2006). A study by Sallis and colleagues (2007) examined whether 

perceived environmental variables could predict changes in physical activity after a 6 month 

physical activity intervention in inactive adults. This study also found a positive moderating 

effect; women reporting no unattended dogs and low crime in their neighborhoods and men 

reporting frequently seeing people being active in their neighborhoods did 50–75 more minutes 

of physical activity per week at the end of the intervention than did those with different 

environmental characteristics (J. F. Sallis, et al., 2007).  Conversely however, another study that 

examined moderating effects of neighborhood environment on walking levels in adults from two 

physical activity lifestyle intervention studies found that participants in the intervention group 

living in low walkable neighborhoods increased walking time more than those living in high 

walkable neighborhoods (Kerr, et al., 2011). Albeit the results of this study seem contradictory 
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since those who lived in the least walkable neighborhoods benefited most from the intervention, 

it is important to note that a) those living in the more highly walkable neighborhoods did more 

physical activity at baseline, and b) it is not known whether those in the less walkable 

neighborhoods would have bene able to maintain the increased levels physical activity after the 

intervention had ended without sufficient environmental support. A recent study by Epstein and 

colleagues addressed this question of environmental effects on maintenance following an 

intervention. This study found that more parkland, fewer convenience stores, and fewer 

supermarkets were associated with greater BMI reduction in children two years after being 

assigned to one of four weight management treatment programs (Epstein et al., 2012).  

The results of these studies present a promising link between the built environment and 

intervention outcomes. However, further research is still needed to determine if neighborhood 

can contribute to long term maintenance of health behaviors and outcomes following an 

individually focused intervention. The majority of physical activity intervention studies do not 

extend follow up for more than one year (without continuation of the intervention), particularly 

those that include measures of the built environment (Marcus, et al., 2006). This study will use 

an extensive follow up period of five years. No previous studies have examined the influence of 

selected built environment attributes on long term changes or maintenance of health behaviors 

and outcomes in a community sample of adults after participating in an individually focused 

intervention. The purpose of this study was to investigate the influence of built environment 

characteristics hypothesized to support physical activity on changes or maintenance of self-

reported physical activity, BMI, BF% and BP in a sample of African American women five 

years after participating in an individually focused intervention. 
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METHOD 

The Health is Power Project  

This study involved secondary analyses based on data from the Health is Power (HIP) project 

which took place from 2005-2008 in Houston and Austin Texas. The HIP study was a 5-year, 

multi-site longitudinal study (R01CA109403) to increase physical activity and improve dietary 

habits in African American and Hispanic or Latina women. The goal of the intervention phase of 

the HIP project was to determine whether a 24 week, group cohesion intervention was more 

effective for increasing physical activity than a fruit and vegetable comparison condition. HIP 

participants completed health assessments, and questionnaires to assess sociodemographic 

characteristics and physical activity at baseline (T1) and post intervention (T2). Details of the 

HIP project have been reported in detail previously (R. E. Lee, S. K. Mama, et al., 2011; R. E. 

Lee, A. V. Medina, et al., 2011). 

Participants 

Four hundred ten African American and Hispanic or Latina women (311 in Houston and 99 in 

Austin) were enrolled in the study. Of those enrolled in Houston, 84.6% identified as African 

American. The sample recruited for the current study included only African American women 

from Houston, who attended the T2 assessment session (n=140). The study was promoted 

through the Texas Obesity Research Center (TORC) and Understanding Neighborhood 

Determinants of Obesity (UNDO) websites, which previous participants frequent, and through 

emails and phone calls to all African American women who attended the T2 assessment. All 

promotion materials directed women to the project phone line to complete a brief screening for 

additional inclusion criteria. All study assessments, measures and procedures for HIP and the 
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current study were approved by the Committee for the Protection of Human Subjects at the 

University of Houston. 

Study Design 

This study compared HIP post intervention (T2) health assessment data with the same measures 

collected at a follow up assessment five years later (November 2012-March 2013). This study 

used previously collected at T2 environmental data, to determine if presence or quality of 

neighborhood PARs, walkability, and safety from crime and traffic is most strongly associated 

with  changes in self-reported physical activity, changes in BMI, changes in BF% and changes in 

BP from T2 to the current follow up assessment. Although participants were randomized into 

two different treatment groups in the HIP study (Vegetable and Fruit or Physical Activity), 

physical activity calculated from T1 to T2 did not significantly differ by group (R. E. Lee, S. K. 

Mama, A. V. Medina, et al., 2011), so both treatment groups were collapsed into one group for 

this study.  

Individual Health Outcome Measures 

Participants completed questionnaires and a health assessment at HIP post intervention (T2) and 

for the current study (five year follow-up assessment). All questionnaire and health assessment 

protocols for the current study matched the procedures from HIP. To assess self-reported 

physical activity levels, an interviewer administered version of the International Physical 

Activity Questionnaire (IPAQ) Long Form was used (IPAQ, 2005). The IPAQ Long Form 

measures walking, moderate- and vigorous-intensity activities across four domains of physical 

activity (transportation, leisure, household chores and gardening, and occupational) for the past 

seven days. It is important to note that asking more detailed questions about physical activity in 
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specific domains can produce higher prevalence estimates than shorter, more generic physical 

activity questionnaires. The IPAQ is an instrument designed primarily for population 

surveillance of physical activity among adults age 15-69 years, and has been validated in 

multiple populations, including African Americans (Craig, et al., 2003; Wolin, Heil, Askew, 

Matthews, & Bennett, 2008) Body composition was assessed by measuring BMI and BF%. 

Shoes and heavy outer clothing were removed, and trained research assistants measured height, 

using a portable stadiometer (Seca 225 Hite Mobile Measuring Device; North Bend, 

Washington). Socks were removed, then weight and BF% were measured using the Tanita 

integrated bioelectrical impedance body fat monitor and scale (Tanita Body Fat Analyzer, TBF 

105, Tanita Corporation of America, Inc., Arlington Heights, IL).  Resting blood pressure was 

assessed according to standardized procedures (US Department of Health and Human Services 

NHLBI, 2004) using a manual aneroid sphygmomanometer.  Participants were asked to sit 

quietly during measurement with their left arm bared and supported at heart level and their feet 

flat on the floor. Two readings were taken and averaged for use in analyses. If the first two 

readings differed by more than 5 mmHg, a third reading was obtained and averaged.  

Covariates 

Socioedemographic characteristics including income and education were included as covariates.  

Items assessing household income, and education were adapted from the Maternal Infant 

Health Assessment (MIHA) survey (California Department of Public Health, 2010), derived 

from the CDC’s Pregnancy Risk Assessment Monitoring System (PRAMS) Questionnaire 

(Centers for Disease Control and Prevention, 2011c). Items have been used with samples 

representing diverse ethnicities and income levels (Sarnoff & Hughes, 2005).  
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Measures of dietary habits were also included as covariates, since eating habits and 

dietary composition can have a significant influence on changes in BMI and BF%. Dietary habits 

were measured using the National Cancer Institute’s Fruit and  egetable Screener and Fat 

Screener (Thompson et al., 2007; Thompson et al., 2002). Fruit and vegetable consumption was 

reported in terms of frequency and amount consumed over the last month. Fat consumption was 

reported in terms of an individual’s dietary intake of percent calories from fat. Previous studies 

have reported adequate validity for the Fruit and Vegetable and Fat Screeners (Thompson et al., 

2000; Thompson, et al., 2007). Participation in a structured intervention or program that targeted 

health, dietary habits, weight loss or physical activity was also included as a covariate. 

Participants were asked if they have participated in any healthy eating or physical activity 

interventions programs since HIP, and if so, to briefly describe the intervention or program.  

Built Environment Measures 

Participant street addresses were geocoded and plotted using the ArcGIS program by a trained 

GIS (Geographical Information Systems) specialist. Each participant address was restricted to an 

800 meter (approximately 1/2 mile radius) buffer or neighborhood. This predefined region 

allows for capture of the area to which most residents are likely to be exposed on a daily basis 

during foot travels. Earlier studies have also used these boundaries to assess neighborhood 

features related to health behaviors and outcomes (Heinrich, et al., 2008; Heinrich, et al., 2007; 

R. E. Lee, et al., 2005; McAlexander, et al., 2009) 

Environmental assessments were completed at the same time that neighborhood GIS 

maps were created. All built environment features (e.g., street segments, PARs) were mapped 

and integrated into each spatial display. All data collectors completed one full day of data 
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collection training that included project description, instruction on variable definitions, field 

training and reliability testing. To objectively assess each HIP participant’s neighborhood for 

physical activity, every PAR (as identified by a driving windshield assessment), arterial street 

(defined as a high volume, main road that carries approximately 5,000-10,000 cars per 24 hour 

period) and a sampled 25% (McMillan, et al., 2010) of residential streets (as chosen and selected 

by the GIS program ArcGIS) within the 800m radius buffer surrounding each participant’s home 

were counted and measured.  

PAR Measurement Tool and Assessment. PARs were identified via an internet search, 

vehicle windshield survey, and GIS data match for the area within an 800m radius around each 

participant’s physical address. Physical address and map location were then determined for each 

PAR. Each PAR was counted to determine availability (number of PARs within 800m radius 

around each participant’s physical address) and assessed. PARs were assessed using the Physical 

Activity Resource Assessment Instrument (PARA©2010) (Appendix A), that documents the 

accessibility, quantity, attributes, and quality of each available PAR in each neighborhood (i.e., 

800m buffer) (R. E. Lee, et al., 2005). Earlier studies have demonstrated inter rater reliability of 

the instrument is good (Kappas>.77) (Lee, Booth et al. 2005; Heinrich, Lee et al. 2008) and 

completion time (~10 minutes) is relatively short compared to other PAR assessment tools (e.g., 

BRAT-DO, EAPRS). The PARA was used to assess the type of PAR (park, trail, community 

center, school, church, etc.), size and cost (i.e. accessibility). The instrument also assesses 

thirteen common physical activity related features (basketball courts, soccer fields, trails, tennis 

courts, exercise stations, etc.), and twelve amenities (bathrooms, benches drinking fountains, 

lighting, trash containers, etc.) which are assigned quality ratings of 0 for “not present” and 
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ranging from 1 “Poor” to 3 “Good,” based on specific and comprehensive operational 

definitions. The PARA also assesses twelve incivilities (broken glass, graffiti, dog refuse, litter, 

overgrown grass, etc.) which are assigned ratings of 0 for “not present” and ranging from 1 “A 

little” to 3 “A lot,” based on specific and comprehensive operational definitions. Overall quality 

of PARs (QPAR) was determined by a composite index based on a sum score of feature and 

amenity ratings, minus incivility ratings. In this study we examined the influence of PAR 

availability (total number PARs in the participant’s neighborhood (800m radius)) and PAR 

quality on outcome measures. PAR quality was determined using the QPAR, which was 

aggregated for all PARs in each neighborhood (total sum of QPAR/number of PARs) to 

determine an overall PAR quality index. 

Walkability Measures and Assessment. Walkability in each neighborhood was composed 

of the following elements: 1) number of sidewalk connections, 2) types of land use, and 3) 

presence of a pedestrian facility.  The Pedestrian Environment Data Scan (PEDS) instrument 

(Clifton, 2007) was used to assess each of these items. Trained research assistants assessed all 

arterials and 25% of every residential segment (as sampled by the GIS program ArcGIS) within 

every 400m buffer around each participant’s home (McMillan, et al., 2010).  For each street 

segment assessed, assessors completed the following protocol: 1) identified the segment on each 

neighborhood map and checked it against the master list, 2) located the beginning and endpoint 

of the segment, 3) drove the segment once without writing anything on the survey form, looking 

around in all directions, 4) drove the segment again, this time while filling out the PEDS 

instrument, making sure the team was in agreement about each choice, 5) after completing all 
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items, the survey was reviewed to make sure the form had been completely answered, before the 

assessor could move on to the next segment. 

 

Figure 4.  Example of numbered street segments used for PEDS assessments 

The number of sidewalk connections in a segment indicates the connectivity of the street 

network. This refers to the number of connections the segment path has to other paths at the 

intersection corners (i.e., if one were to cross the street at the intersection to another corner, will 

you connect with a path, or at the intersection is it possible to turn and continue on a path without 

crossing the street?). Assessors counted connections by looking ahead, behind, left and, right, 

then counting the number of sidewalk connections. A very well connected segment will have a 

score of six plus any crosswalks that may exist midblock along the segment. The number of 

connections per segment was aggregated at the neighborhood level (average number of 

connections per neighborhood = sum of connections divided by number of segments).  

Land use other than residential was used an indicator of land use mix. Using the PEDS, 

assessors counted every land use within a street segment. This included every use within the 

boundary formed by making a right-angle line from the beginning and end of the segment. Uses 

are only counted as present if the assessor was able to access the building from the segment, via 

a driveway, walkway, or entrance. Abandoned buildings did not qualify as vacant; instead they 
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were counted under their intended use. Land use options included: single family detached 

housing, multi-family attached housing (e.g. apartments, duplexes), mobile homes, office or 

institutional (e.g. office parks, corporate campuses, public buildings, hospitals, professional 

offices in residential buildings), restaurant/café/commercial (e.g. restaurants, stores, malls, gas 

stations), industrial (e.g. factories, mills, industrial complexes), vacant/undeveloped (e.g. cleaned 

or cleared off lots, naturally occurring vegetation, natural features such as lakes and rivers), 

recreation (e.g. parks, golf courses, basketball courts etc), surface parking lot (not including 

parking lots that are associated with building), school, and areas of worship (e.g. churches, 

synagogues, temples, etc). If any use other than ‘Housing’ was selected, this segment was 

classified as ‘mixed land use’. The percent of segments within a neighborhood that have mixed 

land use was calculated and used as a continuous variable.  

Presence of a Pedestrian Facility. If one or more pedestrian facility of any type (footpath, 

paved trail, sidewalk, pedestrian street closed to cars) was selected as present by assessors, this 

will be considered ‘yes’ a pedestrian facility is present. An incomplete sidewalk in front of a 

residential home or commercial center counts if it looks as though it was built by the city or by 

the developer per city requirements. The percent of segments within a neighborhood that had a 

pedestrian facility present was calculated and used as a continuous variable. 

Crime and Traffic Safety. Traffic safety was operationalized using the average speed 

limit aggregated at the neighborhood level (sum of speed limit per segment divided by number of 

segments). Previous work by the authors found lower speed limit to be the most commonly 

linked neighborhood factor with increased physical activity in African American men and 

women (R. E. Lee, S. K. Mama, K. P. McAlexander, et al., 2011). Objective crime was measured 
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at the Census Block Group (CBG). It was important to use this spatial unit rather than larger 

Census Tracts is that the average size of a CBG in Houston is 0.317 sq. miles, with a radius of 

0.318 miles or 511 m (close to the ‘walkable’ distance of 400m) and within the pre-defined 

800m neighborhood buffer. CBG risk of crime will be operationalized using a crime-risk dataset 

based on the FBI Uniform Crime Report databases providing weighted risk for reported murder, 

rape, robbery, assault, burglary, larceny, and motor vehicle crime for each CBG based on a 

national average of 100. Previous work has indicated that the spatial scale of influence of risk of 

crime on PA behavior might be larger (1 mile) than 400 m-800m (Jago, Baranowski, & 

Baranowski, 2006); therefore, the risk of crime for a particular CBG was computed using 

aggregated data from the CBG as well as from all adjacent CBGs. Composite indices of risk of 

crime safety were created using principal components analysis, and an index score for each CBG 

was used as a continuous variable.  

