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ABSTRACT 

Background: Young, low socio-economic status (SES), black and Hispanic children 

suffer a disproportionate burden of obesity compared to their white peers. Being obese or 

experiencing unhealthy weight gains over early childhood confers risk of poor future 

health outcomes and is a critical period for obesity prevention. Neighborhood 

environments may contribute to energy imbalance and unhealthy weight gain in 

childhood and these relationships may differ among low-SES, black and Hispanic 

children.  

Methods: The goal of this dissertation was to investigate the relationship between the 

neighborhood environments of low-SES, black and Hispanic children and weight 

trajectories over early childhood. This was accomplished by systematically reviewing the 

literature linking neighborhood exposures to cardiovascular disease risk in urban low-

SES black and Hispanic children to identify risk factors. Based on this review, two 

empirical studies were conducted evaluating the influence of neighborhood disadvantage 

and neighborhood food environments on weight (body-mass index z-score) trajectories 

from age 2 to 5 years. These studies were conducted in a retrospective cohort of children 

previously developed from electronic health records at two pediatric clinics in Baltimore, 

Maryland from 2007-2012.  

Results: The systematic review evaluated 38 studies (3% of the 1,310 studies identified). 

The best evidence supported relationships between increased body-mass index (BMI) and 

living in a high poverty neighborhood or one with ready corner/convenience store access. 

However, many neighborhood characteristics were not examined across multiple studies 
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and there were inconsistent patterns of association across studies for all neighborhood 

characteristics studied. The second study found that high neighborhood crime was 

associated with average decreasing BMI z-score trends compared to low crime. The 

relationship between neighborhood poverty and BMI z-score trajectories differed by 

race/ethnicity. In low poverty neighborhoods black children had increasing BMI-z 

trajectories, but white children had decreasing BMI z-score trajectories compared to peers 

of their same race/ethnicity living in higher poverty neighborhoods. Neighborhood 

poverty was not related to BMI z-scores or trajectories in Hispanic children. The third 

study found that children in neighborhoods with many stores accepting Special 

Supplemental Nutrition Program for Women, Infants and Children (WIC) benefits had 

higher BMI z-scores at age 2, but more rapidly decreasing BMI z-score trajectories and 

lower predicted BMI z-scores by age 6, compared to peers with no or few stores in their 

neighborhood. No relationship was found between healthy or fast food availability and 

BMI z-scores or trajectories. 

Conclusions: The results of this dissertation suggest understudied and complex 

relationships between neighborhood environments and weight in young, low-SES, black 

and Hispanic children. Further research is needed to expand upon findings of 

racial/ethnic differences in the relationship between neighborhood poverty and weight 

trajectories and of the protective effect of WIC store availability among these sub-

populations of children.   
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BACKGROUND 

Obesity in early childhood 

Childhood obesity is a public health problem of great concern, and a threat that extends to 

very young children. In this thesis, early childhood refers to children between ages 2 and 

5 years, also referred to by other researchers as “toddlers” and “preschool-aged children.” 

In the United States, there have been large increases in overweight and obesity among 

children since the 1980s.1 While national rates of obesity declined for children ages 2 to 5 

from 2003 to 2012,2 current levels remain high and constitute a serious threat to public 

health. In 2011-2012 nearly one-quarter of US children ages 2-5 were already classified 

as either overweight or obese, with 8.5% of children in this age range already classified 

as obese.2 These concerning numbers of overweight children at young ages are appearing 

both locally, and worldwide.3 In Baltimore City, 13% of children ages 2-5 participating in 

the Special Supplemental Nutrition Program for Women, Infants and Children (WIC) 

program in Baltimore were classified as obese in 2007.4 

Young, low-SES, black, and Hispanic children suffer disproportionately from obesity. 

Nationally, in 2011-2012, 17% of Hispanic and 11% of non-Hispanic black children ages 

2-5 were obese, which was much higher than the rate for non-Hispanic white children 

(4%).1 Poverty is also a risk factor. The CDC found that approximately 20% (19% for 

girls and 21% of boys) of all children and adolescents aged 2-19 living in households 

with incomes less than 130% of the poverty level were obese, and that the effects of 

poverty on obesity risk were exacerbated for racial and ethnic minority children.5 In 

2011, 15% of low-income children in Maryland were obese.6 
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Body-mass index as a measure of adiposity among young children 

Body-mass index (BMI) is a common proxy for adiposity in community-based and large 

studies of obesity in adults and children over age 2. It is calculated by dividing a person’s 

weight (kg) by their height squared (m2), but for children must be interpreted based on a 

reference population of children of the same age and sex to account for normal growth. 

This is commonly accomplished by calculating a child’s percentile or z-score as 

compared to average BMI scores for children of the same age and sex. Such percentiles 

and z-scores are also used as cut-offs to distinguish children who are underweight, 

normal weight, overweight, and obese.  

There are two reference populations commonly used for young children. One designed by 

the US Centers for Disease Control and Prevention (CDC) using a population of children 

in the United States,7 and the other by the World Health Organization (WHO).8 As the 

latter used an international population of healthy, breastfed children, it has been 

recommended for use among children ages 0 to 60 months as a measure of normal 

growth under optimal conditions.9 While direct measurement of body fat mass is the gold 

standard for assessing adiposity, BMI is highly correlated with direct measures of fat 

mass in children and adolescents10 and elevations have been shown to predict poor health 

outcomes.11 

Consequences of obesity and weight gain in early childhood on health  

Substantial research shows the disproportionate effects that body size and growth early in 

life have on later health, particularly on cardiovascular health.12,13 Until recently, such 
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studies focused primarily on the prenatal and infancy phases, but recently the literature 

has expanded to investigate the role of growth patterns during other critical 

developmental periods, including early childhood. Becoming obese in early childhood 

leaves children vulnerable to many physical and psychosocial comorbidities.14,15 In 

particular, obese children are more likely than their healthy weight peers to suffer from 

hypertension, type 2 diabetes, sleep apnea, liver disease and orthopedic problems.14 They 

are also subject to stigma, bullying, depression and other negative psychosocial and 

mental health outcomes, particularly once they are school-aged.15 Additionally, early 

childhood is a period when life-long taste preferences and dietary and physical activity 

patterns are formed.16  

Research links being or becoming obese in early childhood, particularly from 

approximately ages 2-6 years, to an increased risk of obesity in in adolescence,17 and 

adulthood.18–21 A 2010 longitudinal study found that weight changes between ages 2 and 

6 were most predictive of BMI z-score at age 18.22 Another large longitudinal study 

found that weight-change velocity between age 1 year 9 months and age 5 was the most 

important predictor of adult BMI. In this study, each increase of one standard deviation in 

BMI over this period corresponded to an increase of 1.3 kg/m2 BMI in adulthood (95% 

CI: 0.69, 1.57).23 As such, there is great interest in determining contributing factors to 

these BMI changes in early childhood to better target prevention efforts.24,25 

Correlates of obesity in early childhood  

Obesity in early childhood has a complex etiology, with important correlates ranging 

from genetic predisposition26,27 and prenatal exposures,28 to community-level factors.29 
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As this thesis focuses on the influence of neighborhood-level factors on weight in early 

childhood this section emphasizes that literature, while providing an overview of 

important correlates at the child- and family-levels. There is also a focus on factors 

associated with overweight and obesity in racial and ethnic minority children that may 

contribute to disparities.  

Child-level risk factors 

At an individual level, there are important genetic, epigenetic, and biological factors 

associated with an increased risk for unhealthful weight gain in early childhood.26,27,30 

However, genetic predisposition is insufficient to explain the huge increases in childhood 

obesity since the 1980’s, and it is clear that genetic factors interact with obesogenic 

environments and behaviors.16,26 Children of obese parents are much more likely to be 

obese themselves,19,31,32 which is unsurprising as parents influence genetic, behavioral, 

and environmental factors.  

Weight gain is driven by energy imbalance: children who consume more energy than 

they expend gain weight.33 Diet, physical activity, and sedentary behaviors are drivers of 

this energy balance. Total caloric intake,34 high meat and carbohydrate intake,35 drinking 

sweetened beverages,36–38 and consuming fast food,39,40 are important dietary behaviors 

associated with obesity and unhealthy weight gain in early childhood. Fast food and 

sweetened beverage consumption have also been shown to be more prevalent among 

young black and Hispanic children.40 Young children who spend more hours watching 

TV or engaged in other ‘screen time’ activities are more likely to be overweight or 

obese41,42 and black and Hispanic children are more likely to have a television in their 



 

 
6 

room at age two than white children.40 Protective factors against excess adiposity in early 

childhood include diets higher in fruits and vegetables and environments with increased 

availability of these foods, increased time spent being physically active, and 

developmentally-appropriate sleep.16 

Parental- and family-level risk factors 

The behaviors and characteristics of parents and primary caregivers have been shown to 

be associated with a child’s risk of obesity and unhealthy weight gain in early childhood. 

Smoking43 and higher gestational weight gain44 during pregnancy have been linked to 

obesity in early childhood. After birth, breastfeeding duration and/or exclusivity and 

introducing complementary foods later in infancy (typically after 4 months of age) are 

associated with lower rates of obesity in early childhood.16 However, black and Hispanic 

children are more likely than their non-Hispanic white peers to be formula-fed and to 

experience earlier than average introduction of complementary foods.39,40 In general, 

studies have found that young children with parents who use “controlling,” “rewarding,” 

or “restrictive” feeding practices are more likely to be overweight or obese, though some 

results are mixed and these categories may not be appropriate among low-SES black and 

Hispanic families.45 However, there is some evidence that “restrictive” feeding practices 

are more common among black and Hispanic mothers.40 

Neighborhood-level risk factors 

Investigation into the influence of neighborhood and community environments on energy 

balance and weight in children began in the 1990’s, and has gained widespread attention. 
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A recent IOM report, Solving the Weight of the Nation, summarized the theoretical basis 

underlying such research: Changes in the built environment discouraging active transport, 

reduced physical education opportunities at schools, and reductions in leisure time have 

engineered many opportunities to be physically active out of children and adolescents’ 

daily lives, while at the same time there have been large increases in portion size and 

retailers selling food, particularly energy-dense, highly-palatable foods that are marketed 

heavily to children.46 To address these factors, many recent successful childhood obesity 

prevention interventions incorporate changes to children’s environments47 in addition to 

other more traditional efforts focused on child and parental behaviors. Key child health 

organizations such as the American Academy of Pediatrics (AAP) also advocate for 

changes in children’s environments in addition to directly targeting individual 

behaviors.25,47,48 

When assessing the influence of place on obesity risk, most studies have concentrated on 

economic, social, or “built” characteristics of the environment to define exposures 

hypothesized to be obesogenic. The CDC defines the built environment as “the buildings, 

roads, utilities, homes, fixtures, parks and all other man-made entities that form the 

physical characteristics of a community.”49 While the literature is heterogeneous, most 

studies have operationalized one or more of several domains of interest when defining 

important neighborhood characteristics: neighborhood socio-demographic composition, 

food environment, physical activity environment, social environment, and urban form, 

though the specific measures used to define these constructs vary widely.50  
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Common strategies to define a child’s neighborhood or relevant behavioral context are to 

use administrative boundaries (e.g., census tracts, zip codes) or geographic buffers, which 

identify an area around each individual thought to be behaviorally relevant (e.g., 

walkable distances of .25 or .5mi).51 For school-aged children and adolescents, studies 

have also looked at the environments within and around schools.48 Both techniques have 

strengths and weaknesses, but can be effective if they identify the relevant context for the 

population.52 Thoughtful applications of these techniques acknowledge that geography is 

not the sole contributor to context; laws, policies and other non-physical attributes may 

be equally or more influential.50,53 Generally, researchers have defined exposures using 

proximity (e.g., distance to the nearest supermarket) or density (e.g., number of fast food 

restaurants in a given census tract) metrics.50  

Neighborhood-level risk factors for obesity in in young black and Hispanic children  

The few existing studies examining the relationship between young children’s weight and 

the built environment show promise; but inconsistent results, weak study designs, and 

little evidence generalizable to racial/ethnic minority children suggest a need for 

additional inquiry. As in the adult-focused literature independent variables used to 

operationalize key neighborhood exposures for children vary widely between studies, but 

have focused more on factors thought to influence physical activity.54 Studies have 

focused primarily on adolescents, with emerging literature investigating school-

aged50,54,55 and younger children.29,56,57 Little previous research investigates the 

contributions of neighborhood environments to obesity in black and Hispanic children 

and adolescents, and even fewer studies have been conducted among younger children of 
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these races and ethnicities.50,58  

Several previous cross-sectional and longitudinal studies have evaluated community-level 

characteristics associated with obesity in early childhood. Salois (2012), conducted a 

national ecological examination of the relationship between a wide range of 

environmental predictors and obesity in low-income children ages 2-4. Among other 

results, he found a lower prevalence of obesity in counties with a higher density of WIC-

authorized retailers, and greater availability of natural environmental amenities, but 

higher prevalence in counties with more convenience and grocery stores, as well as those 

with more crime.56 Another study of Head Start participants in New York City found 

several components of walkability and park access near home and preschool were 

significantly related to obesity, but others were not significantly related or as 

hypothesized.59,60 Burdette and Whitaker (2004), found no relationship between 

playground and fast food proximity or crime and obesity among low-income 3-4 year 

olds in urban Ohio.61 Very few studies have investigated neighborhood precedents of 

weight trajectories in early childhood. In a large study in Pennsylvania, Nau et al. (2015) 

found that children born in the most economically deprived communities had steeper 

increases in BMI over early childhood compared to those born into more affluent 

communities and those differences were sustained into adolescence.29 Chaparro et al. 

(2014) found a relationship between healthy food availability and increasing adiposity in 

Hispanic children from age 1 to 4 years.62 Of these prior studies evaluating neighborhood 

influences on obesity and unhealthy weight gain in early childhood only two were 

conducted in predominantly Hispanic populations62,63 and one other in a majority black 

population.57 
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RATIONALE FOR RESEARCH 

Obesity prevalence among young black and Hispanic children is high, particularly in 

comparison to their non-Hispanic white peers.2 Yet the existing research investigating the 

contribution of children’s neighborhood environments to unhealthy weight trajectories 

and obesity during early childhood is small and limited by weak study designs and a lack 

of focus on low-SES black and Hispanic children. This is despite increasing concern 

about disparities and desire to intervene on environmental factors to help resolve 

them.25,64,65  

Studies that look at associations in the broader population without specifically examining 

relationships for low-SES black and Hispanic children, or in predominately white and/or 

higher SES populations, may not generalize to these sub-populations of children, nor be 

able to examine important differences that may exist between them. The relationship 

between neighborhood exposures and obesity risk may be influenced by historical and 

contemporary structural factors such as segregation,66 discrimination,67 cultural 

factors,65,68 chronic stress,69 and higher exposure to advertising for unhealthy foods.70 

These children are also more likely to live in low-SES, racially-segregated neighborhoods 

that lack resources that can provide protection against weight gain, such as access to 

healthful foods71 and recreational facilities.72 These resources may be more available in 

predominantly white or higher SES neighborhoods. Simultaneously, low-SES, racially-

segregated neighborhoods often have many fast food restaurants and convenience stores 

stocked with sweetened beverages and snacks.58,68,73–75 As such, research that specifically 

examines the relationship between neighborhood factors and obesity, particularly weight 
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change in early childhood, given its associations with later health,22,76,77 is much needed.  

A better understanding of these complex relationships may inform policies and programs 

that can effectively address obesity disparities.   

 

THEORETICAL PERSPECTIVE 

Social-ecological models 

Social-ecological models of health behaviors inform the design of and theoretical 

approach to this thesis. Such models differ from their predecessors, which sought to 

explain health behaviors based on individual characteristics, by acknowledging the 

importance of an individual’s environment and sociocultural influences on his or her 

actions.78 These models acknowledge multiple spheres of influence on behavior—from 

genetic predisposition to cultural norms—though specific models vary in their 

terminology and in their focus on particular areas of influence. Bronfenbrenner’s seminal 

Systems Theory, for instance, described three different spheres of environmental 

influences: the ‘microsystem,’ in which family members and co-workers interact; the 

‘mesosystem,’ or physical environments in which microsystem interactions occur, and 

the ‘exosystem,’ which encompasses political, cultural, and economic milieu in which 

physical and social interactions occur.79 Social-ecological models also acknowledge 

important interactions between levels of influence. Such models are commonly used to 

design behavioral interventions at a population-level that address multiple spheres of 

influence, as well as to generate hypotheses about specific antecedents to behavior on 
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which to intervene.  Social-ecological models are commonly used in the field of obesity 

research as they are well-suited to theorize about the dietary, sedentary, and physical 

activity behaviors contributing to energy imbalance and obesity.25,80–82  

 

CONCEPTURAL MODEL  

Socio-ecological frameworks for obesity incorporate factors at multiple levels of 

influence which can impact behaviors contributing to energy imbalance and subsequent 

weight-related health problems.25,80–82 Figure 1.1 presents the conceptual model for this 

thesis, which adapts a model previously used by Boone-Heinonen et al. to focus on 

factors relevant to behavioral antecedents of energy imbalance and obesity in early 

childhood.83 The model depicts how factors at the child-, family/household-, institutional- 

(e.g., child care facilities), physical environment-, and societal/public policy-levels 

contribute to eating, sedentary, and physical activity behaviors, subsequent energy 

balance and finally health outcomes. Additionally, factors at different levels of influence 

interact. Specific characteristics investigated in manuscripts described in the third and 

fourth chapters of this dissertation are highlighted.  

 

STUDY AIMS 

The overall goal was to investigate the relationship between the neighborhood 

environments of low-SES, black and Hispanic children and unhealthful weight gain in 

early childhood. Specific aims were: 
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Aim 1: Systematically review the literature investigating the association among urban, 

low-SES, black and Hispanic children and adolescents between neighborhood 

environments and cardiovascular disease risk factors, including diet, physical activity and 

obesity. 

 Research question 1A: Are certain domains of neighborhood characteristics 

correlated with obesity or its behavioral antecedents in urban, low-SES, Black 

and Hispanic children and adolescents? 

 Research question 1B: What gaps exist in this literature could inform policies 

and programs targeting obesity prevention among urban, low-SES, Black and 

Hispanic children? 

Aim 2: In a sample of low-SES, Black and Hispanic children ages 2 to 5 years in 

Baltimore, Maryland, characterize the relationship between neighborhood disadvantage 

and BMI z-score trajectory and odds of overweight. 

 Hypothesis 2A: Children living in lower SES neighborhoods will experience more 

rapidly accelerating BMI z-scores than those in higher SES neighborhoods. 

 Hypothesis 2B: Children living in neighborhoods with more crime will experience 

more rapidly accelerating BMI z-scores than those in lower crime neighborhoods. 

Aim 3: In a sample of low-SES, black and Hispanic children ages 2 to 5 years in 

Baltimore, Maryland, characterize the relationship between the neighborhood food 

environment and BMI z-score trajectory and odds of overweight.  
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 Hypothesis 3A: Children living in neighborhoods with lower availability of 

healthful foods will experience more rapidly accelerating BMI z-scores than those 

living in neighborhoods with greater availability of healthful foods. 

 Hypothesis 3B: Children living in neighborhoods with lower availability of stores 

accepting WIC benefits will experience more rapidly accelerating BMI z-scores 

than those living in neighborhoods with greater WIC store availability. 

 Hypothesis 3C: Children living in neighborhoods with higher availability of fast-

food restaurants will experience more rapidly accelerating BMI z-scores than 

those living in neighborhoods with lower fast food availability. 

 

DISSERTATION ORGANIZATION 

This dissertation is organized into five chapters and includes three manuscripts. 

Chapter 1: Introduction 

The first chapter provides an introduction to obesity and weight trajectories in early 

childhood focused on racial and ethnic disparities and neighborhood-level correlates. It 

also includes the aims and rationale for this research.  

Chapter 2: Do neighborhoods matter? A systematic review of modifiable risk factors for 

cardiovascular disease and obesity in underserved children (Manuscript 1) 

The first manuscript is a systematic review of the literature relating neighborhood 

environment and cardiovascular disease (CVD) risk factors, including poor diets, low 
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levels of physical activity, and obesity, among low socio-economic status (SES), black 

and Hispanic children.  The goals of this study were to:  (1) identify the evidence 

supporting specific neighborhood factors as strong correlates with CVD risk factors 

among a specific sub-population of children at high-risk for future CVD; and (2) identify 

gaps and strengths in this literature as a whole to make recommendations for future 

research and practice.   

Chapter 3: The effects of neighborhood disadvantage on weight trajectories in early 

childhood for low-income children (Manuscript 2) 

The second manuscript is a quantitative analysis of weight trajectories among a 

retrospective cohort of predominantly low-SES, predominantly black and Hispanic 

children ages 2 to 5 years of age at two Baltimore, Maryland pediatric clinics (previously 

compiled from electronic health records of visits from 2007-2012). The aims of this study 

were to investigate the relationship between markers of community disadvantage—

neighborhood poverty and crime—and obesity and weight trajectories during early 

childhood.  Longitudinal regression analyses are presented to address this aim.  

Chapter 4: Low-income black and Hispanic children’s neighborhood food environments 

and weight trajectories in early childhood (Manuscript 3) 

The third manuscript is another quantitative analysis of weight trajectories among the 

same retrospective cohort of predominantly black and Hispanic children ages 2 to 5 years 

at two Baltimore, Maryland pediatric clinics. The aims of this study were to investigate 

the relationship between children’s neighborhood food environments and obesity and 
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weight trajectories during early childhood. Longitudinal regression analyses are presented 

to address this aim.  

Chapter 5: Discussion 

The fifth chapter provides a summary of findings and conclusions from the three studies 

conducted as a part of this dissertation as well as strengths, limitations, and public health 

implications of this research.  

Appendices  

Appendix A provides more detail regarding the methodology of the two quantitative 

studies in the dissertation, including detailed descriptions of the study design, data 

collection methods, data cleaning and management, and data analysis. Appendices B and 

C provide supplementary tables for these descriptions. 
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ABSTRACT 

 

Context: Rates of cardiovascular disease (CVD) are concerning, particularly among 

black and Hispanic children. Obesity, physical activity and diet established in childhood 

can all impact CVD risk and are influenced by characteristics of a child’s neighborhood. 

Objective: To systematically review the evidence relating neighborhood environment 

and CVD risk among urban, low socio-economic status (SES), black and Hispanic 

children. 

Study Selection: Included studies investigate relationships between empirically 

measured neighborhood characteristics and CVD risk outcomes in the populations of 

interest. 

Data Extraction: We extracted data on study population, design and associations 

between neighborhood characteristics and CVD risk outcomes. 

Results: Searches of four databases identified 1,310 unique studies; 38 were included. 

The most common CVD risk outcomes studied were body-mass index (BMI) and 

physical activity. Few studies demonstrated consistent patterns of association. Most 

neighborhood characteristics were not examined across multiple studies. BMI may be 

related to living in a low-SES neighborhood or corner/convenience store access. No 

relationships were found between access to recreation facilities, parks, and playgrounds 

and increased physical activity. 

Conclusions: The body of evidence relating neighborhood exposures and CVD risk 

among urban, low-SES, black and Hispanic children is limited and does not provide a 

clear picture of whether specific environmental factors influence CVD risk in these high 

risk groups.   
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INTRODUCTION 

 

 

Cardiovascular disease (CVD) is a leading cause of mortality and morbidity in the US. 

