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ABSTRACT 
 
 
Schools are important environments for health as children spend a majority of their day at school. 

The increased availability of food resources in school neighborhoods is a growing concern, yet 

the school neighborhood food environment is understudied. Food environment policies can 

regulate the development of food resources potentially limiting exposure to unhealthy food 

resources and promoting access to healthy food resources. However, evaluation of food 

environment policies in the U.S. and Mexico has been poor, limiting our knowledge of these 

policies. Cross-country policy comparisons can further increase our knowledge and understanding 

of food environment policies, yet few cross-country policy comparisons have been conducted. 

The aims of this study were to evaluate and compare food environment policies in school 

neighborhoods in Houston, Texas and Guadalajara while simultaneously assessing the food 

environment in school neighborhoods in both cities. Food environment policies were collected at 

the county level in four Houston and four Guadalajara counties and coded to determine the food 

resource types, zoning districts, and provisions allowed in each policy. The school neighborhood 

food environment was assessed in 16 Houston school neighborhoods and 11 Guadalajara school 

neighborhoods using the Goods and Services Inventory. Most Houston food environment policies 

(N=25) allowed for the development of unhealthy food resources, yet few food resources were 

found in Houston school neighborhoods (M=3.0, SD=9.3). However, the food resources that were 

found in Houston school neighborhoods were table-service restaurants and convenience stores, 

which have been negatively associated with diet and weight in children. Few Houston food 

environment policies promoted the development of healthy food resources, which may explain the 

lack of supermarkets and grocery stores in all but one Houston school neighborhood. Guadalajara 

food environment policies (N=41) also allowed for the development of unhealthy food resources, 
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yet Guadalajara had more policies that also promoted the development of healthy food resources 

compared to Houston. Guadalajara school neighborhoods were saturated with food resources 

(M=64.4, SD=13.4). While every Guadalajara school neighborhood had at least one supermarket 

or grocery store, there was high availability of convenience stores, table-service restaurants, and 

food carts, which were more prevalent in low-socioeconomic neighborhoods. Only one policy in 

Guadalajara prohibited convenience stores from developing near schools. The lack of food 

environment policies that specifically addressed schools was a major policy gap in both cities. 

These findings suggest that food environment policies in Houston should be modified to promote 

more development of healthy food resources and food environment policies in Guadalajara should 

be modified to limit the availability of unhealthy resources in school neighborhoods.  In order to 

promote healthy dietary habits in children, the policy and food environment in school 

neighborhoods must become more supportive of healthy dietary habits.  
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CHAPTER 1 

1. INTRODUCTION 

1.1 BACKGROUND AND RATIONALE 

Childhood obesity is a global pandemic affecting high-income countries (HICs) 

like the U.S. and low- to middle-income countries (LMICs) like Mexico.1 Mexico 

currently has the highest level of childhood obesity, as 36.9% of Mexican children are 

considered overweight or obese, surpassing the U.S., which has the second highest 

prevalence of childhood obesity with 31.8% of U.S. children classified as overweight or 

obese.2,3 Early intervention has become a global public health priority as obesity in early 

childhood can lead to obesity and related non-communicable diseases (NCDs) such as 

cardiovascular diseases and Type 2 diabetes in adulthood. NCDs are responsible for 60% 

of deaths worldwide and 80% of deaths in LMICs.3-7 

The U.S. and Mexico are in a unique position to influence each other due to their 

geographic proximity, sharing over 2,000 miles of border. These two countries are 

significantly intertwined across sectors of trade, agriculture, and a shared economy, 

culture, and history.8,9 Perhaps most important, these two countries are also significantly 

intertwined across multiple sectors of health. The U.S.-Mexico relationship shows that 

country borders do not limit obesity.2 With a shared economy, increased migration, and 

growing public health threat, it is essential that obesity and its causes are considered 

between these two countries.8 

Increased childhood obesity rates in both countries have been attributed to poor 

dietary habits due to the increased availability of high fat, calorically dense foods in the 

food environment.  The changing food environment in the U.S. and Mexico has led to an 
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increase in unhealthy food resources like convenience stores, fast food restaurants, 

mobile food vending and a decrease in resources offering healthier food options like 

grocery stores and supermarkets.10-14 These changes have impacted school neighborhood 

food environments, as studies in both countries have reported the clustering of unhealthy 

food resources around schools.15,16 The presence of unhealthy food resources in school 

neighborhoods can negatively influence dietary choices in children as they have the 

opportunity to eat from these resources as they commute to and from school, during open 

lunches, and in some cases during recess.15,17-25 Policies are globally recognized as 

primary drivers of environmental change.26 Food environment policies such as zoning 

ordinances, land-use policies, and development regulations, have the ability to shape and 

regulate the food environment and have the potential to decrease the level of exposure to 

unhealthy food resources and improve diet.27  

The Ecologic Model of Physical Activity (EMPA) provides a framework for 

mapping social and physical determinants of physical activity at multiple levels of 

environment. Previous work has demonstrated that this framework can also be applied to 

understanding environmental determinants of other health behaviors such as dietary 

habits. Ecologic models like the EMPA hold that there is a link between food policies at 

the macro-level and the food environment at the micro-level.28,29 For example, policies 

such as zoning ordinances, land-use and development regulations at the macro-level can 

regulate the development and planning of food resources in school neighborhoods at the 

micro-level.30,31 The food environment at the micro-level is defined in this dissertation as 

the physical presence of healthy and unhealthy food resources. In the past, researchers 

considered the built food environment separately from other elements of the built 
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environment, but over the past decade, an increasing amount of evidence has emerged 

that supports that the physical presence of food resources is an important part of the 

design of the micro-environment.28,32-34 Macro level policies are able to limit or promote 

the development of food resources, allowing policies to potentially protect children from 

unhealthy food resources and promote the use of healthier food resources.27,35-40 The 

influence of policies on food resource availability can have broad implications and far-

reaching, population effects on health behaviors such as diet.41,42 

Despite the promising relationship between food environment policy and the food 

environment, there has been poor policy monitoring and little evaluation of existing food 

environment policies, especially in LMICs like Mexico.43 As a result, our knowledge of 

these policies and how they can shape the food environment is limited.44,45 This study 

will address this gap by applying the Food Code and Policy Audit Tool, a systematic 

policy audit tool developed through the Bridging the Gap Community Obesity Measures 

Project. This tool was developed to evaluate zoning ordinances, land-use policies, and 

development regulations. Data collected using the audit tool will document the extent to 

which food environment policies in these cities limit or promote the development of 

healthy and unhealthy food resources. This information will provide researchers, policy 

makers, and urban designers with information that can be used to develop stronger policy 

strategies needed to create a supportive food environment that encourages healthy dietary 

habits in school children.22,27,35,46 

Health and government agencies in the U.S. and Mexico have called for increased 

collaboration between the two countries, agreeing that there is a need to share health 

strategies and knowledge in order to combat childhood obesity.47,48 In 2009, the Institute 
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of Medicine released a report on the U.S.’s commitment to global health. The report 

called for increased cooperation between developed and developing countries, 

emphasizing the importance of global partnerships aimed at generating and sharing health 

knowledge in order to increase our collective ability to fight childhood obesity.47 The 

report stated that the widespread increase in childhood obesity and NCDs in LMICs and 

HICs presents a unique opportunity for countries like the U.S. and Mexico to work 

together to address these diseases and their causes.47,49 More recently, the Bureau of 

International Information Programs of the Department of State reported of a signed 

declaration between the U.S. and Mexico, with both countries pledging to work together 

on common public health issues by sharing health information and strategies. While both 

countries have acknowledged that they must work together, few studies have evaluated 

and compared policies across countries, and even fewer have made comparisons across 

middle- and high-income countries.50,51 Different countries have different government 

processes and infrastructure, which can lead to significantly different policy 

environments. When policy environments are compared across countries, the differences 

and similarities observed provide important information and insights that can be used to 

strengthen policies in both countries.44,52-54  

In order to conduct a cross-country comparison, the policy audit tool will be 

applied to existing food environment policies in four counties in Houston, Texas, USA, 

and four municipalities in Guadalajara, Jalisco, Mexico. Houston is a large metropolitan 

city in Harris County, Texas with a population of about 6.3 million people. Guadalajara is 

also located in a large metropolitan area in the state of Jalisco with a population near 4.6 

million people. Houston and Guadalajara are known as diverse cities and are considered 
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cultural epicenters.  Both cities are important hubs for trade, business, and industry in 

their respective countries, making them ideal settings for conducting a cross-country 

comparison of policies.55 

In order to create healthier food environments that support healthy dietary habits 

in schoolchildren, there is a need to document and evaluate existing food environment 

policies in school neighborhoods. Many studies have focused on food related policies 

within schools such as policies that restrict the sale of soda and junk foods in schools, yet 

few studies have examined polices in relation to the food environment surrounding 

schools. The U.S. and Mexico have implemented policy initiatives aimed at improving 

the food environment, however, there is little documentation and evaluation of food 

environment policies, especially in school neighborhoods. Currently, researchers are 

unable to identify policies that limit or promote healthy and unhealthy food resources in 

school neighborhoods. Furthermore, few studies have conducted cross-country 

comparisons of food environment policies. This type of comparison, especially between 

middle and high-income countries, can highlight differences in the policy environment in 

these two cities, yielding important information on policy gaps and areas where policies 

can be strengthened.53,54 Cross-country evaluations and comparisons of food environment 

polices are needed in order for policy to be a part of a wider global public health policy 

approach to promoting healthy dietary habits among children.50,51   

This study represents a unique opportunity to audit food environment policies and 

simultaneously examine the food environment in the diverse metropolitan cities of 

Houston, Texas, and Guadalajara, Jalisco. Conducting assessments and measures at 

multiple levels of environment such as the macro-level policy environment and the 
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micro-level food environment, has been identified as a critical first step in producing 

effective environmental and behavioral change.28 By examining macro and micro 

determinants, this study will provide information on the current state of the policy and the 

food environment in these two cities, which can inform work in other cities in the U.S. 

and Mexico. This work will increase knowledge and encourage better evaluation and 

reporting of food environment policies and food resources in school neighborhoods.56,57 

This work will also provide a foundation for future studies to further examine the 

relationship between food environment policies and the built food environment and the 

impact of this relationship on important health outcomes such as weight, BMI, and diet in 

school children.52,57  

1.2 PROBLEM STATEMENT AND RESEARCH AIMS  

Further research is needed to document and describe food environment policies 

and the food environment in school neighborhoods. Few studies have conducted cross-

country comparisons of food environment policies, which can increase our collective 

understanding of policy strategies for childhood obesity. There is also a lack of studies 

that have simultaneously examined food policies and resources in the food environment 

in school neighborhoods. Assessing both environments will provide a more 

comprehensive picture of environmental determinants of diet in schoolchildren. Food 

environment policies in Houston and Guadalajara will be identified at the local level and 

will be individually reviewed and coded to determine the type of food resource, zoning 

districts, and provisions addressed in each policy. The total count and type of food 

resources will be objectively measured in a sample of school neighborhoods in each city.  
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The aims that this dissertation fulfilled are: 1) Document and evaluate food 

environment policies in school neighborhoods in Houston and Guadalajara using the 

Food Code and Policy Audit Tool, 2) Compare food environment policies between 

Houston and Guadalajara to examine similarities and differences, and 3) Document food 

resources in school neighborhoods in Houston and Guadalajara to compare the current 

respective states of the school neighborhood food environment.  

1.3 SPECIFIC RESEARCH AIMS 

 This study combined existing data on food resources from the Understanding 

Health Habits in Mexican Children project with newly collected data on food 

environment policies.  The goals of the previous project were to 1) measure 

neighborhood factors surrounding 20 schools in Mexico City, 11 schools in Guadalajara 

and 8 in Puerto Vallarta, Mexico, 2) measure child dietary habits, physical activity and 

body composition in children in grades 3 to 5, and 3) document associations between 

neighborhood factors (street features, goods and services, and physical activity resources) 

and dietary habits, physical activity and obesity using state of the art analysis techniques. 

Findings from this project are still being disseminated.  Newly collected data included 

data on food environment policies in Houston and Guadalajara. Newly collected data also 

included data on food resources in Houston school neighborhoods. 

Research Aim 1: Document and evaluate food environment policies in school 

neighborhoods in Houston and Guadalajara using the Food Code and Policy Audit 

Tool.  

Research Question 1.1: What food resource types are most frequently 

addressed in food environment policies in Houston?  
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Research Question 1.2: What food resource types are most frequently 

addressed in food environment policies in Guadalajara? 

Research Question 1.3: What zoning districts are most frequently 

addressed in food environment policies in Houston?  

Research Question 1.4: What zoning districts are most frequently 

addressed in food environment policies in Guadalajara?  

Research Question 1.5: What is the degree to which provisions stated in 

food environment policies in Houston permit or restrict healthy and 

unhealthy food resources? 

Research Question 1.6: What is the degree to which provisions stated in 

food environment policies in Guadalajara permit or restrict healthy and 

unhealthy food resources?  

The purpose of Aim 1 was to evaluate zoning ordinances, land-use policies, and 

development regulations at the county level in Houston and Guadalajara. National obesity 

and policy strategies in the U.S. and Mexico have identified the school environment as an 

important setting for early intervention. However, to date, most food environment 

policies in the school environment have focused solely on competitive foods, vending 

machines, and school breakfast and lunch programs inside of schools.58 While these 

efforts are warranted and have produced positive changes to the food environment inside 

schools, they have neglected the importance of the food environment surrounding 

schools, which can equally influence the dietary habits of children, often undermining the 

efforts of within school policies.59 Previous research conducted in a school-based sample 

in Mexico found that children have up to four opportunities per day to eat from food 
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vendors and resources in the school neighborhood. Likewise, previous studies in the U.S. 

have found that many children consume foods from the school neighborhood as they 

walk to and from school, before and after school, and even during lunch or recess at some 

schools.18,25 While the importance of the food environment surrounding schools is 

evident, this environment is significantly understudied and there is a need to identify food 

environment policies that restrict unhealthy food resources and promote healthy food 

resources in this setting.25   

Aim 1 identified the food resources and zoning districts that received more 

focused attention in food environment policies and food resource and zoning districts that 

are not being addressed in food environment policies in both cities. Aim 1 also identified 

the provisions stated in food environment policies to determine the degree to which the 

development of food resources are prohibited or permitted. This information will help to 

raise awareness of policy strengths and policy needs and will initiate discussion on 

potential strategies and solutions.60 

Aim 2: Compare food environment policies between Houston and Guadalajara to 

examine policy similarities and differences.  