Statistical Analyses 

Descriptive analyses were conducted to examine the frequency, distribution and normality of 

each variable. Due to a positively skewed distribution, self-reported physical activity at T2 and at 

five year follow up was transformed using a log transformation in order to meet the assumption 

of normality. No other transformations were required.  Physical activity data collected with the 

IPAQ Long Form is reported as a continuous measure in mean and median MET-minutes per 

week. Mean and median values were computed across domains for a total walking, total 

moderate intensity, total vigorous intensity and an overall total physical activity score. Paired t-

tests examined differences between T2 and five year follow up outcome variables.  Change 

scores were computed by subtracting values from 5 year from T2 values for walking, leisure, 
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moderate intensity, vigorous intensity, and grand total PA, BMI, BF%, Systolic and Diastolic 

BP. We chose to use simple change scores because we are not comparing change in health 

outcomes between groups or by treatment condition. Pearson correlation coefficients were used 

to evaluate bivariate associations between changes in in BMI, BF%, BP and PA with built 

environment characteristics . Enter (sometimes referred to as simultaneous) and Sequential 

(sometimes referred to as blocked) linear regression analysis was conducted to determine 

associations between environmental variables on change in BMI, BF%, BP and each PA 

outcome. Using both methods will determine if the presence of all environmental variables is 

more important than each variable individually for changes in the selected health outcomes. All 

statistical analyses were conducted in SPSS Version 19.0 (SPSS 19.0 for Windows; SPSS Inc, 

Chicago, Ill). 

RESULTS  

Participant Characteristics 

Out of 140 African American women who were originally thought to be eligible for this study, 

55 (40.7%) could not be contacted because of outdated contact information (i.e. wrong number) 

or because they did not respond to emails or telephone messages.  In total, 85 HIP participants 

were contacted, and of these 33 were excluded; 5 were deemed to have insufficient HIP T2 data, 

5 due to medical reasons, 19 because they had moved since participating in HIP, 1 due to 

pregnancy, 7 were not interested in participating, and 1 had been deceased for two years. A total 

of 47 HIP participants were eligible for this study. Of these, 12 were screened and could not 

come in for an assessment due to scheduling conflicts, and 5 were screened but did not return 

messages to be scheduled for an assessment (see Figure 1 below). Out of those eligible, 30 were 
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able and willing to participate in this study. Independent t-tests showed there were no significant 

differences in sociodemographic characteristics, or BMI, BF%, BP or self-reported physical 

activity between the 30 participants of this study, and those who were eligible but did not 

participate (all p>.05). 

Figure 5. Flow chart of participant screening and eligibility for five year follow up 

At the time of the HIP study, women who participated in this follow up study were between 33.7 

and 60.3 years old (M=48.7). At the five year follow up, participants were between 39.0 and 66.0 

years old (M=54.1). Participant’s average income levels were not different at T  and five year 

follow up, but education levels were significantly higher at five year follow up [t(28)=-.22.3, 

p=.000]. Socioeconomic characteristics at T2 and follow up are shown in Table 3.  

There was no difference in the number of servings of fruits and vegetables per day 

reported at T2 (M=3.4 ±2.4) and five year follow up (M=3.2±2.1), [t(29)=.459, p=.650]. 
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Participants reported that a greater percentage of their daily calories came from fat at five year 

follow up (M=30.7±3.2%) than at T2 (M=29.4%±3.3), [t(29)=-.269, p=.048]. A total of 10 

(33.3%) of participants reported that they participated in a healthy eating or physical activity 

intervention between HIP and this follow up assessment.  

 Table 3. Participant Socioeconomic Characteristics at T2 and 5 year follow up 

 T2  

Median Category (%) 

5 year Follow up  

Median Category (%) 

Percent of Federal Poverty Level  401% or more (62.1) 401% or more (70.0) 

 Percent of sample (Frequency) Percent of sample (Frequency) 

Education   

Some College or Junior College 48.3% (14) 33.3%(10) 

College Graduate from a 4 year 

University or more 

51.7% (15) 66.7%(20) 

Parents Education   

8
th
 Grade or Less 6.9%(2) 6.7%(2) 

Some high school, did not graduate 13.8%(4) 6.7%(2) 

High School or GED 34.5%(10) 40% (12) 

Some college or junior college 24.1%(7) 13.3% (4) 

College Graduate from a 4 year 

University or more 

20.7%(6) 33.3%(10) 

Participants significantly decreased their walking [t(27)=2.88, p=.008] and leisure time 

[t(27)=2.60, p=.015] physical activity from T2 to five year follow up. BMI did not change from 

T2 to follow up, but BF% significantly increased at five year follow up [t(28)=-3.35, p=.002]. 

Systolic blood pressure decreased at five year follow up [t(29)=2.62, p=.014], and DBP did not 

change. Participant’s health characteristics from pre intervention (HIP T1), post intervention 

(HIP T2) and at five year follow up are summarized in Table 4. Results of paired t-tests to 

examine differences between T2 and five year follow up are also included in Table 4.   
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 Built Environment Characteristics 

The neighborhood factors hypothesized to support physical activity are summarized in Table 5.  

Table 4. Participant Health Outcomes at three time points and differences between T2 and five 

year follow up. 

 HIP T1 

Mean (SD) 

HIP T2 

Mean (SD) 

5 yr Follow up 

Mean (SD) 

t p- value 

BMI (kg/m
2
) 32.9 (7.8) 32.5 (7.6) 33.5 (8.3) -1.82 .079 

Body Fat (%) 42.0 (6.6) 40.4 (6.7) 43.7 (5.8) -3.35 .002 

Systolic BP 

(mmHg) 

127.1 (18.0) 125.0 (13.9) 117.9 (13.5) 2.62 .014 

Diastolic BP 

(mmHg) 

80.4 (10.7) 77.3 (8.3) 78.9 (10.6) -.570 .573 

Walking 

(MET-min/week) 

526.0 (1165.1) 1434.9(1683.6) 973.0(1322.48) 2.88 .008 

Leisure 

(MET-min/week) 

424.3 (1078.0) 946.6(876.0) 792.2(1215.6) 2.60 .015 

Moderate  

(MET-min/week) 

1163.9 (1297.0) 966.9(1061.8) 1533.0(1721.9) -1.17 .252 

Vigorous 

(MET-min/week) 

297.6 (549.8) 681.4(895.8) 741.3(1535.7) .978 .337 

Total 

(MET-min/week) 

1987.5 (1955.4) 3083.2(2476.7) 3247.2(3432.8) .957 .347 

 Median MET 

min/week 

(IQ Range) 

Median MET 

min/week 

(IQ Range) 

Median MET 

min/week 

(IQ Range) 

  

Walking 

(MET-min/week) 

132.0 

(0-643.5) 

825.0 

(396.0-1559.3) 

470.3 

(45.4-1472.6) 

  

Leisure 

(MET-min/week) 

0.0 

(0-516.0) 

726.5 

(222.8-1467.0) 

346.5 

(55.0-981.4) 

  

Moderate 

(MET-min/week) 

575.0 

(290.0-1775.0) 

650.0 

(240.0-1080.0) 

1175.0 

(382.5-1885.5) 

  

Vigorous 

(MET-min/week) 

0.0 

(0-480.0) 

280.0 

(0-1420.0) 

0.0 

(0-960.00) 
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Total 

(MET-min/week) 

1350.0 

(689.5-173.8) 

2093.8 

(1272.1-5033.0) 

2182.5 

(707.3-4671.8) 

  

a. Paired t-tests examined differences between T2 and five year follow up.  

Table 5. Built Environment Characteristics 

 Mean (SD) Range 

Total # PARs per 

Neighborhood 

3.5 (2.6) 0-12 

QPAR Score 13.0 (9.0) 0-34.8 

% of Segments with 

mixed land use  

23.6 (17.0) 0-65.0 

% of segments with 

pedestrian facility  

71.6 (29.1) 7.7-100.0 

Average # of sidewalk 

connections 

3.2 (1.1) 1.2-6 

Speed Limit 31.6 (6.7) 16.7-40.0 

Crime Score 232.7 (130.2) 31.0-450.0 

 

Bivariate Associations 

Pearson correlations examined associations between socioeconomic characteristics, diet, built 

environment characteristics and changes in health outcomes. All change scores met assumptions 

of normality. A negative change score indicates an increase, and a positive change score 

indicates a decrease from T2 to five year follow up. Education was associated with speed limit 

(r=.576, p=.004), crime score (r= -4.64, p=.017) and an increase in diastolic BP (r=-.447, 

p=.013). Income was associated with a decrease in vigorous physical activity (r=.565, p=.002) 

and total physical activity (r=.646, p=.000). Consuming more servings of fruits and vegetables 

per day at five year follow up was associated with an increase in leisure time physical activity 
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(r=-.497, p=.007). Participating in a healthy eating or physical activity intervention was 

associated with a decrease in diastolic BP (r=.398, p=.030). Crime score was associated with a 

decrease in systolic BP (r=.399, p=.043). Increases in walking physical activity were related to 

decreases in diastolic BP (r=-.463, p=.013), and an increase in BMI was related to an increase in 

BF% (r=.620, p=.000).  

Regression Models Predicting Changes in Health Outcomes 

After adjusting for age, education, income and participation in an intervention, built environment 

characteristics were not associated with change in BMI [F(19)=1.795, p=.196], 

BF%[F(19)=1.24, p=.378], systolic BP [F(19)=1.32, p=.354], diastolic BP [F(19)=.600, p=.782], 

leisure time physical activity [F(19)=.567, p=.800], walking [F(19)=.446, p=.880], moderate 

intensity physical activity [F(19)=.927, p=.559], vigorous intensity physical activity [F(19)=.923, 

p=.999], total physical activity [F(19)=.593, p=.786]. Sequential (blocked) linear regression 

models that included built environment variables as predictors explained a greater portion of the 

variance in changes in health outcomes compared to models that only included age, education 

and income. The parameters of all non-significant regression models are displayed in Tables 6a 

through 6i in Appendix B.  

DISCUSSION 

This study examined the influence of built environment characteristics hypothesized to support 

physical activity on changes in health outcomes in African American women, five years after 

participating in a behavioral intervention. Although built environment characteristics did not 

have a statistically significant influence on changes in BMI, BF%, blood pressure or physical 
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activity, other important findings and lessons learned from this study can be used to inform 

future longitudinal studies in this area of research.  

 This study was unique and challenging due to the length of time between completion of 

the behavioral intervention and follow up assessment. No previous studies have examined 

changes in health outcomes five years after an individually focused behavioral intervention in a 

community sample of African American women. It was not known how this length of ‘free 

living’ time would affect attrition rates for the five year follow up assessment. Appro imately 

20% of the sample of African American women who completed post HIP intervention (T2) 

assessments participated in the follow up assessment, which took place five years later. One 

previous study which examined the effectiveness of an eight-week educational or behavioral 

intervention on walking in minority women reported similar attrition rates, with only 40% of 

participants taking part in a 30 month follow up (Chen et al., 1998).  Future studies that aim to 

include assessments of long term maintenance of health behaviors or outcomes following a 

behavioral intervention should find ways to maintain contact with participants throughout the 

duration of follow up in order to improve participation rates.  

Participants did not maintain levels of physical activity, BMI or BF from T2 to the five year 

follow up assessment, but SBP remained stable and DBP decreased. BMI and BF% were higher 

at five year follow up than at T2, and were also higher than at the intervention baseline (T1). 

BMI increased by an average of 1.0 points, and BF% increased by an average of 3.3% from T2 

to five year follow up. The magnitude of increase in BMI is similar to what has been previously 

reported in longitudinal studies (Berry, et al., 2010; Sarkar, Gallacher, & Webster, 2013), and to 

our knowledge, changes in BF% over time in an empirical study have not been previously 



 

 

93 

 

reported. Explanations for elevated BMI and BF% at five year follow up in this sample include 

age and dietary habits. BF% normally increases with age, and participants consumed a 

significantly greater percentage of their daily calories from fat at five year follow up.   

Lower levels of systolic blood pressure at five year follow up may be partially explained 

by increased dosage of blood pressure medication. Of the 14 (46.7%) participants who reported 

use of blood pressure medication, only 4 reported an increased dose since HIP.  

Although participant’s median MET-minutes per week of moderate physical activity 

increased by 80% from T2 to follow up, this increase was not statistically significant, and other 

types of self-reported physical activity showed a decrease from T2 to five year follow up. From 

T2 to five year follow up median walking MET-minutes per week decreased by 75.5%, median 

leisure time physical activity MET-minutes per week decreased by 109%, and median vigorous 

physical activity MET-minutes per week decreased from 280 to 0. Though these differences are 

marked, only two domains (walking and leisure) were statistically lower, and the combination of 

physical activity across domains resulted in a slight increase (4%) in total median MET-minutes 

of physical activity per week.  Total physical activity at five year follow up (2182.5 MET-

min/week) did not drop back down to baseline (T1) levels (1350.0 MET-min/week).  Total 

physical activity of at least 600 MET-minutes per week but less than 3000 MET-minutes per 

week is classified by the IPAQ scoring protocol as a ‘moderate’ level of physical activity, 

equivocal to meeting minimum physical activity recommendations of 150 minutes of moderate 

physical activity per week. It is promising that participants were able to maintain their amount of 

total physical activity five years following a behavioral intervention, at a level that is consistent 
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with achieving physical activity recommendations (Physical Activity Guidelines Committee, 

2008). 

Bivariate associations that examined relationships with built environment characteristics 

showed that participants with higher education levels lived in neighborhoods with higher speed 

limits and participants with higher income levels lived in neighborhoods with lower crime 

scores. Consistent with previous literature, higher individual income individuals tend to reside in 

neighborhoods with lower indices of deprivation (e.g. higher income, presence of homeowners), 

and these neighborhoods typically have lower levels of crime and higher ratings of safety 

(Brisson & Roll, 2012; Hipp, 2007; Patterson, 1991). A relationship between education levels 

and speed limit has not been well established and may have potential to explore further, since 

previous studies have found that lower speed limits are related to higher levels of physical 

activity in a low income sample (R. E. Lee, S. K. Mama, K. P. McAlexander, et al., 2011).  

Contrary to hypotheses, higher crime score was associated with a decrease in systolic BP. It 

was hypothesized that lower neighborhood crime scores would lead to an increase in physical 

activity, which would theoretically lead to a decrease in blood pressure. However, since crime 

score was not associated with changes in physical activity, and changes in physical activity were 

not related to changes in blood pressure, this hypothesized relationship was not supported.  

Linear regression models showed that built environment characteristics that support physical 

activity did not significantly predict changes in BMI, BF%, BP or physical activity from T2 to 

five year follow up. Although these findings contradict many previously reported cross-sectional 

findings (Ferdinand, Sen, Rahurkar, Engler, & Menachemi, 2012), they are similar to a recent 

cross-sectional study which found only neighborhood SES was associated with 
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overweight/obesity in African American women (Keegan et al., 2012), and other previous 

longitudinal studies. These longitudinal studies found no association between a walkability index 

and changes in BMI over six and 14 years, respectively (Berry, et al., 2010; Michael, Gold, 

Perrin, & Hillier, 2013). 

This may indicate that there is a self-selection to neighborhoods with characteristics that support 

physical activity. Either people choose to live in physical activity friendly neighborhoods 

because it reflects their values and lifestyle, or there is no change in BMI across time because 

those who happen to live in a physical activity friendly neighborhood but who are sedentary will 

not be influenced by neighborhood features.  

In contrast, other previous longitudinal studies have found associations between built 

environment characteristics and changes in BMI and physical activity over time. Two studies 

have looked at long term changes in BMI in relation to the built environment. One study that 

looked at changes in BMI over six years found that perceiving traffic made it difficult to walk 

predicted increases in BMI (Berry, et al., 2010). Another study examined changes in BMI over 

12 years and found that higher densities of retail land use, churches and recreation and leisure 

facilities in the vicinity were associated with lower BMI (Sarkar, et al., 2013).  

A longitudinal study that examined changes in physical activity over two years, found that 

perceived accessibility to public transport, connectivity, pedestrian crossings, satisfaction with 

local facilities and local traffic speed predicted increases in walking (V. J. Cleland, Timperio, & 

Crawford, 2008). Although these findings contradict our study, these studies examined the 

influence of perceptions of the built environment or GIS measured built environment variables 
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on changes in BMI and physical activity. These studies also had much larger samples to detect 

associations, and participants did not take part in an individual level intervention.  