Racial/ethnic minority and low socioeconomic status (SES) populations experience 

significant disparities in CVD throughout the lifespan. Considerable research has 

investigated modifiable risk factors to reduce disease burden among low-SES, racial and 

ethnic minority children and adolescents who are at increased risk of CVD in 

adulthood.1–3 Several targets for prevention have been identified including diet quality, 

physical activity levels, and overweight or obesity, referred to collectively as “CVD 

risk.” 4,5  

 

The influence of the neighborhood environment on CVD risk is a key area for ongoing 

research.6 Child health organizations such as the American Academy of Pediatrics (AAP) 

advocate for changes in children’s environments to improve cardiovascular health, in 

addition to directly targeting individual behaviors.6–8 Despite these recommendations and 

sound theoretical footing,9 the role of characteristics of children’s neighborhood 

environments on disparities in CVD risk factors among socioeconomically 

disadvantaged, racial/ethnic minority children is not well understood 

 

Research examining the influence of children’s neighborhood environments on CVD risk 

is growing, but there is a lack of uniformity in the measures used to characterize these 

environments. Despite this variability, the following characteristics of childhood 



 

 
33 

neighborhood environments are routinely identified as important: socio-demographic 

composition, food environment, physical activity environment, social environment, and 

urban form.10 The proximity to a supermarket or the number of fast food restaurants in a 

neighborhood (density) may be used to describe the food environment.11,12 Proximity and 

density metrics are also commonly used to characterize access to recreation facilities 

(e.g., gyms, parks, playgrounds) as a measure of the physical activity environment.13–15 

Markers of neighborhood distress such as crime, incivility, and disorder are commonly 

used to measure the social environment.15 Urban form is also frequently described using a 

variety of measures (e.g. urban sprawl, land use, and vegetation).10,15,16  

 

The scale of the environmental exposure measure is also variable. Neighborhoods are 

thought to be behaviorally relevant for children and adolescents, but lack uniform 

definitions. Thus, studies define neighborhoods using a range of measures including 

administrative boundaries (e.g., census tracts), geographic buffers (e.g., a 0.5mi radius),17 

or even in terms of the environments around schools.8   

 

Prior reviews linking environmental exposures to CVD risk have not specifically 

investigated the extent to which existing research can be applied to low-SES, racial and 

ethnic minority children.  Given the increased lifetime risk of CVD for low-SES and 

racial/ethnic minority children, it is critical to examine the specific associations between 

environmental exposures and CVD risk for this population. Studies that look at 

associations in the broader population without specifically examining associations for 

these subgroups may not generalize to low-SES black and Hispanic children. The 



 

 
34 

relationship between neighborhood exposures and CVD risk for these children may be 

influenced by historical and contemporary structural factors such as segregation and 

discrimination. Furthermore, these children are more likely to live in low-SES 

neighborhoods that systematically lack resources related to cardiovascular health such as 

healthy food and recreational facilities that may be available in predominantly white 

neighborhoods.18,19  

 

Prior research suggests that both access to larger food stores and urban design 

characteristics may influence CVD risk for black and Hispanic adults,20,21 but no prior 

study has systematically reviewed the evidence for low-SES black and Hispanic children. 

Furthermore, many prior reviews are of limited relevance to children and adolescents 

because they either focus solely on adults or aggregate results across child and adult 

populations to increase sample size.10,20,22–24 The best evidence, however, suggests that 

associations between environmental exposures and CVD risk may differ based on a 

child’s age, sex, and neighborhood type, or based on study design.13,15 

 

Study purpose   

The goal of this study was to systematically review the results of empiric research that 

investigated the association between neighborhood environment and CVD risk among 

urban, low-SES, Black and Hispanic children.  
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METHODS 

 

Literature search strategy 

We searched PubMed, SCOPUS, Web of Science, and Sociological Abstracts databases 

to identify papers published between 1993 and 2013. Prior reviews indicate that the 

majority of the literature emerged since 2000.10,20,22–24 Databases were last searched on 

January 15, 2014. The search strategy was developed and databases were chosen in 

consultation with a clinical librarian. Supplemental Figure S2.1 contains the complete 

search terms for the PubMed database.  

 

Article screening and full-text review 

Search results were imported into RefWorks,25 and duplicates were identified. Reviewers 

independently screened article titles and abstracts. Full-texts of included titles/abstracts 

were retrieved, and these articles were screened for inclusion using the eligibility criteria 

described below. Discrepancies were resolved by discussion between reviewers and 

adjudicated by full group consensus when needed. 

 

Eligibility Criteria 

We identified studies that quantitatively analyzed an association between objectively-

measured characteristics of residential neighborhoods of youth ages 0-22 years  (referred 

to as children) and at least one of the following CVD risk factors: physical activity, diet, 

obesity, overweight, diabetes mellitus, hyperlipidemia, cardiovascular disease, coronary 

artery disease, myocardial infarction, or hypertension in a manner that conferred 
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generalizability to black or Hispanic children. Studies were deemed generalizable to 

black or Hispanic children if they: (1) reported separate associations for black and/or 

Hispanic children; (2) demonstrated that no statistical differences existed between overall 

relationships and those for black or Hispanic children within the study population; or (3) 

reported a study population ≧50% black and/or Hispanic, which has been used in other 

studies seeking to identify relevant associations for a particular racial or ethnic group.21 

Included studies were written in English, conducted in the U.S. or Canada, and included 

an urban population with low-SES participants without known pre-existing medical 

conditions.  

 

Data extraction and management  

Study author and team member (KAJ) and one other study member independently 

extracted data from each paper, reviewed each field jointly, and adjudicated 

discrepancies. If agreement could not be reached through discussion and reviewing the 

source paper, a third team member (RJT) adjudicated. An electronic form designed using 

Qualtrics online survey software26 was used to extract data. To pilot the form and 

calibrate coding, all team members extracted data from four papers using a draft form 

that was subsequently finalized.  

 

Information regarding the study population, study design, and measurements of 

associations between neighborhood characteristics and CVD risk factors were extracted 

from each paper, including study population characteristics such as sample racial/ethnic 
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and SES composition. Measures used to evaluate the proportion of low-SES participants 

included parental educational attainment, household income, and eligibility for means-

tested benefit programs (e.g. Medicaid). Study design data extracted included a 

description of: (1) whether the study was cross-sectional vs. longitudinal; (2) whether the 

study was multilevel; (3) how researchers defined a child’s neighborhood; and (4) if the 

statistical model controlled for child, household, or neighborhood SES.  

  

The directionality and significance of each reported relationship between neighborhood 

characteristics (Table 2.1) and CVD risk factors were considered. Five groups of 

neighborhood characteristics were examined: socio-demographics, food environment, 

physical activity environment, social environment, and urban form. These groups of 

neighborhood exposures were selected because they represent the most common 

exposures found in prior reviews, or were hypothesized to be particularly relevant for the 

population of interest (e.g., neighborhood racial composition, crime). For measures 

examining access to food retailers or physical activity resources, researchers also 

identified the methods used to operationalize access (i.e., proximity, density, both, or 

another method).  

 

Outcome variables  

 

Study outcomes were grouped into one of five CVD risk factor categories identified in 

the literature: body-mass index (BMI) derived assessments of adiposity (e.g. BMI, BMI 

percentile, BMI z-score), diet, physical activity, other adiposity-related outcomes (e.g., 

skin-fold thickness), and other clinical outcomes (e.g., diabetes).  Associations were 
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reported for the overall study population and for black and Hispanic children, if these 

were reported separately.  

 

 

Data synthesis and analysis  

We created evidence tables containing information from the included studies. Each 

reported relationship between a neighborhood factor and outcome of interest in the 

authors’ final, adjusted model, was coded as follows: significant and direct (+), 

significant and inverse (-), not significant (0), mixed results (X), or other. For instance, 

BMI assessments were coded such that a significant inverse association indicated 

statistically significant decreasing BMI or BMI-derived risk of overweight/obesity 

(generally considered a desireable outcome) as the neighborhood factor increased.  

Similarly, a relationship was coded as significant and direct if physical activity 

statistically significantly increased as the neighborhood factor increased. Significance 

levels were based on the original authors’ designation of significance. “Mixed results” 

was used to identify instances where there were multiple measures of a particular type of 

outcome and the direction of the associations with a specific neighborhood factor were 

inconsistent. For example, a study that reported a significant and positive association 

between neighborhood walkability and minutes of moderate and vigorous physical 

activity, but no significant association between walkability and average number of daily 

steps would be coded as showing mixed results for the relationship of neighborhood 

walkability and physical activity.  “Other” was used if the neighborhood factor was 

included in the final, adjusted model, but the significance and directionality were not 

reported.  
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As needed, relationships were reverse-coded based on the attributes specified.  For 

instance, in the few cases where sedentary behavior was included as one of several 

measures of physical activity, those relationships were reverse coded such that if the 

study found an increase in sedentary behavior associated with an increase in a 

neighborhood characteristic, it was coded as a decrease in physical activity.27,28 Similarly, 

neighborhood factors were always coded such that an increase represented an increase in 

the specific characteristic as described on the extraction form (Table 2.1). For instance, a 

relationship between residential instability and the outcome was reverse coded to show 

the relationship between residential stability (as worded on the extraction form) and the 

outcome. 

 

To characterize the evidence for each neighborhood factor and CVD-related outcome 

counts and measures of central tendency were calculated. Analyses were not conducted 

for outcome categories with two or fewer studies. Researchers identified the papers with 

results most generalizable to black and Hispanic children and conducted stratified 

analyses. These analyses were conducted on studies that either (1) reported associations 

separately for black and Hispanic participants; or (2) had a study population where 50% 

or more of the study population were identified as either black or Hispanic.  

Comparisons of associations between neighborhood factors and CVD risk were assessed 

between studies of different quality, children of different ages, and different measurement 

modalities for outcome variables. A meta-analysis was not performed due to wide 

variability in exposure definitions and specific outcomes across studies.  
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Study quality (Risk of bias assessment) 

Study quality was coded as high, moderate, or low based on the risk of bias in the study 

design.  We rated the study as being high quality (low risk of bias) only when it had done 

all of the following: 1) used a longitudinal design and 2) statistically controlled for the 

clustering of children living in the same neighborhood using multilevel modeling or 

another method for calculating robust standard errors. We rated a study as being 

moderate quality (moderate risk of bias) when it statistically controlled for the clustering 

of children in neighborhoods. Studies were rated as being low quality (high risk of bias) 

if they did not statistically control for the clustering of children in neighborhoods.  

 

RESULTS 

 

Search results  

We identified 1,310 unique records, 38 of which were included in this review after title, 

abstract and article screening (Figure 2.1). 27–63  

 

Study characteristics  

Study designs, methods of defining a child’s neighborhood, and other characteristics 

varied across included studies (Table 2.2). Studies were published between 2002 and 

2013; 23 (60%) were published in 2010 or later. Study sample sizes ranged from 98 to 

250,029 participants, with a median of 989. Most studies were either low- or medium-

quality as only two utilized a longitudinal design. The most common neighborhood 
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measurement tactics were a buffer around a child’s residence (47%), or an administrative 

boundary, (61%). Forty-five percent used multiple measurements and 32% used other 

definitions of neighborhoods that were not used in other studies (32%).  Thirty-three 

studies controlled for neighborhood and/or household or parental SES. Education, 

income, health insurance status, and qualification for social services were measures of 

household or parental SES. Five studies did not control for SES.  

 

Study population characteristics  

 

Study populations differed across studies (Table 2.2). Thirty-seven percent of studies 

examined relationships among adolescents (ages 12-21), 32% among school-aged 

children (ages 5-14), and 11% in younger children (ages 2-5). Thirteen studies of black 

children and 10 of Hispanic children either reported associations separately, or had 50% 

or more participants who were black or Hispanic, respectively. These studies comprised 

the sample for the stratified analyses by race/ethnicity. All studies included low-SES 

participants. For studies that reported their sample composition by SES (n=26) the 

median proportion of low-SES participants was 47.6%, with a range of 7%-100%.  

 

Study outcomes  

The majority of studies assessed the influence of neighborhood factors on either BMI 

(n=21) or physical activity (n=17). Common BMI assessments included BMI percentile 

and BMI z-score. Common physical activity outcomes included daily or weekly minutes 

of moderate or vigorous activity and walking to/from school. Of the 21 papers that 

included a BMI assessment outcome, 17 (81%) used measured heights and weights to 
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calculate BMI. Forty-one percent (n=7) of the 17 papers examining physical activity 

derived outcomes from accelerometer data, but the majority (n=10) relied on self- or 

parent-reported activity. Other outcomes were infrequently reported and, thus, were 

excluded from subsequent analyses. Specifically, only two papers assessed diet 

outcomes34,47 or adiposity other than BMI.58,64 One paper assessed another clinical 

outcome (incident diabetes).42 For a representative list of study outcomes that were 

included in each category see Table S2.2. 

 

Patterns were similar for studies identified as relevant to black or Hispanic children. Of 

studies with greater than 50% of, or that separately examined black participants, nine 

evaluated the influence of neighborhood factors on BMI assessments and four on 

physical activity. Six of the 11 studies with a study population that was majority Hispanic 

or had a separate analysis for Hispanic children examined relationships between 

neighborhood characteristics and BMI, and five with physical activity. 

 

Associations between neighborhood factors and CVD risk factors  

Findings were mixed.  Few neighborhood factors were examined by multiple studies and 

fewer still revealed consistent associations. Frequently studies reported multiple 

associations between a specific neighborhood characteristic and outcome. For instance, 

reporting relationships between fast food restaurant density and proximity with the CVD 

outcome, or relationships between walkability and two separate physical activity 

outcomes. Some also provided associations by different sub-groups (e.g., by sex), which 

were included separately. As such, results are reported both by studies and total number 



 

 
43 

of associations. Tables 2.3 to 2.5 report the associations between neighborhood 

exposures, BMI, and physical activity outcomes for the overall study populations (Table 

2.3), studies that included ≥ 50% or a separate analysis of black children (Table 2.4), and 

studies that included ≥ 50% or a separate analysis of Hispanic children (Table 2.5).   

 

Variations in study quality, measurement modalities, or participant ages did not appear to 

have consistent or significant impacts on the direction or strength of associations detected 

between neighborhood characteristics and outcomes of interest. Tables S2.3 and S2.4 

display associations for BMI assessments and physical activity by study quality. 

  

Socio-demographic neighborhood characteristics  

For overall study populations, 13 studies reported 31 associations between neighborhood 

socio-demographic factors and BMI and six studies reported 17 associations between 

socio-demographic factors and physical activity. Studies primarily investigated the 

relationship between a single or composite measure of neighborhood SES and the 

outcome. Seven of the 13 studies (nine associations) that examined either a single or 

composite measure of neighborhood SES and BMI found no relationship and five (8 

associations) found evidence of an inverse relationship. For black children, only one of 

the four studies that examined the relationship between neighborhood SES and BMI 

found any relationship, which was mixed.  For Hispanic children, two studies found two 

inverse relationships between neighborhood SES and BMI and two found two null 

associations. Both of the high quality studies examined the relationship between 

neighborhood SES and BMI. One found an inverse relationship and the other a null 
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relationship. There was no evidence of a relationship between neighborhood SES and 

physical activity.  

 

Neighborhood food environment 

Overall, 12 studies reported 59 associations between aspects of the neighborhood food 

environment and BMI outcomes. The most frequently assessed exposures were 

corner/convenience store (8 studies, 14 associations) and fast food access (8 studies, 23 

associations). The most consistent evidence for a relationship between a characteristic of 

a child’s neighborhood food environment and BMI was corner/convenience store access, 

particularly among Hispanic children. Four of eight studies and six of 14 relationships 

found a direct relationship for overall study populations, suggesting that BMI may rise as 

access to corner/convenience stores increases.  Both studies examining this relationship 

in Hispanic children found a significant, direct association.   

 

Evidence showed no relationship between fast food access and BMI in overall study 

populations and those focused on black youth. For Hispanic children, one study found 13 

direct relationships between fast food access and BMI, but four null associations were 

found in two other studies investigating this link. The high quality studies did not find 

evidence for relationships between the food environment and BMI except between a 

composite measure of the food environment—an index measuring the availability of 

healthy foods—and BMI.58  
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Neighborhood physical activity environment  

Six studies measured 21 associations between characteristics of the physical activity 

environment, mainly park/playground access, and BMI within overall study populations. 

Thirteen studies measured 57 associations between these exposures and physical activity 

outcomes, with the majority examining recreational facility or park/playground access. 

The evidence did not support a relationship between access to recreation facilities, parks, 

or playgrounds and physical activity, particularly within the stratified analyses for black 

and Hispanic children. Thirty-eight relationships between these resources and physical 

activity outcomes were reported for overall study populations; of which 32 (from eight 

studies) were null and six (from five studies) were direct and significant.  This general 

pattern was consistent in the sub-analysis for black youth and even more pronounced for 

Hispanic youth, but differed by the age group examined in each study.  

 

Two studies in school-aged children found three direct associations between physical 

activity resources and physical activity, while four found 23 null associations. However, 

in studies of adolescents, three studies found three direct associations and three studies 

found seven null associations. There were slight differences between studies that 

examined this relationship and the outcome measurement modality. Only one of the four 

studies examining access to these facilities and measured physical activity found a 

significant and direct association, others found five null associations. Studies using self- 

or parent-reported physical activity were more likely to report a significant, direct 

relationship.  
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Neighborhood social environment 

Six studies reported 21 associations between neighborhood social environment exposures 

and BMI for overall study populations. Five studies investigated the relationship between 

these exposures, mainly crime, and physical activity. Both studies that examined a 

composite measure of the social environment and BMI used indices measuring physical 

indicators of neighborhood disorder. These studies, focused on black youth, found 

evidence of a direct and significant relationship. Nine studies reported 14 relationships 

between crime and either physical activity or BMI in overall study populations. Three 

associations in three studies found evidence of a direct relationship with BMI and one 

found two inverse associations with physical activity. In the sub-analysis among black 

youth one study found three inverse associations with BMI and five papers found six null 

associations.  

 

Neighborhood urban form 

Seven studies examined 21 relationships between characteristics of urban form and either 

physical activity or BMI. The most evidence came from studies that reported 

relationships between neighborhood vegetation, a measure of greenness derived from 

satellite pictures, and BMI or physical activity. Overall, four studies reported eight 

relationships, three inverse (from two studies) with BMI and three direct (from two 

studies) with physical activity. For black children, two studies found three inverse 

relationships between vegetation and BMI. 
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DISCUSSION 

 

Our review found that the strongest evidence suggests that urban, low-SES black and 

Hispanic children living in lower SES neighborhoods and those with increased access to 

corner/convenience stores had higher BMIs, while those living in neighborhoods with 

more vegetation had lower BMIs. The neighborhood social environment, particularly 

neighborhood disorder and crime, may be associated with reduced physical activity and 

increased BMI, especially among black youth. Supermarket access, one of the most 

common proxies in the literature for a healthful food environment,10 was not related to 

BMI for this population. While access to physical activity resources such as recreation 

facilities, parks, and playgrounds was not related to increased physical activity overall, 

there was some evidence that access to these facilities may be more important for older 

children. Contrastingly, a prior review not focused on racial/ethnic minority children 

found a stronger association between physical activity and facility access in children than 

in adolescents.15  

 

Perhaps the most striking finding of this review is the dearth of research specifically 

examining the association between neighborhood environments and CVD risk for low-

SES urban black and Hispanic children of all ages. Fewer than 3% of the 1,310 studies 

identified in our literature search provided relevant findings for low-SES urban black and 

Hispanic children. Of the 13 studies with either a majority black study population or that 

conducted separate analyses for black children, there were only five neighborhood 

characteristics investigated across at least three studies. Similarly, there were only three 



 

 
48 

neighborhood characteristics common to the 11 studies most generalizable to Hispanic 

children. This is a very small evidence base, particularly given that many differences 

could exist within and between these two diverse groups.  

 

Associations of neighborhood exposure and CVD risk are likely to differ based on age of 

exposure and cumulative exposure over time, but the existing literature is insufficient to 

assess these variations. Thus, despite the increasing desire and political will to implement 

policies that change environments to support cardiovascular health among these high-risk 

children there is a need to invest in additional research to inform such policies. 

 

There are several potential sources of bias in this review, as well as in the underlying 

studies. The majority of studies reviewed used cross-sectional study designs that cannot 

assess temporality,10 and many did not appropriately control for clustering of children in 

neighborhoods, which can lead to inappropriately small standard errors and invalid 

conclusions. Generalizability of study results may also be limited because most studies 

relied on school- and clinic-based sampling frames, which may result in a sample of 

children that do not represent a given neighborhood. Additionally, few included studies 

modeled the distributions of outcomes and covariates spatially and accounted for spatial 

variation in CVD outcomes.  

 

Further, associations may be diluted because CVD risk outcomes and neighborhood 

exposures were aggregated. Some included studies reported results for children across 

SES strata and for children of different urbanicity without adequately controlling for 
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either.  This may be particularly problematic with respect to SES, as race and SES are 

strongly correlated in the US and Canada. Finally, the results of this review may overstate 

the evidence for direct or inverse relationships between neighborhood exposures and 

CVD risk because studies reporting null results are generally less likely to be published. 

 

This is the first study to systematically review the evidence linking neighborhood 

characteristics to CVD risk factors among low-SES, urban, black and Hispanic children. 

While there are limitations, it fills a critical gap in the literature and highlights the need 

for additional, rigorous research assessing the association of neighborhood characteristics 

and CVD risk for high-risk children from early childhood through adolescence. The gaps 

in the literature identified by this review suggest that future research should include 

neighborhood sampling frames and spatial analyses to improve the validity of 

neighborhood exposure assessment. It should also assess the association of neighborhood 

exposures and CVD risk at multiple ages for low-SES, urban, black and Hispanic 

children.  This includes a need for more longitudinal studies and those that assess 

possible effects of exposure at critical times in a child’s development, such as in early 

childhood when lifelong taste preferences, dietary habits, and physical activity patterns 

are being formed.65   
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TABLES 

 

Table 2.1 Neighborhood exposures by category 
Neighborhood Socio-demographics 

 Population density 

 Racial composition  

 Single measure of neighborhood SES  

 Composite measure of neighborhood SES  

Neighborhood Food Environment 

 Grocery Store/Supermarket Access 

 Corner/Convenience Store Access 

 Fast Food Access 

 Farmer's Market/Produce Outlet Access 

 Sit Down Restaurant Access 

 Composite measure of food environment 

Neighborhood Physical Activity Environment  

 Walkability 

 Recreation Facility Access 

 Park/Playground Access 

 Pedestrian Safety Measures 

 Traffic Speed/Volume 

 Composite measure of the physical activity environment 

Neighborhood Social Environment 

 Crime 

 Incivility/Disorder 

 Residential Stability 

 Composite Social Environment 

Neighborhood Urban Form 

 Land Use Mix 

 Number of Destinations/Retail Floor Area 

 Street Connectivity 

 Vegetation 

 Sprawl 

 Residential Density 

 Composite Urban Form 
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Table 2.2 Characteristics of Included Studies (n=38) 
 

Study characteristic n (%) 

Study quality (Risk of bias)i  

   Low Quality 16 (42) 

   Moderate Quality 20 (53) 

   High Quality 2 (5) 

Outcome(s) examined 

   BMI  21 (55) 

   Physical activity 17 (45) 

   Diet 2 (5) 

   Other adiposity outcomes 2 (5) 

   Other clinical outcomes  1 (3) 

Neighborhood Definition(s)ii 

   Administrative boundary 23 (61) 

   Buffer around residence 18 (47) 

   Other iii 12 (32) 

   Political boundary ix  4 (11) 

   Immediate vicinity of residence x 4 (11) 

Age 

   Early childhood (2-5) 4 (11) 

   School-aged (5-14) 12 (32) 

   Adolescents (12-21) 14 (37) 

   All ages (~2-~18) 6 (16) 

   Other 2 (5) 

Race/Ethnicity 

   Separate analysis for black children 2 (5) 

   Studies with ≥ 50% black participants 11 (29) 

   Separate analysis for Hispanic children 2 (5) 

   Studies with ≥ 50% Hispanic participants 8 (21) 
Notes: iStudy quality determined by risk of bias, see Methods. iiCategories do 
not sum to 100% as many studies used multiple definitions. iiiE.g., buffer 

around centroid of zip code, or community defined neighborhood.ixE.g., 

county, city or voting district boundaries. x E.g., a child’s block face, or 
housing structure exterior. Table S1.1 lists characteristics by study.  
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Table 2.3 Associations between neighborhood characteristics, BMI and physical activity for the overall study populations  

 

BMI Association Counts (Study Counts)i Physical Activity Association Counts (Study Counts)ii 

Neighborhood Exposure Refs.  + 0 - X Oth. Refs. + 0 - X Oth. 