Research Question 2.1: Are there differences in the food resource types 

addressed in food environment policies in Houston and Guadalajara?  

Research Question 2.2: Are there differences in the zoning districts 

addressed in food environment policies in Houston and Guadalajara?  

Research Question 2.3: Are there differences in the provisions stated in 

food environment policies in Houston and Guadalajara? 

The purpose of Research Question 2 is to conduct a cross-country comparison of 
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food environment policies between four counties in Houston, Texas and four 

municipalities in Guadalajara, Jalisco. Few studies have evaluated and compared food 

related policies across countries, especially across middle- and high-income 

countries.44,50,52,61 With less infrastructure, less stringent regulations, and the increased 

public health burden of obesity and NCDs, middle-income countries like Mexico rapidly 

develop and implement progressive policies, providing evidence on the effectiveness of 

these policies that can inform and guide the development of policies in high-income 

countries.53,54 An example of this can be seen in the recent soda tax that Mexico 

implemented in 2013. Mexico was able to implement a soda tax, whereas instituting a 

soda tax in the U.S. has been highly contested. Differences in the policy development 

process can lead to a policy environment that differs significantly from that of the U.S. 

These differences offer a unique opportunity for both countries to gain important insights 

from each other on policy strategies for improving the food environment.  

Aim 2 examined differences in food environment policies in Houston and 

Guadalajara. Differences in food environment policies can inform the development of 

new food environment policies and the modification of existing food environment 

policies in both cities.53,54 This information was used to discuss strengths and weaknesses 

revealed through the cross-country comparison and recommendations for improving 

these policies in both cities. Strengths in policies in Guadalajara present a learning 

opportunity for the Houston policy environment and strengths in policies in Houston 

present a learning opportunity for the Guadalajara policy environment. By conducting a 

cross-country comparison, this study also provided information on strategies used and 

lessons learned to inform future cross-country comparisons.   
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Last, Aim 3 documented food resources in school neighborhoods in Houston and 

Guadalajara to compare the current respective states of the school neighborhood food 

environment.   

Research Question 3.1: What is the frequency of healthy food resource 

types in Houston school neighborhoods? 

Research Question 3.2: What is the frequency of healthy food resource 

types in Guadalajara school neighborhoods? 

Research Question 3.3: What is the frequency of unhealthy food resource 

types in Houston school neighborhoods? 

Research Question 3.4: What is the frequency of unhealthy food resource 

types in Guadalajara school neighborhoods?  

Research Question 3.2: Are there differences in the frequency and type of 

healthy and unhealthy food resources in Houston and Guadalajara school 

neighborhoods? 

The purpose of Aim 3 was to characterize the food environment and determine 

the extent to which school neighborhoods in Houston and Guadalajara were saturated by 

unhealthy food resources like fast food restaurants and convenience stores or resources 

offering healthier food choices like supermarkets and grocery stores. The food 

environments in the U.S. and Mexico have both experienced an increase in unhealthy 

food resources.10-13 Previous studies in both countries have documented the clustering of 

these unhealthy food resources around schools and other studies have demonstrated that 

the presence of these resources can negatively influence dietary choices in 

children.17,19,22,24,58,62-65 Furthermore, studies have shown that some children may 
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compensate for healthy changes to the food environment within the school by snacking 

afterschool at food resources in the school neighborhood.66,67 These findings indicate that 

the increased presence of unhealthy food resources in the school neighborhood can 

undermine environmental and policy efforts within the school.  

Aim 3 demonstrated the areas within the food environment that are in need of 

stronger policy action. For example, the high presence of convenience stores in school 

neighborhoods indicates that stronger policies are needed to regulate the presence of 

these resource types. In contrast, poor availability of grocery stores and supermarkets in 

school neighborhoods indicates the need for policies that permit and promote the 

development of these resources that offer healthier food options in school neighborhoods. 

This information can be used to advise policymakers and make recommendations for the 

modification of existing food environment policies. This information can also be used to 

identify areas for intervention within the school neighborhood food environment. 

1.4 OUTLINE  

An overview of the details provided within this dissertation follows.  

Chapter 1, the Introduction, introduces the topic for this dissertation.  It also 

serves as a guide for the chapters that will follow. 

Chapter 2, the Literature Review, explains the current research available on the 

topic and points out limitations in the current knowledge. It further establishes the lack of 

knowledge of the food environment and policies in school neighborhoods and the lack of 

knowledge of how food policies impact the food environment. Upon reading this chapter 

the reader should understand the purpose for the investigation topic. 

Chapter 3, the Methodology, will fully describe the planned methodology for 
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executing the research necessary to fulfill Research Aim 1, 2, and 3.   

1.5 DEFINITIONS OF IMPORTANT TERMS AND ABBREVIATIONS  

HIC: High Income Country 

LMIC: Low- to Middle-Income Country 

NCD: Non-communicable Disease 

SES: Socioeconomic Status  

Healthy Food Resources: Supermarkets, Grocery Stores 

Unhealthy Food Resources: Fast food restaurants, Food carts, Taco stands, 

Convenience Stores 

CHAPTER 2 

2. LITERATURE REVIEW 

2.1 INTRODUCTION 

This critical literature review is intended to present an overview of the available 

research related to the purpose of this proposal. Current literature will be critically 

reviewed in the following domains: 1) Ecologic models of health, 2) Macro-level policy 

environment, 3) Methods of policy evaluation, 4) Micro-level food environment, 5) 

Methods of assessing the food environment, and the 6) Relationship between the macro- 

and micro-level.   

This chapter will provide an understanding of the background and rationale for 

this study and will demonstrate the importance of this work to the reader. In this chapter, 

the Ecologic Model of Physical Activity (EMPA) will be presented as the theoretical 

framework guiding this study. Within the context of the ecologic model, the importance 

and reach of food policies at the macro-level will be discussed. The micro-level influence 
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of healthy and unhealthy food resources on dietary habits in children will also be 

discussed. Current evidence on the relationship between food policies and the food 

environment and the potential for this relationship to create healthy changes in the food 

environment will be presented. This chapter will also provide a foundation to guide the 

methodology for the proposed research, as the foremost methods of evaluating food 

policies and assessing the built food environment.  

In the proposed research, a policy audit tool was used to evaluate food 

environment policies and an in person audit tool was used to assess the built food 

environment to simultaneously explore the policy and food environment in school 

neighborhoods in Houston and Guadalajara. Most research examining the policy and food 

environment in the school setting has taken place solely within schools; yet, there is a 

growing need to focus on other relevant environments such as the school neighborhood in 

order to capture a comprehensive picture of the policy and food environment in which 

children are exposed and increase our knowledge of the context in which dietary habits in 

schoolchildren develop.65  

2.2 ECOLOGIC MODEL OF HEALTH  

The origins of ecologic models are rooted in many disciplines including 

sociology, biology, psychology, and the behavioral and social sciences.68 Ecologic 

models were developed as a means of examining human development and behavior.69-71 

Early ecologic approaches acknowledged that behavior is a result of internal factors, but 

that behavior is also dependent on external factors such as the environmental context of 

the individual.68,69 This belief placed an emphasis on the importance of understanding 

one’s environment as a means to understanding behavior.68,69 Early models aimed to 
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understand the relationship between behavior and an individual’s perceptions of their 

environment. Later models began to focus more clearly on the direct link between the 

environment and behavior.68  

As ecologic models continued to develop, ecologic approaches were applied to 

health behaviors. Researchers in behavior and health sciences began to view health 

outcomes as a result of the synergy between an individual and their environment.28,70,72 

Over the past two decades, the ecologic model has been adapted and modified to 

understand and frame many health behaviors and health promotion strategies.70,71 This 

has been evidenced by the shift from individually focused to environmentally focused 

research practices, interventions, and health promotion strategies in many areas of health 

such as tobacco, physical activity and diet.28,70,71  

Ecologic models hold that determinants of health behavior exist at the individual 

level and the social and physical environment.29,68,69,73 Ecologic models provide a 

framework for integrating and conceptualizing social and physical environmental factors, 

amid biological and psychological factors at the individual level.28,69,74 Environmental 

influences are organized into levels of influence that are more proximal and immediate 

and influences that are more distal and removed from the individual.69,75,76 The first level 

is the micro-environment, which includes the environments in which one lives and works 

including the home and school environment. The next level is the meso-environment, 

which represents dynamic social and physical linkages and processes that exist between 

an individual’s micro-environments.  The exo-environment is also comprised of social 

and physical linkages and processes; however, in the exo-environment these links exist 

between one of the individual’s micro-environments and another micro-environment that 
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does not typically include the individual. The macro-environment represents the broader 

social and cultural context of an individual’s environment and encompasses the micro, 

meso and, exo environments. The macro-environment includes factors such as social 

norms, technological innovations, and policies.29,74,77-79 Within ecologic frameworks, 

these levels serve as a guide for capturing the full casual web of environmental 

determinants that influence health behaviors.28  

Ecologic approaches hold that levels of environmental determinants within the 

framework are interdependent and can interact to influence health behaviors.73,75 This 

interdependence between environments means that changes that occur at one level of 

environment can produce changes at another level.29,70,80 Conducting assessments and 

measures at multiple levels of environment has been identified as a key to producing 

effective behavior change.74 Focusing on multiple levels of the environment can also lead 

to a more comprehensive examination of behavioral influences and create more 

opportunities for identifying areas for intervention.29,70,74,80  

This dissertation focused on determinants of diet in children in the micro and 

macro environment (See Figure 1). In this study, food environment policies will be 

considered at the macro-level. Policies that limit or promote food resources in school 

neighborhoods represent overarching macro-level factors that exert influence over the 

food environment and ultimately diet in children. The food environment in school 

neighborhoods will be considered at the micro-level.  School neighborhoods represent a 

micro-environment in which children spend a majority of their waking hours.15,20,81 The 

food resources surrounding schools are important determinants of diet and comprise the 

food environment at this level. A multi-level ecologic approach will increase our 
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understanding of environmental influences of diet in children and will identify 

opportunities for multi-level interventions.73,75,76,82-84  

 

 

 

 

 

Figure 1. The relationship between macro-level food policies and the micro-level 

food environment. 

2.3 MACRO-LEVEL POLICY ENVIRONMENT 

With worldwide increases in childhood obesity, there has been increased interest 

in the impact of macro-level factors, like policies.77,85 Policies have been identified as 

powerful macro-level drivers that are able to shape the food environment by limiting or 

promoting the development food resources at the micro-level.77,85,86 Federal and health 

agencies within the U.S. and Mexican governments have both issued national strategies 

that address the need and make recommendations for policy improvements to reverse the 

obesogenic food environment. These recommendations are in line with global policy 

strategies recommended by the World Health Organization.87,88 These strategies have 

called for integrated, multi-sectorial policy action that brings the health, government, and 

education sectors together as collaborators to improve food environments in an effort to 

improve diet in children.88 

Policy recommendations that have been proposed to shape the food environment 

include policies that limit the development of unhealthy food resources and policies that 
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promote the establishment of healthy food resources. Zoning policies, land-use 

ordinances, and development regulations are examples of food environment policies that 

can hinder unhealthy food resources. For example, a land-use policy may prohibit a fast 

food restaurant from developing within a certain distance from a school, decreasing the 

exposure of this resource to children at the school. Policies that promote healthy food 

resources include government incentives that encourage the development of healthy food 

resources in disadvantaged areas. For example, government incentives such as property 

tax reductions may encourage a supermarket or grocery store to develop in an 

underserved, urban neighborhood that is in need of a source of fruits and vegetables. 

Food environment policies are believed to be crucial in promoting healthier dietary habits 

in children as they have the potential to control the level of exposure that children have to 

various healthy and unhealthy food resources.33,35,36,86,88,89  

Despite the apparent significance, policy is largely under-utilized in the public 

health field. In fact, the study of food policies is missing from many important 

environments such as school neighborhoods. Food policies are an important component 

in the discussion on environmental influences on diet in children and must receive greater 

acknowledgement from public health researchers.59,90  

2.4 METHODS OF POLICY EVALUATION 

There are few standard tools to evaluate policies. Existing policy instruments used 

in the field of obesity have been largely adapted from other public health fields such as 

tobacco, alcohol, and even physical activity.50,83 Food environment policies are measured 

qualitatively and quantitatively. Qualitative measures include methods such as interviews 

with governing officials and direct observations, which capture the level to which an 
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organization or government agency is meeting policy requirements and information on 

the level of implementation of policies.91-93 Quantitative measures include the use of 

policy instruments such as indicator checklists or policy evaluation tools to rate or score 

policies. Quantitative measures are more feasible and appropriate for this study and will 

be discussed in this section as the primary method of evaluating food policies.  