Only one other study has examined the influence of objectively measured built environment 

characteristics on long term maintenance of health outcomes following an intervention (Epstein, 

et al., 2012). This study by Epstein and colleagues found that more parkland, fewer convenience 

stores, and fewer supermarkets were associated with greater BMI reduction in children two years 

after a weight management program. This study also included measures of the food environment 

(convenience stores and supermarkets) which may indicate that these food sources and dietary 

habits are a more powerful influence on maintenance of BMI. Our study found that low QPAR 

scores and fewer segments with a pedestrian facility were significantly associated with greater 

consumption of calories from fat. Lack of sidewalks and poor quality PARs could indicate an 

overall neighborhood deprivation construct, which often means fewer supermarkets and more 

convenience stores available to residents. Since total physical activity levels did not change in 

this sample over time and BF% and consumption of fat did increase, including measures of the 

food environment may have been better able to detect effects of the environment on changes in 

BMI and BF%.   

This study has many strengths and contributes to an evidence base where no similar data 

among African American women exists. Long term maintenance of a healthy body composition, 

blood pressure levels and recommended levels of physical activity outcomes is essential for 

reducing disease and mortality risk (Centers for Disease Control and Prevention, 2012b; National 

Heart Lung and Blood Institute, 2011), yet no other studies have examined how the built 

environment may help extend the success of an individually focused intervention on multiple 



 

 

97 

 

health outcomes. Further, this study investigated these relationships in a community sample of 

minority women. African American women are vulnerable to disparities in health, as they have 

higher levels of obesity, physical inactivity and hypertension than non-Hispanic white women 

(R. C. Brownson, et al., 2000; Centers for Disease Control and Prevention, 2009b; D. Lloyd-

Jones et al., 2010). Other strengths of this study include the use of neighborhood audit to 

measure the built environment. Other studies that have investigated the influence of the built 

environment on changes health outcomes over time have used resident perceptions measure the 

built environment (Berry, et al., 2010; V. J. Cleland, et al., 2008; J. F. Sallis, et al., 2007) or GIS 

data (Epstein, et al., 2012). We also used measured BMI, and BF%, rather than using self-report, 

helping to reduce bias and measurement error. To our knowledge, no prior studies have 

examined the influence of the built environment on changes in BF% over time, after 

participation in an individual level intervention. 

This study was not without limitations. A small sample size may have limited our ability to 

detect associations of built environment variables with changes in health outcomes. It has been 

suggested that in order to test individual predictors in linear regression you need a minimum 

sample size of [104 + (number of predictors)], with this number going up as the expected effect 

size decreases (Green, 1991). However, recent theorists have raised concern with this 

conventional focus on, and the expectations concerning sample size. It is thought that these 

conventions are flawed, may cause serious harm to the research process, and may delay 

innovative research (Bacchetti, 2010; Bacchetti, Deeks, & McCune, 2011). Studies of new ideas 

may need to start small because of cost or feasibility concerns, and small sample sizes can still 

produce valuable results. Therefore, despite this sample size limitation, we believe the findings 
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of this study make a significant contribution to the literature.  For example, although none of our 

regression models or predictors were statistically significant, hierarchical (blocked) regression 

methods showed models that included built environment characteristics which support physical 

activity increased the amount of variance accounted for. One other potential limitation in this 

study is the collection of environmental data only during the HIP study (2006-2008), which may 

not account for changes in built environment characteristics over time.  

This longitudinal study investigated the influence of built environment characteristics which 

support physical activity on changes in BMI, BF%, BP and physical activity in African 

American women, five years after participating in an individual level intervention. Living in a 

neighborhood that has many high quality PARs, sidewalks, mixed land use, low traffic speeds 

and low crime may not be associated with maintenance of health outcomes or physical activity 

levels after participating in a behavioral intervention. This may indicate that other aspects of the 

HIP intervention such as social cohesion or social support had a greater impact on increases in 

physical activity and improved dietary habits from baseline to T2. After the conclusion of the 

intervention these motivators for physical activity or healthy eating were no longer available, and 

participants were not able to maintain levels of physical activity, or body composition. An 

alternative hypothesis is that an inadequate sample size contributed to our lack of finding an 

association between built environment and changes in health outcomes. Also it may be possible 

that other built environment attributes not measured in our study contribute to long term 

maintenance of health behaviors and outcomes.  

It is important that future studies examine influences on long term sustainability of the 

behavior changes and improved health outcomes initiated by individually focused interventions. 



 

 

99 

 

The findings of this study underscore the uncertainty regarding the relationship between the built 

environment for physical activity and health outcomes over time. Much more longitudinal and 

follow up work needs to be done in order to further our understanding of what contributes to 

long term maintenance of recommended levels of physical activity, blood pressure and normal 

body composition after the conclusion of individually focused interventions. This information 

may lead to prevention, and reduced risk of chronic disease for not only African American 

women, but all adults. To conclusively determine the importance of built environment 

characteristics for long term maintenance, future studies should develop stronger methods for 

long term follow up after the conclusion of an intervention, and examine changes in built 

environment over time. 
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CHAPTER 4 

MANUSCRIPT 2: The influence of built environment characteristics on cardiorespiratory 

fitness, lipid profile and fasting blood glucose levels in African American women. 

  

INTRODUCTION 

Racial disparities exist in the risk for cardiovascular disease (CVD) and mortality from CVD in 

African American (AA) women compared to their Caucasian counterparts (R. A. Williams, 

2009). Cardiometabolic risk factors, such as high blood pressure, elevated cholesterol and 

glucose levels, and overweight or obesity, are associated with cardiovascular diseases and may 

be a result of a lack of healthy behaviors including physical activity (Centers for Disease Control 

and Prevention, 2012b). Regularly performed physical activity improves body composition and 

nearly all known health conditions and risk factors for disease (US Department of Health and 

Human Services, 2008), but African American women have some of the highest rates of physical 

inactivity of any population sub-group (R. C. Brownson, et al., 2000; Centers for Disease 

Control and Prevention, 2009b; D. Lloyd-Jones, et al., 2010). Many individually focused 

interventions have successfully targeted physical activity in African American women (Anderson 

& Pullen, 2013; B. H. Kim & Glanz, 2013; Whitt-Glover, Brand, Turner, Ward, & Jackson, 

2009), but high rates of inactivity and disparities in disease risk continue to exist in this 

population, suggesting that these interventions may have limited sustainability. Ecologic theories 

recognize the limitations of approaches that target the individual primarily through motivation or 

education, and hypothesize that factors outside the individual such as the built environment are 

important influences on physical activity (Heath & Troped, 2012; J. F. Sallis, et al., 2012; 

Walcott-McQuigg, Zerwic, Dan, & Kelley, 2001). 
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Previous evidence exists to support a cross sectional relationship between the built 

environment characteristics that support physical activity, and self-reported physical activity and 

BMI (Ferdinand, et al., 2012; J. F. Sallis, et al., 2012) . These characteristics include walkability 

(R. C. Brownson, et al., 2009; Frank, et al., 2005; J. F. Sallis, Saelens, et al., 2009; Van Holle et 

al., 2012), physical activity resources (i.e. parks, trails, gyms, etc.) (Diez Roux, et al., 2007; 

Heinrich, et al., 2008; Kaczynski & Henderson, 2008; Zenk, et al., 2009), land use mix (a mix of 

residential and commercial buildings) (B. E. Saelens & Handy, 2008; Van Holle, et al., 2012), 

and safety from traffic and crime (Kerr, et al., 2011; A. C. King, et al., 2006; R. E. Lee & 

Cubbin, 2009; R. E. Lee, S. K. Mama, K. P. McAlexander, et al., 2011; Tucker-Seeley, et al., 

2009). However the strength, and in some cases, direction of these relationships varies based on 

the measurement method of physical activity or obesity. A recent systematic review of the 

relationship between the built environment and physical activity or obesity found that studies 

using objective physical activity measures or direct measures of obesity such as percent body fat 

were less likely to identify a positive relationship (Ferdinand, et al., 2012). Inconsistencies in the 

evidence for built environment influence on self-reported physical activity or BMI versus 

objectively measured outcomes indicates a need for further examination of the influence of these 

built environment characteristics that support physical activity on health related outcomes other 

than self-reported physical activity and BMI.  

The use of BMI as a primary outcome measure in AA women may be problematic due to the 

inconsistency in the relationship between BMI and adiposity. A given BMI may not be an 

accurate reflection of body composition, and therefore disease risk in this population (i.e. A BMI 

of 30 may not represent obesity based on percent body fat) (Clark, Taylor, Wu, & Smith, 2013; 
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Lopez, O'Connor, Ledoux, & Lee, 2011; O'Connor, et al., 2010). Waist circumference may be a 

better alternative measure of abdominal adiposity, and more closely associated with disease risk 

for African American women (Liu, Hornbuckle, Panton, Kim, & Ilich, 2012), but few studies 

have examined the association between the built environment and waist circumference as a 

health outcome. One previous study by Li and colleagues examined the association of 

neighborhood walkability with change in waist circumference. This study found that high-

walkability neighborhoods were associated with a significant decrease of 1.57 cm in waist 

circumference, among residents who increased their levels of vigorous physical activity during 

the 1-year assessment period. Using waist circumference opposed to BMI as a health outcome 

may provide a more accurate representation of how the built environment is related to abdominal 

adiposity and disease risk in a female African American population.  

Self-reported physical activity is the most commonly used method used in studies which 

measure associations between the built environment and health behaviors. Previous studies have 

found that accuracy of self-reported physical activity (compared to an objective measure) is 

lower in African American women than men (Wolin, et al., 2008), and in obese individuals 

(Warner et al., 2012). Self-report bias - most commonly reporting more physical activity than 

one is actually doing, can affect the observed associations between the built environment and 

physical activity. If residents are reporting more physical activity than they actually do, the 

relationships that exist between features of the built environment and physical activity may be 

exaggerated. The use of an objective measure of physical activity such as cardiorespiratory 

fitness (CRF) may provide a more precise representation of the relationship between the built 

environment and not only just participation in physical activity, but doing a sufficient volume 
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and intensity of physical activity in order to influence levels of CRF. One previous study has 

examined the association between the built environment and CRF, and found that neighborhood 

characteristics which support more physical activity and less driving were associated with higher 

levels of CRF. (Hoehner, et al., 2011) CRF is an important, independent risk factor for 

cardiovascular disease in particular, (Blair, et al., 2001; Ekblom-Bak, et al., 2010; P. T. 

Williams, 2001) and will add to the literature that has already identified associations between the 

built environment and physical activity.  

Indicators of metabolic health such as lipids, fasting glucose and triglycerides are 

improved by physical activity (Centers for Disease Control and Prevention, 2011b; Kelley, et al., 

2004; Petersen & McGuire, 2005; Tambalis, et al., 2009). Using lipids, fasting glucose and 

triglycerides as objective health outcomes may also contribute to the understanding of the 

importance of the built environment for engaging in physical activity at a level sufficient to illicit 

a positive response in these metabolic indicators of health. Previous studies have found a 

relationship between neighborhood context, such as poverty level, and health outcomes related to 

dyslipidemia (D. Kim, et al., 2010; Merkin, et al., 2009; Murray, et al., 2010).  For example one 

study found that among women, the highest quartile of neighborhood deprivation was associated 

with 2.5 higher odds of coronary artery calcification (D. Kim, et al., 2010), and cumulative 

exposure to neighborhood poverty was associated with higher amounts of subclinical 

atherosclerosis and greater cardiovascular risk (Murray, et al., 2010). Another study found that 

for African Americans, living in a low socioeconomic status neighborhood is associated with a 

greater CVD risk profile which included total and HDL cholesterol levels (Merkin, et al., 2009). 

No previous studies have examined the influence of built environment characteristics that 
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support physical activity on levels of total, LDL, HDL cholesterol and triglycerides. Two 

previous studies have examined the relationship between the built environment and outcomes 

similar to fasting blood glucose. Studies by Auchincloss and colleagues (2008 and 2009) found 

inverse associations between availability of healthy foods, physical activity resources and insulin 

resistance and diabetes. One of these studies found that living in a neighborhood with better 

physical activity resources and healthy foods was associated with lower insulin resistance 

(Auchincloss, et al., 2008). In a follow up study, the authors found that having more 

neighborhood resources which support physical activity and having a healthy diet were 

associated with incidence of type 2 diabetes (Auchincloss, et al., 2009). Including additional 

measures of the built environment hypothesized to support physical activity will extend the 

findings of these studies which support a positive relationship between the built environment and 

metabolic health outcomes. 

There is an elevated risk of heart disease among black women compared with white 

women and, this increase risk is largely explained by an increased risk factor burden (Safford et 

al., 2012). Examining the relationship between built environment characteristics hypothesized to 

support physical activity and fitness, waist circumference, and cardiometabolic risk factors may 

provide more rigorous evidence for the influence of the built environment on health in African 

American women. Finding a relationship between a built environment which supports physical 

activity and favorable levels of fitness, abdominal adiposity, blood lipid profile or fasted blood 

glucose would be an important contribution toward understanding how to target racial disparities 

in these risk factors for CVD.  In addition, the study of these relationships may contribute to a 

further understanding of the mechanisms responsible for the effect of built environment on 
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fitness, waist circumference and cardiometabolic risk factors – whether the associations operate 

primarily through physical activity as expected, or if there is a separate connection between the 

built environment and these more distal health outcomes.  

The primary aims of this study are 1) to explore the relationship between built environment 

characteristics hypothesized to support physical activity and CRF, waist circumference, total, 

HDL, LDL cholesterol, triglycerides and fasting blood glucose in a small sample of African 

American women, and 2) to determine if any associations between built environment 

characteristics and CRF, waist circumference, total, HDL, LDL cholesterol, triglycerides or 

fasting blood glucose operate via self-reported physical activity.  

METHOD 

Study Design and Participants 

This cross-sectional study combined previously collected built environment data with newly 

collected health outcome data.  Built environment data for this study were collected in 2006–

2008 as part of the Health Is Power (HIP) study (1R01CA109403), a multi-site, longitudinal, 

community based, randomized controlled trial to increase physical activity and to investigate the 

relationship between neighborhood factors and physical activity adoption and maintenance in 

African American or Hispanic or Latina women in Houston and Austin, Texas (R. E. Lee, S. K. 

Mama, A. V. Medina, et al., 2011; R. E. Lee, A. V. Medina, et al., 2011). Participants were 

recruited for this study as part of a larger follow up study for HIP. Participants who had not 

moved since participating in HIP, self-identified as African American, were able to read, speak, 

and write in English or Spanish, not pregnant or planning to become pregnant and did not report 

signs or symptoms of cardiovascular or pulmonary disease or have diabetes were included. All 
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health assessments took place from November 2012-March 2013 at the University of Houston. 

Participants were instructed to fast and avoid caffeine for eight hours prior to their health 

assessment appointment, and to wear comfortable clothes and shoes that they would feel 

comfortable walking in for up to twenty minutes. Upon arrival at the university, participants 

signed informed consent documents. 

All assessments, measures and procedures were approved by the Committee for the Protection of 

Human Subjects at the University of Houston.  

Individual Measures 

A finger stick method was used to obtain blood samples. A Cardiochek® Analyzer (CardioChek, 

Polymer Technology Systems, Inc. Indianapolis, IN)(CardioChek®) measured fasting blood 

glucose, total cholesterol, HDL cholesterol and Triglycerides. LDL cholesterol was calculated by 

subtracting the HDL cholesterol value from the total cholesterol value. Use of statin or diabetes 

medications was based on self-report. Participant’s waist circumference was obtained at the level 

of the umbilicus with a plastic anthropometric tape.  

Maximal oxygen capacity (VO2 max) was estimated from a submaximal treadmill exercise test. 