Socio-demographic Factors  

   Single SES measure 28,30,31,46,48,

51,52,55,66,67 

0 5 (4) 7 (4) 0 3 (3) 36,54,67 0 7 (3) 0   0 

   Composite SES measure 28,33,35,58 0 4 (3) 1 (1) 0 0 28,59,62 0 2 (2) 0 1 (1) 0 

   Population density 31,46,67 0 3 (3) 0 0 0 59,62,67 0 3 (3) 0   0 

   Racial composition  28,30,46,51,52,

66,67 

1 (1) 5 (4) 0 0 2 (2) 62,67 2 (2) 2 (2) 0   0 

Food Environment  

   Grocery Store/ 

    Supermarket Access 

34,39,46,48,55 1 (1) 8 (5) 3 (2) 0 1 (1) --           

   Corner/ Convenience 

    Store Access 

30,34,39,43,46,

48,52,55 

6 (4) 8 (4) 0 0 0 --           

   Fast Food Access 30,32,39,46,48,

52,53,55 

13 (1) 8 (6) 1 (1) 0 1 (1) --           

   Farmer's Market/ 

    Produce Outlet Access 

43 0 0 1 (1)  0 0 27 0 4 (1) 0   0 

   Sit Down Restaurant 

    Access 

39,46,55 0 2 (2) 0 0 1 (1) --           

   Composite Food    

    Environment 

33,48,55,58 1 (1) 2 (2) 1 (1) 0 1 (1) --           

Physical Activity Environment  

   Walkability 30,66,67 1 (1) 7 (3) 0 0 1 (1) 44,67 1 (1) 3 (1) 0   0 

   Recreation Facility Access -- 0 0 0 0 0 27,54,57,59,62 4 (3) 19 (4) 0   0 

   Park/Playground Access 32,52,66,67 0 5 (3) 3 (1) 0 0 27,40,54,56,67 2 (2)  13 (4) 0   0 

   Pedestrian Safety 

   Measures 

67 0 1 (1) 0 0 0 67 1 (1) 0 0   0 

   Traffic Speed/Volume 66,67 0 2 (2) 0 0 0 60,67 0 1 (1) 1 (1)   0 
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BMI Association Counts (Study Counts)i Physical Activity Association Counts (Study Counts)ii 

Neighborhood Exposure Refs.  + 0 - X Oth. Refs. + 0 - X Oth. 

   Composite PAE Measure 33 0 1 (1) 0 0 0 27,38,61 1 (1) 11 (2) 0   0 

Social Environment  

   Crime 32,50,58,67 3 (3) 5 (4) 0 0 0 40,41,45,56,67 0 4 (4) 2 (1)   0 

   Incivility/Disorder 50,67 1 (1) 9 (2) 0 0 0 67 0 2 (1) 0   0 

   Composite Social 

    Environment 

37,63 3 (2) 0 0 0 0 --           

Urban Form  

   Land Use Mix 67 0 1 (1) 0 0 0 60,62,67 1 (1) 1 (1) 1 (1)   0 

   Number of Destinations/    

     Retail Floor Area 

66 0 3 (1) 0 0 0 --           

   Street Connectivity 66 0 3 (1) 0 0 0 62 0 1 (1) 0   0 

   Vegetation 31,48,67 0 1 (1) 3 (2) 0 0 29,67 3 (2) 1 (1) 0   0 

   Residential Density 31,66 0 1 (1) 1 (1) 0 0  --           

Notes: iAll studies included in BMI analysis30–35,37,39,43,46,48,50–53,55,58,63,66,67 ; ii All studies included in PA analysis 27–29,36,38,40,41,44,45,54,56,57,59,61,62,67 
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Table 2.4 Associations between neighborhood characteristics, BMI and physical activity for black youth 

 

BMI Association Counts (Study Counts)i Physical Activity Association Counts (Study Counts)ii 

Neighborhood Exposure Refs.  + 0 - X Oth. Refs. + 0 - X Oth. 

Socio-demographic Factors  

   Single SES measure 31,48,55 0 2 (2) 0 1 (1)  0 54 0 3 (1) 0 0 0 

   Composite SES measure 58 0 1 (1) 0  0 0 --           

   Population density 31 0 1 (1) 0  0 0 --           

Food Environment  

   Grocery Store/ 

    Supermarket Access 

48,55 0 4 (2) 1 (1)  0 0 --           

   Corner/ Convenience 

    Store Access 

43,48,55 1 (1) 2 (2) 0  0 0 --           

   Fast Food Access 32,48,55 0 2 (2) 0  0 1 (1)  --           

   Farmer's Market/ 

    Produce Outlet Access 

43 0 0 1 (1) 0 0 --       

   Sit Down Restaurant 

    Access 

55 0 0 0 0 1 (1) --           

   Composite Food    

    Environment 

48,55,58   2 (2) 1 (1)  0 1 (1) --           

Physical Activity Environment  

   Recreation Facility Access --           54,57 1 (1) 4 (2) 0 0 0 

   Park/Playground Access 32 0 1 (1) 0  0 0 54,56 1 (1) 3 (1) 0 0 0 

Social Environment  

   Crime 32,50,58 3 (1) 4 (3) 0  0 0 45,56 0 2 (2) 0 0 0 

   Incivility/Disorder 50 1 (1) 7 (1) 0  0 0 --           

   Composite Social 

    Environment 

37,63 3 (2) 0 0  0 0 --           

Urban Form  

   Vegetation 31,48 0 0 3 (2)  0 0 --           

   Residential Density 31 0 0 1 (1)  0 0 --           

Notes: i All studies included in BMI analysis 31,32,43,48,50,55,58,63,68; reported separately for black youth 43,55; ii All studies included in PA analysis 45,54,56,57 
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Table 2.5 Associations between neighborhood characteristics, BMI and physical activity for Hispanic youth 

 

BMI Association Counts (Study Counts)i Physical Activity Association Counts (Study Counts)ii 

Neighborhood Exposure Refs.  + 0 - X Oth. Refs. + 0 - X Oth. 

Socio-demographic Factors  

   Single SES measure 51,55,67 0 1 (1) 2 (2) 0 1 (1) 67 0 1 (1) 0 0 0 

   Composite SES measure 35 0 1 (1) 0 0 0 --           

   Population density 67 0 1 (1) 0 0 0 67 0 1 (1) 0 0 0 

   Racial composition 51,67 1 (1) 2 (1) 0 0 0 67 1 (1) 1 (1) 0 0 0 

Food Environment  

   Grocery Store/ 

    Supermarket Access 

48,55 0 4 (2) 1 (1)  0 0 --           

   Corner/ Convenience 

    Store Access 

43,48,55 1 (1) 2 (2) 0  0 0 --           

   Fast Food Access 32,48,55 0 2 (2) 0  0 1 (1)  --           

   Farmer's Market/ 

    Produce Outlet Access 

43 0 0 1 (1) 0 0 --       

   Sit Down Restaurant 

    Access 

55 0 0 0 0 1 (1) --           

   Composite Food    

    Environment 

48,55,58   2 (2) 1 (1)  0 1 (1) --           

Physical Activity Environment  

   Walkability 67 0 3 (1) 0 0 0 44,67 1 (1) 3 (1) 0 0 0 

   Recreation Facility Access --           27 2 (1) 14 (1) 0 0 0 

   Park/Playground Access 67 0 2 (1) 0 0 0 27,40,67 1 (1) 10 (3) 0  0 0 

   Pedestrian Safety 

   Measures 

67 0 1 (1) 0 0 0 67 1 (1) 0 0 0 0 

   Traffic Speed/Volume 67 0 1 (1) 0 0 0 60,67 0 1 (1) 1 (1) 0 0 
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BMI Association Counts (Study Counts)i Physical Activity Association Counts (Study Counts)ii 

Neighborhood Exposure Refs.  + 0 - X Oth. Refs. + 0 - X Oth. 

   Composite PAE Measure --           27 1 (1) 0 0 0 0 

Social Environment  

   Crime 67 0 1 (1) 0 0 0 40,67 0 2 (2) 0 0 0 

   Incivility/Disorder 67 0 2 (1) 0 0 0 67 0 2 (1) 0 0 0 

Urban Form  

   Land Use Mix 67 0 1 (1) 0 0 0 60,67 1 (1) 0 1 (1) 0 0 

   Vegetation 67 0 1 (1) 0 0 0 67 1 (1) 0 0 0 0 

i All studies included in BMI analysis 35,39,51,53,55,67 ; associations reported separately for Hispanic youth 51,55 
ii All studies included in PA analysis 27,40,44,60,67 
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FIGURES 

Figure 2.1. Flow diagram for study inclusion 
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SUPPLMENTAL MATERIALS 

 

Figure S2.1 PubMed database search strategy 

 
("Urban Health"[Mesh] OR "City Planning"[Mesh] OR "Environment Design"[Mesh] OR "Urban 

Renewal"[Mesh] OR "Cities"[Mesh] OR "urban"[tiab] OR "inner city") 

 

AND 

 

("transit" OR "mixed use" OR "pedestrian" OR "environment design" OR "environmental design" OR 

"built environment" OR "walkability" OR "walkable" OR "green space" OR "park"[tiab] OR "parks"[tiab] 

OR "community garden" OR "community gardens" OR "food environment" OR "food security" OR "food 

desert" OR "fast food" OR "restaurant density" OR "Healthy Food Availability Index"[all] OR "HFAI" OR 

"nutrition environment measures survey"[all] OR "NEMS" OR "nutrition environment"[all] OR "alcohol 

outlets" OR "alcohol sales" OR "alcohol availability" OR "taverns" OR "tavern" OR "vehicle ownership" 

OR "car ownership" OR "automobile ownership"[all] OR “social environment” OR “social context” OR 

“neighborhood”)  

 

AND  

 

("Cardiovascular Diseases"[Mesh] OR "Hyperlipidemias"[Mesh] OR "Diabetes Mellitus, Type 2"[Mesh] 

OR "Obesity"[Mesh] OR "Exercise"[Mesh] OR "cardiovascular disease" OR "cardiovascular diseases" OR 

"hyperlipidemias" OR "hyperlipidemia" OR "diabetes mellitus" OR "obesity" OR "obese" OR "exercise" 

OR "physical activity" OR "fruit" OR "vegetable" OR "vegetables" OR "Healthy eating index" OR "dietary 

outcome" OR "dietary outcomes" OR "diet" OR “BMI” OR “weight” OR “overweight” OR “prediabetes” 

OR "Coronary Artery Disease"[Mesh] OR "Myocardial Infarction"[Mesh] OR "coronary artery disease" 

OR "myocardial infarction" OR "Life Style"[Mesh] OR "Sedentary Lifestyle"[Mesh] OR "Diet"[Mesh] OR 

"life style" OR "lifestyle" OR "lifestyles" OR "life styles" OR "Hypertension"[Mesh] OR  

"Prehypertension"[Mesh] OR “hypertension” OR “high blood pressure” OR)  
 

AND  

 

("Child"[mh] OR "Infant"[mh] OR "Infant, Newborn"[mh] OR "Adolescent"[mh] OR "Child, 

Preschool"[mh] OR "child"[tiab] OR "infant"[all] OR "adolescent"[all] OR "children"[all] OR 

"infants"[all] OR "adolescents"[all] OR "pediatric patient"[all] OR "pediatric patients"[all] OR 

"adolescence"[all] OR "youth"[all] OR "youths"[all] OR "juvenile"[all] OR "childhood"[all] OR 

"teenager"[all] OR "teenagers"[all] OR "teen"[all] OR "teens"[all] OR "preschool child"[all] OR 

"neonate"[all] OR "newborn"[all] OR "baby"[all] OR "pediatric"[tiab] OR "pediatrics"[tiab] OR 

"paediatric"[tiab] OR "paediatrics"[tiab]) 

 

AND  

 

("US"[tw] OR "United States"[tw] OR "America"[tw] OR "american"[tw] OR "U.S."[tw] OR "U. S."[tw] 

OR "USA"[tw] OR "U.S.A."[tw] OR "U. S. A."[tw] OR "Canada"[mh] OR "Canada"[tw] OR 

"Canadian"[tw]) 

 

AND  

 

("1993/09/16"[PDat] : "2013/09/12"[PDat]) 

 

 

Note: bolded text added in second search. 

 



 

 

6
9

 

 

  Table S2.1 Study characteristics, by study reference number (n=38) 

Ref # N 

Black  

Sub-analysisi 

Hispanic 

Sub-analysisi Age Category  
Study 

Qualityii 

Outcomes Assessed 

BMI PA Diet Oth. 

26 324   X School-aged (5-14) Low   X     

27 20,745   Adolescents (12-21) Low X X   

28 208   School-aged (5-14) Mod  X   

29 94,348   Adolescents (12-21) Mod X    

30 3,831 X  All ages (~2-~18) Mod X    

31 7,020 X  Early childhood (2-5) Low X    

32 10,513   Other Low X    

33 943   School-aged (5-14) Low X  X  

34 807  X Adolescents (12-21) Mod X    

35 680   Adolescents (12-21) Mod  X   

36 1,977 X  Early childhood (2-5) Low X    

37 650   School-aged (5-14) Mod  X   

38 323  X School-aged (5-14) Low X    

39 177  X School-aged (5-14) Low  X   

40 17,766   Adolescents (12-21) Low  X   

41 1,252 X  All ages (~2-~18) Low    X 

42 744 X  Other Low X    

43 98  X Adolescents (12-21) Low  X   

44 221 X  Adolescents (12-21) Mod  X   

45 7,730   School-aged (5-14) High X    

46 8,165   Adolescents (12-21) Mod   X  
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Ref # N 

Black  

Sub-analysisi 

Hispanic 

Sub-analysisi Age Category  
Study 

Qualityii 

Outcomes Assessed 

BMI PA Diet Oth. 

47 6,897 X  All ages (~2-~18) Low X    

48 428  X Early childhood (2-5) Mod X X  X 

49 1,785 X  All ages (~2-~18) Mod X    

50 250,029  X Early childhood (2-5) Mod X    

51 702   All ages (~2-~18) Low X    

52 3,346  X All ages (~2-~18) Mod X    

53 1,503 X  Adolescents (12-21) Mod  X   

53 1,503 X  Adolescents (12-21) Mod  X   

54 73,079   Adolescents (12-21) Mod X    

55 316 X  Adolescents (12-21) Mod  X   

56 327 X  Adolescents (12-21) Mod  X   

57 319 X  School-aged (5-14) High X   X 

58 1,367   School-aged (5-14) Mod  X   

59 4,338  X School-aged (5-14) Mod  X   

61 890   Adolescents (12-21) Mod  X   

62 313 X  School-aged (5-14) Low X    

64 1,034     Adolescents (12-21) Mod X       

Notes: i Studies were included in black or Hispanic sub-analysis, respectively, if the study population was ≥ 50% black or Hispanic or 

associations between neighborhood exposure and CVD outcomes were reported separately for black and/or Hispanic children. 
ii Study quality based on research design as described in Methods. 
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Table S2.2 Examples of CVD risk factor outcomes, by category 
CVD Risk Factor 

Outcome Category 

Examples of Specific Study Outcomes 

-- Observed -- 

Examples of Specific Study Outcomes 

-- Reported -- 

BMI 

 Age- and sex-specific BMI z-score / 

percentile 

 Odds of overweight (≥85th percentile 

for age and sex) 

 Odds of obesity (≥95th percentile for 

age and sex) 

 Change in BMI percentile over time 

 Mean Census Tract BMI z-score 

 BMI 

 Age- and sex-specific BMI  z-score 

 Risk of overweight (≥95th percentile 

for age and sex) 

 

PA 

 Participates in recreational 

programing 

 Total METs/day 

 MVPA (from 7-day recall) 

 Walking to/from school 

 Total daily energy expenditure 

 Total weekly minutes of MVPA 

 Average daily minutes of MVPA 

 Non-school, MET-weighted MVPA 

 PA counts/minute 

 

Diet 
  Unhealthy food consumption score 

 Healthy vs. unhealthy dietary habits 

Other adiposity 

outcomes 

 Sum of skinfold adiposity  

 Waist circumference 

 

Other clinical 

outcomes 
 Incident cases of T2DBM 
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Table S2.3 Associations between BMI and neighborhood factors, by study quality 

 

-- Low Quality -- 

BMI Association Counts (Study Counts)i 

-- High & Medium Quality -- 

BMI Association Counts (Study Counts)ii 

Neighborhood Exposure Refs.  + 0 - X Oth. Refs. + 0 - X Oth. 

Socio-demographic Factors  

   Single SES measure 28,48,52 0 3 (2) 2 (1) 0 1 (1) 30,31,46,51,55,

66,67 

0 2 (2) 5 (3) 0 2 (2) 

   Composite SES measure --           31,46,67 0 3 (3) 0 0 0 

   Population density 28,52 0 1 (1) 0 0 1 (1) 30,46,51,66,67 1 (1) 4 (3) 0 0 1 (1) 

   Racial composition  28,33 0 1 (1) 1 (1) 0 0 35,58 0 4 (3) 0   0 

Food Environment  

   Grocery Store/ 

    Supermarket Access 

34,39,48 0 4 (3) 1 (1) 0 0 46,55 1 (1) 4 (2) 2 (1) 0 0 

   Corner/ Convenience 

    Store Access 

34,43,48,52 4 (3) 5 (3) 0 0 0 30,46,55 2 (1) 3 (2) 0 0 0 

   Fast Food Access 32,39,48,52 0 4 (4) 0 0 0 30,46,53,55 13 (1) 4 (2) 1 (1) 0 1 (1) 

   Farmer's Market/ 

    Produce Outlet Access 

43 0 0 1 (1) 0 0 --           

   Sit Down Restaurant 

    Access 

39 0 1 (1) 0 0 0 46,55 0 1 (1) 0 0 1 (1) 

   Composite Food    

    Environment 

33,48 1 (1) 1 (1) 0 0 0 55,58 0 1 (1) 1 (1) 0 1 (1) 

Physical Activity Environment  

   Walkability --           30,66,67 1 (1) 7 (3) 0 0 0 

   Recreation Facility Access 32,52 0 1 (1) 3 (1) 0 0 66,67 0 4 (2) 0 0 0 

   Park/Playground Access --           67 0 1 (1) 0 0 0 

   Pedestrian Safety 

   Measures 

--           66,67 0 2 (2) 0 0 0 
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-- Low Quality -- 

BMI Association Counts (Study Counts)i 

-- High & Medium Quality -- 

BMI Association Counts (Study Counts)ii 

Neighborhood Exposure Refs.  + 0 - X Oth. Refs. + 0 - X Oth. 

   Traffic Speed/Volume 33 0 1 (1) 0 0 0 --           

   Composite PAE Measure 33 0 1 (1) 0 0 0 27,38,61 1 (1) 11 (2) 0   0 

Social Environment  

   Crime 32 0 2 (1) 0 0 0 50,58,67 3 (1) 3 (3) 0 0 0 

   Incivility/Disorder --           50,67 1 (1) 9 (2) 0 0 0 

   Composite Social 

    Environment 

37,63 3 (2) 0 0 0 0 --           

Urban Form  

   Land Use Mix --           67 0 1 (1) 0 0 0 

   Number of Destinations/    

     Retail Floor Area 

--           66 0 3 (1) 0 0 0 

   Street Connectivity --           66 0 3 (1) 0 0 0 

   Vegetation 48 0 0 1 (1) 0 0 31,67 0 1 (1) 2 (1) 0 0 

   Residential Density --           31,66 0 1 (1) 1 (1) 0 0 

Notes: i All studies included in low quality analysis 28,32–34,37,39,43,48,52,63; low studies that used measured, not self- or parent-reported outcome data36–

38,41,43,47,52,56,67; ii All studies included in medium/high quality analysis 30,31,35,46,50,51,53,55,58,66,67; medium/high quality studies that used measured, not self- or 

parent-reported outcome data30,31,46,50,51,58,67 
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Table S2.3 Associations between physical activity and neighborhood factors, by study quality 

 

-- Low Quality -- 

Physical Activity Association Counts (Study Counts)i 

-- Medium Quality -- 

Physical Activity Association Counts (Study Counts)ii 

Neighborhood Exposure Refs.  + 0 - X Oth. Refs. + 0 - X Oth. 

Socio-demographic Factors  

   Composite SES measure 28 0 0 0 1 

(1)  

0 59,62 0 2 (2) 0 0 0 

Food Environment  

   Farmer's Market/ 

    Produce Outlet Access 

27 0 4 (1) 0 0 0 --           

Physical Activity Environment  

   Walkability 44 1 (1) 0 0 0 0 67 0 3 (1) 0 0 0 

   Recreation Facility Access 27 2 (1) 14 (1) 0 0 0 54,57,59,62 2 (2) 5 (3) 0 0 0 

   Park/Playground Access 27,40 1 (1) 8 (2) 0 0 0 54,56,67 1 (1) 5 (2) 0 0 0 

   Pedestrian Safety 

   Measures 

--           64 1 (1) 0 0 0 0 

   Traffic Speed/Volume --           60,67 0 1 (1) 1 (1) 0 0 

   Composite PAE Measure 27,61 1 (1) 3 (1) 0 0 0 38 0 8 (1) 0 0 0 

Social Environment  

   Crime 40,41 0 1 (1) 2 (1) 0 0 45,56,67 0 3 (3) 0 0 0 

   Incivility/Disorder --           67 0 2 (1) 0 0 0 

Urban Form  

   Land Use Mix --           60,62,67 1 (1) 1 (1) 1 (1) 0 0 

   Street Connectivity --           62 0 1 (1) 0 0 0 

   Vegetation --           29,67 3 (2) 1 (1) 0 0 0 

Notes: i All studies included in low quality analysis27,28,40,41,44,61; low quality studies that used measured, not self- or parent-reported outcome data44 
ii All studies included in medium quality analysis 29,36,38,45,54,56,57,59,60,62,67 ; medium quality studies that used measured, not self- or parent-reported outcome 

data 29,56,57,59,67 
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CHAPTER 3: THE EFFECTS OF NEIGHBORHOOD DISADVANTAGE ON 

WEIGHT TRAJECTORIES IN EARLY CHILDHOOD FOR LOW-INCOME 
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ABSTRACT 

 

Background: Young, low-socioeconomic status (SES), black and Hispanic children 

suffer a disproportionate burden of obesity compared to their white and high-SES peers. 