Quantitative policy instruments characterize the policy environment by using a 

numerical coding system to score policies.94,95 These policy evaluation instruments can 

be broad in nature or tailored for use in a specific setting. These instruments often contain 

subscales or categories that represent various settings, food resource types, or policy 

characteristics.95-97 The instrument’s scoring system may be based off of public health 

indicators or standards and may include a Likert scale or other scoring mechanism.93,94 

Policies are evaluated based on measures of strength, comprehensiveness, language used, 

such as direct mandates or recommendations, and other variables of interest to the 

investigator.46,95 These scoring systems can be used to calculate policy index scores or 

develop policy report cards.94  

The reliability of these policy instruments is typically assessed through inter-rater 

reliability. Two coders are trained to retrieve policies and apply the policy instrument and 

scoring system to the identified policies. Inter-rater reliability is then assessed to see how 

consistently the two coders obtained the same scores for all policies.95,97,98  

Policy evaluation instruments are great tools for characterizing the policy 

environment. Using these types of instruments allows researchers to monitor changes to 

individual policies and chart the progress of the policy environment in a specific 

setting.50,99 However, using policy evaluation tools can be very complex. A lack of 
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methodological clarity concerning the manner in which policies should be evaluated has 

limited policy evaluation.100 Furthermore, policy instruments are often exclusively 

created for use within a specific environment. For example, policy evaluation tools have 

been created for worksite and school cafeterias; however, these tools are not relevant for 

application in any other environment.50,95 Failure to create a standard tool limits our 

ability to compare studies and track results across settings.100 The biggest limitation 

regarding most policy evaluation tools is their failure to capture the level of 

implementation of the evaluated policies. The mere presence of policies does not mean 

that policies are being implemented. Due to multiple reasons, there can often be a lag 

between the time a policy is mandated to the time the policy is implemented.20,101,102 

2.5 MICRO-LEVEL FOOD ENVIRONMENT 

 Over the past 40 years, the U.S. food environment has drastically changed to 

include an abundance of calorically dense, highly palatable foods that are inexpensive, 

highly accessible, and heavily marketed.59,103 These changes created significant shifts in 

diet that were first noticed in the 1970’s as Americans began to rely heavily on processed 

and pre-packaged foods and increased consumption of foods away from home.104 While 

these changes to the food environment were first apparent in developed, high-income 

countries, these changes have also begun to take place in developing countries, like 

Mexico, causing a nutrition transition and producing a food environment that increasingly 

mirrors that of the U.S.2,37,88   

The saturation of unhealthy foods in the micro-level food environment has led to 

increasingly poor dietary habits among children and the rapid increase of diet related 

NCDs.77,88 Reviews of the current literature over the last decade have identified 
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associations between the food environment at the micro-level and children’s food 

choices, eating behaviors, weight, and BMI.21,34,35,77,105,106 Components of the built food 

environment that have been consistently hypothesized to influence diet and body 

composition in children include access, availability, density, and proximity to food 

resources.35,77,103,106,107 Supermarkets and grocery stores tend to have more fruits and 

vegetables available in a wider variety and for a lower cost, compared to fast food 

restaurants, convenience stores and food carts.108 Living closer in proximity to a 

supermarket or grocery store can increase access to healthier foods and has been 

associated with lower rates of obesity in children.109,110 In contrast, increased proximity 

and access to convenience stores and fast food restaurants has been negatively associated 

with diet.103 Neighborhoods that are densely populated with these unhealthy food 

resources, make unhealthy foods widely available at low costs and have been 

significantly linked to increased measures of body mass index and body fat in 

children.84,89,106,107,109,110 Findings from these studies have demonstrated that in order to 

promote healthier dietary habits among children, we must first create a food environment 

that supports healthy dietary choices.22,34,77,107 

Schools are universally recognized as important environments for intervention in 

children; however, most efforts to create healthier food enviornments for children have 

focused solely on changing the food environment inside of schools. These efforts have 

resulted in changes to vending machines, such as the removal of sugar sweetened 

beverages like sodas and juice from vending machines within the school, nutritional 

standards for the sale of competetive foods, which are foods sold within school cafeterias 

and at school events, and changes to school meal programs, such as calorie limits on 



22 
	  

meals served and banning the sale of sodas in a la carte lines in school cafeterias in the 

U.S. and Mexico.2,22 While these efforts are warranted and appropriate, they have 

neglected the food environment in the neighborhood that surrounds schools. Children are 

exposed to the food environment surrounding schools every time they travel to or from 

school. Studies that have investigated the food enviornment in the U.S. and Mexico have 

reported patterns of unhealthy food resources clustered around the outside of schools, 

especially schools in low socioeconomic neighborhoods.33,34,63,109,111-113  

Failing to include the neighborhood food environment surrounding schools may 

undermine within school policy changes. Furthermore, children may compensate for 

healthy changes within the school by increasing their intake of unhealthy foods outside of 

school.66,67,114 This idea of compensation can be seen in an example of students that 

attend a school that prohibits the sale of sugar-sweetened beverages within the school. In 

this school, students are prohibited from purchasing a soda from vending machines 

between school periods and at recess. At lunchtime, students are limited to purchasing 

only water or milk in the cafeteria. As the day ends, the students walk home and pass two 

fast food restaurants and one convenience store. The students enter one of the fast food 

restaurants and purchase large, inexpensive fountain sodas, compensating for the lack of 

sugar-sweetened beverages throughout the school day. This example demonstrates the 

impact that the surrounding school neighborhood food environment can have on food 

choices and how this impact can counteract efforts made within schools. 

2.6 DIRECT MEASURMENT OF THE BUILT FOOD ENVIRONMENT  

The science of measuring the food environment is currently not sufficient enough 

to meet public health needs.90 Research on the food environment has been limited by a 
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lack of quality measurement tools.111 Many proxies for measuring the food environment 

have been used; however, there is a need for more detailed, direct measurement of the 

physical, built food environment.115 Direct, objective measurement of the built food 

environment involves two primary methods of data collection: field assessments using in-

person audit tools and aggregated, existing data sets managed by Geographical 

Information Systems (GIS).  

Objective Field Assessments are done using audit tools designed for systematic 

ground observations of food resources within a predefined area. Audit tools can be in 

paper form or an electronic version and can include evaluation instruments, survey 

questions, checklists, or even maps and typically include an open space for written 

comments or observations.116 Existing tools are tailored to a specific environment such as 

the community, school, or workplace environment and are exclusively designed for use in 

this environment. Other tools are tailored to a specific food resource type.84,116 For 

example, some tools are designed to only measure fast food restaurants, while other tools 

may include a variety of food resources. These objective assessment tools can capture the 

frequency, type, and even location of food resources and can be used to calculate the 

density, accessibility, and availability of food resources within a neighborhood.22,90 In 

person audits typically include fast food restaurants, convenience stores, table service 

restaurants, supermarkets, and grocery stores.90 More recently, it has been recognized that 

mobile food vendors should be included in assessments of the food environment.  Mobile 

food vendors make significant contributions to diet in developing countries and have 

become increasingly more prevalent in developed countries like the U.S.18,117-119 
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Audit tools are typically applied to areas defined by census tracts, census block 

groups, postal codes, or circular buffers (400, 800, or 1600 meters) that circumscribe a 

central location or centroid.22,43,109,120,121 Trained assessors are then used to complete 

ground observations. Assessors must be trained on how to operationally define and code 

various food resource types. Ground observations require that assessors be physically 

present in the neighborhood to conduct the assessment. Assessors are typically on foot 

and must walk the entirety of the pre-defined area to complete the assessment.  

One of the biggest strengths of in-person audit tools is their ability to accurately 

capture the current state of the food environment. Due to high turnover in the food 

service industry, other sources of food resources such as government registries and 

business listings may contain outdated information. Ground observations are helpful in 

providing an accurate snapshot of the current food environment.90 Despite this strength, 

audit tools also have multiple methodological issues. To start, the use of audit tools can 

be resource intensive. Depending on the number and size of neighborhoods or the volume 

of study participants, objective field assessments can be very time consuming and can 

require a large number of trained assessors. Because there are so many audit tools 

available, findings regarding the food environment, diet and body composition have been 

inconsistent and researchers are not able to compare results across studies.84,90 Tools that 

are resource and environment specific have also contributed to inconsistent findings, as 

they fail to capture the entire food environment or exclude some pieces of the food 

environment that are actually relevant to diet.84 For example, a tool that only focuses on 

fast food restaurants may miss the importance of convenience stores. Furthermore, there 

have been disagreements on how to define a neighborhood or community, which has led 
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to inconsistent use of pre-defined neighborhood buffers, census tracts and block 

groups.22,120 Selecting the appropriate tool for an objective observation of the food 

environment entails careful consideration of the environmental context in which the tool 

will be used, the time required, instrument reliability, and the goal(s) of the research 

question.  

Geographical Information Systems (GIS) is mapping software and is one of the 

most common methods used to measure the food environment.23,109,119 GIS is a computer-

based tool that spatially and thematically organizes, manages, and combines data on the 

food environment, displaying all of this geographic information in the form of a map.122 

To use GIS, data on food resources is retrieved from existing sources such as government 

registries or commercial business directories and listings and is imported into GIS.90,122 

This data can be paired with other social variables such as income and education.122 This 

information is then used to generate measures on resource type, proximity to a location, 

density, access, and availability.123 GIS can also provide visual and mathematical 

calculations on spatial clustering and the distribution of resources as well as the 

proximity of resources as measured by travel time.122,124,125 Using GIS, neighborhoods 

are defined using similar parameters such as buffers or census tracts.22,109  

GIS is a very powerful and useful tool that allows researchers to examine 

associations between the built food environment and dietary habits.  One of the greatest 

strengths in using GIS to assess the food environment is the use of spatial analysis to 

track changes in the environment, inequalities, and examine the clustering of resources 

across many different neighborhoods with ease.125 Using GIS, researchers are able to 

obtain a high volume of environmental data over large geographic areas in a timely 
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manner. One of the limitations to GIS is the use of existing data sources. Many food 

listings and registries are outdated or have misinformation and may not accurately 

represent the current state of the food environment.90,125 This often requires ground-

truthing to verify resource locations, which can be timely and costly.126 Other 

methodological issues include disagreements on how measures are defined.90 For 

example proximity and density are often used interchangeably to define the same 

measure.23 Limitations are also posed by the time and monetary resources needed in order 

to effectively use GIS to assess the food environment. In some cases, researchers may 

have to pay for existing data sources to be released. The use of GIS can be very technical 

because it is multidimensional, voluminous in data, time consuming, and requires special 

methods of analysis, special software, and often requires outside, trained personnel with 

skills needed to manage and integrate the data.122  

In this dissertation, an objective, in person audit tool was used to measure the 

availability of supermarkets, grocery stores, fast food restaurants, table-service 

restaurants, convenience stores, taco stands, and food carts. This tool was selected as it 

captures healthy and unhealthy resources and provides an accurate picture of the current 

state of the food environment. Data on food resources was previously collected in 

Guadalajara school neighborhoods and newly collected in Houston school 

neighborhoods.  

2.7 RELATIONSHIP BETWEEN THE MACRO- AND MICRO-LEVEL 

The potential for the relationship between food policies and the food environment 

is also supported by the ecologic model, which holds that these levels of environmental 

influences on diet are interdependent and should be assessed and measured together.85,127 
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As policies continue to be recommended as one of the primary mechanisms for making 

environmental change, there is a great need to understand how food environmnet policies 

impact the food environment (See Figure 1).26 However, limited research exists regarding 

this relationship. The lack of knowledge on the policy and food environment and the 

relationship between food policies and food resources have been attributed to the fact that 

the appropriate systems have not been put in place in order to evaluate the policy 

environment as little monitoring and follow up is conducted on enacted food environment 

policies.50 This gap in knowledge also demonstrates the need for increased measurment 

of the policy and food environment in key settings such as the school neighborhood in 

order to better understand the relationship between food environment policies and the 

food environment.128 

 Exploring these two levels and examining the relationship between food 

environment policies and the food environment will provide researchers with novel 

points of intervention and strategies for promoting healthy dietary habits and will also 

provide policy makers and urban design planners with the needed information to improve 

the built food environment.27,129 The example of the student compensating for school 

restrictions on sugar sweetened beverages by purchasing a fountain soda after school is a 

good illustration of the potential for food environment policies to interact with the food 

environment at the micro-level to create healthier food environments surrounding 

schools. With the necessary food policies in place to limit children’s exposure to 

unhealthy food resources outside of the school, children can have the opportunity to 

maintain healthy dietary habits inside and outside of school.  

2.8 Summary  
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This critical literature review was intended to present a detailed overview of the 

current knowledge on policies, the built food environment, the best methods of evaluating 

food environment policies and assessing the food environment, and the importance of 

simultaneously investigating the policy and food environment in an effort to understand 

the relationship between these two levels of environment. The policy and food 

environment in school neighborhoods is significantly understudied limiting our 

knowledge of how policies can be used to reverse unhealthy school neighborhood food 

environments. The information presented above provided an understanding of the 

importance of conducting the proposed research as related to the following domains: 1) 

Ecologic models of health, 2) Macro-level policy environment, 3) Methods of policy 

evaluation, 4) Micro-level food environment, 5) Methods of assessing the food 

environment, and the 6) Relationship between the macro- and micro-level.   

All sections and literature were included in order for the reader to comprehend the 

background, significance and underlying mechanisms for the proposed methodology of 

this research.  In this proposal, a policy audit tool and objective, in person audit of the 

food environment was used in school neighborhoods in Houston, Texas and Guadalajara, 

Jalisco.  The policy audit tool will also be used to guide a cross-country comparison of 

food policies across Mexico and the U.S.   

The next chapter (Chapter 3, Methodology) will explain the procedures and 

method of the proposed experiment, which was designed to fulfill three aims: 1) 

Document and evaluate food environment policies in school neighborhoods in Houston 

and Guadalajara using the Food Code and Policy Audit Tool, 2) Compare food 

environment policies between Houston and Guadalajara to examine similarities and 
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differences, and 3) Document food resources in school neighborhoods in Houston and 

Guadalajara to compare the current respective states of the school neighborhood food 

environment.  

CHAPTER 3  

3. METHODOLOGY 

3.1 UNDERSTANDING HEALTH HABITS IN MEXICAN CHILDREN  

This study involves a secondary analyses of existing data from the Understanding 

Health Habits in Mexican Children project. The goals of this project were to 1) measure 

neighborhood factors surrounding 20 schools in Mexico City, 11 schools in Guadalajara, 

and 8 schools in Puerto Vallarta, Mexico, 2) measure dietary habits, physical activity and 

body composition in school aged children in grades 3 to 5, and 3) document associations 

between neighborhood factors (street features, goods and services, and physical activity 

resources) and dietary habits, physical activity and obesity. Funding and data collection 

for this project has ended; however, data analyses and dissemination are ongoing. 

Only environmental data on goods and services collected in school neighborhoods 

in Guadalajara (N=11) will be included to fulfill the purpose of this dissertation. Existing 

data from the Understanding Health Habits in Mexican Children project was combined 

with newly collected data in Houston, Texas. Newly collected data included food 

environment policy data in both Houston and Guadalajara. Newly collected data also 

included data on food resources in Houston school neighborhoods. The purposes of the 

current study are to 1) Document and evaluate food environment policies in school 

neighborhoods in Houston and Guadalajara using the Food Code and Policy Audit Tool 

2) Compare food environment policies between Houston and Guadalajara to examine 
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similarities and differences, and 3) Document food resources in school neighborhoods in 

Houston and Guadalajara to compare the current respective states of the school 

neighborhood food environment.   

3.2 STUDY DESIGN OVERVIEW  

The current study applied the Food Code and Policy Audit Tool to document and 

evaluate food environment policies at the local level in four counties in Houston, Texas 

and four municipalities in Guadalajara, Jalisco. The Food Code and Policy Audit tool was 

developed through the Bridging the Gap Obesity Measures Project to evaluate zoning, 

land use and development regulations, and code ordinances.46 This tool determined the 

food types, zoning districts, and provisions, the degree to which food resources are 

permitted or restricted, allowed for food resources in existing food environment policies. 