The submaximal treadmill exercise test used a Modified Balke protocol (Balke & Ware, 1959), 

with a stopping point of 70% of heart rate reserve [(Age predicted maximum HR – Resting 

HR*0.70) + Resting Heart rate]. Prior to the exercise test, participants were fitted with a Polar 

FT4 heart rate monitor. After a minimum of five minutes of seated rest, two measures of resting 

heart rate were obtained and averaged. Average resting heart rate was used to calculate 70% of 

heart rate reserve. The treadmill exercise testing protocol consisted of an initial speed of 2.0 

mph, and a grade of 0% (2.5 METS). After the first stage, speed increased to 3.0 mph, and then 
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increased in grade each stage thereafter. Each stage for the first 12 minutes lasted 3 minutes, and 

then decreased to 2 minutes per stage thereafter. During the test, blood pressure was monitored 

using an aneroid sphygmomanometer to ensure a normal response to exercise. At the end of each 

stage heart rate was recorded, and participants were asked to rate their feeling of exertion 

according to the Borg Scale of perceived exertion (6-20 point scale) (Borg, 1982). Heart rate 

response to treadmill workload was extrapolated to the age predicted maximum to estimate the 

workload that would have been achieved at maximal exertion. Predicted maximal speed and 

grade were used to estimate   O ma  using the ACSM walking equation   O2 max (ml·kg·min) 

= (0.1*Speed) + (1.8*Speed*Grade) + 3.5ml·kg·min] (ACSM, 2009 ). The VO2 max predicted 

from this equation was adjusted with a correction factor for the use of a ramping treadmill 

protocol    O ma  (ml kg min) =7   3.67, where   is the  O2 calculated using the ACSM 

walking equation] (ACSM, 2009 ). 

Built Environment Measures 

Objective measures of the built environment for physical activity were collected as part 

of the HIP study or used existing, publicly available data. Detailed information about the 

methods and measures used to assess the built environment are reported in Chapter 3.  

Characteristics of the built environment included in this study were the presence and quality of 

neighborhood physical activity resources (PARs), walkability, traffic safety, and crime safety. 

Presence and quality of neighborhood physical activity resources (PARs), walkability, traffic 

safety were assessed by neighborhood audit within an 800 meter buffer around participant’s 

home address, and crime safety was measured at the census block group level.  
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PARs were assessed using the Physical Activity Resource Assessment Instrument 

(PARA©2010) (Appendix A). In this study we examined the influence of PAR availability (total 

number PARs in the participant’s neighborhood) and PAR quality on health outcomes. PAR 

quality was determined using the QPAR, which was aggregated for all PARs in each 

neighborhood (total sum of QPAR/number of PARs) to determine an overall PAR quality index. 

To assess the neighborhood environment for elements of walkability (number of sidewalk 

connections, types of land use, presence of a pedestrian facility) we used the Pedestrian 

Environment Data Scan (PEDS) instrument (Clifton, 2007). The number of sidewalk connections 

refers to the number of connections the segment path has to other paths at the intersection 

corners. A very well connected segment was given a score of six plus any crosswalks that may 

exist midblock along the segment. The number of connections per segment was aggregated at the 

neighborhood level (average number of connections per neighborhood – total sum of connections 

divided by number of segments). Land use other than residential was used as an indicator of land 

use mi . If any use other than ‘Housing’ was present, this segment was classified as ‘mi ed land 

use’. The percent of segments within a neighborhood that have mixed land use was calculated 

and used as a continuous variable.  

If one or more pedestrian facility of any type (footpath, paved trail, sidewalk, pedestrian street 

closed to cars) was selected as present by assessors, a pedestrian facility was considered present. 

The percent of segments within a neighborhood that had a pedestrian facility present was 

counted and used as a continuous variable. Traffic safety was operationalized using the average 

speed limit aggregated at the neighborhood level (sum of speed limit per segment divided by 

number of segments). Traffic speeds were recorded using the PEDS form during neighborhood 
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audits. Previous work by the authors found lower speed limit to be the most commonly linked 

neighborhood factor with increased physical activity in African American men and women (R. 

E. Lee, S. K. Mama, K. P. McAlexander, et al., 2011). Objective crime safety was measured at 

the Census Block Group (CBG) level. CBG risk of crime was operationalized using a crime-risk 

dataset based on the FBI Uniform Crime Report databases providing weighted risk for reported 

murder, rape, robbery, assault, burglary, larceny, and motor vehicle crime for each CBG based 

on a national average of 100. Composite indices of risk of crime safety were created using 

principal components analysis, and index scores for each CBG will be used as continuous 

variables.  

Covariates 

Socioedemographic characteristics including income and education were tested as covariates.  

Items assessing household income, and education were adapted from the Maternal Infant 

Health Assessment (MIHA) survey (California Department of Public Health, 2010), derived 

from the CDC’s Pregnancy Risk Assessment Monitoring System (PRAMS) Questionnaire 

(Centers for Disease Control and Prevention, 2011c). Since physical activity is hypothesized to 

mediate the association between the selected built environment characteristics that support 

physical activity and health outcomes, total physical activity per week will be tested as a 

covariate in some models. Physical activity was measured with an interviewer administered 

version of the International Physical Activity Questionnaire (IPAQ) Long Form (IPAQ, 2005). 

The IPAQ Long Form asks in detail about walking, moderate- and vigorous-intensity activities 

across four domains of physical activity (transportation, leisure, household chores and gardening, 

and occupational) for the past seven days. Total MET-minutes per week of physical activity were 
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computed by summing physical activity across all domains. The IPAQ is an instrument designed 

primarily for population surveillance of physical activity among adults age 15-69 years, and has 

been validated in multiple populations, including African Americans (Wolin, et al., 2008). 

Statistical Analyses 

Descriptive analyses were conducted to examine the frequency, distribution and normality of 

each variable. Due to a positively skewed distribution, self-reported physical activity was 

transformed using a log transformation in order to meet the assumption of normality. No other 

transformations were required.  Person correlation coefficients were used to evaluate bivariate 

associations among age, covariates, waist circumference,   O ma , blood lipids, glucose and 

built environment characteristics. Significant associations were used to determine covariates for 

main analyses.  

For the main analyses, a series of models were fit to the data for each of the health outcomes; 

CRF, waist circumference, total cholesterol, HDL cholesterol, LDL cholesterol and glucose. 

First, we entered the built environment characteristics found to be associated with each outcome 

in bivariate analyses (Model 1), followed by the other significant covariates (age, education, 

income) (Model 2). Next, we entered the total self-reported physical activity (Model 3) to 

evaluate whether effect sizes and statistical significance of the built environment characteristics  

factors changed. Any observed attenuation in the association between built environment 

characteristics and health outcomes would support the hypothesis that built environment 

characteristics which support physical activity, increase physical activity, which improves CRF 

and distal health outcomes. For each step, we tested the statistical significance of those variables 

of interest using the approximate t-test for individual predictors and approximate F-test for each 



 

 

111 

 

model. All statistical analyses were conducted in SPSS Version 19.0 (SPSS 19.0 for Windows; 

SPSS Inc, Chicago, Ill). 

RESULTS  

Participant and Built Environment Characteristics 

Participants (n=30) ranged in age from 39-66 (M=54.1±7.5), and had a median household 

income between $66-76,000 per year. All participants completed at least some college or junior 

college, and the majority graduated from a four year University (66.7%). Median self-reported 

physical activity was 2182.5 MET-minutes per week (SD=3432.8) or 615.0 minutes per week 

(SD=811.6). Health assessment results are summarized in Table 7. Descriptive statistics for built 

environment variables are displayed In Table 8.  

Table 7. Participant Health Characteristics 

 Mean (SD) Range 

Waist Circumference (in) 36.9 (5.7) 30-51 

Estimated VO2 (ml/kg/min) 22.0 (5.4) 12.0-30.2 

Total Cholesterol (mg/dL) 202.3 (39.3) 100-293 

HDL Cholesterol (mg/dL) 66.7 (16.9) 31-85 

LDL Cholesterol (mg/dL) 135.6 (38.8) 23-262 

Glucose (mg/dL) 84.2 (17.5) 56-138 

Triglycerides (mg/dL) 131.7 (75.3) 55-348 

 

Table 8. Built environment characteristics 

 Mean (SD) Range 

Total # PARs per Neighborhood 3.5 (2.6) 0-12 
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QPAR Score 13.0 (9.0) 0-34.8 

% of Segments with mixed land use  23.6 (17.0) 0-65.0 

% of segments with pedestrian 

facility  

71.6 (29.1) 7.7-100.0 

Average # of sidewalk connections 3.2 (1.1) 1.2-6 

Speed Limit 31.6 (6.7) 16.7-40.0 

Crime Score 232.7 (130.2) 31.0-450.0 

 

Bivariate Associations 

Significant correlations were found between percent of street segments with mixed land use and 

connectivity (r=.378, p=.047). Speed limit was significantly associated with education (r=.576, 

p=.004) and   O ma  (r=.510, p=.013). Education was also associated with   O ma  (r=.411, 

p=.006). Crime score was significantly associated with education (r=-.464, p=.017) and waist 

circumference (r=.428, p=.029), and QPAR score was associated with levels of fasting blood 

glucose (r=-.396, p=.037). 

Regression Models Predicting Health Outcomes 

Speed limit was associated with VO2 max [F(1,22)=7.37, p=.013, R
2
=.260], but after controlling 

for education, the overall model remained significant [F(2,22)=3.52, p=.007, R
2
=.395] and the 

association between speed limit and VO2 max disappeared. After further adjustment for physical 

activity, the overall model for VO2 max remained significant [F(3,22)=4.26, p=.018, R
2
=.402], 

but none of the individual predictors were significantly associated with VO2 max (Table 9). 

Crime score was associated with waist circumference [F(1,25)=5.39, p=.029, R
2
=.183], and this 

association remained present after controlling for education [F(2,25)=3.51, p=.047, R
2
=.234]. 
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After further adjustment for physical activity, the overall model was no longer significant 

[F(3,25)=2.43, p=.092, R
2
=.249], but crime score remained a significant individual predictor 

(Table 10). QPAR score was associated with fasting blood glucose [F(1,27)=4.83, p=.037, 

R
2
=.157], but after controlling for education, the association between QPAR score and fasting 

blood glucose was no longer significant [F(2,27)=2.36, p=.115, R
2
=.159]. After further 

adjustment for physical activity the overall model remained non-significant [F(3,27)=1.70, 

p=.193, R
2
=.176], but QPAR was a significant individual predictor (Table 11). Linear regression 

models did not significantly predict total, LDL, HDL cholesterol, or triglycerides (all p >.05). 

Unstandardized beta coefficients from the unadjusted regression model for CRF, indicate that for 

every 1 standard deviation increase in speed limit, CRF would increase by 4.36 ml/kg/min. 

Based on the unadjusted regression model for waist circumference, for every 1 standard 

deviation increase in crime score, waist size would increase by 2.55 inches. Based on the 

unadjusted regression model for fasting blood glucose, for every 1 standard deviation increase in 

QPAR score, fasting blood glucose would decrease by 7.17mg/dL. 

Table 9. Regression models predicting   O ma  

 B SE B β t Sig. 

Model 1      

Constant 8.02 5.15  1.56 .135 

Speed Limit .434 .160 .510 2.72 .013 

Model 2      

Constant -14.72 11.79  -1.25 .226 

Speed Limit .213 .181 .251 1.178 .253 

Education 5.25 2.49 .449 2.109 .048 

Model 3      

Constant -17.841 13.60  -1.31 .205 
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Speed Limit .227 .187 .267 1.22 .239 

Education 5.10 2.56 .436 2.00 .060 

Total Physical Activity .467 .952 .088 .491 .629 

 

Table 10. Regression models predicting Waist Circumference 

 B SE B β t Sig. 

Model 1      

Constant 32.50 2.241  14.50 .000 

Crime Score .020 .008 .428 2.32 .029 

Model 2      

Constant 13.67 15.485  .882 .387 

Crime Score .025 .009 .546 2.65 .014 

Education 3.11 2.53 .253 1.23 .232 

Model 3      

Constant 18.63 17.33  1.075 .294 

Crime Score .026 .010 .569 2.69 .013 

Education 3.05 2.56 .248 1.89 .247 

Total Physical Activity  -.641 .954 -.127 -.671 .509 

 

Table 11. Regression Models Predicting Fasting Blood Glucose 

 B SE B β t Sig. 

Model 1      

Constant 94.21 5.71  16.50 .000 

QPAR Score -.798 .363 -.396 -2.20 .037 

Model 2      

Constant 103.38 38.79  2.66 .013 

QPAR Score -.777 .380 -.386 -2.05 .051 

Education -1.67 7.00 -.045 -.239 .813 

Model 3      

Constant 85.48 46.75  1.83 .080 
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QPAR Score -.796 .385 -.395 -2.07 .049 

Education -1.17 7.11 -.031 -.164 .871 

Total Physical Activity 2.02 2.87 .131 .703 .489 

 

DISCUSSION 

This study examined the relationship between built environment characteristics hypothesized to 

support physical activity and: CRF, waist circumference, total, HDL, LDL cholesterol, 

triglycerides and fasting blood glucose in a small sample of African American women, and 

determined if any of these associations operated primarily through physical activity.  

This exploratory study found that in separate unadjusted regression models, higher speed 

limits were associated with higher CRF, higher crime scores were associated with larger waist 

size, and higher QPAR scores were associated with lower levels of fasting blood glucose. Built 

environment characteristics hypothesized to support physical activity were not associated with 

levels of total, LDL HDL cholesterol or triglycerides. After controlling for education, higher 

crime scores were still associated with larger waist size. Fully adjusted models (including 

physical activity) did not significantly predict health outcomes, but crime score remained a 

significant individual predictor of waist circumference, and QPAR score remained a significant 

individual predictor of fasting blood glucose.  

The results of this study are consistent with similar studies that have found associations 

between the built environment and waist circumference (F. Li, Harmer, Cardinal, Bosworth, et 

al., 2009) and glucose (Auchincloss, et al., 2008), but inconsistent with one that found 

associations between neighborhood factors hypothesized to support physical activity and CRF 

(Hoehner, et al., 2011). No previous studies have examined the relationship between the built 
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environment and lipid profile. Our study found that living in a neighborhood with lower crime 

scores was associated with a smaller waist circumference. This finding is consistent with other 

studies that have found that higher crime rates and greater perceptions of crime in one’s 

neighborhood are related to lower levels of physical activity and higher BMI; particularly in 

women, those who are older, and ethnic minority women (Casagrande, et al., 2009; Doyle, et al., 

2006; Eyler, et al., 2003; S. Foster & Giles-Corti, 2008; Roman & Chalfin, 2008; J. F. Sallis, et 

al., 2007; Suminski, et al., 2005). We expected that low crime scores would encourage physical 

activity and therefore lead to improved body composition, including a smaller waist size. 

However, physical activity did not attenuate the association between crime score and waist 

circumference, which is inconsistent with our hypothesis and a previous longitudinal study 

which found that high-walkability neighborhoods were associated with decreases of waist 

circumference among residents who increased their levels of vigorous physical activity during 

the assessment period (F. Li, Harmer, Cardinal, Bosworth, et al., 2009). 

Our findings also suggest that living in a neighborhood with higher QPAR scores may be 

associated with lower levels of fasting blood glucose, but physical activity did not attenuate this 

association. This finding is consistent with a previous study that found greater neighborhood 

resources were associated with lower insulin resistance, but inconsistent with their finding that 

physical activity mediated this relationship (Auchincloss, et al., 2008).  

Our study did not find associations between built environment factors hypothesized to 

support physical activity and total, HDL, LDL cholesterol or triglycerides. No previous studies 

have examined these associations and our study suggests there is no relationship. Previous 

studies have found evidence for the effects of neighborhood context, such as poverty level, on 



 

 

117 

 

outcomes related to dyslipidemia (D. Kim, et al., 2010; Murray, et al., 2010). We found bivariate 

associations between income and total cholesterol and income and LDL cholesterol, but these 

associations were the opposite direction than expected (higher income levels were associated 

with higher total and LDL cholesterol). One explanation for these contradictory bivariate 

associations (previous studies found that exposure to neighborhood poverty and deprivations 

were linked to poorer health outcomes) may be that all of our participants had income levels well 

above the poverty line. This suggests that in a sample of middle to high income African 

American women, affluence may be linked to a poorer lipid profile.  