The purpose of this study was to explore neighborhood disadvantage as a contributor to 

these obesity disparities by investigating its influence on weight trajectories over the 

critical period of early childhood. 

Methods: A retrospective cohort of children ages 2 to 5 years was developed from 

electronic health records at two pediatric clinics in Baltimore, Maryland from 2007-2012. 

Longitudinal regression was used to evaluate the influence of neighborhood poverty and 

crime—markers of disadvantage—on body-mass index z-score (BMI-z) trajectories 

among these children. 

Results: High neighborhood crime was associated with decreasing BMI-z trajectories 

compared to low crime. The relationship between neighborhood poverty and BMI-z 

trajectories differed by race/ethnicity. Black children’s BMI-z trajectories decreased with 

increasing neighborhood poverty, but white children in higher poverty neighborhoods 

had increasing BMI-z trajectories compared those living in moderate or high poverty 

neighborhoods. Neighborhood poverty was not related to BMI-z levels or trajectories in 

Hispanic children.  

Conclusions: The relationship between neighborhood disadvantage and weight 

trajectories in early childhood is complex and differs by race/ethnicity. Future research 

should continue to explore the complex relationships between race/ethnicity, household 

and neighborhood poverty to understand and address obesity disparities in early 

childhood.   
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INTRODUCTION 

 

There is increasing recognition that early childhood is a critical period for obesity 

prevention.1,2 Nearly one-quarter of all children in the US are overweight or obese before 

age 5 and while national rates of obesity declined for children ages 2 to 5 from 2003 to 

2012, current levels are still high.3 In 2012, 8.4% of all children ages 2 to 5 in the US 

were obese, but rates were higher among Hispanic (17%) and black children (11%), 

particularly as compared to their white peers, only 4% of whom were obese.3 Children of 

low-socioeconomic status (SES) were also more at risk compared to higher SES 

counterparts.4 In Maryland, 15.3% of low-income children were obese in 2011, slightly 

decreased from 15.7% in 2008, but still higher than national rates among all children.4   

 

Both being overweight at any point in early childhood and weight change over this period 

are important predictors of future and contemporaneous health problems.5–8 Children who 

are obese between the ages of 2 to 5 are vulnerable to the many physical5 and 

psychosocial6 effects of obesity during childhood, and are also five times more likely to 

become overweight or obese adults.7 Rapid adiposity changes in early childhood, 

particularly between the ages of 2 and 5 years, have been linked to an increased risk of 

obesity in adolescence9 and adulthood.7,10–12 As such, there is great interest in 

determining contributing factors to excess weight gain in early childhood in order to 

better target prevention resources and efforts.13,14  
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Obesity in early childhood has a complex etiology with important genetic, behavioral, 

and household correlates of obesity and unhealthful weight gain over this period.15–17 

Much of the literature investigating obesity in early childhood focuses on behavioral or 

parental factors, such as prenatal exposures, breastfeeding, screen time, and parental 

feeding behaviors.18 However, heeding calls from Institute of Medicine (IOM) and other 

experts to design interventions to reduce obesity from a systems perspective,13,14 the 

influence of contextual factors that shape such behaviors—including markers of 

community disadvantage such as neighborhood poverty and crime—are receiving 

increased attention. Contextual factors have also been theorized to contribute to 

disparities in obesity among racial and ethnic minority children.19,20 These children tend 

to live in neighborhoods that differ from their white and higher-SES peers,21,22 and may 

have different relationships between neighborhood exposures and obesity due to 

sociocultural or other factors.23–25 

 

There is a growing literature exploring the effects of community disadvantage on obesity 

among black and Hispanic children.26 Neighborhoods with high crime rates, one marker 

of disadvantage, have been previously linked to obesity in young black children,27 and 

parents of young black28,29 and Hispanic30 children cite fear of neighborhood criminal 

activity as an important consideration in managing their child’s weight. Neighborhood 

socioeconomic deprivation has been associated with multiple factors hypothesized to 

contribute to energy imbalance and obesity: decreased access to healthy foods31 and 

recreational facilities,32 increased availability of unhealthy foods,21 and interrupted sleep 

patterns.33 Prior studies have shown mixed associations between neighborhood 
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socioeconomic deprivation and body mass index (BMI) among black or Hispanic 

children, as described in Chapter 2 of this dissertation, but the majority of studies suggest 

it is associated with increased BMI. However, existing studies are limited in their ability 

to investigate longitudinal changes in BMI among young black and Hispanic children as 

they focus on white34 or school-aged children,35 or only report cross-sectional 

relationships.27,36–38  

 

This study utilized unique longitudinal data in a population of predominantly black and 

Hispanic children ages 2 to 5 years to investigate the relationship between neighborhood 

disadvantage and weight trajectories during early childhood. We hypothesized that 

children living in disadvantaged neighborhoods, as indicated by socioeconomic 

deprivation and high crime, would have higher BMI z-scores and greater increases in 

BMI z-scores as they aged.  

 

METHODS 

 

Study population and setting 

This study was conducted in Baltimore, Maryland using electronic health records from 

two pediatric clinics at a large academic medical center. Clinic 1 has a patient population 

that is approximately 75% public insurance participants and 98% black. Clinic 2 serves 

approximately 60% Hispanic and 90% public insurance participant patients. Children 

were eligible for the study if they visited either clinic for a well-child visit between 

October 2007 and October 2012 and were over 2 or under 6 years of age at the time of 
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the visit. Children’s home address, date of birth, sex, race/ ethnicity, and insurer were 

extracted from electronic health records for the last well-child visit in each calendar year 

from 2007 to 2012. When present, height and weight data were also extracted 

electronically. Charts were also manually reviewed to obtain patient data that was not 

electronically recorded.  

 

Administrative records identified 5,433 children over 10,975 visits that fit the initial 

inclusion criteria. Visits with records that were unclear or missing information on sex, 

race/ethnicity, or insurer were excluded (n=382), as were the small number of children 

whose race/ethnicity was not listed as white, black or Hispanic (n=31). Children whose 

listed race/ethnicity differed across time were assigned the most common value. Per the 

World Health Organization (WHO) guidelines,39 visits where height, weight, or BMI 

were greater than five standard deviations above or below mean values for a child’s age 

and sex were considered biologically implausible and excluded from the analysis 

(n=377).  

 

Home addresses were geocoded using ArcGIS Version 10,40 which was used for all 

geospatial analyses. Neighborhoods were defined as the 2010 census tract containing the 

child’s home address. Visits where children lived outside the limits of Baltimore City 

(n=2,769), or where addresses were not able to be geocoded because address information 

was missing or invalid (n=286) were excluded. 
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Dependent Variables 

The main dependent variables of interest were levels and trajectory of age- and sex-

specific BMI z-score (BMI-z), and overweight/obesity. BMI was calculated as weight 

(kilograms) divided by height squared (meters2), using measured height and weight from 

the medical record. BMI-z were calculated using the 2006 World Health Organization 

(WHO) Child Growth Standards39 for children under 60 months of age and the WHO 

2007 growth reference for school-aged children and adolescents41 for children above 61 

months of age. WHO body-mass index categories, which differ for children under 60 

months of age, were used to define overweight and obesity. Children younger than 60 

months of age were classified as “at risk of overweight” if their BMI-z was >1, 

overweight if BMI-z was >2, or obese if BMI-z was >3. Children greater than 60 months 

of age were classified as overweight if their BMI-z was >1, or obese if BMI-z was >2.42 

 

Independent Variables 

The primary independent variables of interest, neighborhood crime and socioeconomic 

deprivation, were used to assess children’s neighborhood disadvantage. Data on violent 

crimes from 2006 to 2010 were obtained from the Baltimore City Police Department. 

This data has been used in previous investigations, which describe the geocoding 

process.43 All reported violent crimes (including homicide, aggravated assault, rape, and 

robbery incidents) over this 5-year period from 2006-2010 in a given census tract were 

aggregated and divided by the size of the tract in square miles to obtain the geographic 

density of crime events in a given neighborhood. Tertiles of neighborhood crime were 

calculated using the distribution of crime density across the 200 census tracts in the city 
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as the reference. Low-crime neighborhoods had 32.5- 437.6 crimes/mi2, Moderate crime 

neighborhoods had 437.7- 1,396 crimes/mi2 and High crime neighborhoods had 1,396- 

4,474.1 crimes/mi2.  

 

Several definitions of neighborhood socioeconomic deprivation were explored utilizing 

5-year 2013 American Community Survey (ACS) data (aggregated data from 2008-

2012).44 As associations were similar, the percentage of households living below the 

Federal Poverty Threshold (FPT) was reported in order to enhance the ability to 

aggregate data across studies, as it has been used in several similar investigations24 and 

shown to be a valid single measure of community social deprivation at the census tract 

level.45 This metric is hereafter referred to as ‘neighborhood poverty’. Tertiles of 

neighborhood poverty were calculated using the citywide distribution of the proportion of 

households living below the FPT as a reference. Low poverty neighborhoods had 0- 12% 

of their population living below the FPT, Moderate poverty neighborhoods 12.1- 22.7%, 

and High poverty neighborhoods 22.8- 72.8%. 

 

Neighborhoods were assumed to have consistent poverty and crime rates over the course 

of the study (2007-2012) and both independent variables of interest are based on several 

years of data in order to smooth annual fluctuations. Values for neighborhood exposures 

did vary for children who moved to different neighborhoods over the study period.  
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Covariates 

Potential confounders were identified as variables hypothesized to influence 

neighborhood of residence and child BMI-z. Directed Acrylic Graphs (DAGs) were used 

to determine the set of minimally sufficient adjustment variables from the potential 

confounders for each model.46,47 Final models controlled for the child’s sex (dichotomous 

indicator variable), race (black, Hispanic, white), insurance status (public vs. private; as 

an indicator of child socioeconomic status), and calendar year. Calendar year was not 

included in the initial set of adjustment variables based on the DAG diagrams, but was 

added when bivariate analyses showed a decline in BMI-z in the study population as a 

whole from 2007-2012.  

 

Statistical Analysis 

Descriptive statistics and exploratory analyses were conducted both cross-sectionally and 

longitudinally by the child’s age, calendar year, and visit number. As a moderate number 

of children moved to a different census tract over the study period, differences in 

observed characteristics between children who moved and those who did not were first 

compared using Pearson’s χ2 tests. Differences in BMI-z across demographic 

characteristics were calculated using one-way ANOVA and pairwise comparisons with 

Bonferroni corrections. Separate models for each neighborhood exposure were built to 

examine the associations between crime and neighborhood poverty and change in BMI-z 

over time and odds of being overweight or obese over the study. 
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Longitudinal regressions were used to model the relationship between neighborhood 

crime and poverty with change in BMI-z over time.  Regression inference was based on 

generalized estimating equations (GEE) with robust variance estimates to account for the 

correlation within participants (over time).48 Logistic based GEE regressions were used 

when modeling the relationship with between the neighborhood exposure and odds of 

having a BMI considered normal or underweight vs. overweight or obese. Initially, multi-

level models with children nested within neighborhoods were considered, but were not 

used given the very small amount of clustering in BMI-z occurring at the neighborhood 

level.49  

 

As the relationship between neighborhood disadvantage and BMI-z trajectories might 

vary by race, sex, and insurance status, models were first tested including three-way 

interaction terms (e.g., neighborhood poverty*child age*race) to explore differences by 

these individual characteristics. Post-hoc estimation Wald tests were used to calculate the 

joint significance of the addition of these interaction terms to the model, and if these 

results suggested different trajectories (p <0.10), models were built that stratified by these 

factors. If interactions were not statistically significant, models were built that pooled 

over race, sex and/or insurance status.  

 

Given that the primary research question of interest was whether growth trajectories were 

associated with neighborhood disadvantage, the main variable of interest was an 

interaction between child age and neighborhood poverty, and child age and neighborhood 

crime (in respective models). Final model estimates were used to plot the predicted levels 
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and trajectories of BMI-z and to test for statistically significant differences, using the 

lincom command for tests of linear combinations.   

 

Sensitivity Analyses 

Multiple sensitivity analyses were conducted to explore the robustness of results. To see 

if the results were sensitive to the choice of definition for neighborhood poverty and 

crime, models using different categorizations of the exposures were also explored using 

both city and study population distributions as references. Additionally, different 

measures of neighborhood deprivation including a previously published neighborhood 

SES index50 and the median value of owner-occupied homes were also explored. For the 

models examining overweight and obesity as the outcome, models were compared both 

with and without the inclusion of children classified as underweight. Finally, to assess 

whether results were robust to using a different reference population, final models were 

run with BMI z-scores based on CDC growth references and cut-offs51 as the dependent 

variables.  All analyses were conducted using Stata Version 12.52 Model selection and 

checking is described in detail in Appendices A and D. 

 

RESULTS 

 

Study population 

The final sample for analysis included 3,684 children over 7,130 visits. Ninety-five 

percent of city census tracts were represented in the study (189 of 200). Children’s 

characteristics at their first study visit are listed in Table 3.1. Hispanic children were 
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more likely to be overweight (15%) or obese (9%) than their black (10%; 5%) or white 

(13%; 6%) peers, using WHO cut-offs. For comparison, utilizing a CDC reference 

population, overall rates of overweight (20%) and obesity (15%) were higher than 

national averages in this population of children.3 Forty-two percent of children had only 

one included visit, 31% had two, 18% three and 9% had four or five. The majority of 

children (82.5%) lived in only one census tract over the course of the study. Children at 

clinic 1, black children, and those with public insurance were significantly more likely to 

move over the course of the study. Ninety-one percent of the study population (91% of 

black, 99% of Hispanic, and 73% of white children) utilized public insurance programs, 

primarily Medicaid.  

 

Overall, mean BMI-z was 0.803 (SE=0.014). Bivariate relationships between age, race, 

and neighborhood crime and poverty are included in Table 3.2. Mean BMI-z was 

statistically significantly higher among children at age 2 compared to those 3 to 5 years 

of age. Hispanic children had significantly higher mean BMI-z scores than black children 

at all ages, and than white children at ages 2-4 years.  

 

Adjusted GEE regression results for neighborhood disadvantage and BMI-z trajectory 

between ages 2-5 years 

Results for fully adjusted GEE models examining the longitudinal association between 

BMI-z by neighborhood crime and poverty are included in Table 3.3. Plots of predicted 

trajectories of BMI-z based on these models are included in Figures 3.1 and 3.2. All else 

equal, based on the results of both models, girls had statistically significantly lower BMI-
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z scores compared to boys and Hispanic children higher BMI-z scores compared to black 

and there was an average decrease of 0.065 standard deviations of BMI-z for each year of 

the study (p≤0.001).  

 

As hypothesized, at age 2 years children living in neighborhoods with the lowest crime 

rates had significantly lower average BMI-z scores compared to those in the highest 

crime neighborhoods (p=0.014). However, contrary to the hypothesized trajectories, these 

children then experienced slightly increasing average BMI-z trajectories, while children 

living in neighborhoods with moderate (β=-0.004; SE=0.002; p=0.046) or high crime 

rates (β=-0.005; SE=0.002; p=0.012) experienced declining average BMI-z (Table 3.3). 

By age 6 years, the model predicted that the average child living in a high crime 

neighborhood would have a BMI-z 0.13 standard deviations lower than a child in a low 

crime neighborhood. (Figure 3.1) 

 

Stratified models were presented by race/ethnicity for the effects of neighborhood 

poverty on BMI-z because there was a significant race*age*poverty tertile interaction. 

Results are presented in Table 3.3 and diagrams of predicted BMI-z trajectories in 

Figure 3.2. These results showed strikingly different patterns for children of different 

race/ethnicities. For black children, the results reflected a similar pattern as those for the 

race-pooled crime model.  At age 2 years, black children in the lowest poverty 

neighborhoods had the lowest average BMI-z, though not statistically significantly lower 

than those in moderate or high poverty neighborhoods. However, over time, average 

BMI-z for children in the moderate (β=-0.006; SE=0.003; p=0.029) and high (β=-0.005; 
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SE=0.003; p=0.102) poverty neighborhoods declined compared to the trajectory for black 

children in low poverty neighborhoods. Trajectories were only significantly different 

between the low and moderate poverty groups, though the pattern was similar for high 

poverty. (Figure 3.2) There did not appear to be any relationship between neighborhood 

poverty and BMI-z for Hispanic children. Contrastingly, white children in the highest 

poverty neighborhoods had significantly increasing BMI-z trajectories (β=0.021; 

SE=0.009; p=0.017) compared to their peers in the lowest poverty neighborhoods. By age 

5 years, the model also predicted significantly higher average BMI-z levels for white 

children in the highest poverty neighborhoods (Figure 3.2). Utilizing the CDC reference 

population to assess the clinical significance of these findings, these models predict that 

the average white boy in a high poverty neighborhood would have been classified as 

normal weight at age 2 years (83rd percentile), but overweight by age 6 years (90th 

percentile) whereas at 6 years the average white boy in a low poverty neighborhood 

would be classified as normal weight (75th percentile).51   

 

Sensitivity analyses indicated that results of neighborhood crime and poverty models 

were substantively unchanged in direction and significance when the study population 

distribution (in lieu of the city) was used as a reference to create exposure categories, and 

when CDC z-scores were used as the dependent variable. Findings were consistent in 

direction, but no longer statistically significant when median home values and a 

neighborhood SES index were used as the measure of neighborhood deprivation.   
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Adjusted logistic GEE regression results for neighborhood disadvantage and odds of 

overweight/obesity between ages 2-5 years 

Stratified models investigating the relationship between neighborhood poverty and crime 

and the odds of being overweight or obese showed similar patterns as reported BMI-z 

though no statistically significant differences in levels or trends were found. Model 

results are included as a supplemental table (Table S3.1).  Patterns persisted if 

underweight children were dropped from the model and when CDC definitions of 

overweight and obesity were tried.  

 

DISCUSSION 

 

This study utilized a unique, large administrative dataset as a retrospective cohort in 

which to study the association between neighborhood disadvantage and weight 

trajectories in predominantly low-SES, black and Hispanic children aged 2 to 5. On 

average, low neighborhood crime—hypothesized to be protective with respect to weight 

outcomes—was associated with increasing BMI-z between ages 2 and 5 years compared 

to those of children living in neighborhoods with higher crime, who experienced 

decreasing BMI-z trajectories. The relationship between neighborhood poverty and 

changes in BMI-z differed for children of different races and ethnicities. Among Hispanic 

children there was no relationship between neighborhood poverty level and BMI-z levels 

or trends. Black and white children living in low poverty neighborhoods had opposite 

trends in trajectories compared to peers of their same race. On average, white children in 

these neighborhoods experienced the expected protective effect of a wealthier 
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neighborhood, whereas black children in low poverty neighborhoods experienced slightly 

increasing trends in BMI-z compared to average decreases among their black peers living 

in moderate or high poverty neighborhoods.  

 

The study population is unique among studies of the relationship between childhood 

obesity and neighborhood disadvantage most of which have investigated among older35 

or primarily white children,34 and/or only investigated at a single time point.27,36–38 As 

91% of participating children qualified for public insurance, this study was able to 

specifically examine the effects of neighborhood disadvantage on low-income children 

over a period of childhood known to be particularly predictive of future obesity.8,34 

Recent research by Rossen (2014) found that instead of the ‘double jeopardy’ that being 

exposed to both individual and area poverty would suggest, odds of obesity were more 

pronounced among children from higher-income families living in areas of high 

deprivation.53 This phenomenon may contribute to the counter-hypothesized relationship 

between neighborhood poverty and BMI-z trends among low-SES black children. 

Interactions between area- and individual-SES have been previously found to 

significantly explain racial disparities among children 2-18,53 and may also contribute to 

these findings. Three-way insurance*age*poverty/crime tertile interactions were not 

significant, indicating no effect modification with the measure of individual SES used. 

However, insurance status does not account for all of the variation in individual SES in 

this population, as families are eligible if they earn less than 300% of the FPT, 

encompassing a wide range of circumstances. Previous studies have found different 

relationships between family income, race, and childhood obesity,54 some of which may 
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be explained by contextual differences like those investigated here and contribute to 

unexpected findings.   

 

Qualitative research in Baltimore suggests families in high crime neighborhoods use 

alternative strategies to encourage physical activity for their children such as encouraging 

indoor play or traveling to another neighborhood to utilize a safer park without exposing 

children to potentially unsafe neighborhood environments.28,29,55 Baltimore has among 

the highest crime rates in the country56 so these coping strategies may be more prevalent 

here than in places where high crime has been associated with obesity27 and contribute to 

the finding that children in high and moderate crime neighborhoods had decreasing trends 

in BMI-z compared to their peers in low crime neighborhoods. These findings are also 

similar to those of cross-sectional studies among young, low-SES, black and Hispanic 

children that did not find associations between crime and obesity.37,38 An alternative 

speculation is that interventions including a 2009 change to the Special Supplemental 

Nutrition Program for Women, Infants and Children (WIC) benefits that has improved 

access to healthy foods,57,58 as well as city,59,60 and, research-based61 obesity-prevention 

programs might have disproportionally benefitted young children living in neighborhoods 

of higher poverty and crime, or of different races/ethnicities, contributing to the patterns 

seen in this research.  

 

The findings from this study must be interpreted in light of several limitations. One was 

the lack of data on individual- and family/household-level characteristics for participating 

children. In particular, information about children’s household income, birth weight, 
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health status, diets and physical activity would allow for improved investigation of the 

mechanisms through which neighborhood disadvantage influences weight trajectories. 

The lack of a strong measure of child-level SES is a particular limitation given the 

complex associations between race, SES and obesity.54 As data was collected from 

electronic health records, children were not selected randomly from, and thus may not be 

representative of, all children in their census tracts. Additionally, BMI is not a perfect 

measure of body fat, and the relationship between BMI and adiposity may differ by 

race/ethnicity;62 however, it is still highly correlated with direct measures of adiposity,63 

and has been shown to predict poor health outcomes.10 Finally, census tracts may not 

align with individuals’ own definitions of neighborhood or be the relevant behavioral 

context to influence their perceptions of safety;64 however, this definition was selected to 

facilitate comparisons with other studies and utilize reliable ACS poverty data.  

 

This study investigated longitudinal weight trajectories among a very understudied 

population of low-SES, predominately black and Hispanic children ages 2-5 years. 

Overall, this study found slightly higher levels of overweight and obesity than nationally-

representative cohorts, particularly among white children,3 though obesity prevalence 

was similar to previous reports in low-income children in Maryland4 and overall declines 

in BMI-z from 2007 to 2012 were similar to national trends.3 Unhealthy weight 

trajectories over this age range are known to be important with respect to future obesity 

risk8 and there is increasing acknowledgement that prevention of obesity as early in life 

as possible is critical to addressing the obesity epidemic in general and disparities among 

racial and ethnic minorities specifically.19,65 Through the use of administrative data, a 
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large retrospective cohort of children was constructed that allows for a more diverse 

sample than many prior studies of obesity in low-SES children in this age range which 

have utilized participants in two federal programs: Head Start preschool students ages 4-5 

or WIC participants ages 4 and younger as study participants. Additionally, while all 

administrative crime data is subject to misclassification error as people may be more or 

less likely to report crimes in particular areas, using five years of crime data allows for 

smoothing of annual variations so characterization of crime may be improved over 

previous investigations. Similarly, the 5-year range of ACS data used allows for more 

stable estimates of neighborhood poverty. 