This tool was also used to guide the cross-country comparison of food environment 

policies between Houston and Guadalajara. The food environment was evaluated in a 

sample of school neighborhoods in each of the four counties and municipalities in 

Houston and Guadalajara. Existing data on food resources in school neighborhoods in 

Guadalajara and newly collected data on food resources in school neighborhoods in 

Houston were used to document healthy and unhealthy food resources in a sample of 

school neighborhoods in each city. In order to collect parallel data on food resources in 

Houston, socioeconomic variables such as high school graduation and poverty prevalence 

were used to match the four Guadalajara municipalities with four counties in the greater 

metropolitan Houston area. The following sections will provide a detailed description of 

the study design. 

3.3. METHODOLOGY FOR RESEARCH AIM 1  
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3.3.1. POLICY DATA COLLECTION 

While many structural and procedural differences exist between the U.S. and 

Mexican government, laws are executed at the local, state, and federal level in both 

countries. As this tool is designed to examine policies at the local level, this study only 

collected policies at the local level. To start, county zoning and land-use policies were 

identified through exhaustive and systematic searches in online search engines, county 

websites, and policy databases that contain government documents, reports and 

government proceedings (See Table 1).35,43,130 Policies in Houston were identified using 

online sources such as the Johns Hopkins Food Policy Database, the Lexis Nexis policy 

database, and the Houston Department of Health Services Web site. Policies in 

Guadalajara were identified using online sources such as the Center for Information on 

Public Health Decisions in Mexico database, the Pan American Health Organization’s 

Policy Database, and the Secreterìa de Salud Jalisco Web site. All searches were 

documented and search terms were recorded. To be eligible for inclusion, policies had to 

be the most current version of policies enacted as of December 31, 2011 to ensure that all 

policies were enacted before data collection on the food environment in Guadalajara 

began.35,43 Once policies were located they were copied into a Microsoft Excel 

spreadsheet that was also used to record the date the policy was enacted and the source 

where the policy was identified.43 

Level of 

Government Houston Guadalajara 

Local • Environmental Nutrition and Activity 
Community Strategies (ENACT) 
Local Policy Database 

• Growing Food Connections Policy 

• Secreteria de Salud, Jalisco-
Secretary of Health Jalisco 
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Database  
• Johns Hopkins Center for a Livable 

Future’s Food Policy Resource 
Database 

• Houston Department of Health 
Services 

State • National Conference of State 
Legislature’s (NCSL) Health 
Promotion Program State Legislation 
and State Database 

• National Association of State Boards 
of Education, State School Health 
Policy Database 

• School Nutrition Association policy 
database 

• National Cancer Institute’s State 
Cancer Legislative Database 

• American Public Health Association 
Policy Database 

• Rudd Center for Food Policy & 
Obesity 

• Johns Hopkins Center for a Livable 
Future’s Food Policy Resource 
Database 

• Center for Disease Control and 
Prevention State Policy Tracking 
System 

• Center for Information on 
Public Health Decisions in 
Mexico 

• Latin American and 
Caribbean Health Sciences 
Database 

• Salud Publica de Mexico, 
SCIELO Public Health 
database 

Federal • World Health Organization’s 
International Digest of Health 
Legislation 

• EBSCO Health Policy Reference 
Center 

• American Public Health Association 
Policy Database 

• Congressional Quarterly Press’s 
Collection of Political and Social 
Health Issues 

• Lexis-Nexis Academic Legal 
Reports 

• Rudd Center for Food Policy & 
Obesity 

• Congress.gov 

• World Health Organization’s 
International Digest of Health 
Legislation 

• Rudd Center for Food Policy 
& Obesity 

• Pan American Health 
Organization 

• Centro de Investigacion en 
Nutricion y Salud,  Instituto 
Nacional de Salud Publica 

Table 1. Policy sources for Houston and Guadalajara at the local, state, and federal level 

of government. 
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3.3.2. POLICY EVALUATION 

Once all policies were collected, they were individually reviewed and coded. 

First, policies were coded to determine the type of food resource addressed in each 

policy. The audit tool contains eight sections for various food resource types including 

grocery stores, supermarkets, convenience stores, table service restaurants, fast food 

restaurants, convenience stores, food carts, and taco stands. Next, policies were coded to 

document the zoning district that was specifically addressed in each policy. Possible 

zoning districts listed on the tool include commercial, residential, mixed-use, and school 

zones. Last, policies were coded to determine the type of provision that was stated in 

each policy. Possible provisions listed on the tool include permitted use, conditional use, 

accessory use, and prohibited. A score of four was assigned if the policy states that 

development of the food resource is permitted, meaning the food resource is permitted 

without conditions, three points if development of the resource is conditional, meaning 

the development is permitted with conditions, two points if development of the resource 

is accessory, meaning the food resource is allowed if it is secondary to the primary land 

use, one point if development of the resource is prohibited, and zero points if provisions 

are not specified. This score was recorded in the Excel spreadsheet next to the policy.  

Policies were double coded with assistance from an undergraduate research 

assistant at Arizona State University. Coders were trained using pre-established protocols 

from the Bridging the Gap project. During the training, coders learned how to complete 

the audit tool. Research assistants were asked to independently categorize and evaluate 

two examples policies. These examples will be discussed as a group and all questions 

were clarified to ensure understanding. Coders independently coded all policies using the 
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audit tool. Upon completion, partners met to compare codes. Discrepancies between 

partners were documented and inter-rater reliability was calculated between coding pairs 

to ensure fidelity. Reliability between research assistants was assessed using Cohen’s 

kappa (k) coefficient. A k value of .81-1.00 was considered almost perfect agreement, 

.41-.80 was considered moderate, and 0-.4 was considered poor agreement.131 A high k 

value will indicate that most categories on the tool could be reliably completed.132 If high 

κ values are not obtained, coders will be retrained and policies will be re-coded.133 After 

inter-rater reliability was calculated, discrepancies between partners were resolved in a 

convergent manner, with partners referring to the sources of the policy for the 

information they used to arrive at their independent decisions.35,43 

3.3.3 DATA ANALYSIS FOR RESEARCH AIM 1 

Aim 1: Document and evaluate food environment policies in school 

neighborhoods in Houston and Guadalajara using the Food Code and Policy 

Audit Tool.  

Descriptive analyses were used to determine the least and most frequently 

addressed food resource type in each county. This information will identify the food 

resource types that receive more focused attention in food environment policies and the 

food resource types that are currently not being addressed in food environment policies. 

Descriptive analyses were also used to determine the least and most frequently addressed 

zoning districts in each county. Likewise, descriptives were used to determine the 

provisions most commonly stated in policies and the provisions least commonly stated in 

policies.  
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The Food Code and Policy Audit Tool was used to calculate a healthy and 

unhealthy zoning score for each county in both cities.  The healthy zoning score was 

calculated by dividing the total number of points assigned to policies addressing 

supermarkets and grocery stores by the total number of points possible in these sections. 

The unhealthy zoning score was calculated by dividing the total number of points 

assigned to policies addressing convenience stores, fast food restaurants, table service 

restaurants, taco stands, and food carts by the total number of points possible in these 

sections.35,46 A higher healthy zoning score indicates more permitted use of healthy food 

resource types in the county. Whereas a lower unhealthy zoning score indicates more 

restricted use of unhealthy food resource types in the county.46 Information learned from 

examining healthy and unhealthy zoning scores can be used to make suggestions on how 

to modify and strengthen existing policies.  

3.4 METHODOLOGY FOR AIM 2 

3.4.1 CROSS-COUNTRY COMPARISON OF FOOD ENVIRONMENT POLICIES 

Analyses conducted for both cities in Aim 1 were compared. Comparisons will 

determine differences in the least and most frequently addressed food resource types, 

zoning districts, and provisions allowed in food environment policies in the two cities.  

3.4.2 DATA ANALYSIS FOR RESEARCH AIM 2 

Aim 2: Compare food environment policies between Houston and 

Guadalajara to examine similarities and differences.  

Healthy and unhealthy zoning scores were compared between the two cities. 

Differences between zoning scores revealed differences and similarities in the food 

resource types, zoning districts, and provisions that are addressed in the food 
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environment policies of both cities. These comparisons were used to discuss strengths 

and weaknesses revealed through the cross-country comparison, recommendations for 

improving these policies in both cities, the implications of this information, and 

recommendations for future cross-country comparisons of policies. 

3.5. METHODOLOGY FOR AIM 3 

3.5.1 NEIGHBORHOOD SELECTION  

Schools neighborhoods in Guadalajara were located in four municipalities, 

Guadalajara, Tonala, Tlaquepaque, and Zapopan, and were selected by the State of 

Jalisco Secretary of Education for participation in the Understanding Health Habits in 

Mexican Children, and were therefore included in the current study. In order to mirror the 

food resource data that was collected in Guadalajara, four counties in Houston were 

selected for this study. High school graduation and poverty prevalence will be used to 

identify counties in the greater Houston metropolitan area that most closely matched the 

high school graduation and poverty prevalence of the municipalities in the greater 

metropolitan Guadalajara area. These two variables were used as they have the same 

operational definitions and are available at the county/municipality level in both 

Guadalajara and Houston. Sociodemographic data for Guadalajara municipalities was 

obtained from the Instituto Nacional de Estadistica y Geografia (Institute of Statistics 

and Geography) and from the American Community Survey for Houston counties.  

Once Houston counties were selected, census tracts within each selected county 

was classified into four categories: 1) high-income-high-Hispanic population, 2) high-

income-low-Hispanic population, 3) low-income-high-Hispanic population, and 4) low-

income-low Hispanic population. One census tract with an elementary school was 
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randomly selected from each income/Hispanic population category for assessment to 

provide a diverse sample of school neighborhoods. This selection strategy yielded a total 

of 16 school neighborhoods in the Houston metropolitan area.   

3.5.2 NEIGHBORHOOD DEFINITION  

Neighborhoods in Guadalajara municipalities were defined as an 800-meter radius 

(1/2 mile) buffer circumscribed around each school, which served as the centroid.134 The 

800-meter buffer is a predefined region that captures the area in which residents are most 

likely to be exposed on a daily basis as they travel to and from the centroid (See Figure 3 

below). This applies to children that travel to and from school.135 This buffer size has 

been commonly used to define the boundaries to assess neighborhood features.121,136 The 

selected school neighborhoods were mapped using Google Maps. Individual maps were 

created and printed for each school neighborhood. These maps displayed the school 

location as well as the names of all arterial streets (defined as a high volume, main road 

that carries approximately 5,000-10,000 cars per 24 hour period) and residential streets 

within the 800-meter buffer. All residential streets within the buffer were numbered and a 

random sample table was used to randomly select 25% of residential streets for 

assessment. Previous studies have found that a 25% sample of residential streets is 

sufficiently representative of all residential street segments within the 800-meter 

buffer.134 

 

 

 

Figure 2. Sample map of 800m buffer around a school. 
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After Houston schools were identified, Google Maps was used to create an 800-

meter buffer around each school, which will serve as the centroid.134 Buffers were 

visually inspected to ensure that there was no overlap between school neighborhoods. 

Individual maps were created and printed for each school neighborhood. These maps 

included the school location as well as the names of all arterial and residential streets 

within the 800-meter buffer. Residential streets within the buffer were numbered and a 

random sample table was used to randomly select 25% of residential streets for 

assessment.  

3.5.3. SCHOOL NEIGHBORHOOD FOOD ENVIRONMENT ASSESSMENTS 

Data on food resources in Guadalajara school neighborhoods was collected in the 

spring of 2012 by a team of U.S. and Mexican field assessors. The food environment was 

assessed using a modified version of the Goods and Services Instrument (©2010, 

GASI).137,138 The GASI is an objective field assessment that captures information on the 

availability of supermarkets, grocery stores, table service restaurants, convenience stores, 

and fast food restaurants, providing a total count of each observed food resource type. For 

use in Mexico, the GASI was modified to include food carts and taco stands, which have 

been identified as an important resource in the Mexico food environment and have been 

increasingly observed in the U.S.18,25,118 The instrument defines supermarkets as large 

franchise or chain grocery stores with greater than three cash registers, selling household 

items in addition to food items. Grocery stores are defined as stores that sell mostly food 

items with three or fewer cash registers. Convenience stores are defined as stores that sell 

snack foods, drinks, and toiletries and may have gasoline pumps. Fast food restaurants 

are defined as restaurants where the orders and food pick up is completed at the counter 
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or from a drive through window.136 Food carts are defined as mobile food trucks, carts, or 

bicycles. Taco stands are larger than food carts and they do not move, but are semi-

permanent.  

Training for field assessors occurred in two parts. The first part consisted of a 

classroom training where standardized materials and operational definitions for defining 

food resources were learned and practiced. In the second part of the training, assessors 

completed field training under the supervision of the Principal Investigator and Project 

Coordinators. The training ended with assessors independently conducting a practice 

assessment, which was reviewed and discussed to ensure that standard definitions were 

being applied to all GASI items. Trained assessors were grouped in pairs, assigned to a 

neighborhood, and were sent into the field to conduct assessments. Using a pre-printed 

map of the neighborhood, assessors verified the location of the school before proceeding 

to assess the food resources on all arterials and a random sample of 25% of residential 

street segments in school neighborhoods within the 800m-buffer around each selected 

school.134,139 The following protocol was used to complete the GASI assessment in each 

school neighborhood:  

• Assessors identified the first street segment highlighted on the 

neighborhood map and located the beginning and endpoint of the 

segment. 

• Assessors then walked the full length of the street segment, looking 

around in all directions. All identified goods and services were 

documented using the GASI.  
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• After assessing the segment from the beginning to the endpoint, 

assessors moved on to the next arterial or residential segment 

highlighted on the map and followed the same procedure.  

• Once all segments were assessed, the map was reviewed to make sure 

that data had been collected for all segments and that all forms had been 

completely and accurately answered.  

In order to collect parallel data on food resources in Houston, the same training 

materials, instruments, and protocols were used in 16 school neighborhoods in Houston. 

Individual maps were created for each school neighborhood and were used to guide 

assessors. All arterial segments and 25% of all residential segments were assessed using 

the GASI. This data provided a count of food resources and identified the types of food 

resources found in school neighborhoods in Houston.  

3.5.4 DATA ANALYSIS FOR RESEARCH AIM 3 

Aim 3: Document food resources in school neighborhoods in Houston and 

Guadalajara to compare the respective states of the food environment in 

those neighborhoods.  