Our study did not find associations between built environment factors hypothesized to 

support physical activity and CRF after controlling for education and physical activity. A study 

by Hoehner and colleagues found that neighborhoods with older homes and residents with 

shorter commute times were positively associated with CRF in women (Hoehner, et al., 2011). 

However this finding decreased with increasing age, and was no longer significant among 

women after adjusting for physical activity. This suggests that neighborhoods with older homes 

and residents with shorter commute times had an effect only on young adults. The sample of 

women in our study was on average older than 50, so perhaps like the previous study, 

neighborhood factors hypothesized to support physical activity did not have a direct impact on 

physical activity which is an important predictor of CRF. Further explanation for the lack of 

finding a relationship between the built environment and CFR may be that CRF is typically 

responsive to intensity of PA and volume of physical activity, but with the low levels fitness 

found in this sample, participants were not likely undertaking in a sufficient intensity or volume 

of physical activity to have any impact CRF. In addition, middle aged or older African American 
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women may have attenuated increases CRF response in to exercise (Swift et al., 2013), which 

could be an alternative explanation for the lack of support for our hypothesis.  

To further explore the practical significance of our finding for a relationship between the 

built environment and waist circumference and glucose, we compared the mean values of waist 

circumference by high versus low crime scores, and glucose by high and low QPAR score, based 

on a median split. Average waist size in a low crime neighborhood (34.85 inches ±5.55) was 

lower than average waist size in a high crime neighborhood (38.78±5.46). Though not 

statistically significant (p=.067), this difference crosses the risk category threshold for women. A 

waist size greater than 35 inches is considered ‘high risk’ for obesity-related illness due to the 

location of excess fat (ACSM, 2009 ). Average levels of fasting blood glucose in a neighborhood 

with low QPAR scores (92.36 mg/dL±20.63) were significantly higher than average levels in a 

neighborhood with high QPAR scores (75.29mg/dL±9.97, p=.010). Blood glucose levels above 

100mg/dL are considered above the normal range, and may indicate concern for impaired fasting 

glucose (ACSM, 2009 ). 

This study has many strengths and contributes to an evidence base where no similar data 

among African American women exists. Understanding environmental influences on objective 

measures of health is important for reducing risk for chronic disease (Heath & Troped, 2012; J. 

F. Sallis, et al., 2012). No other studies have examined the relationship between built 

environment characteristics hypothesized to support physical activity and CRF, waist 

circumference, lipid profile and fasting blood glucose in African American women and this study 

contributes new information for a population that continues to have disproportionately higher 

levels of cardiovascular disease and risk factor burden than their white counterparts (Centers for 
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Disease Control and Prevention, 2005b; Go, et al., 2013; D. Lloyd-Jones, et al., 2010; Safford, et 

al., 2012). Another strength of this study was the measurement of built environment 

characteristics by neighborhood audit. These measures are considered objective (different than 

resident perceptions), but are still able to capture the subjective aspects of the environment. For 

example QPAR score quantifies the quality of places to do physical activity, compared to GIS 

measures which can offer only absolute count, density or pro imity of PARs to resident’s homes. 

Built environment characteristics were audited within an 800m radius around participants homes, 

which has been found to represent a feasible walking distance destinations (R. E. Lee, et al., 

2005). In this study, the use of measured waist circumference as an outcome for overweight 

instead of BMI was also a strength. In a sample African American women, BMI may not be an 

accurate representation of body composition or health in this (Clark, et al., 2013; Liu, et al., 

2012; Lopez, et al., 2011; O'Connor, et al., 2010). Findings from this study which support a 

relationship between the built environment and waist circumference may provide an explanation 

for the lack of a relationship in previous studies which used BMI as an outcome to examine 

associations between the built environment and overweight/obesity in African American women 

(Keegan, et al., 2012). 

This study also has some limitations. The sample size was less than desired in order to detect 

small effects with multiple environmental predictors and covariates. Small sample size was due 

to the exploratory nature of the study, the time commitment required to perform individual health 

assessments, and exhaustive nature of in-person audits of participant’s neighborhoods. Despite 

the small sample size, we believe that this study provides a unique and important contribution to 

the literature. Recent theorists have emphasized a removal from the conventional focus on 
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sample size, and promoted the idea that new and innovative studies may need to start small 

because of cost or feasibility concerns, but can still produce valuable results (Bacchetti, 2010; 

Bacchetti, et al., 2011; Keegan, et al., 2012). The relationship between neighborhood 

characteristics and physiologic health outcomes such as CRF, lipid profile and levels of fasting 

blood glucose likely involves multiple pathways and mediators including body composition (i.e. 

weight status), physical activity and dietary habits. It is difficult to determine specific pathways 

for these relationships due to the cross sectional nature of the study design, and the challenge of 

determining direct and indirect effects in regression analyses.  

Although the influence of the built environment on individual physical activity and obesity 

has been well established, more study of the processes and interactions of specific built 

environment attributes on physical activity and obesity and the distal health outcomes that were 

measured in this study are needed. These linkages are not well understood, and the applicability 

of Ecological frameworks could be limited if the relationships between the built environment and 

physical activity do not lead to improvement in risk factors for chronic disease. Future studies 

should implement 1) longitudinal study designs to examine changes in these health outcomes 

following changes in built environment factors hypothesized to support physical activity, and 2) 

quasi-experimental study designs to compare built environment factors in neighborhoods of fit 

versus unfit or metabolically unhealthy versus unhealthy populations, while controlling for self-

selection.   

This study explored relationships between built environment characteristics hypothesized to 

support physical activity and CRF, waist circumference, cholesterol and fasting blood glucose. 

Our findings suggest a potential link between neighborhood crime scores and waist 
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circumference, and QPAR score and fasting blood glucose. These results encourage further 

examination of the influence of qualitative aspects of the built environment including crime and 

quality of PARs on health outcomes in African American women. These findings also illustrate 

the importance of incorporating measures outside of self-reported physical activity and BMI 

when evaluating the significance of the built environment for health outcomes. African 

American women have disproportionately higher levels of modifiable risk factors for chronic 

disease such as physical inactivity and obesity, and more research is needed for prevention and 

sustainable solutions. In an effort to promote risk factor reduction and public health, community 

leaders and investigators must consider the multifaceted and intricate associations between built 

environment factors hypothesized to influence physical activity and objective physiologic 

outcomes such as CRF, waist circumference, and metabolic indicators such as lipids and glucose.  
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CHAPTER 5 

MANUSCRIPT 3: The built environment for physical activity and prediction of risk for 

cardiovascular disease risk in African American women – an exploratory decision tree analysis 

 

INTRODUCTION 

Racial disparities exist in the risk for cardiovascular disease (CVD) and mortality from CVD in 

women (R. A. Williams, 2009). This gap in health continues to widen, and in post-menopausal 

women African-American race has been identified as a risk factor for sudden cardiac death 

(Bertoia et al., 2012). A recent study examining racial differences in coronary heart disease 

(CHD) found that Black women had higher incidence rates for total, fatal and nonfatal CHD 

compared to White women. Further, this study found that the increased risk for fatal CHD was 

associated with racial differences in risk factors (which were more prevalent among black 

women compared with white women), and the excess risk for nonfatal CHD observed among 

black women was entirely attenuated after accounting for their higher cardiovascular disease 

risk factor burden (Safford, et al., 2012).  

The American Heart Association (AHA) also recognizes the importance of reducing the 

prevalence of CVD risk factors.  Their 2020 Impact Goals include an expanded focus on CVD 

prevention, efforts to promote healthy behaviors, and targeting those individuals at greatest risk 

for CVD (D. M. Lloyd-Jones et al., 2010). In order address these goals, using lifestyle and 

behavior change to manage risk factors for CVD in African American women is of utmost 

importance. 

Achieving good or ‘ideal’ levels of multiple risk factors is necessary for the lowing risk 

of CVD. Dong and colleagues demonstrated a strong, inverse relationship between the number of 

ideal cardiovascular health metrics and risk of CVD (Dong et al., 2012). These risk factors for 
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CVD include both health behaviors and health outcomes, and both are independently associated 

with lower CVD risk. Seven important metrics of health behaviors and outcomes have been 

identified by the AHA and are outlined in Table 12.  

Table 12. American Heart Association definitions of ideal cardiovascular health metrics for 

Adults 

 Ideal Level for Each Metric 

Current Smoking Never or quit > 12 months 

BMI <25kg/m
2 

Physical Activity ≥150 min/week moderate or ≥75 min/week vigorous 

Healthy Diet Pattern  ≥4.5 servings of fruits and vegetables 

 ≥  servings/week of fish 

 ≥3 servings/day of whole grains 

 <36oz/week of sugar sweetened beverages 

 <1500mg/day of sodium 

Total Cholesterol <200 mg/dL 

Blood Pressure <120/80 mm/Hg 

Fasting Plasma Glucose <100 mg/dL 

 

According to these definitions, US adults have an average of four of these metrics at ideal levels, 

and only 3.3% of adults have all seven of these metrics at ideal levels (Fang, Yang, Hong, & 

Loustalot, 2012). Based on this prevalence and the graded association of these metrics with CVD 

risk, it is reasonable to assume that persons meeting less than four of these criteria would have 

significantly higher risk for CVD.  
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The built environment has been identified as an important target for prevention of CVD 

(Jorgensen et al., 2013). In order to reduce CVD risk by changing behaviors, multiple levels of 

influence are needed including support of a person’s environment. One mechanism may be 

through neighborhood support for physical activity (Heath & Troped, 2012; J. F. Sallis, et al., 

2012). An environment that supports physical activity is hypothesized to increase physical 

activity, which in turn may lead to improvement in other risk factors and a step toward further 

reductions in incidence, morbidity and mortality from CVD (J. F. Sallis, et al., 2012). Physical 

activity is associated with reduced risk of CVD among women in a dose-response fashion 

(Carnethon, 2009; Oguma & Shinoda-Tagawa, 2004), but inactivity is more prevalent among 

women than men, and African Americans than whites (Schiller, Lucas, Ward, & Peregoy, 2012). 

Targeting ways to increase physical activity should be a primary aim for CVD risk reduction in 

African American women not only because of the high prevalence of inactivity in this group, but 

also due to its independent effects on other risk factors, including: preventing gains in weight and 

waist size (Hankinson et al., 2010), reductions in blood pressure, triglycerides and levels of 

fasting blood glucose (Shaw, Gennat, O'Rourke, & Del Mar, 2006), and decreased likelihood of 

developing metabolic syndrome (Centers for Disease Control and Prevention, 2011b).  

Although environment has been identified as an important influence on CVD risk factor 

reduction (Jorgensen, et al., 2013), it is not known whether built environment characteristics can 

contribute to the prediction of the likelihood of having multiple risk factor metrics at ideal levels. 

The intent of this exploratory study is to use decision tree analysis to determine which built 

environment characteristics hypothesized to support physical activity will play a role in the 

classification of African American women into subgroups for having multiple risk factor metrics 
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at ideal levels. We will create a tree-based classification model with the built environment 

characteristics hypothesized to support physical activity as predictors, to determine whether they 

will contribute to the classification of participants into two groups: 1) has four or more risk factor 

metrics at ideal levels or 2) has three or less risk factor metrics at ideal levels.  

METHOD 

Study Design and Participants 

This study combined previously collected built environment data with newly collected health 

outcome data.  Built environment data for this study was collected in 2006–2008 as part of the 

Health Is Power (HIP) study (1R01CA109403), a multi-site, longitudinal, community based, 

randomized controlled trial to increase physical activity and to investigate the relationship 

between neighborhood factors and physical activity adoption and maintenance in African 

American or Hispanic or Latina women in Houston and Austin, Texas (R. E. Lee, S. K. Mama, 

A. V. Medina, et al., 2011; R. E. Lee, A. V. Medina, et al., 2011). Participants were recruited for 

the current study as part of a larger follow up study for HIP. Participants were included if they 1) 

had not moved since participating in HIP, 2) self-identified as African American, 3) were able to 

read, speak, and write in English or Spanish, 4) were not pregnant or planning to become 

pregnant and 5) did not report signs or symptoms of cardiovascular or pulmonary disease or have 

diabetes. Eligible women attended a health assessment session to measure CVD risk factors. All 

health assessments took place from November 2012-March 2013 at the University of Houston. 

Participants were instructed to fast and avoid caffeine for eight hours prior to their health 

assessment appointment, and to wear clothes and shoes that they would feel comfortable walking 

in for up to twenty minutes. Upon arrival at the university, participants signed informed consent 
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documents. All assessments, measures and procedures were approved by the Committee for the 

Protection of Human Subjects at the University of Houston.  

Individual Measures 

Smoking 

Cigarette smoking history was assessed by an interviewer administered questionnaire. 

Participants were asked if they had smoked 100 or more cigarettes in their life. If they answered 

no the questionnaire was complete. If they answered yes, they were asked if they now smoked 

cigarettes every day, some days or not at all. If they answered not at all, they were asked how 

long it had been since they had quit smoking cigarettes completely. If they answered every day 

or some days, they were asked how many cigarettes they smoked per day, and how many days 

they smoked cigarettes per week. Participants met ideal criteria for smoking if they had not 

smoked 100 or more cigarettes in their life, or if they had quit smoking completely for more than 

12 months.  

BMI 

BMI was assessed by using self reported age and measured height and weight. Shoes and heavy 

outer clothing were removed, and trained research assistants measured height, using a portable 

stadiometer (Seca 225 Hite Mobile Measuring Device; North Bend, Washington). Socks were 

removed, then weight was measured using the Tanita integrated bioelectrical impedance body fat 

monitor and scale (Tanita Body Fat Analyzer, TBF 105, Tanita Corporation of America, Inc., 

Arlington Heights, IL). Participants met the ideal criteria for BMI if their BMI was measured as 

less than 25.0 kg/m
2
. 

Physical Activity 
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Physical activity was measured by an interviewer administered version of the International 

Physical Activity Questionnaire (IPAQ) Long Form (IPAQ, 2005). The IPAQ is an instrument 

designed primarily for population surveillance of physical activity among adults age 15-69 years, 

and has been validated in multiple populations, including African Americans (Wolin, et al., 

2008).  

The IPAQ Long Form asks in detail about walking, moderate- and vigorous-intensity activities 

across four domains of physical activity (transportation, leisure, household chores and gardening, 

and occupational) for the past seven days. Total minutes per week of physical activity were 

computed by summing physical activity across all domains according to IPAQ scoring protocols. 

Participants met the ideal criteria for physical activity if they reported 150 or more minutes per 

week of total physical activity.  

Healthy Diet 

Dietary habits were measured using the National Cancer Institute’s Fruit and  egetable Screener 

(Thompson, et al., 2007; Thompson, et al., 2002). Fruit and vegetable consumption was reported 

in terms of frequency and amount consumed over the last month. Daily servings of fruits and 

vegetables were computed using NCI established scoring protocols. Previous studies have 

reported adequate validity for the Fruit and Vegetable and Fat Screeners (Thompson, et al., 2000; 

Thompson, et al., 2007). Meeting the ideal criteria for healthy diet was defined as consuming 

four or more servings of fruits and vegetables per day.  

Cholesterol and Glucose 

A finger stick method was used to obtain blood samples. A Cardiochek® Analyzer 

(CardioChek®) (Polymer Technology Systems, Inc. Indianapolis, IN) was used to measure total 
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cholesterol and fasting blood glucose. Participants met the ideal criteria for cholesterol if their 

total cholesterol measured less than or equal to 200mg/dL. Participants met the ideal criteria for 

glucose if their fasting blood glucose levels measured less than or equal to 100 mg/dL.  

Blood Pressure 

Resting blood pressure was assessed according to standardized procedures (US Department of 

Health and Human Services NHLBI, 2004) using a manual aneroid sphygmomanometer.  