 

In summary, we found that neighborhood poverty and crime showed a complex pattern of 

effects on weight change in early childhood among low-SES black and Hispanic children.  

Simplistic explanations appear inadequate to account for these relationships, and further 

research is clearly needed to fully elucidate the precedents for childhood obesity in these 

at-risk populations. 
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TABLES 

 

Table 3.1 Child demographic characteristics at first 

visit (n=3,684)  

 

Individual variables 

 

n (%) 

Clinic  

   Clinic 1  2,209 (59.96) 

   Clinic 2 1,475 (40.04) 

Age, years  

   2 1,994 (54.13) 

   3 685 (18.59) 

   4 565 (15.34) 

   5 440 (11.94) 

Sex   

   Male 1,858 (50.43) 

   Female 1,826 (49.57) 

Race/Ethnicity  

   Black 2,531 (68.70) 

   Hispanic 904  (24.54) 

   White 249 (6.76) 

Insurance   

   Public 3,360 (91.21) 

   Private 324 (8.79) 

BMI Category (WHO)i  

   At-risk of overweight (<5y) 488 (13.25) 

   Overweight 430  (11.67) 

   Obese 225  (6.11) 

BMI Category (CDC)ii  

  Overweight 616 (19.59) 

  Obese 540 (14.66) 

Neighborhood variables 

Neighborhood Crimeiii  

   Low 831  (22.56) 

   Moderate 1,257 (34.12) 

   High 1,596 (43.32) 

Neighborhood Povertyiv  

   Low 1,655 (44.92) 

   Moderate 1,234 (33.50) 

   High 795 (21.58) 
Notes: iWHO child growth standards cut offs39, “at risk for overweight only 
defined for children <60 mos; iiCDC BMI percentile cut-offs51; 
iiiCategories based on part I crimes per sq. mile from Baltimore Police 

Department records66 from 2006-2010; ixCategories based on proportion of 
census tract households below the federal poverty threshold using 5-year 

American Community Survey data 2008-201244  
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Table 3.2 Mean BMI-z score, by child age and key covariates 

 Mean BMI z-score (SE) 

 

 

Age in Years 

 

2 3 4 5 

Overall 0.803 (0.014)  

Age* 0.913 (0.025)i 0.768 (0.028) 0.747 (0.029) 0.752 (0.032) 

Race* 

  Black 0.841 (0.029) 0.645 (0.033) 0.646 (0.034) 0.652 (0.037) 

  Hispanic 1.140 (0.050)ii 1.075 (0.055)ii 1.069 (0.061)ii 1.042 (0.068)iii 

  White 0.679 (0.094) 0.676 (0.131) 0.526 (0.128) 0.799 (0.137) 

Neighborhood Crime*  

  Low 0.971 (0.052) 0.905 (0.064) 0.895 (0.063) 0.857 (0.064) 

  Moderate 0.777 (0.042)iv 0.661 (0.047)v 0.639 (0.050)v 0.663 (0.055) 

  High 0.985 (0.038) 0.786 (0.042) 0.753 (0.045) 0.769 (0.048) 

Neighborhood poverty* 

  Low 1.000 (0.053) 0.832 (0.063) 0.930 (0.066)vi 0.958 (0.069)vi 

  Moderate 0.897 (0.043) 0.749 (0.049) 0.700 (0.049) 0.660 (0.050) 

  High 0.881 (0.037) 0.751 (0.042) 0.696 (0.044) 0.726 (0.050) 
*  Significant difference in mean BMI-z by group across all ages (p<0.001) 
i Significantly different than age 3, 4, and 5 (p≤0.001); ii Mean BMI-z for Hispanic children significantly different than 

black or white (p<0.01); iii Mean BMI-z for Hispanic children significantly different than black (p<0.001); ivMean BMI-z 

for moderate significantly different than low and high (p≤0.01); vMean BMI-z for moderate significantly different than 
low (p≤0.01); viMean BMI-z for low significantly different than moderate and high (p<0.05). 
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Table 3.3 GEE models for the effects of neighborhood crime, poverty, and poverty by race on BMI-z 

 Crime--All Poverty-Black Poverty-Hispanic Poverty-White 

Independent Variable  

β (SE) 

 

P 

 

β (SE) 

 

P 

 

β (SE) 

 

P 

 

β (SE) 

 

P 

Age  0.000 (0.002) 0.823 0.000 (0.002) 0.987 0.001 (0.003) 0.699 -0.013 (0.005) 0.011* 

Sex -0.117 (0.037) 0.001** -0.143 (0.043) 0.001** -0.118 (0.078) 0.129 0.149 (0.144) 0.300 

Race/Ethnicity      

  Hispanic 0.360 (0.046) 0.000** -- -- -- -- -- -- 

  White -0.044 (0.078) 0.571 -- -- -- -- -- -- 

Insurance -0.051 (0.057) 0.373 0.015 (0.061) 0.805 -0.080 (0.325) 0.806 -0.494 (0.161) 0.002** 
             

Year  -0.065 (0.009) 0.000** -0.072 (0.011) 0.000** -0.054 (0.021) 0.008** -0.010 (0.036) 0.777 

Crime Tertile      

  Moderate 0.160 (0.100) 0.109 -- -- -- -- -- -- 

  High 0.232 (0.094) 0.014* -- -- -- -- -- -- 

Crime Tertile*Age     

  Moderate * Age -0.004 (0.002) 0.046* -- -- -- -- -- -- 

  High * Age -0.005 (0.002) 0.012* -- -- -- -- -- -- 

Poverty Tertile       

  Moderate -- -- 0.270 (0.137) 0.049* 0.081 (0.174) 0.642 -0.318 (0.341) 0.352 

  High -- -- 0.181 (0.132) 0.169 0.076 (-0.184) 0.681 -0.802 (0.424) 0.058 

Poverty Tertile*Age     

  Moderate * Age -- -- -0.006 (0.003) 0.029* -0.002 (0.004) 0.614 0.005 (0.008) 0.529 

  High * Age -- -- -0.005 (0.003) 0.102 -0.002 (0.004) 0.626 0.021 (0.009) 0.017* 

Constant 1.193 (0.114) 0.000 1.207 (0.151) 0.000 1.518 (0.364) 0.000 1.671 (0.406) 0.000 
Note: Reference groups are male, black, public insurance, low crime, low poverty, low crime*age, low poverty*age. Age is measured in months.  

Bold = p<0.10 * = p<0.05 **=p<0.01 
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SUPPLEMENTAL MATERIALS 

Table S3.1 Logistic GEE models for the effects of neighborhood crime and poverty by race on odds of overweight/obesity 

 Crime--All Poverty-Black Poverty-Hispanic Poverty-White 

Independent 

Variable 
  

                    

β  (SE) P β  (SE) P β  (SE) P β  (SE) P 

Age  0.030 (0.004) 0.000** 0.040 (0.007) 0.000** 0.033 (0.006) 0.000** 0.003 (0.019) 0.883 

Sex -0.110 (0.075) 0.143 -0.154 (0.094) 0.102 -0.105 (0.136) 0.443 0.362 (0.334) 0.278 

Race/Ethnicity  

   

                  

  Hispanic 0.654 (0.086) 0.000** -- -- -- -- -- -- -- -- -- 

  White 0.045 (0.172) 0.794 -- -- -- -- -- -- -- -- -- 

Insurance -0.073 (0.138) 0.596 0.051 (0.150) 0.732 0.024 (0.453) 0.958 -1.038 (0.466) 0.026 

Year  -0.096 (0.021) 0.000** -0.083 (0.026) 0.002** -0.100 (0.040) 0.011* -0.238 (0.103) 0.021* 

Crime Tertile  

   

                  

  Moderate -0.410 (0.292) 0.160 -- -- -- -- -- -- -- -- -- 

  High 0.067 (0.273) 0.807 -- -- -- -- -- -- -- -- -- 

Crime Tertile*Age 

   

                  

  Moderate * Age 0.005 (0.006) 0.378 -- -- -- -- -- -- -- -- -- 

  High * Age -0.002 (0.005) 0.693 -- -- -- -- -- -- -- -- -- 

Poverty Tertile   

   

                  

  Moderate -- -- -- 0.403 (0.461) 0.382 0.220 (0.427) 0.606 -0.282 (1.100) 0.798 

  High -- -- -- 0.274 (0.428) 0.521 0.136 (0.424) 0.748 -0.684 (1.230) 0.578 

Poverty 

Tertile*Age 

   

                  

  Moderate * Age -- -- -- -0.011 (0.009) 0.202 -0.007 (0.009) 0.408 0.013 (0.025) 0.593 

  High * Age -- -- -- -0.006 (0.008) 0.422 -0.007 (0.009) 0.428 0.022 (0.025) 0.384 

Constant -2.325 (0.291) 0.000 -2.938 (0.439) 0.000 -1.835 (0.604) 0.002 -0.388 (1.307) 0.766 
Note: Reference groups are male, black, public insurance, low crime, low poverty, low crime*age, low poverty*age. Age is measured in months.  

Bold = p<0.10 * = p<0.05 **=p<0.01 
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CHAPTER 4: LOW-INCOME BLACK AND HISPANIC CHILDREN’S 

NEIGHBORHOOD FOOD ENVIRONMENTS AND WEIGHT TRAJECTORIES 

IN EARLY CHILDHOOD 
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ABSTRACT 

Background: Obesity rates are high among young black and Hispanic children, which 

places them at risk for health problems and future obesity. Neighborhoods with 

predominately racial and ethnic minority residents have environments with fewer healthy 

and more unhealthful food options, which may contribute to poor diets and obesity 

disparities. Yet few studies have assessed the relationship between food environments 

and obesity in this population.  

Methods: Electronic health records from two clinics serving predominately low-income, 

black and Hispanic children were used to create a cohort of 3,684 children ages 2 to 5 

encompassing 7,130 visits from 2007 to 2012. Longitudinal regression was used to model 

the relationship between body mass index z-score (BMI-z) trajectories from age 2 to 5 

years and 3 characteristics of children’s neighborhood food environments: healthy food 

availability, stores accepting the Special Supplemental Nutrition Program for Women, 

Infants and Children (WIC) benefits, and fast food availability.  

Results: Compared to peers in neighborhoods with no or few stores accepting WIC, 

children in neighborhoods with many WIC stores had higher BMI-z at age 2 years 

(β=0.202 SE=0.100; p=0.044), but more rapidly decreasing BMI-z trajectories (β=-0.004 

SE=0.002; p=0.074) and lower predicted BMI-z by age 6 (p=0.035). No relationship was 

found between healthful food or fast food availability and BMI-z levels or trajectories. 

Conclusions: The availability of WIC stores may be an important characteristic of young 

black and Hispanic children’s neighborhood food environments with respect to their 

weight trajectories between age 2 and 5 years. The influence of the food environment on 

health is complex and requires further study.   
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INTRODUCTION 

 

Childhood obesity is a grave concern in the US even among the youngest children.1 

Obesity among children ages 2 to 5 years has been linked to both contemporaneous 

health problems2–4 and increased risk of obesity in adolescence,5 and adulthood,6–9 with 

its associated comorbidities.10 Overall, in 2011-2012 8.4% of children ages 2 to 5 years 

were already obese, which represented a significant decline from 13.9% in 2003.11 

However, some groups of young children still suffer a disproportionate burden. Obesity 

prevalence in 2011-2012 was much higher among racial and ethnic minority children: 

17% among Hispanic children and 11% among non-Hispanic black children.11 Obesity is 

also higher among young children of low socioeconomic status (SES).12 In 2011 15.3% 

of low-income children in Maryland were obese.12 

 

Correlates of risk of obesity in early childhood are multifactorial and include non-

modifiable factors such as genetic predisposition13,14 and prenatal exposures,15 but also a 

child’s diet quality and quantity.16 The 2008 Feeding Infants and Toddlers Study (FITS) 

found that on a typical day over 80% of children ages 24-47 months consumed at least 

one sweetened beverage, dessert, or candy, while nearly a quarter failed to eat even a 

single serving of fruit or vegetables.17,18 Moreover, the most frequently consumed 

vegetable was french fries.17,18 Such typical diets among young children contribute to 

positive energy balance and unhealthy weight gain.17,18 Higher rates of unhealthful 

dietary behaviors such as consumption of sweetened beverages and fast food19,20 

contribute to the disparate risk of obesity facing young black and Hispanic children.21  
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Spurred by recent calls to address obesity and its behavioral antecedents from an 

ecological and systems perspective,22,23 a growing body of literature investigates the 

influence of individuals’ food environments on their dietary intake and weight.24 Previous 

research in older children and adults suggests a relationship between obesity and 

neighborhood food environment—chiefly characterized by access to supermarkets, fast 

food restaurants, and convenience stores—though studies have reported mixed 

associations, likely at least in part due to differences in defining the exposure.25–28  

 

The review conducted in Chapter 2 found that few studies investigating the relationship 

between food environments and obesity had results that were generalizable to low-SES 

black and Hispanic children. This is important as interactions between these children and 

their food environments may differ due to cultural factors,29,30 chronic stress,31 

discrimination,32 and exposure to a disproportionate quantity of targeted advertising for 

non-nutritious foods.33 Additionally, neighborhoods with predominately racial/ethnic 

minority residents often have food environments with less healthful foods, but ready 

access to fast food and convenience stores stocked with sweetened beverages and 

snacks.29,34–37 Qualitative evidence also shows that parents of young, low-SES, racial and 

ethnic minority children cite shopping for foods as a barrier to feeding their children 

healthy foods.38,39 

 

Little previous research investigates the contributions of neighborhood food 

environments to obesity in young black and Hispanic children.25 Burdette and Whitaker 



 

 

 
112 

found no relationship between the proximity of the nearest fast food restaurant to a 

child’s home and weight among children participating in the WIC.40 Chaparro et al. 

found a relationship between healthy food availability in neighborhoods with high 

number of healthy food outlets (i.e., supermarkets and vegetable stands) per square mile, 

but no relationship between unhealthy food outlets (i.e., fast food, convenience stores and 

liquor stores) and adiposity in a sample of predominately Hispanic WIC participants.41  

 

Previous studies have examined this question in school-aged and adolescent black and 

Hispanic youth and found a protective effect of higher availability of healthy foods42 and 

supermarkets43 and a detrimental effect of fast food44 and convenience stores43,45,46 on 

obesity. The review described in Chapter 2 demonstrates that the existent literature does 

not provide a coherent picture of the relationship between characteristics of these 

children’s food environments and their weight. For example, of the 9 studies identified 

investigating the relationship between obesity and supermarket access one reported a 

protective effect, 5 a null relationship, and two a detrimental effect. Similarly, of the 9 

studies investigating fast food access 6 found a null relationship, one found that fast food 

was actually protective and one detrimental. Furthermore, this review demonstrated that 

many prior studies are limited by methodological constraints. For instance, the majority 

are limited to a single point in time, many include statistical analyses that fail to properly 

control for the clustering of children in neighborhoods, and almost all relied on proxies 

for healthy food availability such as the presence of a supermarket in lieu of directly 

assessing the presence of healthy foods.  
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This study examined the influence of 3 characteristics of the neighborhood food 

environment thought to be particularly relevant to low-income black and Hispanic 

families with young children—availability of healthy foods, WIC certified stores, and 

fast food restaurants—on weight trajectories of young children. The study was conducted 

in a longitudinal sample of predominately low-income black and Hispanic children ages 2 

to 5 years living in Baltimore, Maryland from 2007-2012.  

 

METHODS 

 

Study population and setting 

The study was conducted using a large retrospective cohort previously developed from 

electronic health records from two pediatric clinics at a large academic medical center. 

Both clinics serve primarily racial/ethnic minority patients (clinic 1: 98% black, clinic 2: 

60% Hispanic) utilizing public insurance (clinic 1: 75%, clinic 2: 90% Medicaid). 

Children were included in the study if they were between the ages of 2 and 5 years when 

they visited either clinic for a well-child visit between October 2007 and October 2012. 

Children’s characteristics including their height, weight, home address, date of birth, sex, 

race/ethnicity, and insurer were extracted from electronic health records for the most 

recent visit where height and weight were measured in each calendar year 2007-2012. 

Charts were manually reviewed to obtain missing patient data. 

 

These records identified 5,433 children over 10,975 visits that fit the initial inclusion 

criteria. Visits with missing or unclear records for children’s height, weight, sex, 
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race/ethnicity, or insurer were excluded (n=382) as were the small number of children 

whose race/ethnicity was not listed as white, black or Hispanic (n=31). If a child’s 

race/ethnicity varied across visits they were assigned the most common value. Visits 

where height, weight, or body mass index z-score were greater than five standard 

deviations above or below the mean values for the child’s age and sex (n=377) were 

excluded based on the World Health Organization (WHO) guidelines for identifying 

biologically implausible values.47 

 

Children’s home addresses at each visit were geocoded using ArcGIS Version 10.2.2.48 

Visits with children living outside the limits of Baltimore City (n=2,769), or whose 

addresses were not able to be geocoded because address information was missing or 

invalid (n=286) were excluded. Children were assigned to the 2010 census tract 

encompassing the given address at each visit, which was used to define the their 

neighborhood. The median census tract in Baltimore City is 0.30 square miles 

(IQR=0.32m2). A half-mile (about 1km) is generally considered a reasonable walking 

distance for adults.49 Other research in Baltimore City utilizes community statistical areas 

to define neighborhoods,50 but while these definitions are designed to more closely reflect 

residents’ definitions of neighborhoods they are geographically larger and therefore less 

reflective of retailers within walking distance. 

 

Dependent Variables 

The main dependent variables of interest were levels and trajectory of body mass index z-

score and trajectory of change in odds of overweight/obesity from ages 2 to 5 years. 
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Children’s body mass index (BMI) was calculated [BMI=weight(kg)/height(m)2] using 

the measured height and weight information from the health record. Their age- and sex-

specific BMI z-score (BMI-z) and BMI category were calculated using the 2006 World 

Health Organization (WHO) Child Growth Standards47 for children <60 months of age 

and the WHO 2007 growth reference for school-aged children and adolescents51 for 

children ≥60 months of age. WHO BMI categories differ for children younger than age 5. 

As such, children younger than 60 months of age were classified as “at risk of 

overweight” if their BMI-z was >1, overweight if BMI-z was >2, or obese if BMI-z was 

>3. Children greater than 60 months of age were classified as overweight if their BMI-z 

was >1, or obese if BMI-z was >2.52 

 

Independent Variables 

Three primary independent variables of interest—healthy food, WIC store, and fast food 

availability—were used to capture two separate aspects of the food environment that have 

been hypothesized to contribute to unhealthy weights outcomes.53–55 The first, a dearth of 

nutritious foods available to purchase (colloquially referred to as a ‘food desert’) and the 

second a preponderance of unhealthy foods (or, in the popular press, a ‘food swamp’) in a 

geographic area.  

 

Healthy Food Availability Index 

The availability of healthy foods was characterized by the average Healthy Food 

Availability Index (HFAI) score in a child’s neighborhood. In 2012, the Johns Hopkins 

Center for a Livable Future (CLF) conducted a comprehensive survey of over 900 food 
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retailers in Baltimore City including supermarkets, small groceries, specialty stores (e.g., 

bakeries), discount stores (e.g., dollar stores), convenience stores, corner stores (including 

‘behind the glass’ stores where patrons must ask clerks to select their products from 

behind bullet-proof glass), and gas stations.56 This study was conducted in partnership 

with Baltimore City to inform policy decisions. As has been previously described,56,57 

CLF staff used a modified version of the Nutrition Environment Measurement Survey 

(NEMS) environmental audit instrument to assess the presence of specific nutritious 

foods (e.g., fruits, vegetables, low fat milk, whole grain products) at each retailer to 

generate a Healthy Food Availability Index (HFAI) score between 0 and 28.5. An 

average corner store (i.e., small convenience store or bodega occupying the first floor of a 

row house) or small grocery had an HFAI of 9.8; whereas supermarkets had an average 

score of 27.1 A copy of the HFAI survey instrument is included as Figure S4.1.56 

 

HFAI scores from all retailers in a given census tract were aggregated and the mean 

HFAI score across these retailers was used to define healthy food availability for each 

tract.  The distribution of mean scores across the 172 census tracts in which retailers were 

present and surveyed in Baltimore City were used to define tertiles of healthy food 

availability. Twenty-eight census tracts had average HFAI scores of zero because there 

were no food stores and were categorized separately (‘no stores’), given a hypothesized 

differential relationship between healthy food availability and child’s weight for those 

children living in tracts with no food stores as compared to those where food, regardless 

of its healthfulness, was available to purchase. See Table 4.1 for ranges of mean HFAI 

score for tracts defined as having low, moderate, or high healthy food availability. 
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WIC Store Availability 

The density of WIC certified stores in a child’s neighborhood was investigated as another 

measure of healthy food availability as these stores must carry a proscribed number and 

variety of healthy foods.58 Further, as one component of accessibility is cost,49 and many 

of these children would be eligible for WIC benefits that reduce costs for some healthy 

foods, it was hypothesized that easy access conferred by geographic proximity might 

assist with utilizing these benefits. The 2012 CLF food store survey described previously 

was used to identify the presence of food stores accepting WIC in census tracts. The 

number of stores accepting WIC benefits were aggregated within each census tract and 

divided by the size of the tract in square miles to obtain the geographic density of WIC 

stores per tract. The 92 census tracts with no stores accepting WIC benefits were 

categorized separately (‘no stores’) and the remaining 108 census tracts in Baltimore City 

were classified as having low, moderate, or high WIC store availability based on the 

distribution of WIC store density (Table 4.1).  

      

Fast Food Availability  

The density of fast food outlets in a child’s residential census tract characterized 

unhealthy food availability as fast food intake has been noted as a potential contributor to 

increased obesity among black and Hispanic children.21 Fast food restaurant information 

was obtained from a August 2011 Baltimore City Health Department list and a 2012 list 

of Baltimore City food outlets purchased from InfoUSA and validated using a limited 

Google Street View audit.59 Using the North American Industry Classification System 

(NAICS)60 fast food restaurants were defined as food restaurants where customers pay 
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before eating their meal and included both those belonging to national chains as well as 

locally owned pizzerias, delis, fried chicken restaurants, and carry-outs. A detailed 

description of the identification, validation, and mapping of these stores has been 

previously published.28   

 

Census tracts were classified as having a high, moderate, or low availability of fast food 

based on the number of fast food restaurants per square mile. The 40 census tracts with 

no fast food were categorized separately (“no stores”). Low, moderate, and high 

categories were assigned based on the distribution of fast food outlets/sq. mile across the 

160 census tracts with fast food outlets in Baltimore City. (Table 4.1)  

 

Covariates 

Directed Acyclic Graphs (DAGs) were used to develop causal models for each exposure 

and to determine the set of minimally sufficient adjustment variables for each model.61,62 

The final models exploring the effects of HFAI score and fast food availability both 

controlled for a child’s age, sex, race, insurance status (public vs. private) and calendar 

year.  The final models exploring the effects of WIC store availability controlled for all 

aforementioned variables as well as neighborhood SES, operationalized as the number of 

households living beneath the federal poverty threshold using 5-year estimates from the 

American Community Survey (ACS) 2008-2012, and for the presence of a supermarket 

as classified in the 2012 CLF survey56 in a given census tract.  Original DAGs did not 

include calendar year, which was added when bivariate analyses indicated an overall 

decline in BMI-z across the study population from 2007-2012. 
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Statistical analysis 

Descriptive statistics and exploratory analyses were conducted both cross-sectionally and 

longitudinally by the child’s age, calendar year, and visit number. One-way ANOVA and 

pairwise comparisons with Bonferroni corrections were used to characterize differences 

in BMI-z across demographic characteristics. Separate models for each of the 

neighborhood exposures were developed given the interest in measuring the independent 

contributions of each independent variable.  