Descriptive analyses were used to determine the frequency of each food resource 

type on the GASI in each county in both cities.  This allowed for the characterization of 

the food environment, determining the extent to which unhealthy resources and healthy 

resources saturated the school neighborhood food environment. Data on food resources 

was compared across cities to fulfill Aim 3. Furthermore, within each city, one-way 

ANOVAs were used to compare the frequency of food resources across high and low 

socioeconomic school neighborhoods to examine the presence of socioeconomic 
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disparities in the food environment. This information demonstrates the areas within the 

food environment that are in need of stronger policy action. For example, the high 

presence of convenience stores in neighborhoods indicates that stronger policies are 

needed to regulate the presence of these resource types. In contrast, the low presence of 

grocery stores in neighborhoods will indicate the need for policies that permit and 

promote the development of these resources in neighborhoods.  

3.6 DATA MANAGEMENT 

All data from the Understanding Health Habits in Mexican Children project have 

been entered into a Microsoft Access database and proofed for accuracy in Microsoft 

Excel. The data were then imported into SPSS to be analyzed. All data were stored on a 

protected hard drive to limit access to only those individuals who need to enter, proof, 

manage or analyze the data. Daily backups insure against data loss. Identical data 

management procedures were used for new data collected for this study. All statistical 

analyses were conducted in SPSS Version 20.0 (SPSS 20.0 for Windows; SPSS Inc, 

Chicago, Ill). 

3.7 EXPECTED FINDINGS 

It was hypothesized that unhealthy food resources such as fast food restaurants 

and convenience stores would be the most commonly addressed food resource types in 

food environment policies and healthy food resources would be the least commonly 

addressed food resource types in food environment policies. Due to differences in 

infrastructure and regulations, it was expected that Houston would have food 

environment policies that differ from the food environment policies in Guadalajara. Last, 

it was expected that the school neighborhood food environment in both cities would be 
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saturated with unhealthy food resources compared to healthy food resources and that low 

socioeconomic school neighborhoods would have a higher frequency of unhealthy food 

resources compared to higher socioeconomic school neighborhoods.  

3.8 POTENTIAL CONTRIBUTIONS  

While policy is viewed as a viable childhood obesity prevention strategy, there is 

a desperate need for improved evaluation of food related policies in developed and 

developing countries.1 Food environment policies and resources in school neighborhoods 

are significantly understudied. This study applied a systematic policy audit tool that 

documented and evaluated food environment policies in this understudied environment. 

This study also provided information on the food environment surrounding schools. 

Documenting and describing the policy and food environment in school neighborhoods 

give researchers an increased understanding of the environmental determinants of diet in 

children. Cross-country evaluations and comparisons like the one proposed in this study 

provides information and meaningful insights for both the U.S. and Mexico.  

CHAPTER 4 

MANUSCRIPT 1: CHARACTERIZING AND COMPARING FOOD 

ENVIRONMENT POLICIES IN HOUSTON, TEXAS AND GUADALAJARA, 

MEXICO. 

4.1 INTRODUCTION 

Since the 1970’s, the U.S. food environment has become increasingly 

characterized by wide availability of high fat, energy dense foods that are palatable, 

inexpensive, and heavily marketed.40,103,104 Over the past two decades, similar changes 

have been observed in Mexico, leading to an obesogenic food environment that 
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increasingly mirrors that of the U.S.2,37,88 These changes to the food environment have 

had a significant impact on dietary habits in children and have contributed to alarming 

rates of childhood obesity in both countries.65,77,85,140 Policies are recognized as drivers of 

environmental change and researchers have begun to investigate policy change strategies 

for improving the food environment and thereby improving dietary habits in children.26,40  

The Ecologic Model of Physical Activity (EMPA) provides a framework for 

mapping social and physical determinants of physical activity at multiple levels of 

environment. Previous work has demonstrated that this framework can be applied to 

other health behaviors such as dietary habits.137,138 Within the EMPA, the macro-

level represents the broader social and cultural context of an individual’s environment 

and includes factors such as social norms, technological innovations, and 

policies.29,69,74,77,78,141 The micro-level environment is defined as the settings in which one 

lives, works, and plays, such as the workplace, home, or school neighborhood.69,74 

Ecologic models like the EMPA hold that there are direct and indirect links between 

policies at the macro-level and the food environment at the micro-level.29,74 Levels of 

environmental determinants within the framework are interdependent. Changes that occur 

at one level, such as changes to policies at the macro-level, can produce changes at 

another level, such as the micro-level food environment.29,70,73,75 

Policies impact the food environment at the micro-level by restricting or 

permitting the development of food resources.77,85,86 For example, food environment 

policies govern land development and use and can restrict the development of unhealthy 

food resources like fast food restaurants and promote the development of food resources 

offering healthier food options like supermarkets and grocery stores.30,31 Food 
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environment policies can potentially limit children’s exposure to unhealthy food 

resources while increasing their exposure to healthier food resources.35-39,59  

However, policy is largely understudied in the public health field, despite its 

potential to drive environmental change. There is little documentation and evaluation of 

existing policies that impact the food environment, and the study of policy is missing for 

many important environments such as school neighborhoods.83 National obesity and 

policy strategies in the U.S. and Mexico have identified the school environment as an 

important setting for early intervention.2,85,113,142 However, most investigations of policy 

in the school food environment have focused on policies within the school, leading to 

changes in school meal programs and vending machines. There is a need to examine food 

environment policies in the school neighborhood food environment as food resources in 

these settings influence dietary habits in children.18,24,58,59  

Health and government agencies in the U.S. and Mexico have called for increased 

collaboration between the two countries, agreeing that there is a need to share health 

strategies and knowledge to increase our collective ability to fight childhood obesity.47,49 

Cross-country policy comparisons are a promising strategy for sharing knowledge and 

fostering collaboration between countries, yet few studies have used this 

approach.44,50,52,61 Government processes and infrastructure differ across countries 

leading to unique policy environments. Comparing policies between countries, especially 

middle- and high-income countries, can highlight differences in the policy environment, 

yielding important information on policy gaps and areas for improvement.44,52-54 Cross-

country evaluations and comparisons are needed in order for policy to be a part of a wider 
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global public health approach to creating healthier food environments and promoting 

healthy dietary habits among children.20,50 

Policies are an important component of existing food environments and must 

receive greater acknowledgement from public health researchers.59,90 This study aimed to 

address this gap by evaluating and comparing food environment policies such as land-

use, development, and zoning policies in four counties in Houston, Texas and four 

municipalities in Guadalajara, Jalisco using the Food Code and Policy Audit Tool. This 

study will provide researchers, policy makers, and urban designers with information that 

can be used to develop stronger policy strategies needed to develop school food 

environments that support healthy dietary habits.22,27,35,46,56  

4.2 METHODS 

4.2.1. SETTING  

Houston is a large metropolitan area in Harris County, Texas, USA with a 

population of about 6.3 million people (Houston Partnership Research Department, 

2014). Guadalajara is also a large metropolitan area in the state of Jalisco, Mexico with a 

population near 4.6 million people. Both metropolitan areas are known as diverse cultural 

epicenters, important for trade, business, and industry, making them ideal settings for a 

cross-country comparison of policies.55   

Four municipalities in metropolitan Guadalajara were included in this study by 

virtue of their participation in the Understanding Health Habits in Mexican Children 

study, which investigated neighborhood determinants of health in Guadalajara, Puerto 

Vallarta, and Mexico City. Sociodemographic variables were obtained from the Instituto 

Nacional de Estadistica y Geografia (Institute of Statistics and Geography) and the 
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American Community Survey to match the four municipalities in the metropolitan 

Guadalajara area as closely as possible to four counties in the Houston metropolitan area. 

High school graduation and poverty prevalence were the two variables that had the same 

operational definition and were measured at the county/municipality level in both 

countries. These variables were used to match the Guadalajara municipalities with 

Houston counties.  

4.2.2. POLICY DATA COLLECTION 

 Existing land-use, development and zoning policies were collected and evaluated 

for all counties and municipalities. The Food Code and Policy Audit Tool was designed 

to examine policies at the local level.46 Therefore, only policies at the county, 

municipality, and city level were included. A list of search terms was developed from 

previous studies and included zoning regulations, code of ordinances, building 

regulations, building codes, urban development regulations, and land-use 

regulations.35,143 The Spanish equivalents of these terms were used to search for policies 

from Guadalajara. Search terms were discussed with representatives from planning, 

development and health departments in Houston and Guadalajara to ensure that terms 

were appropriate. Policies and regulations were identified through systematic searches in 

online search engines, county and municipality websites, and policy databases.35,43,130 For 

each search, the search engine, terms used, and results were documented. To be eligible 

for inclusion, policies and regulations had to be currently enacted.35,43 Once policy 

documents were identified, policies were copied into a Microsoft Excel spreadsheet that 

was used to record the date the policy was enacted and the source where the policy was 

identified.43   
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4.2.3 POLICY CODING 

The Food Code and Policy Audit Tool is a systematic tool developed through the 

Bridging the Gap Community Obesity Measures Project.46 Using this tool, policies were 

individually coded. First, policies were coded to determine the type of food resource 

addressed in the policy. Resource types included grocery stores, supermarkets, 

convenience stores, table service restaurants, fast food restaurants, convenience stores, 

mobile food vendors, other restaurants and other food resources. Next, policies were 

coded to document the zoning district (e.g., residential, commercial, mixed-use) that was 

addressed in each policy. A zoning district is an area of land in a county or municipality 

where specific food resources are allowed.143 For example, a building regulation may 

specifically address the development of fast food restaurants in a commercial zoning 

district. Last, policies were coded to determine the type of provision allowed in the 

policy. This section was scored. A score of four was assigned if the policy stated that 

development of the food resource is permitted, meaning the food resource is permitted by 

right in the specified zoning district, three points if development of the resource is 

conditional, meaning a special use exception or special permit is needed for the resource 

to be developed in the specified zoning district, two points if use of the resource is 

accessory, meaning the resource is secondary to the primary land use and is subordinate 

in area, extent, and purpose to the principal use of the building, one point if development 

of the resource is prohibited, and zero points if the provisions are not specified.  

Two raters coded all policies. Coders were trained using pre-established protocols 

from the Bridging the Gap project, which has been previously described.144 During the 

training, coders learned to complete the audit tool, identify zoning districts and type of 
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provision allowed in policies. Two example policies were discussed as a group to clarify 

any questions and ensure understanding before all policies were coded independently. 

The tool was applied individually to each policy document that was identified. A range of 

one to four policy documents was obtained for each individual county or municipality. 

Upon completion of coding, partners met to compare codes. Discrepancies between 

partners were documented and inter-rater reliability was calculated to ensure fidelity. 

Discrepancies between partners were resolved in a convergent manner.35,43 

4.3 ANALYSIS 

Descriptive analyses were used to determine the least and most frequently 

addressed food resource types, zoning districts and provisions allowed.  This information 

identified resources and zoning districts that receive more focused attention in food 

environment policies and resources and zoning districts that were not addressed in food 

environment policies. This information also identified the type of provisions most 

commonly allowed for the food resources addressed in evaluated policies. All descriptive 

analyses were compared between the two cities. Reliability between coders was assessed 

using Cohen’s kappa (k) coefficient.131,132 There was 98.8% agreement between the two 

coders with a Kappa coefficient (k) of .94, indicating excellent agreement. 

A healthy and unhealthy zoning score was calculated for each policy document 

that was evaluated and scores were summed for each county or municipality.  The 

healthy zoning score for each policy document was calculated by dividing the total 

number of points assigned to policies addressing supermarkets and grocery stores by the 

total number of points possible in these sections. The unhealthy zoning score for each 

policy document was calculated by dividing the total number of points assigned to 
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policies addressing convenience stores, fast food restaurants, table service restaurants, 

taco stands, and food carts by the total number of points possible in these sections.35,46 A 

high healthy zoning score indicates higher permitted use and greater exposure to healthy 

food resource types. A low healthy zoning score indicates greater restrictions on healthy 

food resource types, which can contribute to an unhealthy food environment. A high 

unhealthy zoning score indicates higher permitted use and greater exposure to unhealthy 

food resource types in the county. A low unhealthy zoning score indicates greater 

restrictions on unhealthy food resource types, which can contribute to a healthier food 

environment.46 Zoning scores were summed for all policy documents identified in each 

county/municipality.  

4.4 RESULTS 

The policy documents identified in both cities were building and land ordinances, 

development regulations, and land-use and zoning policies. More policy documents were 

obtained for Guadalajara municipalities (N=41) compared to Houston counties (N=25).  

Most policies (80%) in Houston counties addressed unhealthy food resources compared 

to healthy food resources (20%). Across Houston counties, the most frequently addressed 

food resource type was mobile food vending (20%), followed by table service restaurants 

(16%) and other food resources (16%), which included bakeries and meat markets. 

Similarly, policy documents from Guadalajara municipalities mostly addressed unhealthy 

food resources (68.3%) compared to healthy food resources (31.7%). Across Guadalajara 

municipalities, the most frequently addressed food resource type was other food 

resources (17.1%), which included butcher shops, bakeries, and candy stores, followed by 

grocery stores (14.6%), other restaurants (14.6%) which included loncherias (lunch 
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counters) and neverias (ice cream shops), and supermarkets (12.2%) and convenience 

stores (12.2%). 

Most policies in Houston counties addressed residential (28%) or 

commercial/mixed-use (28%) zoning districts. Most policies in Guadalajara 

municipalities (63.4%) also addressed residential and commercial zoning districts. The 

type of provision most commonly allowed in Houston policies was permitted use (64%), 

with only 20% of provisions being conditional use. Likewise, the most common type of 

provision in Guadalajara was permitted use (95.1%) with only 4.9% of provisions being 

conditional. Only one policy document from a Guadalajara municipality had provisions 

that restricted convenience stores from developing within 150 meters of schools. 

 Healthy zoning scores for counties/municipalities ranged from 0-1.40, with a 

higher healthy zoning score indicating greater exposure and allowed use of healthy food 

resources and a score of zero indicating that healthy food resources were not addressed in 

the county’s food environment policies. Unhealthy zoning scores ranged from .13-1.98 

with a higher score indicating greater exposure and permitted use of unhealthy food 

resources. The average healthy zoning score in Houston counties was .25 (SD=.19) and 

the average unhealthy zoning score was .78 (SD=.75). In Guadalajara counties the 

healthy zoning score was .55 (SD=.57) and the unhealthy zoning score was .73 (SD=.83). 

Table 2 presents the county and municipality high school graduation and poverty 

prevalence for each county and municipality and the healthy and unhealthy zoning scores 

for each county and municipality.  