Participants were asked to sit quietly during measurement with their left arm bared and supported 

at heart level and their feet flat on the floor. Two readings were taken and averaged for use in 

analyses. If the first two readings differed by more than 5 mmHg, a third reading was obtained 

and averaged. Participants met the ideal criteria for blood pressure if their average of two 

readings for systolic blood pressure measured less than or equal to 120 mmHg and the average of 

two diastolic blood pressure readings measured less than or equal to 80 mmHg.  

Covariates 

Socioedemographic characteristics including age and income were included as predictors. Items 

assessing household income, were adapted from the Maternal Infant Health Assessment (MIHA) 

survey (California Department of Public Health, 2010), derived from the CDC’s Pregnancy Risk 

Assessment Monitoring System (PRAMS) Questionnaire (Centers for Disease Control and 

Prevention, 2011c). Items have been used with samples representing diverse ethnicities and 

income levels (Sarnoff & Hughes, 2005).  

Built Environment Measures 

Objective measures of the built environment for physical activity were collected as part of the 

HIP study or used existing, publicly available data. Detailed information about the methods and 
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measures used to assess the built environment are reported in Chapter 3. Characteristics of the 

built environment included in this study were the presence and quality of neighborhood physical 

activity resources (PARs), walkability, traffic safety, and crime safety. Presence and quality of 

neighborhood physical activity resources (PARs), walkability, traffic safety were assessed by 

neighborhood audit within an 800 meter buffer around participant’s home address, and crime 

safety was measured at the census block group level.  

PARs were assessed using the Physical Activity Resource Assessment Instrument 

(PARA©2010) (Appendix A). In this study we examined the influence of PAR availability (total 

number PARs in the participant’s neighborhood) and PAR quality on health outcomes. PAR 

quality was determined using the QPAR, which was aggregated for all PARs in each 

neighborhood (total sum of QPAR/number of PARs) to determine an overall PAR quality index. 

To assess the neighborhood environment for elements of walkability (number of sidewalk 

connections, types of land use, presence of a pedestrian facility) we will used the Pedestrian 

Environment Data Scan (PEDS) instrument (Clifton, 2007). The number of sidewalk connections 

refers to the number of connections the segment path has to other paths at the intersection 

corners. A very well connected segment was given a score of six plus any crosswalks that may 

exist midblock along the segment. The number of connections per segment was aggregated at the 

neighborhood level (average number of connections per neighborhood – total sum of connections 

divided by number of segments). Land use other than residential was used as an indicator of land 

use mi . If any use other than ‘Housing’ was present, this segment was be classified as ‘mixed 

land use’. The percent of segments within a neighborhood that had mixed land use was 

calculated and used as a continuous variable.  
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If one or more pedestrian facility of any type (footpath, paved trail, sidewalk, pedestrian street 

closed to cars) was selected as present by assessors, a pedestrian facility was considered present. 

The percent of segments within a neighborhood that have a pedestrian facility present was 

calculated and used as a continuous variable. Traffic safety was operationalized using the 

average speed limit aggregated at the neighborhood level (sum of speed limit per segment 

divided by number of segments). Traffic speeds were recorded using the PEDS form during 

neighborhood audits. Previous work by the authors found lower speed limit to be the most 

commonly linked neighborhood factor with increased physical activity in African American men 

and women (R. E. Lee, S. K. Mama, K. P. McAlexander, et al., 2011). Objective crime was 

measured at the Census Block Group (CBG) level. CBG risk of crime was operationalized using 

a crime-risk dataset based on the FBI Uniform Crime Report databases providing weighted risk 

for reported murder, rape, robbery, assault, burglary, larceny, and motor vehicle crime for each 

CBG based on a national average of 100. Composite indices of risk of crime were created using 

principal components analysis, and index scores for each CBG were used as continuous 

variables.  

Statistical Analyses 

We used decision tree analyses to identify subgroups of participants who were likely to have four 

or more risk factor metrics at ideal levels. We chose this method rather than logistic regression 

because it can 1) identify groups that are similar in outcome and predictor variables, 2) has the 

ability to detect interactions without having to make a priori decisions about in which interaction 

terms to include, and 3) does not have the sample size limitations for statistical power to detect 

effects as regression does (Cohen, 1988; Kiernan, Kraemer, Winkleby, King, & Taylor, 2001; 
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Kraemer, 1992). The tree-based model provides a validation tool for exploratory classification 

analysis, and in this study we will use two traditional predictors of disease risk (age and income) 

along with novel predictors - built environment characteristics hypothesized to support physical 

activity. These predictors will be used to identify participants with four or more, versus three or 

fewer cardiovascular risk factor metrics at ideal levels. Decision tree analyses use a form of 

binary recursive partitioning, and this method is useful to classify individuals into groups with 

some certainty. If the outcome variable is measured as a categorical outcome, (like meeting or 

not meeting four or more ideal categories in the present study) it is called a classification or 

decision tree. Tree-based methods split the sample step by step into smaller and smaller groups 

according to a mathematical condition. We chose the Classification and Regression Trees (CRT) 

growing method. CRT splits the data into segments that are as homogeneous as possible with 

respect to the dependent variable (≥4 ideal metrics). A final or ‘terminal’ node in which all cases 

have the same value for the dependent variable is a homogeneous node (IBM, 2011). Variables 

might be selected repeatedly on different levels of the tree, also with different thresholds 

(Breiman, Friedman, Olshen, & Stone, 1984). 

Each risk factor metric was categorized as ‘ideal’ or ‘not ideal’ according to the 

American Heart Association definitions of ideal cardiovascular health metrics for adults (Table 

12 above), then summed for each participant. Participants were then classified and coded as “1” 

(having four or more ideal metrics), or “0” (have three or fewer ideal metrics), which was used 

as a categorical dependent variable. Predictor variables were measured at the scale level, and 

included age, income, number of PARs in the neighborhood, overall neighborhood QPAR score, 
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percent of segments with mixed land use, percent of segments with a pedestrian facility, average 

number of sidewalk connections, average speed limit, and crime score.  

RESULTS  

Participant and Built Environment Characteristics  

Participants (n=30) ranged in age from 39-66 (M=54.1±7.5), and had a median household 

income between $66-76,000 per year. All participants completed at least some college or junior 

college, and the majority graduated from a four year university (66.7%). Median self-reported 

physical activity was 615.0 minutes per week, SD=811.6. Overall, 66.7% of participants had four 

or more metrics at ‘ideal’ levels. All participants had at least one metric in the ideal category, 

10.0% had two, 23.3% had three, 43.3% had four, 20.0% had five, 3.3% had six, and none had 

all seven metrics at ideal levels. Table 13 shows the distribution of participants who met ‘ideal’ 

criteria for each risk factor metric and descriptive values for built environment predictor 

variables are shown in Table 14.  

Table 13. Number of participants classified as ‘ideal’ for each risk factor metric 

 Percent (Frequency) 

n=30 

Current Smoking (Never or quit > 12 months) 100% (30) 

BMI (<25kg/m
2
) 3.3% (1) 

Physical Activity (≥150 min/week total) 83.3% (25) 

Healthy Diet Pattern  

(≥4 servings of fruits and vegetables/day) 
0 

Total Cholesterol (<200 mg/dL) 50.0% (15) 

Blood Pressure (<120/80 mm/Hg) 53.3% (16) 

Glucose (<100 mg/dL) 93.3% (28) 
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Table 14. Built Environment Characteristics 

 Mean (SD) Range 

Total # PARs per 

Neighborhood 

3.5 (2.6) 0-12 

QPAR Score 13.0 (9.0) 0-34.8 

% of Segments with 

mixed land use  

23.6 (17.0) 0-65.0 

% of segments with 

pedestrian facility  

71.6 (29.1) 7.7-100.0 

Average # of sidewalk 

connections 

3.2 (1.1) 1.2-6 

Speed Limit 31.6 (6.7) 16.7-40.0 

Crime Score 232.7 (130.2) 31.0-450.0 

 

Decision Tree Analysis  

Figure 6 shows the CRT decision tree and improvement values of the predictors for classification 

of participants as having four or more risk factor metrics at ideal levels. The CRT growing 

method attempts to maximize the homogeneity of child nodes with respect to the value of the 

dependent variable. A terminal node in which all cases have the same value for the dependent 

variable is a homogenous node that requires no further splitting because it is “pure” (IBM, 2011). 

In this analysis there were five terminal nodes. The measure of “impurity” used to split nodes 

was the Gini Index. Gini is based on squared probabilities of membership for each category of 

the dependent variable. It reaches its minimum (zero) when all cases in a node fall into a single 
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category. Pruning was used to avoid over fitting the model, with a maximum difference in risk 

(standard errors) of one, which is the default risk value.  

Participants who had QPAR scores less than 19.125 were more likely to have four or 

more risk factors at ideal levels than those who had QPAR scores less than 19.125 (78.3% vs. 

28.6%).  Among those with QPAR scores less than 19.125, participants with 2.5 or more PARs 

in their neighborhood were more likely to have four or more risk factors at ideal levels than 

participants with less than 2.5 PARs in their neighborhood (100% vs. 58%). As shown in figure 

one, the CRT split the sample two more times. Among participants who had low QPAR scores 

(<19.125) and few (<2.5) PARs, those who were younger than 55 years old were more likely to 

have four or more risk factors at ideal levels than those who were older than 55 (100% vs. 

37.5%). Finally, among the low QPAR score participants, with few PARs, and older than 55, 

those with a higher QPAR score (>11.25) were more likely to have four or more risk factors at 

ideal levels than those with low QPAR scores (100% vs. 16.7%).   In summary, participants with 

low QPAR scores, few neighborhood PARs, and who were older than 55 were at the greatest risk 

for having less than four risk factors at ideal levels (83.3%). 
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Figure 6. Baseline variables that predicted having four or more ideal CVD risk factor metrics at 

ideal levels in decision tree analysis. Each of the five terminal nodes is identified by the 

combination of variables contained in all of the branches that precede it. QPAR = Quality of 

Physical Activity Resource index; PARs = Physical Activity Resources. 

Risk estimates showed that this model had a risk estimate of .100, indicating that the category 

predicted by the model (four or more risk factor metrics at ideal levels, or three or fewer risk 

factor metrics at ideal levels) is wrong for 10.0% of the cases, so risk of misclassifying a 

participant is approximately 10%. Conversely, the model classifies approximately 90% of the 

participants correctly. The classification table showed that for participants with fewer than four 
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risk factors at ideal levels (considered ‘high risk’ for C D) it accurately predicted having fewer 

than four risk factors for 100% of them. This means that no participants who had fewer than four 

risk factors were inaccurately classified as having four or more risk factor metrics at ideal levels 

(considered ‘low’ risk for C D).  The classification table also showed that for participants with 

four or more risk factor metrics at ideal levels (‘low risk’), it accurately predicted having four or 

more for 85% of them, which means that 15% were inaccurately classified as having fewer than 

four ideal risk factor metrics (‘high risk’). 

DISCUSSION 

This study explored whether age, income, number of PARs in the neighborhood, overall 

neighborhood QPAR score, percent of segments with mixed land use, percent of segments with a 

pedestrian facility, average number of sidewalk connections, average speed limit, and crime 

score predicted the likelihood of having at least four CVD risk factor metrics at ideal levels. This 

study used built environment variables hypothesized to influence physical activity and a 

community sample of African American women. It is one of a handful of studies that have used 

recursive partitioning methods to predict health related outcomes (Kiernan, King, Kraemer, 

Stefanick, & Killen, 1998; Kiernan, et al., 2001; A. C. King et al., 1997; Lahav, Leshno, & 

Brezis, 2009; Striegel-Moore et al., 2007; Winkleby, Flora, & Kraemer, 1994). 

This CRT decision tree analysis suggests that participants who live in neighborhoods 

with low QPAR scores and few neighborhood PARs, and are older than 55 are least likely to 

have at four or more risk factors at ideal levels. These findings are consistent with other studies 

that have found a relationship between PAR quality or availability and physical activity in older 

adults (Ward Thompson, Curl, Aspinall, Alves, & Zuin, 2012). Whether these associations are 
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causal cannot be determined.  For example, it may be that people who are inclined to partake in 

behaviors that contribute to overall CV health (i.e. physical activity), are drawn to neighborhoods 

with attributes that are conducive to physical activity, such as parks or sidewalks. However, in 

addressing this problem of self-selection, previous quasi-experimental and longitudinal studies 

have also demonstrated associations between built environment characteristics and CVD risk 

factors including physical activity (V. J. Cleland, et al., 2008; McCormack & Shiell, 2011), BMI 

(Sarkar, et al., 2013), and blood pressure (F. Li, Harmer, Cardinal, & Vongjaturapat, 2009). 

This analysis found that age greater than 55 was a predictor of being classified as having 

fewer than four risk factor metrics at ideal levels (‘high’ risk). This finding is not surprising, 

because being older than 55 is considered a non-modifiable risk factor for CVD in women 

(ACSM, 2009 ), and has previously been identified as a predictor for increasing CVD risk score 

using a signal detection model (Winkleby, et al., 1994). In addition, increasing age is also related 

to prevalence of other risk factor levels (Jousilahti, Vartiainen, Tuomilehto, & Puska, 1999), 

including our primary target risk factor; physical activity. Physical activity typically declines 

with age (Centers for Disease Control and Prevention, 2012a; Kruger, Carlson, & Buchner, 

2007; National Center for Chronic Disease Prevention and Health Promotion, 2008), and this 

study was able to identify built environment characteristics that may differentially effect physical 

activity in women older than 55.  

Our tree-based model did not find that income predicted having four or more risk factor 

metrics at ideal levels. This is contrary to previous literature which has consistently demonstrated 

persons of low income status have lower levels of physical activity, and higher BMI (Chang & 

Lauderdale, 2005; Crespo, Smit, Andersen, Carter-Pokras, & Ainsworth, 2000; Trost, Owen, 
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Bauman, Sallis, & Brown, 2002). One explanation for this may be that since our sample of 

women were primarily middle to high income, with no low income participants, this narrow 

range of variability limited our ability to detect associations. Another explanation may be that 

our model included income measured only at the individual (household) level, not at the 

neighborhood level. Previous literature has found that neighborhood income may have a stronger 

influence on prevalence of risk factors and CVD (Diez Roux, et al., 2007; Merkin, et al., 2009; 

Nelson, et al., 2011). In concert with this support for the influence of neighborhood income on 

health related outcomes, recent studies have found that built environment characteristics that 

support physical activity may even transcend neighborhood income levels. A study by Sallis and 

colleagues found that low and high income groups benefited similarly from living in high-

walkability neighborhoods (J. F. Sallis, Saelens, et al., 2009).  Recent findings from our group 

also showed that the benefit of having high QPAR scores for increasing physical activity was the 

same in high versus low income neighborhoods for a sample of ethnic minority women (R. E. 

Lee, Mama, Adamus-Leach, & Soltero, 2012).  

This is the first study to our knowledge to use decision tree analysis to examine built 

environment characteristics in the prediction of overall risk for CVD by incorporating multiple 

measures of health. One strength of this study was the ability of our model to accurately predict 

participants who are at higher risk for CVD. Based on the risk estimate and classification, our 

model did not misclassify any participants with fewer than four risk factors at ideal levels 

(considered ‘high risk’ for C D) as having four or more risk factor metrics at ideal levels 

(considered ‘low’ risk for C D).  This finding is important because the consequences of 

misclassifying a person as low risk when they are actually high risk – a false negative, are greater 
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than a false positive misclassification (high risk when they are actually low risk).  Other 

strengths were the use of a community sample of a vulnerable population of African American 

women, and the measurement of built environment characteristics for physical activity by 

neighborhood audit. In comparison with an objective measure such as a GIS walkability index 

(Frank, et al., 2010), neighborhood audit was able to capture the quality aspect of PARs, which 

was a significant predictor for our model. Another strength of our tree-based model was the 

ability capture the interactive effect of QPAR score and number of PARs on classification of 

participants as having four or more risk factor metrics at ideal levels. Participants who lived in 

neighborhoods with low QPAR scores and few neighborhood PARs were least likely to have 

four or more risk factors at ideal levels. This finding adds to previous literature that has found 

support for the importance of presence/availability of  neighborhood PARs (Diez Roux, et al., 

2007; Kaczynski, et al., 2008; Zenk, et al., 2009) or PAR quality on physical activity and obesity 

(Bai, Wilhelm Stanis, Kaczynski, & Besenyi, 2013; Heinrich, et al., 2008; Heinrich, et al., 2007; 

R.E. Lee, et al., 2012).  