 

Longitudinal regressions were used to model the relationship between characteristics of 

the neighborhood food environment and change in BMI-z over time.  Regression 

inference was based on generalized estimating equations (GEE) with robust variance 

estimates to account for the within (over time) participant correlation.63 Logistic based 

GEE regressions were used when modeling the relationship between the neighborhood 

exposure and odds of having a BMI considered overweight or obese vs. normal or 

underweight. Initially, multi-level models with children nested within neighborhoods 

were considered, but were not used given the very small amount of clustering in BMI-z 

occurring at the neighborhood level.64 Given the interest in determining if growth 

trajectories were influenced by these different characteristics of a child’s neighborhood 

food environment the main dependent variable of interest in each model was the 

interaction between child age and neighborhood healthy food, WIC store, and fast food 

availability (in respective models). Final model estimates were used to plot the predicted 

levels and trajectories of BMI-z at age 24, 36, 48, 60, and 72 months and to test for 
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statistically significant differences using the lincom command for tests of linear 

combinations. 

 

Prior to finalizing models, three-way interaction terms between two hypothesized effect 

modifiers (race/ethnicity and sex), age, and each neighborhood exposure were added to 

respective models. Unless post-hoc estimation Wald tests indicated that trajectories might 

differ (p<0.10) models that pooled across these variables were used. Using the same 

process the presence of a grocery store was also explored as an effect modifier for the 

model examining the relationship between neighborhood HFAI and BMI-z.  

 

Sensitivity analyses 

Several sensitivity analyses were conducted. As a moderate number of children moved 

between census tracts over the study period, demographic differences between children 

who lived in different census tracts over the course of the study compared to their peers 

who did not were evaluated using Pearson’s χ2 tests. To see if results were robust to the 

chosen categorization of independent variables different categorizations of neighborhood 

exposures were explored using the distribution of exposures across all city census tracts 

as well as the study population as references and using different numbers of categories. 

For models examining weight category outcomes, models were compared both with and 

without the inclusion of children classified as underweight. Results were also assessed to 

determine their robustness to using CDC reference values for z-scores and BMI category 

cut-offs,65 though WHO values for models are reported as they may be more accurate for 
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children between 24 and 60 months of age.52 Model selection and checking is described 

in detail in Appendices A and D. 

 

All analyses were conducted using Stata Version 12.66  

 

RESULTS 

 

Study population 

Results are reported for the final sample of 3,648 children over 7,130 visits. Child 

characteristics at their first included visit are reported in Table 4.2. There was at least one 

child living in 189 of the 200 census tracts within Baltimore City (95%). Using WHO 

benchmarks, 15% of Hispanic children were overweight and 9% were obese at their first 

visit. This was higher than for black or white children who had similar rates with 5% and 

6% classified as obese and 10% and 13% as overweight, respectively. Overall rates of 

overweight (20%) and obesity (15%) were higher when CDC cut-offs were applied.  

Forty-two percent of children had one visit included in the study, 31% had two, 18% 

three and 9% had four or five. Most children (83%) did not list addresses in multiple 

census tracts over the course of the study. Children who had public insurance, were 

black, or visited clinic 1 were more likely to have moved between census tracts over the 

course of the study. The vast majority of children (91%) received health insurance 

through state or federal programs for low-income children (‘public insurance’).  
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Overall mean BMI-z was 0.803 (SE=0.014). Bivariate relationships between selected 

demographic characteristics and all food environment exposures are included in Table 

4.3. Mean BMI-z was higher among children at age 2 years than 3 to 5 years of age. 

Hispanic children had higher mean BMI-z scores than black children across all ages and 

than white children at all ages except 5 years. At age 2 years children with public 

insurance had higher BMI-z than those with private insurance, but this was not true for 

older children. 

 

Adjusted GEE regression results for neighborhood food environment and BMI-z 

trajectory from 2-5 years 

Results for separate models exploring the effects of 3 different characteristics of 

children’s neighborhood food environments—healthy food availability (HFAI), WIC 

store availability, and fast food availability—are included in Table 4.4. All models found 

similar relationships between demographic control variables and BMI-z. All else equal, 

girls had slightly lower BMI-z than boys (p=0.001 in all models) and Hispanic children 

had higher BMI-z compared to black children (p<0.001 in all models). From the year 

2007 to 2012 there was an average annual decrease of 0.065 standard deviations of BMI-

z (SE=0.009; p≤0.001) controlling for all other factors. 

 

Neighborhood Healthy Food Availability 

There were no statistically significant differences in BMI-z levels or trajectories across 

different categories of healthy food availability (Table 4.4). Models including three-way 

interaction terms testing for effect modification by race/ethnicity, sex, and the presence of 
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a supermarket did not indicate that the relationship between healthy food availability and 

BMI-z differed for children by these factors, so the final model pools across these 

characteristics. Similarly, no differences in predicted BMI-z levels at ages 24, 36, 48, 60, 

and 72 months were found. Results were the same when z-scores based on the CDC 

reference values were used. 

 

WIC Store Availability 

Results suggest that BMI-z score at age 2 was significantly lower among children living 

in neighborhoods with no WIC stores as compared to their peers living in neighborhoods 

with high availability. The model also predicted more rapidly decreasing BMI-z over 

time with increased WIC store availability following a dose-response relationship. 

Compared to those with no WIC stores in their neighborhoods, children in neighborhoods 

with the highest WIC store availability fell 0.004 standard deviations per month of age 

(β=-0.004 SE=0.002; p=0.074), though these differences in slope did not reach statistical 

significance. (Table 4.4) Non-significant three-way interaction terms for race and sex 

indicated no effect modification by these factors so the final model pools across them. 

 

See Figure 4.1 for a diagram of predicted trajectories by WIC store availability. At age 2 

predicted BMI-z among children with high WIC store availability was greater than those 

with no stores (p=0.050) or low availability (p=0.030). But by age 6 it was significantly 

lower than for those with low WIC store availability (p=0.035). The same relationships 

were found between BMI-z and WIC store availability when CDC BMI-z were used, 

however the differences between children in high WIC store availability and no WIC 
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store availability neighborhoods at age 2 (β=0.227 SE=0.100; p=0.023) and their 

trajectories (β=-0.004 SE=0.002; p=0.046) reached statistical significance. Clinically, 

using the CDC reference population and cutoffs, the model predicts that the average boy 

in neighborhoods with high WIC availability would maintain his weight percentile from 2 

to 6 years at the 85th percentile, just at the cusp of the overweight designation. In 

comparison, the average boy in a neighborhood with no WIC stores available would 

move from the 76th percentile at age 2 years to the 86th percentile by age 6 years, moving 

from a classification of normal weight to overweight.65 

 

Fast Food Availability 

There were no significant differences between BMI-z trajectories by categories of 

neighborhood fast food availability (Table 4.4). Differences in predicted BMI-z by 

children living in neighborhoods with no fast food restaurants had significant lower BMI-

z compared to those with a low number of fast food restaurants at age 5 (difference of 

0.14 SDs; p=0.037) and 6 years (difference of 0.19 SDs; p=0.030). No significant 

differences were found between other categories or ages. Pooled models are presented, as 

there was no evidence of effect modification by race/ethnicity or sex. When the outcome 

was assessed using BMI-z from the CDC reference there was a statistically significantly 

difference between BMI-z trajectory in children in low fast food availability 

neighborhoods and those in neighborhoods with no fast food stores (β= 0.006; SE= 

0.003; P=0.015), but no other differences were observed.  

 



 

 

 
125 

Adjusted logistic GEE regression results for neighborhood food environment and change 

in the odds of overweight/obesity from 2-5 years 

Logistic GEE models (reported in supplemental Table S4.1) did not find any difference 

in the odds of being overweight or obese or the change in those odds from age 2 to 5 

years by exposure to any measures of the neighborhood food environment. In all cases 

patterns were similar to those reported for BMI-z, but failed to reach statistical 

significance. These findings were consistent if CDC BMI cut-points were used to define 

overweight and obese and when underweight children were dropped from the model.   

 

DISCUSSION 

 

Using a large retrospective cohort of predominately low-SES, black and Hispanic 

children ages 2 to 5 years developed from electronic medical records, this study found 

evidence of a relationship between a child’s neighborhood food environment and their 

weight trajectories. Children with the highest availability of WIC stores at age 2 years 

had higher BMI-z scores, but saw more rapid declines over time as compared to their 

peers with the least availability of certified stores in their neighborhoods, though these 

differences in slope were only statistically significant at the p<0.1 level. However, the 

model developed did predict that by age 6 children living in neighborhoods with the 

greatest availability of WIC stores had BMI-z scores 0.21 standard deviations of BMI-z 

lower than peers with no WIC certified stores in their neighborhood. This is similar to the 

average effect size seen in obesity prevention interventions in children ages 0 to 5 years 

(-0.26; 95% CI: -0.53 to 0.00) in a recent Cochrane review.67  
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All characteristics of the neighborhood food environment investigated were not equally 

predictive. The study did not find evidence of a relationship between neighborhood 

healthy or fast food availability on BMI-z score trajectories. Even when adjusting for 

differences in children’s neighborhood food environments and other covariates, this study 

found a secular decrease in BMI-z score of 0.065 standard deviations from 2007 to 2012 

among the low-income, mostly black and Hispanic population, which is similar to the 

decline seen in nationally representative studies conducted over this period.11 

 

This study is the first non-ecological study to investigate geographic availability of stores 

certified to accept WIC benefits and weight. Salois (2012) found that county-level WIC 

store density was associated with lower prevalence of obesity among low-income 

children aged 2–4 years.68 A previous study also found that increased presence of WIC 

stores around schools in low-income neighborhoods increased the kinds and amount of 

healthy food available to children at those schools.69 As the study clinics do not collect 

information on WIC participation it is not clear how many of the children in this study 

participated; however the 91% of participants receiving public insurance would have 

been eligible for WIC benefits based on their income and eligibility for Medicaid. On 

average, 70.5% of eligible participants in Maryland participate in the program, so it is 

reasonable to assume that the majority of study participants also receive WIC benefits.70  

 

Prior studies have found mixed results linking participation in WIC to adiposity.71 These 

results suggest that further investigations of the relationship between WIC participation 
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and child growth should consider the neighborhood availability of WIC stores as a 

potential mediator between participation and weight status. WIC stores have always been 

subject to requirements to stock certain healthy foods, but this study also spanned the 

introduction of 2009 revisions to the WIC program that enacted changes to the types of 

foods for which participants are given vouchers and the variety of healthy foods that must 

be offered at any store that is certified to accept WIC benefits.58 These changes spurred a 

significant amount of research that suggests that this change improved the availability 

and variety of healthy foods in WIC stores,28,72,73 which improves healthy food 

availability for all residents regardless of their participation in the program. This study is 

not designed to assess if the 2009 changes influenced BMI-z trajectory. However, further 

research should evaluate if the improved accessibility of healthy foods influenced child 

weight.  

 

The significantly higher mean BMI z-score among 2-year-old children with high WIC 

store availability compared to children of the same age with lower availability of WIC 

stores was unexpected. One potential mechanism to explain these results may be infant 

feeding. Mothers receiving WIC benefits remain less likely to breastfeed than non-

participants,71 despite the extra incentives to breastfeed added in the 2009 revisions, and 

formula must be available for a store to be WIC certified.58 Studies have shown formula-

fed infants have higher BMIs as young children.16,74,75 It is possible that parents of study 

children in neighborhoods with more WIC stores were more likely to formula feed or to 

feed more formula compared to parents of children in neighborhoods with fewer WIC 

stores. This may have resulted in higher BMI-z scores among their children at age 2 years 
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that did not persist as they aged. Further research is needed to replicate this study among 

a larger group of children in different cities to determine the robustness of this finding 

and investigate potential mechanisms. 

 

Chaparro et al. conducted the sole previous longitudinal study investigating the 

relationship between the neighborhood food environment and adiposity in children over a 

very similar age range (ages 1 to 4 years) and found a relationship between healthy food 

availability and child adiposity. However, their measure relied on a proxy for healthy 

food availability (the number of supermarkets and vegetable stands per square mile)41 

instead of a direct measure of healthy food availability as was used here. This may 

account for the lack of association found between the measured HFAI and BMI-z in this 

study. Two large longitudinal studies of the relationship between the food environment 

and weight in older children also found no association,76,77 though a prior cross-sectional 

study conducted in Baltimore utilizing HFAI data collected in 2006 in some parts of the 

city and imputed across the city did find a relationship between the availability of healthy 

foods along school-aged children’s paths to school and reduced BMIs.42 

 

Among low-SES black and Hispanic children in this age range, Chaparro et al. also found 

no association between neighborhood unhealthy food availability, which included fast 

food outlets, and weight trajectories41 as did a prior cross-sectional study of fast food 

availability and weight conducted by Burdette and Whitaker.40 As described in Chapter 2, 

prior studies in older black and Hispanic children have found mostly null associations 

between fast food availability and weight. Taken together, these findings suggest that the 



 

 

 
129 

geographic availability of fast food may not be a large contributor to racial/ethnic 

differences in obesity.   

 

Defining and measuring the neighborhood food environment is complex: prior studies 

utilize different definitions of the relevant behavioral context and different exposures to 

characterize healthy and unhealthy food availability, all of which likely contributes to the 

mixed findings regarding its contribution to obesity.25,36,78 Additionally, people do not 

always shop for food or dine at restaurants near their homes so this study and others like 

it only capture one part of food access.49 However, prior research in Baltimore indicates 

that among low-income families the availability of foods near to home is an important 

contribution to their accessibility.54,56,79 Among these populations, the proximity of a 

supermarket to their homes has been cited as the most important factor in choosing to 

shop there,54 about 20% of spending on food has been shown to be at nearby corner 

stores,79 and a third of all residents who shop at such stores visit 3 or 4 times per week.54 

Interventions to improve the availability of healthy food in these neighborhoods have 

been shown to improve diets of adult residents.79  

 

This study investigates longitudinal weight trajectories among an understudied 

population of predominately black and Hispanic children ages 2-5 years at high risk for 

obesity.11 A large retrospective cohort of children between ages 2 and 5 years was 

constructed using electronic health records from a two pediatric clinics. As such, children 

in this study were not selected randomly from, and thus may not be representative of, all 

children in their census tracts. However, it allows for a broader sampling frame with 
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respect to age and program participation than many prior studies of obesity in low-SES 

children in this age range that have used Head Start or WIC participants, typically 

between the ages of 3 to 5 or 2 to 4, respectively. Children who participate in these 

programs may be different from those attending well-child visits. Census tracts may not 

align with individuals’ own definitions of neighborhood or be the relevant behavioral 

context to influence their perceptions of food availability;80 however, this definition was 

to align with previous studies and utilize reliable ACS poverty data. 

 

Another limitation of the use of electronic health records is the lack of robust data on 

child- and family-level characteristics that could further elucidate pathways through 

which the food environment operates to affect weight outcomes. Future studies of this 

kind should incorporate improved information about children’s birth weight, infant 

feeding, health status and diet as well as their family’s income and food shopping habits. 

Additionally, BMI is not a perfect measure of body fat, and the relationship between BMI 

and adiposity may differ by race/ethnicity.81 However, even among black and Hispanic 

children BMI is still highly correlated with direct measures of adiposity82 and has been 

associated with poor health outcomes.6   

 

Finally, this study assumes neighborhood food environments are static by using data from 

2011 and 2012 to characterize neighborhood food environments over the course of this 

study from 2007 to 2012. This may result in misclassification of children who lived in 

census tracts that saw large changes in healthy food, WIC store, or fast food availability 

over the course of the study, which could bias study results. There is some evidence that 
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the availability of healthy foods and stores accepting WIC in Baltimore City increased 

from 2006-2012, evidence suggests that changes were randomly distributed throughout 

the city.28,56 Furthermore, neighborhoods with low healthy food availability were likely to 

remain low, even if specific outlets changed.28,56 This choice was made to utilize the high 

quality ‘ground-truthed’ healthy food availability data only available for 2012, but future 

longitudinal studies should allow for time-varying definitions of the neighborhood food 

environment. 

 

In summary, this study identified access to WIC stores as a predictor of decreasing BMI-

z scores over time in a group of predominately black and Hispanic, low-SES children 

ages 2 to 5, but did not find a relationship between other characteristics of their 

neighborhood food environments and weight trajectories. The relationship between food 

environments and health is complex and future research is needed to elucidate how it 

contributes to disparities in obesity among children of racial and ethnic minority groups.  

  



 

 

 
132 

TABLES 

 

Table 4.1 Definitions of neighborhood food 

environment variables  

 

Variable 

 

Range 

Healthy Food 

Availabilityi 

Mean HFAI score 

  No stores 0 

  Low 0-7.8 

  Moderate 7.9-10.7 

  High 10.8-28.5 

WIC Store Availabilityii Stores per sq. mile 

  No stores 0 

  Low 0.6 - 3.5 

  Moderate 3.6-8.6 

  High 8.7-46 

Fast Food Availabilityiii Stores per sq. mile 

  No stores 0 

  Low 0.8-7.6 

  Moderate 7.7-19.0 

  High 19.1-317.1 
Note: iMean HFAI score of all census tract retailers; iiThe total 

number of stores accepting WIC benefits within each census tract and 
divided by the size of the tract in sq. miles; iiiThe total number of fast 

food restaurants within a given census tract divided by the size of the 

tract in sq. miles. 
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Table 4.2 Child demographic characteristics at first visit (n=3,684)  

Variable n (%) 

Clinic  

   Clinic 1  2,209 (59.96) 

   Clinic 2 1,475 (40.04) 

Age, years  

   2 1,994 (54.13) 

   3 685 (18.59) 

   4 565 (15.34) 

   5 440 (11.94) 

Sex   

   Male 1,858 (50.43) 

   Female 1,826 (49.57) 

Race/Ethnicity  

   Black 2,531 (68.70) 

   Hispanic 904  (24.54) 

   White 249 (6.76) 

Insurance   

   Public 3,360 (91.21) 

   Private 324 (8.79) 

BMI Category (WHO)i  

   At-risk of overweight (<5y) 488 (13.25) 

   Overweight 430  (11.67) 

   Obese 225  (6.11) 

BMI Category (CDC)ii  

  Overweight 616 (19.59) 

  Obese 540 (14.66) 

Neighborhood Characteristics 

Mean % Poverty (SE)iii 24.48 (14.77) 

Supermarket present 671 (18.21) 

Healthy Food Availabilityiv  

   No stores 257 (6.98) 

   Low 1,143 (31.03) 

   Moderate 1,145 (31.08) 

   High 1,139 (30.92) 

WIC Store Availabilityv  

   No stores 1,184 (32.14) 

   Low 882 (23.94) 

   Moderate 644 (17.48) 

   High 974 (26.44) 

Fast Food Availabilityvi  

   No stores 466 (12.65) 

   Low 1,003 (27.23) 

   Moderate 1,037 (28.15) 

   High 1,178 (31.98) 
Notes: iWHO child growth standards cut offs47, “at risk for overweight only defined for children <60 mos; iiCDC 

BMI percentile cut-offs65; iiiProportion of census tract households below the federal poverty threshold using 5-
year American Community Survey data 2008-2012; ivCategories based on mean census tract HFAI scores from 

2012 CLF56 survey; vCategories based on the number of stores accepting WIC per sq. mile in a census tract in 

2012; viCategories based on number of fast food restaurants per sq. mile in a census tract in 2011/2012. 
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Table 4.3 Mean BMI-z, by child age in years and key covariates 

 Mean BMI z-score (SE) 

 

 

Age (Years) 

 

2 3 4 5 

Overall 0.803 (0.014) 

Age 0.913 (0.025)1 0.768 (0.028) 0.747 (0.029) 0.752 (0.032) 

Race 

  Black 0.841 (0.029) 0.645 (0.033) 0.646 (0.034) 0.652 (0.037) 

  Hispanic 1.140 (0.050)2 1.075 (0.055)2 1.069 (0.061)2 1.042 (0.068)3 

  White 0.679 (0.094) 0.676 (0.131) 0.526 (0.128) 0.799 (0.137) 

Insurance 

  Public 0.935 (0.026) 4  0.780 (0.030) 0.746 (0.031) 0.746 (0.033) 

  Private 0.656 (0.081)  0.630 (0.099)  0.750 (0.104)  0.820 (0.113) 

Neighborhood Healthy Food Availability 

  No stores 0.748 (0.093) 0.584 (0.103) 0.587 (0.095) 0.559 (0.101) 

  Low 0.941(0.044) 0.756 (0.053) 0.789 (0.053) 0.775 (0.060) 

  Moderate 0.893 (0.046) 0.801 (0.049)  0.777 (0.056) 0.721 (0.053) 

  High 0.938 (0.047) 0.787 (0.051) 0.718 (0.052) 0.810 (0.060) 

Neighborhood WIC Store Availability 

  No stores 0.905 (0.043) 0.694 (0.052)5 0.703 (0.051) 0.767 (0.057) 

  Low 0.863 (0.048) 0.909 (.056)6    0.883 (0.059) 0.836 (0.064) 

  Moderate 0.870 (0.061)  0.608 (0.064)7 0.667 (0.067) 0.673 (0.075) 

  High 0.994 (0.048)  0.839 (0.056) 0.732 (0.060) 0.716 (0.062) 

Neighborhood Fast Food Availability 

  No stores 0.850 (0.066) 0.702 (0.075) 0.553 (0.076)5 0.610 (0.085) 

  Low 0.966 (0.048) 0.866 (0.056) 0.825 (0.056) 0.787 (0.059) 

  Moderate 0.875 (0.0429) 0.698 (0.0526) 0.749 (0.055) 0.723 (0.060) 

  High 0.926 (0.047) 0.778 (0.051) 0.765 (0.053) 0.807 (0.057) 
Notes: 1 Significantly different than age 3, 4, and 5 (p≤0.001); 2 Mean BMI-z for Hispanic children significantly different than 
black or white (p<0.01); 3 Mean BMI-z for Hispanic children significantly different than black (p<0.001); 4 Mean BMI-z for 

children with public insurance different than private (p<0.01); 5 Mean BMI-z for no stores significantly different than low 

(p<0.05); 6 Mean BMI-z for low significantly different than moderate (p<0.05); 7 Mean BMI-z for moderate significantly 
different than high (p<0.05). 
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Table 4.4 GEE models for the effects of neighborhood healthy food availability on BMI-z  

(n=3,684 children over 7,130 clinic visits) 

 Healthy Food Availability WIC Store Availability Fast Food Availability 

Independent 

Variable 
  

  
      

β  (SE) P β  (SE) P β  (SE) P 

Age  -0.003 (0.003) 0.191 0.000 
  

0.000 
  

Sex -0.118 (0.037) 0.001** -0.117 (0.037) 0.001** -0.117 (0.037) 0.001** 

Race/Ethnicity  
   

  Hispanic 0.356 (0.045) 0.000** 0.349 (0.047) 0.000** 0.354 (0.045) 0.000** 

  White -0.045 (0.077) 0.558 -0.053 (0.078) 0.491 -0.049 (0.078) 0.523 

Insurance -0.048 (0.057) 0.395 -0.052 (0.056) 0.357 -0.049 (0.056) 0.387 

Year  -0.065 (0.009) 0.000** -0.065 (0.009) 0.000** -0.065 (0.009) 0.000** 

HFAI 
   

  Low 0.083 (0.141) 0.554 
      

  Moderate 0.090 (0.139) 0.517 
      

  High 0.046 (0.143) 0.747 
      

HFAI *Age 
   

  Low * Age 0.000 (0.003) 0.955 
      

  Moderate * Age 0.000 (0.003) 0.934 
      

  High * Age 0.001 (0.003) 0.812 
      

WIC 
   

  Low 
   

-0.068 (0.098) 0.486 
   

  Moderate 
   

0.105 (0.111) 0.345 
   

  High 
   

0.202 (0.100) 0.044* 
   

WIC *Age 
   

  Low * Age 
   

0.002 (0.002) 0.304 
   

  Moderate * Age 
   

-0.001 (0.002) 0.606 
   

  High * Age 
   

-0.004 (0.002) 0.074 
   

Grocery Store 
   

0.022 (0.040) 0.594 
   

Neighborhood SES 
   

-0.001 (0.001) 0.157 
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 Healthy Food Availability WIC Store Availability Fast Food Availability 

Independent 

Variable 
  

  
      

β  (SE) P β  (SE) P β  (SE) P 

Fast Food 
   

  Low 
      

-0.153 (0.123) 0.213 

  Moderate 
      

-0.058 (0.119) 0.624 

  High 
      

-0.091 (0.120) 0.449 

Fast Food *Age 
   

  Low * Age 
      

0.005 (0.003) 0.065 

  Moderate * Age 
      

0.002 (0.003) 0.374 

  High * Age 
      

0.003 (0.003) 0.220 

Constant 1.279 (0.150) 0.000 1.329 (0.109) 0.000 1.433 (0.130) 0.000 

Note: Reference groups are male, black, public insurance, no stores and no stores*age. Age is measured in months.  