                     Houston Counties Guadalajara Municipalities 
 

Harris 
Fort 
Bend Montgomery Brazoria Guadalajara Tonala Zapopan Tlaquepaque 

Poverty 
Prevalence 11.90% 5.60% 8.30% 8.90% 22.10% 32.90% 23.20% 36.60% 
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H.S. Graduation 
Prevalence 78.70% 88.50% 86.30% 85.30% 88% 90.20% 88% 88.50% 

Healthy Zoning 
Score .40 .20 .00 .40 1.40 .20 .20 .40 

Unhealthy 
Zoning Score .92 .29 .13 1.79 1.98 .21 .25 .50 

Table 2. County and municipality level poverty and high school achievement rates and 

healthy and unhealthy zoning scores, 

4.5 DISCUSSION  

This study evaluated and compared land-use, development and zoning policies in 

four counties in Houston, Texas and four municipalities in Guadalajara, Jalisco. The 

majority of policies evaluated from the Houston and Guadalajara metropolitan areas 

addressed unhealthy food resources. While addressing unhealthy food resources is 

warranted and needed, the focus on unhealthy resources should ideally be balanced by 

additional focus on healthy food resources. Unhealthy food resources should be limited 

while healthy food resources are simultaneously being promoted.143,145  

 Mobile food vendors were the most commonly addressed food resource in 

Houston counties. Mobile food vendors have been linked to after school snacking and 

should be considered a part of the school food environment.18,63 All four counties in 

Houston consistently required permits for mobile food vendors in order to regulate these 

resources; however, there were no restrictions on the zoning districts or areas in which 

vendors could operate. As these resources are mobile, they can easily move among 

zoning districts giving them the freedom to target school neighborhoods. Mobile vendors 

such as food carts and taco stands were not adequately addressed in Guadalajara policies. 

These resources are an important food source in Latin American countries like Mexico 

and make a significant contribution to the Mexican economy, providing self-employed 
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work and a source of income for low-income families.14,18,118 In both countries, these 

vendors typically offer unhealthy food options in the form of pre-packaged snack items, 

fried foods, or high-fat, calorically dense meals.18,118 Stronger regulations and more 

restricted provisions of mobile food vendors are needed in food environment policies of 

both cities.  

Resources identified as ‘other restaurants’ and ‘other food resources’ were 

frequently addressed in policies. These resources included butcher shops and bakeries in 

Houston counties and lunch counters, ice cream shops, and specialty shops such as meat 

and dairy stores in Guadalajara municipalities. These resource types provide hot meals, 

snack foods, and sweets, which can influence snacking and increase the consumption of 

meals outside of the home. The high prevalence of these resource types in policies from 

both Houston and Guadalajara suggest that these resources are an important part of the 

U.S. and Mexico policy environment. Food environment and policy instruments should 

be expanded to better categorize and capture these resources opposed to categorizing 

them as ‘other.’  

Supermarkets and grocery stores were more commonly addressed in Guadalajara 

food environment policies compared to Houston. As previously mentioned, it is equally 

important to have policies that address healthy food resources in addition to policies that 

address unhealthy food resources.143,145 Food environment policies have the ability to 

promote and incentivize the development of grocery stores and supermarkets, and 

researchers, policymakers, and developers should capitalize on this ability in order to 

bring healthier food options to settings like school neighborhoods.30,31  
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Other important healthy food resources such as community gardens, farmer’s 

markets, and produce markets or stores were missing from policy documents in both 

cities. In regard to unhealthy food resources, fast food restaurants and convenience stores 

were not a central focus in policies from both areas. Studies that have examined the food 

environment in school neighborhoods have reported that convenience stores and fast food 

restaurants are the food resource types most commonly found to be clustered around 

schools.25,63,140 Food environment policies can be proactive in setting limitations and 

more conditional provisions for these resources.  

The majority of policies in Guadalajara and Houston were developed for 

application in residential and commercial zoning districts, which are the two zoning 

districts that most commonly encompass school neighborhoods. Zoning districts that 

were not mentioned in policy documents from either city included districts such as public 

or civic spaces and recreation or open spaces. Modifying and developing food 

environment policies to include these other zoning districts may be useful since these 

spaces typically involve activities for children.  

 The most common provision allowed for healthy and unhealthy food resources 

was ‘permitted use,’ meaning there were no conditions or restrictions to the use of a food 

resource within a specific zoning district. This provision can lead to greater exposure to 

healthy resources, which can positively impact diet. However, this provision can also 

lead to greater exposure to unhealthy food resources, which can negatively impact diet. 

Policymakers responsible for the development of food environment policies in both 

countries can move to develop more restricted or prohibited use of unhealthy food 

resources in zoning districts. Failure to specifically address provisions for schools was a 
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major gap in the policy landscape of both Houston and Guadalajara. Only one 

municipality in Guadalajara prohibited convenience stores from developing within a 

specific distance from schools.  

Food environment policies in Guadalajara received a higher healthy zoning score 

compared to food environment policies from Houston, indicating that Guadalajara food 

environment policies had greater focus and more permitted use of healthy food resources 

in residential and commercial zoning districts. Food environment policies from Houston 

received a higher unhealthy zoning score compared to food environment policies in 

Guadalajara, indicating greater focus and more permitted use of unhealthy food resources 

in residential and commercial zoning districts. While food environment policies in both 

cities can be improved, these findings suggest that policies in Houston need more focused 

attention on healthy food resources and more restricted provisions for unhealthy food 

resources. Differences in healthy and unhealthy zoning scores present a learning 

opportunity where policies from Guadalajara can be reviewed to provide examples that 

can be used for improving policies in Houston.  

These findings provide an evidence base that can be used by policymakers to 

modify food environment policies to address the needs and gaps highlighted in the 

Houston and Guadalajara policy environment.85,89,146 This information can also be used to 

demonstrate to urban planners and designers the importance of the placement of food 

resources in environments like school neighborhoods and their impact on children’s 

health in an effort to improve building and development regulations. As policies continue 

to be recommended as one of the primary mechanisms for making environmental change, 

there is a great need to understand how policies impact the food environment. More 
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studies are needed to evaluate and report on food environment policies in the U.S. and 

Mexico. Studies like these provide a foundation for future studies to further examine the 

relationship between food environment policies and the built food environment and the 

impact of this relationship on important health outcomes such as weight, BMI, and 

diet.52,57 Further examination of food environment policies can also help researchers 

identify opportunities for intervention and the implementation of new policy 

strategies.27,129  

In addition to evaluating the content of policies, future studies should also 

investigate the policy enactment and implementation process. A municipal council 

known as an ayuntamiento governs municipalities in Guadalajara. These elected council 

members are responsible for urban development, planning, and land-use regulation.147,148 

Counties in Houston are governed by a commissioners’ court that is responsible for 

community development and planning. At the local level, cities are governed by elected 

city councils that are responsible for enacting ordinances and regulations.149,150 

Understanding the process and identifying the governing officials responsible for 

approving legislation like food environment policies can give researchers the opportunity 

to collaborate with the governing body in each county/municipality to lobby for new 

policies or the modification of existing policies.  This information can also inform 

researchers as to the type of policies that are easier or more difficult to get approved, the 

intended purpose of policies, and the political context in which policies are approved.  

While the study of health and food policies and their impact on the food 

environment is a growing area within health research, there is still a lot to learn. 

Researchers examining food environment policies can learn from researchers that 
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pioneered the study and use of policy strategies to limit tobacco and alcohol sales. Zoning 

and land-use policies were successfully used to restrict the development of resources 

selling these items in environments such as school neighborhoods.77,151 By studying 

policies and tactics used in the tobacco and alcohol fields, researchers studying food 

environment policies can learn valuable and tested strategies that can be employed to 

reduce the presence of unhealthy food resources.151-154  

4.6 CONCLUSION 

Findings from the food environment policies evaluated in Houston counties and 

Guadalajara municipalities demonstrate that there is a need for food environment policies 

to focus more on healthy food resources. Despite the focused attention on unhealthy food 

resources, there is a need for more conditional provisions limiting these resources. 

Perhaps most alarming, policies restricting unhealthy food resources in school areas were 

non-existent, indicating that school neighborhoods were not considered in the 

development of food environment policies in these two large metropolitan areas. The 

school neighborhood food environment is an important setting to include in food 

environment policies in order to promote healthy dietary habits among children.22,34,107 

CHAPTER 5 

5. MANUSCRIPT 2: METHODS, CHALLENGES, AND RECOMMENDAITONS 

FOR CONUCTING CROSS-COUNTRY POLICY COMPARISONS. 

5.1. INTRODUCTION 

Cross-country comparisons are a growing method of interest in many disciplines 

of research.155-158 In this approach data are gathered from more than one country and used 

to compare experiences and processes across all countries.157,158 Researchers across many 
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fields including economics, health care, and policy, have used this approach to provide 

textual descriptions, test hypotheses, explain behaviors, and inform policy.156,157,159,160  

Cross-country comparisons have become increasingly used in the field of health 

policy. Despite cultural and organizational differences, many countries around the world 

are facing the same health issues such as childhood obesity, diabetes, and cardiovascular 

diseases.161,162 Comparing policies across countries has emerged as a promising strategy 

for fighting these global public health challenges.50,51,158 Government processes and 

infrastructure differ across countries, especially between high-income and low- to 

middle-income countries, producing differing policy environments.44,52-54 These differing 

policy environments create opportunities for identifying gaps and areas for 

improvement.53,54 Knowledge and information learned from these comparisons can 

inform the development of new policies and the modification of existing policies.53,54,163  

Despite the potential for learning about and improving policy, the complex nature 

of cross-country policy comparisons presents a host of conceptual, design, and 

methodological challenges.155,162,164,165 To start, the selection of countries to be compared 

must be justified to ensure that the comparison will answer the proposed research 

question(s).155,158 Conceptually, there has been a lack of theoretical frameworks and 

underlying theory to guide cross-country comparisons.158,166 Grounding research in 

theory is an important principle in any research study; however, amid the many design 

and methodological challenges that accompany cross-country comparisons, the use of 

theory is particularly important for providing a clear process for answering the proposed 

research question.166 Cross-country comparisons have also suffered from a lack of 

systematic methodology. Lack of documentation and reporting on procedures and 
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protocols has made it difficult to develop standard methodologies for this 

approach.155,162,164  

The purpose of this paper is to describe a cross-country policy comparison 

between a high-income and middle-income country that was designed to overcome 

conceptual and methodological challenges to this approach. This study evaluated and 

compared zoning, land-use, and development policies and regulations from four counties 

in the metropolitan Houston area in Texas, USA, and four municipalities in the 

metropolitan Guadalajara area in Jalisco, Mexico. This paper describes the methodology 

used, outlines the strengths and challenges of the study and recommendations for future 

studies.  

5.2 METHODS 

5.2.1 SELECTION OF STUDY SETTINGS 

The U.S., a high-income country, and Mexico, a low- to middle-income country, 

share over 2,000 miles of border and significantly influence each other through trade, 

economics, migration, and health.8 Health and government agencies in both countries 

have expressed a desire and need for increased collaboration regarding shared public 

health issues.47,49 The influence that these countries exert on each other, and their desire 

to work together made these two countries appropriate for a comparative study.   

Geographic and demographic data were used to guide city and county selection. 

Within the U.S., the greater Houston metropolitan area has a population of about 6.3 

million people.167 Within Mexico, the greater Guadalajara metropolitan area in the State 

of Jalisco has a population of 4.6 million people. Both metropolitan areas are culturally 
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diverse and recognized as important centers for trade, business, and industry. These 

similarities also made these metropolitan areas ideal for a comparison.55  

Guadalajara municipalities were selected by virtue of participating in the 

Understanding Health Habits in Mexican Children study. High school graduation and 

poverty prevalence were used to select Houston counties that most closely matched 

Guadalajara municipalities. These variables were selected as they had the same 

operational definitions in both countries and were available at the county/municipality 

level. Sociodemographic data were obtained from the American Community Survey for 

Houston counties and from the Instituto Nacional de Estadistica y Geografia (National 

Institute of Statistics and Geography) for Guadalajara municipalities. 

5.2.2 THEORETICAL FRAMEWORK 

The theoretical framework chosen to guide this study was the Ecologic Model of 

Physical Activity (EMPA). The EMPA has been adapted for examining dietary behaviors 

and provides a framework for mapping determinants of dietary habits at various levels of 

environment.43 Within the EMPA, the macro-level environment is defined as the larger 

sociocultural context in which a person lives and includes policies.29 According to the 

EMPA, levels of environment are interdependent. The EMPA provides a map for 

exploring the dynamic relationships among multi-level determinants.28,29 Use of the 

EMPA provided a clear pathway for examining food environment policies in the macro-

level environment as determinants of food resources in the micro-level environment and 

provides a foundation for further examining the direct and interactive influence that these 

environments may have on dietary habits at the individual level (Figure 1).  

5.2.3 POLICY DATA COLLECTION AND CODING 
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Currently enacted zoning, land-use, and development policies and regulations 

were collected at the county and municipality level from publicly available online 

databases and government websites in Houston and Guadalajara. Search terms and search 

engines were identified from previous literature and were discussed with representatives 

from planning, development and health departments in Houston and Guadalajara to 

ensure that terms were appropriate.35,143 All search terms and online resources used to 

identify policies were recorded. Once a policy was identified, the country, city, county, 

source, and year the policy was enacted was also recorded.  

The Food Code and Policy Audit Tool, developed through the Bridging the Gap 

Community Obesity Measures Project, was used to document the food resources (e.g. 

supermarkets, fast food restaurants, convenience stores), zoning districts (e.g. residential, 

commercial, mixed-use), and provisions (e.g. permitted use, conditional use, prohibited) 

in each policy.35,46 This information is used to understand the types of food resources that 

are most commonly addressed in current food environment policies and whether these 

resources have restricted or unrestricted use across zoning districts (e.g. commercial, 

residential). This tool was selected because it is designed to examine policies at the local 

county and municipality level.35,46,143 Research assistants were trained to code policies 

using pre-established protocols from the Bridging the Gap project. Coders were paired 

and independently coded all policies. Discrepancies between coding partners were 

documented and fidelity was measured using inter-rater reliability. Coders then worked to 

resolve all discrepancies in a convergent manner.35,43  

5.2.4. RESULTS AND DISCUSSION 
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This paper described the methodology used to guide a cross-country comparison 

of food environment policies in Houston, Texas and Guadalajara, Mexico. This is an 

innovative approach in policy research that has the potential for learning about and 

improving policy in the countries involved in the comparison. Within this study, there 

were strengths to how this approach was used and there were also many challenges. 

These challenges presented learning opportunities and guided recommendations for 

future studies.  

Investigators started by developing a clear research question to guide the research 

design. The research question for this study aimed to evaluate and compare macro-level 

policy influences of the food environment in a high-income and middle-income country. 