This study was not without limitations. This model can only be applied to middle to high 

income, middle aged and older African American women. The only indicator of socioeconomic 

status we used was household income at the individual level. Another limitation to our analysis is 

that it did not include other factors that may contribute to CVD risk factor metrics at ideal levels 

via the mechanism of increased physical activity. Previous studies have found that other psycho-

social variables such as social support and self-efficacy interact with built environment to 

influence physical activity in middle aged to older women (Carlson, et al., 2012).. Using these 

previous findings, future studies should include income measured at the neighborhood level, and 
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variables such as social support and self-efficacy in similar decision tree prediction analyses to 

understand how these variables may interact to influence multiple risk factors for CVD.  

This CRT decision tree analysis found that participants who live in neighborhoods with low 

QPAR scores and few neighborhood PARs, and are older than 55 are least likely to have four or 

more risk factors at ideal levels. The aim of this study was exploratory, and therefore the results 

should primarily be used to inform future investigation for predictors of CVD risk factor 

categories in African American women. In order to build on these findings, future research 

should include a much larger and diverse population, comparing predictions models by age 

group, gender or ethnicity. In addition, with a larger sample logistic regression models could be 

developed and compared to the results of recursive partitioning or decision tree analyses.  

Concordance of both methods of prediction may indicate the strongest, most accurate prediction 

variables, and should be used direct community and policy CVD prevention efforts. 
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CHAPTER 6 

SUMMARY, FUTURE DIRECTIONS AND LIMITATIONS  

Summary 

Previous research driven by ecologic theories of health behavior has provided extensive 

support for the influence of built environment characteristics on self-reported physical activity 

and BMI. However, much of this evidence is cross-sectional and questions still remain regarding 

relationships between built environment characteristics hypothesized to support physical activity 

and 1) long term changes or maintenance of physical activity and other health outcomes over 

time, and 2) objective measures of physical activity, more accurate measures of body 

composition, metabolic markers of health, and overall disease risk. This dissertation investigated 

whether long term changes in self-reported physical activity, BMI, BF% and BP, physiologic and 

metabolic health outcomes, and prediction of cardiovascular disease risk factor prevalence were 

associated with built environment characteristics hypothesized to support physical activity. A 

better understanding of the influence of built environment characteristics hypothesized to support 

physical activity on long term changes in health behaviors and outcomes can provide 

longitudinal evidence for the need for neighborhood support in order to maintain improvements 

in these health behaviors and outcomes after the conclusion of an intervention. A better 

understanding of the influence of built environment characteristics hypothesized to support 

physical activity on objective measures of fitness and body composition, and metabolic markers 

of health can strengthen previous literature which supports cross sectional findings of the 

association between built environment and self-reported physical activity or BMI. A better 

understanding of the influence of built environment characteristics hypothesized to support 

physical activity on cardiovascular disease risk classification of African American women based 
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on risk factor prevalence can help reduce the racial gap in cardiovascular disease prevalence and 

mortality rates.  

Three research questions were tested among African American women in this 

dissertation. The first research question investigated the influence of built environment 

characteristics hypothesized to support physical activity on changes or maintenance of self-

reported physical activity, BMI, BF% and BP in a sample of African American women five 

years following a behavioral intervention. Results suggest that although regression models which 

included built environment variables as predictors explained a greater portion of the variance in 

changes in health outcomes compared to models that only included age, education and income, 

built environment characteristics were not associated with changes in self-reported physical 

activity, BMI, BF% or BP. Participants were able to maintain levels of physical activity and 

systolic BP, and diastolic BP decreased between the end of the intervention and five year follow 

up. However, BMI and BF increased from the end of the intervention to the five year follow up 

assessment, and were higher than at the intervention baseline. Though these findings did not 

support current ecologic theories related to physical activity, revisions should not be considered 

until more longitudinal research confirms these findings with a sample size large enough to 

detect associations between the built environment and changes in health behaviors and outcomes. 

The second research question investigated the associations between built environment 

attributes hypothesized to support physical activity and CRF, waist circumference, total, HDL, 

LDL cholesterol, triglycerides and fasting blood glucose in a small sample of African American 

women. Results suggest that built environment characteristics hypothesized to support physical 

activity are not associated with levels of CRF, total, LDL HDL cholesterol, triglycerides, or 
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glucose after controlling for education level, but crime was found to be positively associated 

with waist circumference. The third research question used a decision tree to test built 

environment characteristics hypothesized to support physical activity as predictors of CVD risk 

factor prevalence. Results suggest that African American women who live in neighborhoods 

with low QPAR scores, few neighborhood PARs, and are older than 55 are least likely to have at 

least four CVD risk factors at ideal levels. These findings support ecologic theories that suggest 

built environment attributes support health behaviors such as physical activity, which may lead 

to lower rates of obesity and disease risk. However these findings cannot be generalized to 

males, young adults, adolescents or children and all racial/ethnic groups. Ecologic models related 

to physical activity could be developed and specified for gender, age and ethnicity.  

Living in a neighborhood with built environment attributes that support physical activity 

may not contribute to long term maintenance of physical activity, BMI, BF% or BP after an 

individually focused intervention has concluded. This may be because other environmental 

factors or psycho-social factors such as social cohesion and self-efficacy that were explicitly 

addressed in the intervention were more influential for maintenance of physical activity and 

health outcomes in African American women. Future behavioral interventions that aim to 

increase physical activity and improve health should be designed with long term follow up in 

mind. This follow up should include changes in the psycho-social correlates addressed in the 

intervention, and other environmental factors such as neighborhood availability of healthy food 

sources.  Living in a neighborhood safe from crime may be related to smaller waist size, and 

future studies should use continue to include more accurate measures of abdominal adiposity 

such as waist circumference to examine associations between the built environment and 
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overweight or obesity. This is particularly important in African American women, as BMI may 

not be an accurate predictor of body composition in this population subgroup, which may skew 

the relationships between built environment characteristics that support physical activity, 

physical activity and overweight or obesity. Living in a neighborhood with many quality PARs 

may be related to a lower prevalence of risk factors for CVD in African American women. These 

findings suggest that community developers and policy makers should focus on improvement of 

the quality of neighborhood PARs in addition to availability in order to improve health in older 

African American women. We suggest more study to determine whether physical activity fully 

mediates the effect of qualitative aspects of the built environment such as crime and PAR quality 

on health outcomes in middle aged and older ethnic minority women.  

Future Directions 

Taken together, this dissertation amplifies the need for more work which investigates the 

influence of the built environment for physical activity on changes in health behaviors over time, 

and underscores the importance of investigating the influence of the built environment for 

physical activity on alternative health outcomes such as waist circumference and overall disease 

risk. This dissertation provides a novel and important contribution, but more study is needed.  

The cross-sectional influence of the built environment on individual health behaviors has been 

well established, but more study of the linkages, processes and interactions of specific built 

environment attributes with these behaviors is needed to understand how they affect physiologic, 

and metabolic outcomes, as well as long term health outcomes such as obesity.  

Our non-significant findings for the influence of built environment characteristics 

hypothesized to support physical activity on changes in self-reported physical activity, BMI, 
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BF%, and BP could have many different causes, many of which can vary over time. Future 

intervention studies with larger sample sizes should include long term follow up, and employ 

measures to increase retention rates after more than one year. Further, associations between the 

built environment for physical activity and long term maintenance of health behaviors following 

an intervention could be investigated for other populations, including diverse ethnic groups, 

males and younger adults. In addition, changes in built environment attributes during the follow 

up period such as improvements to neighborhood parks, or the addition of a fitness facility could 

be measured, and changes or maintenance in health behaviors in residents of these 

neighborhoods could be compared to residents of neighborhoods with no improvements.  

Although our study did not intend to measure these factors, future studies could include other 

psychosocial factors, particularly if these factors were addressed in the intervention. Including 

these factors may help explain lack of maintenance of health outcomes such as BMI and BF%, 

and determine which of these factors are needed to sustain long term maintenance.   

 Our finding that crime was positively related to waist circumference aligns with ecologic 

theories that endorse the importance of the built environment for health, but this finding did not 

confirm that the mechanism of association was via higher levels of physical activity. More 

longitudinal and quasi-experimental studies are needed in order to confirm the mechanistic link 

between the built environment and more distal health outcomes that influence disease risk such 

as CRF, waist circumference, BP, lipid profile and glucose. Our finding that quality and 

availability of PARs was important for classification of African American women into groups 

that were relatively high or low risk for CVD extends the reach of ecologic theories beyond 

individual health behaviors, to an overall risk category.  More study is needed to investigate built 
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environment attributes that support physical activity as predictors for disease risk in larger and 

more diverse cohorts. Researchers should also examine the importance of these predictors for the 

likelihood of CVD prevalence, incidence or mortality. Using these outcomes may have the 

potential to make a significant contribution to the ethnic disparities associated with CVD 

prevalence and mortality in African American women.  

Limitations 

Due to retention and practicality reasons, a limited number of women completed the five 

year follow up health assessment. This sample was also used to answer research questions two 

and three. Future intervention studies should incorporate long term follow up strategies in order 

to improve retentions rates. It not yet clear whether behavior changes and improved health 

outcomes due to individual level behavioral interventions can persist for years after an 

intervention has ended.  Larger sample sizes will be necessary to determine if built environment 

characteristics will contribute to long term maintenance of health behaviors and outcomes.  

Although not planned, most participants were of higher SES. Residents may have self-

selected to neighborhoods for other reasons outside of physical activity support (e.g. good 

schools, close to place of work, etc.). Therefore they may rely on other places or opportunities to 

do physical activity, lending to the lack of support for the influence of the built environment on 

changes in health behaviors and outcomes. More study is needed for populations of varying SES 

levels.  

Our sample also had low levels of CRF, possibly indicating participants did not do a 

sufficient volume or intensity of physical activity in order to rely on the built environment to 

engage in this behavior, or for physical activity to elicit a positive effect on our other health 
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outcome measures. Future studies should compare associations between built environment 

characteristics and health outcomes in both low and high fit participants, particularly after 

controlling for self-selection to neighborhood.    
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APPENDIX A – Physical Activity Questionnaire and Environmental measures 

IPAQ- Long Form 

 

INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE 
(October 2002) 

 
LONG LAST 7 DAYS SELF-ADMINISTERED FORMAT 

 
 

FOR USE WITH YOUNG AND MIDDLE-AGED ADULTS (15-69 years) 
 

The International Physical Activity Questionnaires (IPAQ) comprises a set of 4 questionnaires. 
Long (5 activity domains asked independently) and short (4 generic items) versions for use by 
either telephone or self-administered methods are available. The purpose of the questionnaires 
is to provide common instruments that can be used to obtain internationally comparable data on 
health–related physical activity. 
 
Background on IPAQ 
The development of an international measure for physical activity commenced in Geneva in 
1998 and was followed by extensive reliability and validity testing undertaken across 12 
countries (14 sites) during 2000. The final results suggest that these measures have acceptable 
measurement properties for use in many settings and in different languages, and are suitable 
for national population-based prevalence studies of participation in physical activity. 
 
Using IPAQ  
Use of the IPAQ instruments for monitoring and research purposes is encouraged. It is 
recommended that no changes be made to the order or wording of the questions as this will 
affect the psychometric properties of the instruments.  
 
Translation from English and Cultural Adaptation 
Translation from English is encouraged to facilitate worldwide use of IPAQ. Information on the 
availability of IPAQ in different languages can be obtained at www.ipaq.ki.se. If a new 
translation is undertaken we highly recommend using the prescribed back translation methods 
available on the IPAQ website. If possible please consider making your translated version of 
IPAQ available to others by contributing it to the IPAQ website. Further details on translation 
and cultural adaptation can be downloaded from the website. 
 
Further Developments of IPAQ  
International collaboration on IPAQ is on-going and an International Physical Activity 
Prevalence Study is in progress. For further information see the IPAQ website.  
 
More Information 
More detailed information on the IPAQ process and the research methods used in the 
development of IPAQ instruments is available at www.ipaq.ki.se and Booth, M.L. (2000). 

http://www.ipaq.ki.se/
http://www.ipaq.ki.se/
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Assessment of Physical Activity: An International Perspective. Research Quarterly for Exercise 
and Sport, 71 (2): s114-20. Other scientific publications and presentations on the use of IPAQ 
are summarized on the website. 

 
INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE 

 
We are interested in finding out about the kinds of physical activities that people do as part of 
their everyday lives. The questions will ask you about the time you spent being physically active 
in the last 7 days. Please answer each question even if you do not consider yourself to be an 
active person. Please think about the activities you do at work, as part of your house and yard 
work, to get from place to place, and in your spare time for recreation, exercise or sport. 
 
Think about all the vigorous and moderate activities that you did in the last 7 days. Vigorous 
physical activities refer to activities that take hard physical effort and make you breathe much 
harder than normal. Moderate activities refer to activities that take moderate physical effort and 
make you breathe somewhat harder than normal. 
 
PART 1: JOB-RELATED PHYSICAL ACTIVITY 
 
The first section is about your work. This includes paid jobs, farming, volunteer work, course 
work, and any other unpaid work that you did outside your home. Do not include unpaid work 
you might do around your home, like housework, yard work, general maintenance, and caring 
for your family. These are asked in Part 3. 
 
1. Do you currently have a job or do any unpaid work outside your home? 
 
 Yes 
 
 No Skip to PART 2: TRANSPORTATION 
 
The next questions are about all the physical activity you did in the last 7 days as part of your 
paid or unpaid work. This does not include traveling to and from work. 
 
2.  During the last 7 days, on how many days did you do vigorous physical activities like 

heavy lifting, digging, heavy construction, or climbing up stairs as part of your work? 
Think about only those physical activities that you did for at least 10 minutes at a time. 

 
_____ days per week 

 
 No vigorous job-related physical activity Skip to question 4 
 
3. How much time did you usually spend on one of those days doing vigorous physical 

activities as part of your work? 
 

_____ hours per day 
_____ minutes per day 
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4. Again, think about only those physical activities that you did for at least 10 minutes at a 
time. During the last 7 days, on how many days did you do moderate physical activities 
like carrying light loads as part of your work? Please do not include walking. 

 
_____ days per week 

 
 No moderate job-related physical activity Skip to question 6 
 
5. How much time did you usually spend on one of those days doing moderate physical 

activities as part of your work? 
 

_____ hours per day 
_____ minutes per day 

 
6. During the last 7 days, on how many days did you walk for at least 10 minutes at a time 

as part of your work? Please do not count any walking you did to travel to or from 
work. 

 
_____ days per week 

 
 No job-related walking Skip to PART 2: TRANSPORTATION 
 
7. How much time did you usually spend on one of those days walking as part of your 

work? 
 

_____ hours per day 
_____ minutes per day 

 
 
PART 2: TRANSPORTATION PHYSICAL ACTIVITY 
 
These questions are about how you traveled from place to place, including to places like work, 
stores, movies, and so on. 
 
8. During the last 7 days, on how many days did you travel in a motor vehicle like a train, 

bus, car, or tram? 
 

_____ days per week 
 
 No traveling in a motor vehicle Skip to question 10 
 
9. How much time did you usually spend on one of those days traveling in a train, bus, 

car, tram, or other kind of motor vehicle? 
 

_____ hours per day 
_____ minutes per day 
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Now think only about the bicycling and walking you might have done to travel to and from 
work, to do errands, or to go from place to place. 
 