Bold = p<0.10 * = p<0.05 **=p<0.01 
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SUPPLEMENTAL MATERIALS 

Figure S4.1 Healthy Food Availability Index (HFAI) Survey Instrument57 
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Table S4.1 Logistic GEE models for the effects of neighborhood healthy food availability on BMI-z  

(n=3,684 children over 7,130 clinic visits) 

 

 Healthy Food Availability WIC Store Availability Fast Food Availability 

   
  

      
Independent 

Variable 
β  (SE) P β  (SE) P β  (SE) P 

Age  0.037 (0.010) 0.000** 0.031 (0.004) 0.000** 0.037 0.007  0.000** 

Sex -0.110 (0.075) 0.142 -0.108 (0.075) 0.150 -0.108 (0.075) 0.152 

Race/Ethnicity  
   

  Hispanic 0.682 (0.086) 0.000** 0.688 (0.088) 0.000** 0.663 (0.085) 0.000** 

  White 0.058 (0.171) 0.732 0.073 (0.172) 0.670 0.052 (0.171) 0.762 

Insurance -0.072 (0.138) 0.603 -0.081 (0.138) 0.556 -0.076 (0.138) 0.583 

Year  -0.097 (0.021) 0.000** -0.097 (0.021) 0.000** -0.097 (0.021) 0.000** 

HFAI 
   

  Low 0.691 (0.543) 0.203 
      

  Moderate 0.292 (0.546) 0.592 
      

  High 0.773 (0.540) 0.152 
      

HFAI *Age 
   

  Low * Age -0.008 (0.010) 0.441 
      

  Moderate * Age 0.000 (0.010) 0.968 
      

  High * Age -0.012 (0.010) 0.247 
      

WIC 
   

  Low 
   

-0.111 (0.301) 0.711 
   

  Moderate 
   

-0.040 (0.343) 0.908 
   

  High 
   

0.503 (0.289) 0.082 
   

WIC *Age 
   

  Low * Age 
   

0.005 (0.006) 0.379 
   

  Moderate * Age 
   

0.002 (0.007) 0.765 
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 Healthy Food Availability WIC Store Availability Fast Food Availability 

   
  

      
Independent 

Variable 
β  (SE) P β  (SE) P β  (SE) P 

  High * Age 
   

-0.006 (0.006) 0.305 
   

Grocery Store 
   

-0.047 (0.092) 0.613 
   

Neighborhood SES 
   

-0.002 (0.003) 0.347 
   

Fast Food 
   

  Low 
      

0.588 (0.417) 0.158 

  Moderate 
      

0.230 (0.427) 0.590 

  High 
      

0.546 (0.412) 0.186 

Fast Food *Age 
   

  Low * Age 
      

-0.010 (0.008) 0.225 

  Moderate * Age 
      

-0.003 (0.008) 0.739 

  High * Age 
      

-0.008 (0.008) 0.321 

Constant -2.982 (0.542) 0.000 -2.464 (0.285) 0.000 -2.831 (0.420) 0.000 

Note: Reference groups are male, black, public insurance, no stores and no stores*age. Age is measured in months.  

Bold = p<0.10 * = p<0.05 **=p<0.01 
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CHAPTER 5: DISCUSSION   
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OVERVIEW 

 

This chapter provides a summary of key findings from the literature review presented in 

Chapter 2 and the analyses presented in Chapters 3 and 4 as well as conclusions across 

these studies. It then summarizes the strengths and limitations and public health policy 

and practice implications of this research. 

 

KEY FINDINGS 

 

Aim 1. Systematically review the literature investigating the association among urban, 

low-SES, Black and Hispanic children and adolescents between neighborhood 

environment and cardiovascular disease risk factors, including diet, physical activity 

and obesity. 

 

Overall, the most remarkable finding of this review was the scarcity of research 

specifically examining the association between neighborhood environments and 

cardiovascular disease (CVD) risk factors (e.g., obesity and physical activity) for low-

SES urban black and Hispanic children. Only 38 of the 1,310 studies identified in the 

literature search provided findings that were specifically generalizable to these sub-

populations of children. Moreover, few studies characterized the neighborhood exposures 

in ways that facilitated cross-study comparisons. Even among those studies that examined 

the same type of neighborhood exposure (e.g., neighborhood SES) studies often defined 

the exposure (e.g., the population in poverty vs. number of college educated adults vs. an 

index of several factors) or the neighborhood (e.g., census tract vs. buffer) differently. 
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The strongest evidence suggested that living in low-SES neighborhoods with high access 

to corner/convenience stores may be a risk factor for increased BMIs among urban, low-

SES black and Hispanic children, while neighborhoods with more vegetation may be 

protective. Fewer studies investigated the effects of neighborhood disorder and crime on 

CVD risk factors, but this limited evidence base suggests that they may be associated 

with reduced physical activity and increased BMIs and/or obesity risk, especially among 

black youth. Grocery store access, one of the most common proxies in the literature for a 

healthful food environment,1 was not related to BMI in the large majority of studies that 

examined that exposure. Additionally, there was little evidence for any relationship 

between access to physical activity resources such as recreation facilities, parks, and 

playgrounds with increased physical activity, though there was some evidence for an 

increased association among adolescents.  

 

Finally, this review found that most studies were cross-sectional, investigated exposures 

among children who were not necessarily representative of their neighborhoods, and were 

conducted among school-aged or adolescent children. Only two studies utilized a 

longitudinal study design and only four investigated these relationships soley among 

children during early childhood when lifelong taste preferences, dietary habits, and 

physical activity patterns are being formed.2  

 

Aim 2. In a sample of low-SES, Black and Hispanic children ages 2 to 5 years in 

Baltimore, Maryland, characterize the relationship between neighborhood 

disadvantage and BMI z-score trajectory and odds of overweight. 
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There were two key findings from this analysis of the influence of neighborhood 

disadvantage and BMI z-score trajectories between ages 2 and 5 years among a large 

retrospective cohort of predominately low-SES black and Hispanic children developed 

from electronic health records in Baltimore, Maryland. Low neighborhood crime—

hypothesized to be protective with respect to poor weight outcomes—was associated with 

an average increasing BMI-z trajectory between ages 2 and 5 years compared to those of 

children living in neighborhoods with higher crime, who saw an average decrease in 

BMI-z. The relationship between neighborhood poverty and BMI z-score trajectories 

differed by race/ethnicity. Hispanic children had high, stable BMI z-score trajectories 

regardless of neighborhood poverty level. Black children living in moderate or high 

poverty neighborhoods had declining BMI z-score trajectories compared to those living 

in low poverty neighborhood (though these differences were only statistically 

significantly different between moderate and low poverty tertiles). In contrast, white 

children living in high poverty neighborhoods experienced increasing in BMI-z 

trajectories compared to those in low poverty neighborhoods, as hypothesized.  

 

Aim 3. In a sample of low-SES, black and Hispanic children ages 2 to 5 years in 

Baltimore, Maryland, characterize the relationship between the neighborhood food 

environment and BMI z-score trajectory and odds of overweight. 

 

This study, conducted using the same electronic health record data as the prior aim, found 

evidence of a complex relationship between children’s neighborhood food environments 

and their BMI z-score trajectories. Three characteristics of the neighborhood food 



 

 156 

environment thought to be particularly influential for these sub-populations of children 

were investigated: directly measured availability of healthy foods, the availability of 

stores certified to accept WIC benefits, and fast food availability. At age 2 years, children 

with the highest availability of WIC certified stores had higher BMI-z scores, but by age 

6 years, on average, their BMI z-scores were 0.26 standard deviations (95% CI: -0.53 to 

0.00) lower than peers with no WIC certified stores in their neighborhood. Children in 

neighborhoods with high availability of WIC stores had BMI z-score trajectories that 

declined faster than their peers in neighborhoods with the least availability of WIC stores, 

although the differences in slope were only statistically significant at the p<0.1 level. 

This study did not find evidence of a relationship between neighborhood healthy or fast 

food availability on BMI-z score trajectories.  

 

CONCLUSIONS  

 

Taken together, the results of this dissertation suggest understudied and complex 

relationships between neighborhood environments and weight in young, low-SES, black 

and Hispanic children. The results of the literature review and two quantitative analyses 

investigating the influence of neighborhood disadvantage and food environments on 

weight across early childhood in low-SES, black and Hispanic children offer findings that 

indicate that neighborhood influences may not be as straightforward as often 

hypothesized. Rather, more nuanced approaches may be needed if environmental 

interventions are to reduce and eliminate obesity disparities.   
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Both SES3 and race/ethnicity4 are complex, socially-defined constructs that are 

recognized to have extensive influence on health. The research described in Chapter 3 

contributes to a growing literature interested in disentangling the contributions of 

race/ethnicity, family SES, contextual SES, and the interactions of these factors on 

childhood obesity risk. To date, there is conflicting research to this end.5,6 Past research 

has shown differential effects of family SES on obesity prevalence by race/ethnicity7 and 

a weakening of the effect of family SES on child obesity over time while racial/ethnic 

effects widen8 indicating separate effects of each on obesity risk. There is also some 

evidence that racial/ethnic childhood obesity disparities may be partly explained by 

neighborhood SES and that the interaction between family and neighborhood SES is 

important to obesity risk.9 The findings of the study presented in Chapter 3 build on this 

research and demonstrate that the relationship between neighborhood-SES and BMI z-

score trajectories in early childhood differ by race/ethnicity in a population of primarily 

low-SES children. Further research should be designed to prospectively measure the 

individual contributions of family SES, neighborhood SES, and race/ethnicity to the 

development of obesity in early childhood in order to discern the most effective 

mechanisms for prevention.  

 

The research presented in Chapter 4 also suggests the need for further investigation into 

the role of access to WIC stores in the development of obesity and unhealthy weight 

trajectories over early childhood. The finding that children in neighborhoods with the 

highest availability of WIC stores had the highest average BMI z-scores at age 2 deserves 

increased investigation. One potential mechanism that might contribute is the role of 
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ready access to formula for mothers who do not breastfeed.  Perhaps more importantly, 

however, were the starkly lower average BMI-z scores found among these children by 

age 6 compared to their peers with no WIC stores in their neighborhoods. While BMI z-

score trends did not significantly differ between the groups with differing neighborhood 

WIC store concentrations, the dose-response relationship found between decreasing 

access to WIC and increasing BMI z-score trajectory estimates provokes further research. 

These results suggest that differential access to WIC stores may help explain mixed 

results that have linked WIC participation to both healthier weights and risk of obesity.10   

 

Finally, the literature review conducted within this dissertation as well as previous 

reviews,1,11 show that null and counter-hypothesized relationships between neighborhood 

factors thought to be obesogenic are common among studies that investigate the 

relationship of such exposures to weight in underserved children. Both quantitative 

analyses conducted within this dissertation found such complex and counter-

hypothesized relationships among their findings. There are many potential explanations 

for this phenomenon. The first is that, truly, characteristics of children’s neighborhood 

environments do not influence behaviors contributing to energy balance and subsequent 

weight and any relationships found are merely due to chance. Systems theory12 and 

expert consensus13 suggest this to be untrue and a more likely explanation is that these 

findings are indicative of the challenges inherent in operationalizing neighborhood 

exposures, particularly when using secondary data. This dissertation contributes to the 

body of work utilizing secondary data that supports the need for conducting the large, 

prospective studies sampling from specific neighborhoods in order to more conclusively 
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determine if there are specific characteristics or interactions between such characteristics 

that contribute to energy imbalance and unhealthy weight trajectories in childhood.  

 

STRENGTHS AND LIMITATIONS 

 

Overall, a major strength of this study was its focus on characterizing the association of 

neighborhood environments and obesity risk among low-SES, black and Hispanic 

children. As the review described in Chapter 2 confirmed, research has primarily been 

conducted using pooled samples that don’t specifically examine relationships for low-

SES black and Hispanic children, or in predominately white and/or higher SES 

populations. The results of these studies may not generalize to these sub-populations of 

children or be able to examine important differences that may exist between them. Prior 

research shows that low-SES black and Hispanic individuals may interact differently with 

their communities due to structural influences such as the effects of segregation,14 

discrimination,15 cultural factors,16,17 chronic stress,18 and higher exposure to advertising 

for unhealthy foods.19 Furthermore, many live in predominantly minority and low-SES 

communities, which differ from those that are majority white and/or high-SES. They 

have been documented to have fewer healthy foods20 and recreational facilities,21 but 

often ready access to fast food restaurants and convenience stores carrying many 

sweetened beverages and snacks.16,22,23,11,24 

 

Another strength is the focus of this research on providing empirical evidence of 

neighborhood correlates of unhealthy weight gain over early childhood.  Obesity and 
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unhealthy weight trajectories in early childhood have been linked to physical and 

psychosocial comorbidities in childhood25,26 and to an increased risk of obesity in 

adolescence,27 and adulthood.28–31 As such, early childhood is increasingly identified as a 

critical period with respect to obesity prevention.2,32 However, much previous research 

investigating correlates of unhealthy weight gain and obesity among young children has 

focused on child- or parental-factors2 so this work bolsters a developing field that 

investigates contextual correlates. This work is particularly relevant given the national 

disparities in obesity prevalence among black and Hispanic33 and low-SES children ages 

2-5,34 which contribute to increasing desires to understand—and intervene—on 

environmental factors to help resolve disparites.13,17,35  

 

The quantitative analyses presented in the third and fourth chapters of this dissertation 

improve upon past studies investigating the influence of neighborhood disadvantage and 

children’s neighborhood food environments on their health by showing how such 

exposures affect growth over early childhood—a period of time shown to be associated 

with health outcomes later in life.36–38 Previous studies investigating the effects of these 

neighborhood influences on weight outcomes have investigated among older or wider age 

ranges of children, nationally representative cohorts, and/or only investigated at a single 

time point. Further, the use of electronic health records allowed for the creation of a 

cohort of children that may be more representative of children in the neighborhoods than 

other studies of children in this age range which have typically relied on Head Start or 

WIC participants, typically between the ages of 4 to 5 and 2 to 4, respectively. Children 

who participate in these programs may be different from those visiting pediatricians. 
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The neighborhood exposures used to characterize children’s neighborhood food 

environments are also a strength of this work. This study used a direct measure of the 

availability of specific nutritious foods39 to define neighborhood healthy food availability 

instead of using the more common proxies such as the presence of supermarkets or other 

types of food retailers. Further, the availability of WIC certified stores is an important 

way to characterize availability of healthy foods among families who are eligible for the 

program given the hypothesized improved access to lower-cost nutritious foods 

subsidized by the program. This has only been previously examined in an ecological 

study.40 

 

There are several potential sources of bias in the review described in Chapter 2, as well as 

in the underlying studies. The majority of studies reviewed used cross-sectional analyses, 

which cannot assess temporality and may lead to invalid conclusions. Further, few 

included studies modeled the distributions of outcomes and covariates spatially and 

accounted for spatial variation in CVD outcomes. Study results may also offer limited 

generalizability or come to biased conclusions because children were not selected from 

neighborhood-based sampling frames in the large majority of studies and, as such, may 

not be representative of a given neighborhood. Additionally, while all included studies 

controlled for SES either at the neighborhood or individual level, neighborhood controls 

may not adequately control for variability among individual SES and such methods may 

be particularly problematic, as race and SES are strongly correlated in the US and 

Canada. Finally, associations may be diluted because CVD risk outcomes and 
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neighborhood exposures were aggregated and the results of the review may overstate the 

evidence for direct or inverse relationships due to publication bias against null results.   

 

The results of the two quantitative analyses described in this dissertation must be 

interpreted through the lens of specific limitations of the data used to describe children 

and neighborhood factors. Due to the use of electronic health records, some child- and 

household-level characteristics that would have improved the modeling were not 

available.  The study described in Chapter 3 was not able to fully disentangle the effects 

of individual poverty and race/ethnicity due to a relatively non-specific measure of family 

SES (insurance status). Additionally, robust data on child- and household-level 

characteristics could have helped further elucidate pathways through which the food 

environment operates to affect weight outcomes. Future studies of this kind should 

incorporate improved information about children’s birth weight, infant feeding, health 

status, and dietary patterns as well as their household’s income, nutrition program 

participation, and food shopping habits. Electronic records included measured heights 

and weights, enabling the calculation of BMI and BMI z-scores, but did not directly 

measure adiposity. The relationship between BMI and adiposity may differ by 

race/ethnicity,41 although BMI is still highly correlated with direct measures of adiposity 

among racial/ethnic minority children,42 and has been shown to predict poor health 

outcomes.28 

 

There are also some limitations to the methods used to define neighborhood exposures. 

Census tracts may not align with individuals’ own definitions of neighborhood or be the 
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relevant behavioral context to influence their perceptions of safety,43 or food access.44 

However, this definition facilitates comparisons with other studies and enables the use of 

reliable census socioeconomic information, such as ACS poverty data.  Other studies in 

Baltimore have used neighborhood, or community statistical areas (NSAs and CSAs, 

respectively) to define neighborhoods.45 However, while these are vetted to align with 

lived experience, they are not directly translatable to other cities. Further, CSAs are larger 

than census tracts and NSAs do not allow for the use of US census socioeconomic data.  

Future research could investigate if utilizing these definitions influences results of these 

studies. The conceptualization of neighborhood factors as static over the period of the 

studies (2007-2012) may have resulted in misclassification of the exposures if they 

changed dramatically with respect to the characteristics studied. However, pooling 

estimates over multiple years, as was done for neighborhood poverty and crime, provides 

more stable estimates and the choice of utilizing data collected at a single point in time to 

characterize children’s food environments allowed the use of the CLF’s high quality 

‘ground-truthed’ HFAI data.39 Future studies should allow for time-varying definitions of 

neighborhood disadvantage and food environments to investigate if neighborhood 

changes mediate these relationships. Characterizing food access based on geographic 

proximity as done in the study described in Chapter 4 only captures one part of food 

access as people may shop for food or dine at restaurants far from home.46 However, 

prior research shows that low-income families in Baltimore see the availability of foods 

near to home as an important contribution to their accessibility.39,47,48  
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Finally, there are some limitations to the study design and period. There may be a delay 

between neighborhood exposure and measurable changes in weight trajectories, 

particularly over early childhood as children’s diets and physical activity habits begin to 

be governed less by innate satiety and begin to more closely resemble their parents’ 

behaviors.2,32 As such, future studies may investigate exposures early in childhood on 

weight changes over this period. Finally, over the years in which children were followed 

for this study (2007-2012) there were national secular declines in BMI among children in 

this age range similar to those seen in this population. This has been partially attributed to 

greater popular awareness and concern about childhood obesity and national programs 

like Let’s Move and the 2009 changes to the WIC benefits package,49,50 There have also 

been local initiatives in Baltimore City.51–54 Such programs may have biased results if 

they systematically benefitted children living in neighborhoods with high poverty, crime, 

or low food access as measured in these studies.   

 

PUBLIC HEALTH POLICY AND PRACTICE IMPLICATIONS 

 

The findings described in this dissertation have important implications for public health 

policies and practice. With respect to specific programs, the study described in Chapter 4 

suggests that future research should evaluate if the improved accessibility of healthy 

foods49,50,55 initiated by the 2009 changes to the WIC package56 influenced weight 

outcomes among participating children and if differential neighborhood availability of 

WIC stores mediates the relationship between participation and weight status among 

children. One hypothesized mechanism for the results seen in our study wherein children 
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with high availability of WIC stores had higher BMI z-scores at age 2, but lower by age 6 

than their peers with no nearby WIC stores is that formula feeding was relatively easier 

for parents of these children given ready access at these stores, but as children aged 

further past weaning they benefitted from increased affordable healthy foods available 

near their homes. Prior studies have found mixed results linking participation in WIC to 

adiposity10 and these investigations may clarify these effects.  Further research should use 

larger and more geographically diverse samples to replicate this finding and investigate 

potential mechanisms. 

 

Most importantly, these findings as a whole reinforce the necessity of tailoring policies 

and programs for specific populations in order to reduce racial/ethnic disparities in 

obesity prevalence. This dissertation finds that this is important even among very young 

children who previously may have been considered to be relatively sheltered from 

environmental differences. While the literature review provides some insights into which 

specific neighborhood characteristics may be particularly influential with respect to 

obesity and physical activity among low-SES, black and Hispanic children, a major 

finding is that the vast majority of research conducted on these relationships may not be 

applicable to these populations. Programs seeking to improve obesity disparities should 

not base the choice of intervention strategies entirely on research that pools across 

race/ethnicity as it may mask differential relationships that must be addressed in order to 

be effective.  Obesity prevention in younger children and among racial and ethnic 

minorities is an increased focus, but environmental interventions including policies that 

provide tax incentives for supermarkets or exercise facilities to locate in neighborhoods 
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previously without such resources must carefully weigh the benefits among these 

populations with the opportunity cost of spending these funds on potentially more 

effective interventions. There are other valid reasons for encouraging such development 

such as providing access to healthy food to meet basic human rights57 or to work towards 

social and economic justice, but additional interventions may also be needed to 

specifically address the problem of obesity among the youngest and neediest children.  
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APPENDIX A: DETAILED METHODS 

 

OVERVIEW 

 

This appendix describes in detail the study methods used to achieve the two quantitative 

dissertation aims (2 and 3), which are presented in the manuscripts provided as Chapters 

3 and 4. Details regarding the study population, data sources and preparation, and 

analyses are provided. 