The research question guided the selection of countries to be included in the comparison. 

Shared health issues and sociopolitical links between the U.S. and Mexico pointed to the 

potential for learning and sharing important policy information through a comparative 

study. Future investigations should consider the potential for gains in knowledge and 

public health relevance when selecting countries.158 Geographic and sociodemographic 

data were used to select cities and counties for comparison; however, differences in the 

geographic and sociodemographic data that were available within the two countries made 

it challenging to collect this information. High school graduation and poverty prevalence, 

were the only two variables that were measured at the county/muicipality level and 

operationally defined the same way in both countries. The limited sociodemographic 

variables available made it difficult to select Houston counties that matched the 

Guadalajara municipalities. This challenge is consistent with previous cross-country 
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comparisons that have reported differences in the quality, completeness, and availability 

of data across countries.158,166  

An important strength to this study was the use of an established theoretical 

framework. Theoretical frameworks like the EMPA provide a systematic process for 

answering the proposed research question.168 Use of the EMPA helped to guide 

methodology and measurement decisions, strengthening the overall research design. As 

previously discussed, the EMPA has broad application and provides a foundation for 

future work and investigation of factors that influence food environment policies, food 

resources and dietary habits (Figure 1).29,164,169 Future investigations should continue to 

apply theoretical or conceptual frameworks to clearly define research questions and 

establish a clear process for answering questions through cross-country comparisons.  

In order to develop a systematic protocol, all procedures were carefully 

documented at every step. The search terms, search engines, and online resources used to 

identify policies were recorded. The country, city, county, and year the policy was 

enacted were recorded once policies were identified. This documentation provided an 

organized, systematic process for searching for and evaluating policies. The use of cross-

country policy comparisons as a strategy for studying policy is still in its infancy, 

therefore it is essential that future investigations clearly and completely document and 

report their methodology. Better documentation and reporting of protocols can lead 

toward establishing standard methodology for this approach and stronger study 

designs.155,158  

In addition to careful documentation of study procedures, this study used a 

systematic, policy evaluation tool and standard training materials. Policies were collected 
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at the county/municipality level and the Food Code and Policy Audit Tool was 

specifically designed to evaluate policies at the local county/municipality level. This tool 

was used to objectively evaluate policies based on the food resource type, zoning district, 

and provisions addressed in the policy. These three fundamental components were 

present in all food environment policies in the U.S. and Mexico allowing for easy 

application of the tool in both countries.   

The Food Code and Policy Audit Tool has shown excellent reliability and has 

been validated and applied across many states within the U.S.35,46,143 However, it has not 

been validated for cross-country investigations. Most tools, like policy evaluation 

instruments, are designed within the context of a specific culture and country and are not 

designed for application within the context of other cultures and countries.155 Lack of 

measurement tools that have cross-country validity can present methodological 

challenges and lead to misinterpretations of the data.165 In order to overcome this 

challenge, future investigations are needed that test and modify existing instruments to 

accommodate cultural and structural differences across countries. Future investigations 

are also needed that develop and validate new instruments for use across multiple 

countries. Having representatives from multiple countries present to guide the 

modification or development of new instruments is critical in developing instruments that 

are reliable and culturally sensitive.40,170  

The sheer complexity of comparing large, macro-level systems and variables like 

policies, adds to the challenges faced in this approach.171 For example, in the U.S., 

policies are enacted at the state level, the county level and also at the city level. In 

Mexico, policies are enacted at the state level and the municipality level. Much like 
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counties in the U.S., municipalities in Mexico are the second level of administrative 

division and may consist of one or more cities.148 However, unlike the U.S., cities within 

a municipality remain under the jurisdiction of the municipality and do not establish their 

own city-level policies. The presence of county and city level policies in the U.S. allows 

for greater variation in policies between cities and across counties. The majority of policy 

documents identified in Houston were enacted at the city-level, compared to documents 

identified from Guadalajara that were enacted at the municipality level only.  These 

differences in government structure should be carefully considered when making 

recommendations on the feasibility of applying policies from one city or county to 

another.  

Another challenge to this approach at the macro-level includes differences in the 

type of policies that exist in each country. While the City of Houston still uses zoning 

districts to identify land uses, it is the only major U.S. city without formal zoning laws. 

Houston relies on land-use ordinances, municipal codes, and building and development 

regulations to govern the manner in which zoning districts are used.172 In contrast, 

Guadalajara does have zoning regulations. Differences in the laws, policies, and 

ordinances used to regulate land use can further complicate cross-country policy 

comparisons. Policies that have been successful at restricting unhealthy food resources or 

promoting healthy food resources through zoning in Gudadalajara will have to find other 

channels of application in cities like Houston. While differences in policy type may make 

it difficult to make recommendations for how policies from one country can be applied in 

another country, these differences can still provide an important learning opportunity. For 

example, the lack of zoning policies is a gap in the Houston policy environment and 
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identifying this gap can be used to modify existing food environment policies to fill this 

gap or advocate for the development of zoning policies that regulate food resources.  

Perhaps the biggest challenge to this approach is adjusting for macro-level 

variables that influence policies. Contextual factors such as culture, government 

processes and political agendas can influence how and why policies are enacted and are 

important to consider when making cross-country comparisons. To date, researchers have 

not developed a method for adjusting for these contextual factors.158 Dynamic ecologic 

frameworks like the EMPA can be used to measure and account for these factors. The 

macro-level environment within the EMPA includes policies, but it also includes cultural 

values and institutions such as government and can be used to explore the relationship 

among these factors and policy to better characterize the sociopolitical and cultural 

environments in which policies are enacted and implemented.29,164,169,173 In addition to 

using ecologic models to adjust for contextual influences on policies, future studies 

should use a multi-national, inter-disciplinary team to navigate the complexity of cross-

country comparisons. This type of team can provide cultural insight from their respective 

countries which will help to identify contextual factors that influence policies and guide 

the team toward more accurate measures and interpretations of findings, leading to more 

meaningful gains in knowledge.164  

5.3 CONCLUSION  

Cross-country comparisons provide unique learning opportunities and innovative 

strategies for policy research. This study demonstrated the complexity of cross-country 

comparisons and the need for a guiding theoretical framework, systematic protocols, and 

careful documentation of all procedures. In order to develop a strong research design for 
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conducting cross-country comparisons, investigators must justify the comparison, use a 

theoretical framework, and develop a systematic process to guide the methodology. This 

paper presents methods to guide future studies, and it also demonstrates the complexity 

that still surrounds this approach. More studies are needed to develop standard methods 

to guide comparisons and strategies for overcoming challenges in data availability and 

interpretation. Despite the complexity, this is a promising approach that can foster multi-

national collaborations and increase our collective ability to combat global public health 

issues.163  

CHAPTER 6 

MANUSCRIPT 3: CROSS-COUNTRY COMPARISON OF SCHOOL 

NEIGHBORHOOD FOOD ENVIRONMENTS IN HOUSTON AND 

GUADALAJARA. 

6.1 INTRODUCTION 

Mexico currently has the highest prevalence of childhood obesity of any country, 

as 36.9% of Mexican children are considered overweight or obese, surpassing the U.S., 

which has the second highest prevalence of childhood obesity with 31.8% of U.S. 

children classified as overweight or obese.2,3,174 Increased fruit and vegetable intake is 

widely recognized as a key strategy for reducing and preventing obesity.175 However, 

poor fruit and vegetable consumption has been observed in U.S. and Mexican children. 

The 2012 Mexican National Health and Nutrition Survey found that about 65% of school 

children met daily recommendations for fruit and vegetable intake.140 The National 

Health and Nutrition Examination Survey conducted in the U.S. found that 40% of 

children meet recommendations for fruit consumption and only 7% of children meet 
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recommendations for vegetable consumption.176 In addition, children in both countries 

have high fat intake, further contributing to excess calorie consumption and the alarming 

rates of obesity observed in both countries.15,104,177,178   

Changes in the American diet were first observed in the 1970’s as researchers 

reported an increase in processed, pre-packaged foods and an increase in the consumption 

of meals outside of the home.104 Over the past 40 years, the U.S. food environment has 

evolved to include an abundance of calorie dense foods that are inexpensive, highly 

accessible, and heavily marketed.59,103 While these changes were first observed in high-

income countries like the U.S., they have now begun to take place in developing 

countries, like Mexico. Over the past two decades, Mexico has experienced a nutrition 

transition that has produced a food environment that increasingly mirrors that of the 

U.S.2,10,12,14,37,88,179 Much like in the U.S., this transition has made these calorically dense 

foods widely accessible through the increased availability of unhealthy food resources 

like fast food restaurants and convenience stores and decreased access to food resources 

offering healthier, fresh food options like supermarkets and grocery stores.15,180,181   

 Studies evaluating and assessing the food environment for school-aged children 

often have focused on the food environment within schools.40 These efforts have 

produced positive changes to the food environment within schools; however, this focus 

neglects the importance of the school neighborhood food environment.64,65,67,113,182 

Studies in the U.S. and Mexico have reported increased availability of food resources in 

school neighborhoods.21,63,65,140,142 Increased proximity of food resources to schools can 

influence food purchasing decisions and dietary choices.18,182,183 As children get older, 

they begin to establish more independence and are more likely to purchase foods from 
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resources within the school neighborhood.184,185 Previous studies have reported that 

children have the opportunity to purchase food from resources within the school 

neighborhood as they commute to and from school, and sometimes during lunch periods 

or at recess in schools with open campus policies.18,65,140,180 The presence of food 

resources in school neighborhoods can affect dietary habits in children; however, 

neighborhood food environments have been understudied and more research is needed to 

identify food resource types found in school neighborhoods.18,63,65 

 Studies that have examined the school neighborhood food environment have 

reported differences in resource availability across subpopulation income and education 

strata; however, findings have been inconclusive.142,145,183 Some studies have reported 

that unhealthy food resources such as fast food restaurants and convenience stores are 

more likely to be present in low socioeconomic school neighborhoods, and healthier food 

resources like supermarkets and grocery stores are more likely to be present in high 

socioeconomic school neighborhoods.110,186,187 However other studies reported that there 

were no differences in resource availability across socioeconomic levels.21,142,180,188 

Research is needed to explore socioeconomic disparities in food resource availability in 

school neighborhoods.  

 The aim of this study was to document the frequency and type of food resources 

in school neighborhood food environments in Guadalajara, Jalisco and Houston, Texas. 

This study also examined differences in resource availability across neighborhood 

income and education levels within both cities. Differences in resource availability were 

also examined across levels of Hispanic population in Houston counties only.  

6.2 METHODS 
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Data used in this study was taken from the Understanding Health Habits in 

Mexican Children project, which investigated environmental determinants of health 

including the food environment in Guadalajara, Jalisco, Mexico.  School neighborhoods 

were located in four municipalities, Guadalajara, Tonala, Tlaquepaque, and Zapopan. 

This study also includes newly collected food environment data in school neighborhoods 

in Houston, Texas, USA. Houston and Guadalajara are both large, diverse metropolitan 

areas. Both cities are known as centers of trade, business, and industry within their 

respective countries and are ideal for a comparison. High school graduation and poverty 

prevalence collected from the American Community Survey were used to identify 

counties in the greater Houston metropolitan area that most closely matched 

municipalities in the greater metropolitan Guadalajara area. These two variables were 

used as they had the same operational definitions and were available at the 

county/municipality level in both Guadalajara and Houston. School neighborhoods in 

Houston were located in Brazoria County, Fort Bend, Harris, and Montgomery County. 

6.2.1 SCHOOL NEIGHBORHOOD SELECTION 

Elementary school neighborhoods in Guadalajara (N=10) were randomly selected 

by the State of Jalisco Secretary of Education for participation in the Understanding 

Health Habits in Mexican Children study, and therefore were included in the current 

study. In Houston, quartiles were used to classify all census tracts within each Houston 

county into four categories: 1) high-income-high-Hispanic population, 2) high-income-

low-Hispanic population, 3) low-income-high-Hispanic population, and 4) low-income-

low Hispanic population. Census tracts that did not have an elementary school were 

excluded. One census tract with an elementary school was randomly selected from each 
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income/Hispanic population category for assessment. This selection strategy yielded a 

total of 16 school neighborhoods in the Houston metropolitan area.   

6.2.2 SCHOOL NEIGHBORHOOD SOCIODEMOGRAPHIC DATA 

 Additional data were collected to examine socioeconomic associations with the 

frequency and type of food resources available within each school neighborhood. Data 

were obtained for Guadalajara municipalities through the Consejo Nacional de Población 

(National Council of Population) at the Instituto Nacional de Salud Pública (National 

Public Health Institute) using the 2010 Índice de Pobreza Urbana (Urban Poverty Index), 

which is a composite measure of socioeconomic dimensions including education, income, 

and population density measured by census tract. Education was classified by four 

categories, low-education (<8.2years), medium-low education (8.2-9.2years), medium-

high education (9.2-10.2 years), and high-education (10.2years>). Income was also 

classified by four categories, low-income, medium-low income, medium-high income, 

and high income. For Houston counties, income, education, and data on the total 

Hispanic population at the tract level was obtained through the American Community 

Survey (ACS, 2013). Percentage of high school graduation prevalence was used as a 

measure of education and tracts were classified by four categories, low-education 

(<16.48%), medium-low education (16.49%-22.45%), medium-high education (22.46%-

41.1%), and high-education (41.2% >). Similarly, income was classified by four 

categories, low-income ($0-$49,055), medium-low income ($49056-$85,700), medium-

high income ($85,701-$121,473), and high income ($121,474 and higher). Hispanic 

population was classified into two categories, low-Hispanic population (0-7,950.5) and 

high Hispanic population (7,950.6>). 
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6.2.3 SCHOOL NEIGHBORHOOD DEFINITIONS 

Neighborhoods were defined as an 800-meter radius (1/2 mile) buffer 

circumscribed around each school, which served as the centroid (Figure 4).134,139 This 

buffer size has been commonly used to define boundaries to assess neighborhood features 

and captures the food resources in school neighborhoods to which children are exposed 

every school day as they travel to and from school.121,136,139   

               
Guadalajara School Neighborhood Map         Houston School Neighborhood Map 

Figure 3. Example of school neighborhood map 

The selected school neighborhoods were mapped using Google Maps and 

inspected to ensure that neighborhoods did not overlap. Individual maps were created and 

printed for each school neighborhood. These maps displayed the school location as well 

as the names of all arterial streets (defined as a high volume, main road that carries 

approximately 5,000-10,000 cars per 24 hour period) and residential streets (defined as 

moderate to low volume roads that carry less than 5,000 cars per 24 hour period) within 

the 800-meter buffer.134 All residential streets within the buffer were numbered and a 

random sample table was used to randomly select 25% of residential streets for 
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assessment.139 Previous work has demonstrated that a 25% sample of residential streets is 

sufficiently representative of all residential street segments within the buffer.134 

6.2.4 SCHOOL NEIGHBORHOOD FOOD ENVIRONMENT ASSESSMENTS 

The school neighborhood food environment was assessed using the Goods and 

Services Inventory (©2010, GASI).137,138 The GASI is an in-person audit that captures 

information on the availability of supermarkets, grocery stores, table service restaurants, 

convenience stores, and fast food restaurants, providing a total count of each observed 

food resource type. The GASI was modified to include food carts and taco stands, which 

have been identified as important resources in the Mexico food environment and have 

been increasingly observed in the U.S.18,25,118 The GASI defines supermarkets as large 

franchise or chain grocery stores with greater than three cash registers, selling household 

items in addition to food items. Grocery stores are defined as stores that sell mostly food 

items with three or fewer cash registers. Convenience stores are defined as stores that sell 

snack foods, drinks, and toiletries and may have gasoline pumps. Table service 

restaurants are defined as restaurants where orders are taken and delivered by a server 

who comes to the table. Fast food restaurants are defined as restaurants where the orders 

and food pick up is completed at the counter or from a drive through window.136 Food 

carts are defined as mobile food carts or bicycles. Taco stands are larger than food carts 

and they do not move, but are semi-permanent.  