10. During the last 7 days, on how many days did you bicycle for at least 10 minutes at a 

time to go from place to place? 
 

_____ days per week 
 
 No bicycling from place to place Skip to question 12 
 
11. How much time did you usually spend on one of those days to bicycle from place to 

place? 
 

_____ hours per day 
_____ minutes per day 

 
12. During the last 7 days, on how many days did you walk for at least 10 minutes at a time 

to go from place to place? 
 

_____ days per week 
 
 No walking from place to place Skip to PART 3: HOUSEWORK, 

HOUSE MAINTENANCE, AND 
CARING FOR FAMILY 

 
13. How much time did you usually spend on one of those days walking from place to 

place? 
 

_____ hours per day 
_____ minutes per day 

 
 
PART 3: HOUSEWORK, HOUSE MAINTENANCE, AND CARING FOR FAMILY 
 
This section is about some of the physical activities you might have done in the last 7 days in 
and around your home, like housework, gardening, yard work, general maintenance work, and 
caring for your family. 
 
14. Think about only those physical activities that you did for at least 10 minutes at a time. 

During the last 7 days, on how many days did you do vigorous physical activities like 
heavy lifting, chopping wood, shoveling snow, or digging in the garden or yard? 

 
_____ days per week 

 
 No vigorous activity in garden or yard Skip to question 16 
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15. How much time did you usually spend on one of those days doing vigorous physical 
activities in the garden or yard? 

 
_____ hours per day 
_____ minutes per day 

 
16. Again, think about only those physical activities that you did for at least 10 minutes at a 

time. During the last 7 days, on how many days did you do moderate activities like 
carrying light loads, sweeping, washing windows, and raking in the garden or yard? 

 
_____ days per week 

 
 No moderate activity in garden or yard Skip to question 18 
 
17. How much time did you usually spend on one of those days doing moderate physical 

activities in the garden or yard? 
 

_____ hours per day 
_____ minutes per day 

 
18. Once again, think about only those physical activities that you did for at least 10 minutes 

at a time. During the last 7 days, on how many days did you do moderate activities like 
carrying light loads, washing windows, scrubbing floors and sweeping inside your 
home? 

 
_____ days per week 

 
 No moderate activity inside home Skip to PART 4: RECREATION, 

SPORT AND LEISURE-TIME 
PHYSICAL ACTIVITY 

 
19. How much time did you usually spend on one of those days doing moderate physical 

activities inside your home? 
 

_____ hours per day 
_____ minutes per day 

 
 
PART 4: RECREATION, SPORT, AND LEISURE-TIME PHYSICAL ACTIVITY 
 
This section is about all the physical activities that you did in the last 7 days solely for 
recreation, sport, exercise or leisure. Please do not include any activities you have already 
mentioned. 
 
20. Not counting any walking you have already mentioned, during the last 7 days, on how 

many days did you walk for at least 10 minutes at a time in your leisure time? 
 

_____ days per week 



 

 

194 

 

 
 No walking in leisure time Skip to question 22 
 
21. How much time did you usually spend on one of those days walking in your leisure 

time? 
 

_____ hours per day 
_____ minutes per day 

 
22. Think about only those physical activities that you did for at least 10 minutes at a time. 

During the last 7 days, on how many days did you do vigorous physical activities like 
aerobics, running, fast bicycling, or fast swimming in your leisure time? 

 
_____ days per week 

 
 No vigorous activity in leisure time Skip to question 24 
 
23. How much time did you usually spend on one of those days doing vigorous physical 

activities in your leisure time? 
 

_____ hours per day 
_____ minutes per day 

 
24. Again, think about only those physical activities that you did for at least 10 minutes at a 

time. During the last 7 days, on how many days did you do moderate physical activities 
like bicycling at a regular pace, swimming at a regular pace, and doubles tennis in your 
leisure time? 

 
_____ days per week 

 
 No moderate activity in leisure time Skip to PART 5: TIME SPENT 

SITTING 
 
25. How much time did you usually spend on one of those days doing moderate physical 

activities in your leisure time? 
_____ hours per day 
_____ minutes per day 

 
 
PART 5: TIME SPENT SITTING 
 
The last questions are about the time you spend sitting while at work, at home, while doing 
course work and during leisure time. This may include time spent sitting at a desk, visiting 
friends, reading or sitting or lying down to watch television. Do not include any time spent sitting 
in a motor vehicle that you have already told me about. 
 
26. During the last 7 days, how much time did you usually spend sitting on a weekday? 
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_____ hours per day 
_____ minutes per day 

 
27. During the last 7 days, how much time did you usually spend sitting on a weekend 

day? 
 

_____ hours per day 
_____ minutes per day 

 

This is the End of the Questionnaire 
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Physical Activity Resource Assessment (PARA) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

1) Date _____________ 
4) Time  
start:_____    stop:_____ 

2) Data col _______ 
5) Phone Call  
 departure:_____ 
arrival:_____  

3) HD/PA Resource ID _________________ 

6) Type of Resource                
    1 fitness club                  2 park              
    3 sport facility                 4 trail    
    5 community center        6 church 
    7 school 
    8 combination _____________________ 

7) Approximate Size:  1 sm  2 med  3 lg 

8) Capacity (indoor) _______________ 

9) Cost    
1 Free     
2 Pay at the door 
3 Pay for only certain programs 
4 Other _________________________ 10) Hours  a) open _______   b) close ______ 

11) Signage – Hours   yes       no  12) Signage – Rules yes    no  

Feature Rating Amenity  Rating 

13) Baseball field 0 1 2 3 26) Access Points 0 1 2 3 

14) Basketball courts 0 1 2 3 27) Bathrooms 0 1 2 3 

15) Soccer field 0 1 2 3 28) Benches 0 1 2 3 

16) Bike Rack 0 1 2 3 29) Drinking fountain 0 1 2 3 

17) Exercise Stations 0 1 2 3 30) Fountains 0 1 2 3 

18) Play equipment  0 1 2 3 31) Landscaping efforts 0 1 2 3 

19) Pool > 3 ft deep 0 1 2 3 32) Lighting 0 1 2 3 

20) Sandbox 0 1 2 3 33) Picnic tables shaded 0 1 2 3 

21) Sidewalk 0 1 2 3 34) Picnic tables no-shade 0 1 2 3 

22) Tennis courts 0 1 2 3 35) Shelters 0 1 2 3 

23) Trails – running/biking 0 1 2 3 36) Shower/Locker room 0 1 2 3 

24) VB courts 0 1 2 3 37) Trash containers 0 1 2 3 

25) Wading Pool < 3 ft. 0 1 2 3  

Incivilities Rating Incivilities Rating 

38) Auditory annoyance 0 1 2 3 44) Graffiti/tagging 0 1 2 3 

39) Broken glass 0 1 2 3 45) Litter 0 1 2 3 

40) Dog refuse 0 1 2 3 46) No grass 0 1 2 3 

41) Dogs Unattended 0 1 2 3 47) Overgrown grass 0 1 2 3 

42) Evidence of alcohol use 0 1 2 3 48) Sex paraphernalia 0 1 2 3 

43) Evidence of substance use 0 1 2 3 49) Vandalism 0 1 2 3 

Comments: 
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Pedestrian Environment Data Scan (PEDS) 
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APPENDIX B - Tables 6a through 6i. Non-Significant Multiple Regression Models 

Predicting Changes in Health Outcomes from T2 to Five Year Follow up 

Table 6a. Multiple Regression Model Predicting Change in BMI from T2 to Five Year Follow up 

 B SE B β 

Step 1    

Constant -8.24 10.88  

Age .164 .097 .392 

Education .203 1.61 .031 

Income -.609 .871 -.170 

Step 2    

Constant 5.45 14.11  

Age .153 .093 .367 

Education -.795 1.89 -.122 

Income -1.223 .851 -.341 

Average # of sidewalk connections 1.331 .669 .518 

Speed Limit -.178 .121 -.379 

Crime Score -.009 .006 -.372 

% of Segments with mixed land use -.020 .041 -.117 

% of segments with pedestrian facility .009 .027 .075 

Total # PARs per Neighborhood -.308 .291 -.261 

QPAR Score -.029 .090 -.007 

R
2
=.17 for Step 1; ∆ R

2
=.49 for Step 2 (p>.05) 

Table 6b. Multiple Regression Model Predicting Change in BF% from T2 to Five Year Follow 

up 

 B SE B β 

Step 1    

Constant -8.24 17.27  

Age .232 .154 .331 

Education .647 2.56 .059 
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Income -2.49 1.38 -.414 

Step 2    

Constant 6.81 26.51  

Age .284 .174 .405 

Education .566 3.54 .052 

Income -3.01 1.60 -.502 

Average # of sidewalk connections 1.61 1.26 .374 

Speed Limit -.362 .228 -.461 

Crime Score -.017 .011 -.444 

% of Segments with mixed land use .009 .078 .030 

% of segments with pedestrian facility -.040 .051 -.200 

Total # PARs per Neighborhood -.007 .546 -.003 

QPAR Score -.131 .169 -.206 

R
2
=. 58 for Step 1; ∆ R

2
=.321 for Step 2 (p>.05) 

Table 6c. Multiple Regression Model Predicting Change in Systolic Blood Pressure from T2 to 

Five Year Follow up 

 B SE B β 

Step 1    

Constant 26.53 58.58  

Age .185 .508 .083 

Education -3.90 8.53 -.112 

Income -2.73 4.52 -.143 

Participated in an Intervention/Program 15.20 7.55 .457 

Step 2    

Constant -45.04 83.46  

Age .284 .545 .128 

Education 6.00 11.35 .173 

Income -1.05 5.03 -.055 

Participated in an Intervention/Program 22.15 8.21 .666 

Average # of sidewalk connections -4.50 3.92 -.329 
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Speed Limit .398 .711 .159 

Crime Score .039 .035 .312 

% of Segments with mixed land use .015 .246 .016 

% of segments with pedestrian facility .080 .158 .124 

Total # PARs per Neighborhood -.509 1.79 -.081 

QPAR Score -.971 .533 -.478 

R
2
=.273 for Step 1; ∆ R

2
=.372 for Step 2 (p>.05) 

Table 6d. Multiple Regression Model Predicting Change in Diastolic Blood Pressure from T2 to 

Five Year Follow up 

 B SE B β 

Step 1    

Constant 59.21 43.38  

Age -.091 .379 -.056 

Education -8.26 6.27 -.330 

Income -1.8 3.40 -.134 

Step 2    

Constant 15.50 72.75  

Age -.005 .479 -.003 

Education -2.53 9.73 -.101 

Income .137 4.39 .010 

Average # of sidewalk connections -2.19 3.45 -.221 

Speed Limit .128 .625 .071 

Crime Score .019 .031 .208 

% of Segments with mixed land use .033 .213 -.050 

% of segments with pedestrian facility .043 .139 .092 

Total # PARs per Neighborhood .635 1.50 .140 

QPAR Score -.675 .463 -.461 

R
2
=.153 for Step 1; ∆ R

2
=.246 for Step 2 (p>.05) 

Table 6e. Multiple Regression Model Predicting Change in Leisure Time Physical Activity from 

T2 to Five Year Follow up 
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 B SE B β 

Step 1    

Constant 1097.29 3001.15  

Age 19.84 26.33 .197 

Education -233.43 448.25 -.146 

Income -132.70 236.74 -.153 

Step 2    

Constant 3393.54 4940.35  

Age 7.22 33.90 .072 

Education -153.05 823.55 -.096 

Income -352.98 307.58 -.407 

Average # of sidewalk connections -247.55 323.64 -.352 

Speed Limit 24.70 56.37 .194 

Crime Score .737 2.27 .133 

% of Segments with mixed land use -16.28 17.83 -.379 

% of segments with pedestrian facility -3.52 9.81 -.121 

Total # PARs per Neighborhood -126.67 106.84 -.433 

QPAR Score 3.108 35.18 .033 

R
2
=.113 for Step 1; ∆ R

2
=.335 for Step 2 (p>.05) 

Table 6f. Multiple Regression Model Predicting Change in Walking Physical Activity from T2 to 

Five Year Follow up 

 B SE B β 

Step 1    

Constant -4655.11 6644.78  

Age 33.09 58.29 .141 

Education -103.48 992.46 -.028 

Income 848.98 524.17 .421 

Step 2    

Constant -1494.91 12062.52  

Age 1.42 82.78 .006 
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Education 76.691 2010.80 .021 

Income 650.11 751.01 .322 

Average # of sidewalk connections -884.38 790.21 -.541 

Speed Limit 52.95 137.64 .179 

Crime Score -1.09 5.53 -.084 

% of Segments with mixed land use -51.52 43.53 -.517 

% of segments with pedestrian facility 3.33 23.94 .050 

Total # PARs per Neighborhood 175.56 260.84 .258 

QPAR Score 44.87 85.89 .203 

R
2
=. 194 for Step 1; ∆ R

2
=.196 for Step 2 (p>.05) 

Table 6g. Multiple Regression Model Predicting Change in Moderate Physical Activity from T2 

to Five Year Follow up 

 B SE B β 

Step 1    

Constant 4872.19 7862.84  

Age -34.55 68.98 -.136 

Education -812.41 1174.39 -.202 

Income 338.71 620.25 .154 

Step 2    

Constant -434.490 11014.80  

Age -3.25 75.59 -.013 

Education -59.76 1836.15 -.015 

Income 323.72 685.77 .148 

Average # of sidewalk connections 488.97 721.57 .275 

Speed Limit -21.66 125.68 -.067 

Crime Score 4.07 5.05 .290 

% of Segments with mixed land use 14.63 39.75 .135 

% of segments with pedestrian facility 2.90 21.86 .039 

Total # PARs per Neighborhood -331.75 238.21 -.448 

QPAR Score -148.32 78.43 -.618 

R
2
=. 046 for Step 1; ∆ R

2
=.524 for Step 2 (p>.05) 
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Table 6h. Multiple Regression Model Predicting Change in Vigorous Physical Activity from T2 

to Five Year Follow up 

 B SE B β 

Step 1    

Constant 2283.38 4463.15  

Age -15.36 39.15 -.107 

Education -97.16 666.61 -.043 

Income -156.31 352.07 -.126 

Step 2    

Constant 5188.16 8807.14  

Age -29.86 60.44 -.208 

Education -142.92 1468.13 -.063 

Income 361.56 548.33 -.293 

Average # of sidewalk connections -380.56 576.95 -.380 

Speed Limit 35.50 100.49 .196 

Crime Score -.454 4.04 -.057 

% of Segments with mixed land use -17.44 31.78 -.285 

% of segments with pedestrian facility -3.30 17.48 -.080 

Total # PARs per Neighborhood -34.51 190.47 -.083 

QPAR Score 19.75 62.71 .146 

R
2
=.03  for Step 1; ∆ R

2
=.102 for Step 2 (p>.05) 

Table 6i. Multiple Regression Model Predicting Change in Total Physical Activity from T2 to 

Five Year Follow up 

 B SE B β 

Step 1    

Constant 2734.26 10180.40  

Age -18.29 88.97 -.056 

Education -1041.98 1516.76 -.201 

Income 1079.89 839.80 .382 
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Daily FV Servings -65.76 360.00 -.050 

Step 2    

Constant 6944.51 16618.54  

Age -41.203 11.36 -.126 

Education -559.28 2732.36 -.108 

Income 822.36 1030.12 .291 

Daily FV Servings -498.33 522.54 -.381 

Average # of sidewalk connections -857.53 1062.27 -.375 

Speed Limit 81.64 185.08 .197 

Crime Score -.160 7.93 -.009 

% of Segments with mixed land use -36.55 61.23 -.262 

% of segments with pedestrian facility 12.5 33.62 .133 

Total # PARs per Neighborhood -280.21 361.93 -.294 

QPAR Score -117.59 120.45 -.381 

R
2
=. 118 for Step 1; ∆ R

2
=.403 for Step 2 (p>.05) 

 

 