 

STUDY POPULATION 

 

Parent Study 

The population of interest for this study was children between the ages of 2 and 5 years 

living in Baltimore, Maryland who were patients at two Johns Hopkins Medical 

Institution (JHMI) pediatric clinics between 2007 and 2012. The data used for this study 

was collected as part of the parent study, an on-going investigation, the goal of which is 

to develop candidate interventions for preventing obesity among susceptible young 

children (ages 2-5years) in a primary care setting. The “Neighborhood and Cultural 

Influences on Children's Health Study” (PI: Rachel Thornton) was funded by the Center 

for Behavior and Health small grants program and received additional funding from the 

Johns Hopkins Center to Eliminate Cardiovascular Health Disparities, Faculty Fellows 

Program and the Agency for Healthcare Research and Quality. This study developed a 

retrospective cohort of 5,433 children ages 2-5 years over 10,975 well-child visits from 

2007 to 2012 from electronic medical records.  This dissertation used a subset of these 
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children who resided in Baltimore City, Maryland at the time of the included visit to 

conduct analyses. 

 

Human Subjects Research 

The Johns Hopkins Medical Institutional Review Board approved the research conducted 

in this dissertation on September 23, 2014 through Change In Research CIR00004901 in 

which the two quantitative aims described in Chapters 3 and 4 were added as sub-aims to 

the parent study (IRB: NA_00070492). No additional data collection was conducted as a 

part of the research conducted for this dissertation. The dissertation author was added to 

the parent study IRB as a student investigator on September 19, 2013.  

 

DATA SOURCES 

 

Data sources for the study are briefly described here and variables and their sources are 

listed in a table provided as Appendix B. 

 

Child data 

Children’s height, weight, home address, date of birth, age (as determined by the 

difference between the date of service and date of birth), sex, race/ethnicity, and insurer 

were extracted from electronic health records or through paper chart review for all 

children ages 2 years (i.e. ≥24 months) to 5 years old (i.e. <72 months) at one visit per 

calendar year from two JHMI pediatric clinics between October 2007 and November 

2012 as a part of data collection for the parent study. The most recent visit in a given 
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calendar year where height and weight were provided (clinic 1) or that was coded as a 

preventative health appointment (clinic 2) was selected except for those children who 

turned 6 years in a calendar year. If they had both a 5-year preventive health visit and 6-

year preventive health visit in the same calendar year, the data from the 5-year old well 

child visit was extracted. If a patients’ height, weight, date of birth, or sex data were 

missing in the electronic health records paper charts were reviewed to obtain necessary 

data to calculate their BMI z-score. 

 

Neighborhood characteristics data 

All data to characterize neighborhood exposures was compiled from secondary data 

sources.  

 

Neighborhood SES: Neighborhood SES was defined utilizing data from 5-year 2013 

American Community Survey (ACS) data (aggregated data from 2008-2012) 

characterizing the proportion of households living beneath the Federal Poverty 

Threshold.1  

 

Neighborhood Crime: Data including the address, date, and description of all violent 

crimes from 2006 to 2010 were obtained from the Baltimore City Police Department.2 

Violent crimes included homicide/manslaughter, aggravated assault, rape, and robbery. 

There were 51,942 violent crimes over this 5-year period. This data has been utilized in 

previous investigations where it is described in additional detail.3 
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 Neighborhood healthy food availability: Data regarding the location and availability of 

healthy foods in Baltimore City retailers was obtained from a 2012 Johns Hopkins Center 

for a Livable Future (CLF) survey. This survey used an environmental audit instrument 

tool to assess the presence of specific nutritious foods (e.g., fruits, vegetables, low fat 

milk, whole grain products) at 922 food retailers in Baltimore City. Stores assessed 

included all supermarkets, small groceries, specialty stores (e.g., bakeries), discount 

stores (e.g., dollar stores), convenience stores, corner stores (including ‘behind the glass’ 

stores where patrons must ask clerks to select their products from behind bullet-proof 

glass), and gas stations.  Details about the survey methods been previously described 

elsewhere.4,5 A Healthy Food Availability Index (HFAI) score between 0 and 28.5 was 

generated for each retailer based on the number of nutritious foods available for purchase. 

A copy of the HFAI survey instrument5 is included in this dissertation as supplemental 

Figure S4.1.  

 

Neighborhood WIC store availability: Data identifying the location of retailers certified 

to accept Special Supplemental Nutrition Program for Women, Infants, and Children 

(WIC) benefits in Baltimore City in 2012 was obtained from the same CLF survey used 

to characterize healthy food availability.   

 

Neighborhood fast food availability: Fast food restaurant information was obtained from 

an August 2011 Baltimore City Health Department list and a 2012 list of Baltimore City 

food outlets purchased from InfoUSA and validated using a limited Google Street View 

audit.6 Using the North American Industry Classification System (NAICS)7 fast food 
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restaurants were defined as food restaurants where customers pay before eating their meal 

and included both those belonging to national chains as well as locally owned pizzerias, 

delis, fried chicken restaurants, and carry-outs. A detailed description of the 

identification, validation, and mapping of these stores has been previously published 

elsewhere.8   

 

DATA PREPARATION 

 

Data cleaning 

Visits with missing or unclear records for children’s height, weight, sex, race/ethnicity, or 

insurer were excluded (n=382) as were the small number of children whose race/ethnicity 

was not listed as white, black or Hispanic (n=31).  If a child’s race/ethnicity varied across 

visits they were assigned the most common value. Visits where height, weight, or body 

mass index z-score were greater than five standard deviations above or below the mean 

values for the child’s age and sex (n=377) were excluded based on the World Health 

Organization (WHO) guidelines9 for identifying biologically implausible values. 

 

GIS mapping 

Children’s home addresses at each visit were geocoded using ArcMap Version 10.2.10 

The Maryland iMap 2.0 Geocoding Service was used to automatically geocode 7,216 

addresses with an additional 517 matched by hand. Records were excluded they were 

outside of Baltimore City (child visits=2,769) or if the address provided at the visit was 
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not able to be geocoded because address information was missing or invalid (child 

visits=286).  

 

Crime, fast food restaurants, and retailers surveyed for healthy food availability were also 

geocoded. Ninety-nine percent (n=51,472) of the violent crime events provided by the 

Baltimore Police Department were geocoded in ArcMap as a part of a prior investigation 

for which the geocoding has been previously described.3 Retailer addresses from the CLF 

survey were geocoded using ArcMap Version 10.2 utilizing a spreadsheet containing 

survey information obtained from CLF on December 23, 2013. Ninety-three percent of 

all stores that were coded as not permanently closed at the time of the survey (n=862) 

were geocoded. Fast food restaurants were also geocoded in ArcMap, the detailed process 

has been previously described.8 

 

Visits, crime locations, and retailers surveyed for healthy food availability were assigned 

to the 2010 census tract encompassing the address, which was used to define the child’s 

neighborhood. The median census tract in Baltimore City is 0.30 square miles 

(IQR=0.32m2). A half-mile (about 1km) is generally considered a reasonable walking 

distance for adults.11 Other research in Baltimore City utilizes community statistical areas 

to define neighborhoods,12 but while these definitions are designed to more closely reflect 

residents’ definitions of neighborhoods, they are geographically larger and therefore less 

reflective of easily walkable food sources and of nearby neighborhood criminal activity. 
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Variable definitions 

Variables were defined after exploratory and bivariate analyses were conducted and 

sensitivity analyses were conducted utilizing different permutations of the exposure 

variables to test the robustness of results, as described in the statistical analyses section of 

this Appendix. Definitions provided in this section are for the variables as defined in the 

final models for Aims 2 and 3, which are presented in Chapters 3 and 4. Variables and 

their sources are listed in a table provided as Appendix B. 

 

Dependent Variables 

The same dependent variables were used for both the Aim 2 and 3 analyses presented in 

Chapters 3 and 4.  

 

BMI z-score (Primary Outcome): Children’s body mass index (BMI) was calculated 

[BMI=weight(kg)/height(m)2] using the measured height and weight information from 

the health record. Their age- and sex-specific BMI z-score (BMI-z) and BMI category 

were calculated using the 2006 World Health Organization (WHO) Child Growth 

Standards9 for children <60 months of age and the WHO 2007 growth reference for 

school-aged children and adolescents13 for children ≥60 months of age.  

 

Change in odds of overweight/obesity from ages 2 to 6 years (Secondary Outcome): 

WHO BMI categories differ for children younger than age 5. As such, children younger 

than 60 months of age were classified as “at risk of overweight” if their BMI-z was <1, 
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overweight if BMI-z was >2, or obese if BMI-z was >3. Children greater than 60 months 

of age were classified as overweight if their BMI-z was >1, or obese if BMI-z was >2.14 

 

Independent Variables (Neighborhood exposures) 

Aim 2/Chapter 3 Independent Variables 

Neighborhood poverty: The percentage of households living below the Federal Poverty 

Threshold (FPT) in each census tract was defined as calculated by the US Census Bureau 

in the ACS. Tertiles of neighborhood poverty were calculated using the citywide 

distribution of the proportion of the population living below the federal poverty threshold 

(FPT) as a reference population to define low, moderate, and high poverty 

neighborhoods. See Appendix B for the ranges of poverty for tracts defined as having 

low, moderate, or high neighborhood poverty.   

 

Neighborhood crime: The total number of crimes in a given census tract from 2006-2010 

were aggregated and divided by the size of the tract in square miles to obtain the 

geographic density of crime events in a given neighborhood. Tertiles of neighborhood 

crime were calculated using the distribution of crime density across the 200 census tracts 

in Baltimore City as the reference to define low, moderate, and high crime 

neighborhoods. See Appendix B for the ranges of crime density for tracts defined as 

having low, moderate, or high neighborhood crime.   
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Aim 3/Chapter 4 Independent Variables 

Healthy food availability: HFAI scores from all retailers in a given census tract were 

aggregated and the mean HFAI score across these retailers was used to define healthy 

food availability for each tract.  Mean HFAI scores per census tract were relatively 

normally distributed, but were discretized to match the variable manipulation for the 

other food environment variables that were discretized given very skewed distributions. 

The distribution of mean scores across the 172 census tracts in which retailers were 

present and surveyed in Baltimore City were used to define tertiles of healthy food 

availability. Twenty-eight census tracts had average HFAI scores of zero because there 

were no food stores and were categorized separately (‘no stores’), given a hypothesized 

differential relationship between healthy food availability and child’s weight for those 

children living in tracts with no food stores as compared to those where food, regardless 

of its healthfulness, was available to purchase. See Appendix B for ranges of mean HFAI 

score for tracts defined as having low, moderate, or high healthy food availability. 

 

WIC store availability: The number of stores accepting WIC benefits were aggregated 

within each census tract and divided by the size of the tract in square miles to obtain the 

geographic density of WIC stores per tract. This variable was discretized given the very 

skewed distribution and for ease of interpretation. The 92 census tracts with no stores 

accepting WIC benefits were categorized separately (‘no stores’) and the remaining 108 

census tracts in Baltimore City were classified as having low, moderate, or high WIC 

store availability based on the distribution of WIC store density. See Appendix B for 
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ranges of fast food densities for neighborhoods defined as having low, moderate, or high 

WIC store availability. 

 

Fast food availability: Census tracts were classified as having a high, moderate, or low 

availability of fast food based on the number of fast food restaurants per square mile. 

This variable was discretized given the very skewed distribution and for ease of 

interpretation. The 40 census tracts with no fast food were categorized separately (‘no 

stores’). Low, moderate, and high categories were assigned based on the distribution of 

fast food outlets/sq. mile across the 160 census tracts with fast food outlets in Baltimore 

City. See Appendix B for ranges of fast food densities for neighborhoods defined as 

having low, moderate, or high fast food availability.  

 

Covariates 

Using DAGGITY15 browser-based software, Directed Acyclic Graphs (DAGs) were used 

to develop causal models for each exposure and to determine the set of minimally 

sufficient adjustment variables for each model. Different covariates were considered for 

each neighborhood exposure considering its hypothesized relationship with weight 

trajectories in childhood and included neighborhood SES, racial segregation and disorder, 

the presence of a supermarket, as well as child age, sex, race/ethnicity, and family SES. 

Unmeasured variables such as children’s diet and physical activity were also included as 

latent variables in these models. 
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Aim 2 Covariates 

Based on the set of minimally sufficient adjustment variables from the DAG models, both 

final models for Aim 2 (i.e., neighborhood SES and neighborhood crime) controlled for a 

child’s age, sex, race, insurance status (public vs. private) and calendar year. Calendar 

year was not included in the original DAG model, but was added as a control variable 

after bivariate analyses indicated an overall reduction in mean BMI-z from 2007-2012. 

 

Aim 3 Covariates 

Based on the set of minimally sufficient adjustment variables from the DAG models the 

final models exploring the effects of HFAI score and fast food availability controlled for 

a child’s age, sex, race, insurance status (public vs. private) and calendar year. The final 

models exploring the effects of WIC store availability controlled for all aforementioned 

variables as well as neighborhood SES, operationalized as the number of households 

living beneath the federal poverty threshold using five year estimates from the American 

Community Survey (ACS) 2008-2012, and for the presence of a supermarket as classified 

in the 2012 CLF survey5 in a given census tract. Original DAG diagrams did not include 

calendar year, which was added when bivariate analyses indicated an overall decline in 

average BMI z-scores across the study population from 2007-2012. 

 

DATA ANALYSIS 

 

All analyses were conducted using Stata Version 12 statistical software.16   
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Exploratory and bivariate analyses  

The same processes were followed to conduct exploratory analyses for both Aims 2 and 

2. Descriptive statistics and exploratory analyses were conducted both cross-sectionally 

and longitudinally by the child’s age, calendar year, and visit number. One-way ANOVA 

and pairwise comparisons with Bonferroni corrections were used to characterize 

differences in BMI-z across demographic characteristics. As a moderate number (17%) of 

children moved between census tracts over the study period, demographic differences 

between children who lived in different census tracts over the course of the study 

compared to their peers who did not were evaluated using Pearson’s χ2 tests. 

 

Statistical modeling  

Modeling approach 

Separate models for each of the neighborhood exposures of interest within Aims 2 and 3, 

as presented in Chapters 3 and 4, were developed using the same general modeling 

approach.  This was due to the interest in measuring the independent contributions of 

each independent variable as well as contributing additional evidence using replicable 

neighborhood exposures given the findings from Aim 1 that showed few prior studies 

used the same exposures, or if similar exposures were used often multiple exposures were 

included in statistical modeling without appropriately accounting for the collinearity 

between them, increasing the challenge of interpreting the literature as a whole.  

 

Both multi-level mixed models and regression models based on generalized estimating 

equations (GEE) with robust variance estimates were considered.  Multi-level models 
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with children nested within neighborhoods were considered first, but were not presented 

given the very small amount of clustering in BMI z-score occurring at the neighborhood 

level. The amount of clustering at the neighborhood level was assessed by: (1) reviewing 

the neighborhood-level inter-cluster correlation (ICC) and noting that it was very small, 

indicating that the vast majority of clustering in BMI-z was occurring at the patient level; 

and (2) reviewing the difference in the variance of the neighborhood-level random effect 

comparing models where neighborhood-level variables were included to those where they 

were not and finding almost no difference (Appendix C). Based on those findings, the 

desire to make population-level inferences, and in order to have parallel interpretations of 

the models using the secondary binary outcome, a simpler modeling approach was 

selected: regression models based on generalized estimating equations (GEE) with robust 

variance estimates. GEE models have also been previously been suggested as preferable 

to mixed multi-level models for research investigating the influence of neighborhood 

factors on health.17 

 

Neighborhood exposures were assumed to be static within a given neighborhood across 

the study period and were either calculated at a single point in time (Aim 3) or aggregated 

across multiple years then annualized to represent a smoothed average (Aim 2). Models 

did account for different exposures if children moved between census tracts over the 

course of the study.   
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Regression analyses 

Aims 2 and 3 

Longitudinal regressions were used to model the relationship between characteristics of 

the neighborhood food environment and change in BMI-z over time.  Regression 

inference was based on generalized estimating equations (GEE) with robust variance 

estimates to account for the within (over time) participant correlation.18 Logistic based 

GEE regressions were used when modeling the relationship between the neighborhood 

exposure and odds of having a BMI considered overweight or obese vs. normal or 

underweight. Given the interest in determining if growth trajectories were influenced by 

these different characteristics of a child’s neighborhood food environment the main 

dependent variable of interest in each model was the interaction between child age and 

neighborhood SES, crime, healthy food, WIC store, and fast food availability (in 

respective models).  

 

Three-way interaction terms between two hypothesized effect modifiers (race/ethnicity 

and sex), age, and each neighborhood exposure were added to respective models. Unless 

post-hoc estimation Wald tests indicated that trajectories might differ (p<0.10) models 

that pooled across these variables were used. The presence of a grocery store was also 

explored as an effect modifier for the model examining the relationship between 

neighborhood HFAI and BMI-z.  

 

Final model estimates were used to plot the predicted levels and trajectories of BMI-z at 

age 24, 36, 48, 60, and 72 months and to test for statistically significant differences 
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between categories of the respective neighborhood exposure at each age. This was done 

using the lincom command for tests of linear combinations.  

 

Sensitivity analyses 

Multiple sensitivity analyses were conducted. To see if results were robust to the chosen 

categorization of independent variables different categorizations of neighborhood 

exposures were explored using different numbers of categories and creating categories 

based on the distribution of exposures across all city census tracts as well as the study 

population as references. For models examining binary weight category outcomes models 

were compared both with and without the inclusion of children classified as underweight. 

Results were also assessed to determine their robustness to using CDC reference z-scores 

and BMI category cut-offs,19 though WHO values for models are reported as they may be 

more accurate for children between 24 and 60 months of age.14 

 

Model checking 

The quasilikelihood under the independence model criterion (QIC)20 has been proposed 

as a model-selection method for GEE as a similar metric to the Akaike Information 

Criterion (AIC)21 widely used to select GLM models.22 The QIC values for each final 

model were compared to a null model containing only the BMI z-score outcome to 

estimate the reduction in model deviance with the addition of selected predictors. QIC 

values are listed in Appendix D. With the exception of the stratified models for white 

and Hispanic children, in which the sample size is severely limited, each of the final 

models shows a reduction in QIC, demonstrating reduction in model deviance.  
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APPENDIX B: VARIABLE DESCRIPTIONS 

 

 

Table B.1 Detailed description of variables used in analyses described in Chapters 3&4 

Construct Variable 

Data 

Source Date Level  Aim 

Dependent Variables 

BMI z-score 

(Primary) 

Age- and sex-specific 

BMI z-scorei  

JHMI 

electronic 

health records 

2007-2012 Child 2 & 3 

Overweight/ 

Obesity 

(Secondary) 

Age- and sex-specific 

BMI z-scorei 

JHMI 

electronic 

health records 

2007-2012 Child 2 & 3 

Independent Variables 

Neighborhood 

Crime 

Crimes/sq. mile 

Low – 32.5- 437.6  

Mod – 437.7-1,396 

High – 1396- 4,474.1  

Baltimore City 

Police 

Department 

2009-2012 

(Annualized) 

Neighborhood 2 

Neighborhood 

SES   

Percentage of 

households living 

below FPT2 

Low – 0- 12  

Mod –12.1- 22.7  

High – 22.8- 72.8 

US Census 

American 

Community 

Survey 

2008-2012 

(2013 5-Year 

Avg.) 

Neighborhood 

 

2 

Neighborhood 

Healthy Food 

Availability 

Mean HFAIii score 

No stores – 0 

Low – 0-7.8 

Mod – 7.9-10.7 

High – 10.8-28.5 

Center for a 

Livable Future 

2012 Neighborhood 

 

3 

Neighborhood 

WIC Store 

Availability 

WIC stores/sq. mile 

No stores – 0 

Low –0.6 - 3.5  

Mode –3.6-8.6 

High –8.7-46 

Center for a 

Livable Future 

2012 Neighborhood 

 

3 

Neighborhood 

Fast Food 

Availability 

Fast food 

restaurants/sq. mile 

No stores – 0 

Low –0.8-7.6 

Mod –7.7-19.0 

High –19.1-317.1  

Baltimore City 

Health 

Department & 

InfoUSA 

2011-2012 Neighborhood 3 

Control Variables 

Age Child age, months JHMI 

electronic 

health records 

2007-2012 Child  2 & 3 
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Table B.1 Detailed description of variables used in analyses described in Chapters 3&4 

Construct Variable 

Data 

Source Date Level  Aim 

Insurance  

(SES proxy) 

Insurance status 

1 – Public 

2 – Private 

JHMI 

electronic 

health records 

2007-2012 Visit  2 & 3 

Control Variables (con’t) 

Sex Biological sex 

0 – Male 

1 – Female 

JHMI electronic 

health records 

2007-2012 Child 2 & 3 

Race/Ethnicity Race/Ethnicity 

1 – Black 

2 – Hispanic 

3 – White 

JHMI electronic 

health records 

2007-2012 Child 2 & 3 

Calendar Year Year of visit 

2007-2012 

JHMI electronic 

health records 

2007-2012 Visit 2 & 3 

Neighborhood 

SESiv 

Percentage of 

households living 

below FPTii 

US Census 

American 

Community 

Survey 

2007-2012 Neighborhood 3 

(WIC) 

Neighborhood 

Supermarket 

Availabilityiv 

Presence of 

supermarket in 

census tract 

1 – None 

2 – 1+ 

Center for a 

Livable Future 

2012 Neighborhood 

 

3 

(WIC) 

Notes: i MI z-score (BMI-z) and BMI category were calculated using the 2006 World Health Organization (WHO) 

Child Growth Standards48 for children <60 months of age and the WHO 2007 growth reference for school-aged 

children and adolescents49 for children ≥60 months of age; iiFederal Poverty Threshold; iiiHealthy Food Availability 
Index, see Appendix A for details; ivNeighborhood SES and supermarket availability were only included as covariates 

in the models investigating the relationship between WIC store availability and the dependent variables.  
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APPENDIX C: MIXED MODEL VARIANCE COMPARISON 

 

Table C.1. Comparison of the variance of the neighborhood-level random effect 

in mixed models including and excluding neighborhood-level variables, by 

neighborhood exposure  

 

Neighborhood-level Model 

Variance of Neighborhood-

Level Random Effect 

Aim 

Neighborhood-

level variables 

INCLUDED 

Neighborhood

-level 

variables 

EXCLUDED 

Neighborhood SES 0.0007560 0.0007810 2 

Neighborhood Crime 0.0008308 0.0007810 2 

Neighborhood Healthy Food 

Availability 

0.0008480 0.0007810 3 

Neighborhood Fast Food Availability 0.0008077 0.0007810 3 
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APPENDIX D: QIC VALUES FOR NULL AND FINAL MODELS 

 

Table D.1. Comparison of quasilikelihood under the independence model 

criterion (QIC) values among null and final models for each neighborhood 

exposure 

Neighborhood-level Model QIC 

Null model (BMI z-score only) 10,152.399 

Neighborhood Crime  9821.452 

Neighborhood SES (Black children) 10,071.737 

Neighborhood SES (Hispanic 

children) 

10,549.035 

Neighborhood SES (White children) 10,557.166 

Neighborhood Healthy Food 

Availability 

9,829.473 

Neighborhood Fast Food Availability 9,832.590 

Neighborhood WIC Store 

Availability 

9,827.716 
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