Field assessors in the U.S. and Mexico were trained using standard training 

materials and protocols.189 Trainings occurred in two parts. The first part consisted of a 

classroom training where standardized materials and operational definitions for defining 

food resources were learned and practiced. In the second part of the training, assessors 
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completed supervised field training. The training ended with assessors independently 

conducting a practice assessment, which was reviewed and discussed to ensure that 

standard definitions were being applied to all GASI items. Assessors were grouped in 

pairs and assigned to a neighborhood. Assessors used the pre-printed individual maps of 

the school neighborhoods to verify the location before assessing food resources on all 

arterials and a random sample of 25% of all residential street segments within the 800m-

buffer.134  

6.3 ANALYSES 

Descriptive analyses were conducted to determine the frequency and type of food 

resources found within each school neighborhood. A general linear model was used to 

examine differences in food resources types between Houston and Guadalajara. The 

model included fixed effects for city and city by county interaction to account for the 

nesting of counties within each respective city. Separate one-way ANOVAs were used to 

examine differences in food resource availability across income and education levels in 

both cities and across levels of Hispanic population in Houston counties only.  

6.4 RESULTS 

There was 91% agreement between assessors with a Kappa coefficient (k) of .76, 

indicating good agreement. School neighborhood characteristics are presented in Table 3. 

School neighborhoods in Guadalajara had significantly more food resources (M=64.4, 

SD=13.4) compared to school neighborhoods in Houston (M=3.0, SD=9.3; F 

(1,18)=14.16, p=. 001). Table 4 presents the means for each food resource type across all 

Guadalajara municipalities and Houston counties. The neighborhood in Guadalajara with 

the fewest number of food resources had three times more food resources than the 
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neighborhood with the highest number of food resources in Houston, further 

demonstrating the significant difference in resource availability between the two cities. 

Table service restaurants and convenience stores were the dominant food resources in 

Zapopan and Guadalajara. Food carts and convenience stores were the dominant food 

resources in Tlaquepaque. Table service restaurants and convenience stores were the 

most frequently observed food resources in Houston school neighborhoods; however, 

there were no dominant food resource types. 

 Guadalajara 
(N=10) 

% 

Houston 
(N=16) 

% 
Income   

Low-Income 0 25 
Medium-Low Income 20 25 
Medium-High Income 50 25 

High Income 30 25 
Education   

Low Education 20 25 
Medium-Low Education 40 25 
Medium-High Education 10 25 

High Education 30 25 
Hispanic (Houston only)   

Low Hispanic  50 
High Hispanic  50 

Table 3. Descriptive characteristics of school neighborhoods in Guadalajara and 

Houston. 

 Guadalajara Municipalities Houston Counties 
 Guadalajara 

(N=4) 
M (SD) 

Tonala 
(N=1) 

M (SD) 

Tlaquepaque 
(N=2) 

M (SD) 

Zapopan  
(N=3) 

M (SD) 

Brazoria 
(N=4) 

M (SD) 

Fort Bend 
(N=4) 

M (SD) 

Harris 
(N=4) 

M (SD) 

Montgomery 
(N=4)  

M (SD) 
Table Service 
Restaurants 

32.5 (20.2) 3.0 9.5 (.7) 14.7 (9.2) 1.8 (2.9) 0.0 1.8 (3.5) .3 (.5) 

Fast Food 
Restaurants 

3.8 (3.6) 0.0 3.5 (5.0) 2.3 (.6) 0.0 1.0 (1.4) 1.3 (1.5) 0.0 

Taco Stands 15.8 (10.3) 0.0 6.5 (9.2) 3.3 (1.5) 0.0 0.0 0.0 0.0 

Food Carts 13.5 (8.3) 7.0 11.0 (2.8) 5.3 (5.8) 0.0 0.0 .5 (1.0) 0.0 
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Convenience 
Stores 

37.8 (36.8) 8.0 17.5 (.7) 15.3 (6.4) 0.0 .8 (1.0) 1.5 (1.7) .3 (.5) 

Other 
Restaurants 

21.8 (15.1) 0.0 7.0 (9.9) 5.7 (3.8) 1.3 (2.5) 0.0 .5 (.6) .3 (.5) 

Supermarkets 1.8 (1.3) 0.0 .5 (.7) 1.0 (1.7) 0.0 0.0 0.0 0.0 

Grocery 
Stores 

6.0 (3.8) 1.0 1.5 (.7) 1.0 (1.7) 0.0 0.0 1.0 (1.2) 0.0 

Total Food 
Resources 

132.8 (89.1) 19.0 57.0 (25.5) 48.7 (5.5) 3.0 (5.4) 1.8 (2.4) 6.5 (8.0) .8 (1.5) 

Table 4. Average number of school resources found within school neighborhoods of 

Guadalajara, Tonala, Tlaquepaque, and Zapopan municipality and Brazoria, Fort Bend, 

Harris and Montgomery County. 

In Guadalajara medium low-income neighborhoods  (M=8.5, SD=2.1) and 

medium-high income neighborhoods (M=14.8, SD=5.4) had significantly more food 

carts compared to high-income school neighborhoods (M=2.67, SD=1.16) (F (2,7)=7.93, 

p=. 02).  Neighborhoods with low education levels had more (M=17.5, SD=7.78) food 

carts compared to neighborhoods with high education levels (M=2.67, SD=1.12) (F 

(3,6)=7.89, p=. 02). There were no other differences in food resource availability across 

income or education levels in Guadalajara municipalities (ps>.05). 

In Houston there were no differences in food resource availability across income 

levels (ps>.05). In Houston, neighborhoods with high education levels had more fast 

food restaurants (M=2.0, SD=1.4) compared to neighborhoods with medium-low 

education levels (M=. 25, SD=.5) and low education school neighborhoods (F 

(3,12)=6.63, p=. 007). School neighborhoods with higher levels of education had more 

convenience stores (M=2.0, SD=1.4) compared to neighborhoods with low and medium 

low-education levels (M=.25, SD=.5) (F(3,12)=5.47, p=.013). There were no differences 

in resource availability between school neighborhoods with high Hispanic population and 

neighborhoods with low levels of Hispanic population (ps>.05). 
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6.5 DISCUSSION 

The purpose of this study was to document and compare the frequency and type 

of food resources found within school neighborhoods in Houston, Texas, and 

Guadalajara, Jalisco. The secondary purpose was to examine differences in food resource 

availability across neighborhood income and education levels within both cities and 

across different levels of Hispanic population density in Houston. Table service 

restaurants and convenience stores were commonly observed in most counties in Houston 

and municipalities in Guadalajara. Food carts were primarily observed in Guadalajara 

school neighborhoods.  

In Guadalajara, neighborhoods with residents that were low-income and had 

lower levels of education were associated with greater frequency of food carts compared 

to neighborhoods with residents that were higher income and had higher levels of 

education. For some families with low income and less educational achievement, self-

employment through home-based vending services such as food carts can serve as an 

additional source of income using skills that are gained outside of formal education.14,190 

In Houston, food resource availability did not differ across income levels or levels 

of Hispanic population density, which is inconsistent with previous studies in the U.S. 

that have reported racial and economic disparities in food resource availability.113,186,187 

There were more fast food restaurants and convenience stores in school neighborhoods 

with higher levels of education compared to school neighborhoods with lower levels of 

education. These relationships were in the opposite direction compared to previous 

findings from other studies in the U.S.24,191,192 This may be due in part to the fact that 

school neighborhoods were located in suburban areas in Houston that have more 
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highways compared to lower socioeconomic school neighborhoods. The development of 

highways systems are typically accompanied by the development of roadside food 

resources, which commonly include fast food restaurants.193 

Convenience stores were a common resource observed in the school 

neighborhoods of both cities. Food items sold in convenience stores include sugar-

sweetened beverages, pre-packaged, calorically dense nutrient-poor foods, and few fresh 

or healthy options.126 The convenience store retail industry in the U.S. has doubled over 

the past three decades. The total count has risen to over 150,000 stores throughout the 

U.S., and the State of Texas currently has the highest number of convenience stores.194 In 

Mexico, convenience stores have also become an increasingly prevalent part of the food 

environment. Mexico’s largest convenience store chain Oxxo, is also the largest 

independent Coca-Cola bottler in the world, making sugar-sweetened beverages widely 

available and highly accessible.195 Within the past ten years, U.S. based companies like 

7-Eleven have also become established in Mexico, contributing to this growing market.196 

Previous work has shown that increased availability of convenience stores can negatively 

influence dietary choices, researchers and health professionals in Guadalajara should 

work to investigate the influence of convenience store availability on health and dietary 

choices in children in Guadalajara.15,18  

Table service restaurants were also commonly observed in school neighborhoods 

in both cities. While it is unclear whether elementary school children eat at table service 

restaurants on their own, the presence of these restaurants near schools to be seen by 

children nearly every day may encourage families to consume meals outside of the home, 

which has been linked to poor dietary habits and weight gain in children.104 Parents who 



78 
	  

pass by these restaurants as they walk or drive their children to school may be inclined to 

use these resources out of convenience due to their proximity to the school and on the 

traveled path.  

Comparing school neighborhood food environments across both cities revealed 

that Guadalajara school neighborhoods had more food resources compared to Houston 

school neighborhoods. The street density of Guadalajara school neighborhoods was 

greater than the street density of Houston school neighborhoods. More street segments 

were assessed in Guadalajara school neighborhoods compared to Houston school 

neighborhoods. The street and population density of Guadalajara school neighborhoods 

was greater than the street and population density of Houston school neighborhoods. 

More street segments were assessed in Guadalajara school neighborhoods, which may 

explain the difference in observed resources. However, even when resource availability 

was aggregated by street segments in each neighborhood, Guadalajara school 

neighborhoods still had greater density of food resources compared to Houston school 

neighborhoods. Assessors subjectively observed that Houston schools were located in 

neighborhoods that were primarily residential with little mixed land-use. In contrast, 

assessors in Guadalajara subjectively observed that school neighborhoods were more 

likely to be located in areas with commercial or mixed-land use. While the land use type 

was not measured in each school neighborhood, these informal observations may further 

explain the difference in resource availability between Guadalajara and Houston.  

While most studies focus on unhealthy food resources, this study also included 

measures of healthier resources like grocery stores and supermarkets.90 Almost all school 

neighborhoods in Guadalajara municipalities had at least one supermarket and one 
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grocery store; however, only one county in Houston had a grocery store. Researchers 

have suggested that to change dietary habits there needs to be an equal focus on reducing 

access to unhealthy food resources and increasing the prevalence of healthy food 

resources.35,145 The relative dearth of supermarkets and grocery stores indicate that school 

neighborhoods in both cities have opportunities to improve access to healthier food 

resources.  

A major strength of this study includes use of a well validated and adapted, in-

person audit tool, which provides a detailed account of the current state of the food 

environment that is more accurate than business registries or mapping databases.90 The 

GASI measures multiple types of food resources, including healthy and unhealthy 

resources, contributing a more comprehensive picture of the food environment.90 The 

GASI was completed in each neighborhood by two raters who were trained consistently 

using standard training tools and protocols, resulting in very good agreement.  

The school neighborhood food environment remains largely understudied and 

more research is needed to develop an informed plan of action to create healthier 

environments for children and their families. Future studies are needed to document more 

comprehensively the food resources in school neighborhoods in Mexico and the U.S. 

More research is also needed to explore how elementary school children and their 

families interaction with the school neighborhood food environment to gain an 

understanding of the food resources children and family use, their purchasing patterns, 

and their frequency of use. Future studies should also assess the types of foods sold 

within resources to evaluate the extent to which the various food resources offer items 

that are healthy and unhealthy.  
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Information provided by characterizing school neighborhood food environments 

can be used to inform policymakers and city planners as they create new policies and 

land development regulations to facilitate healthier food environments. Food environment 

policies such as zoning and land-use policies can define the types of resources that are 

permitted or restricted from developing within specific zoning districts, such as areas 

proximate to schools. Food environment policies can also incentivize and promote the 

development of healthy food resources such as grocery stores and supermarkets within a 

zoning district.26,27 Information provided by characterizing school neighborhood food 

environments can also be used to inform school policies and practices. Schools can create 

policies such as closed-campus lunches and recesses to limit students’ access to food 

resources in the surrounding neighborhood. Schools can also create policies that restrict 

mobile vendors from the school property or policies that permit vendors to sell only 

healthy food items on the school property.14 Schools can also partner with locally owned 

stores to exchange unhealthy food options for healthier options, a strategy that has shown 

to be successful in the U.S.197  

6.6 CONCLUSION 

The school neighborhood food environment must be included in the conversation 

on diet and the environment as children spend a majority of their day in this setting and 

have access to food resources within the school neighborhood before, after, and 

sometimes during school hours.198 By documenting the food resources available within 

school neighborhoods this study identified table service restaurants and convenience 

stores, particularly in Guadalajara school neighborhoods, as food resources that are 

highly available in school neighborhoods. This study also showed that school 
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neighborhoods across both cities had a relative lack of healthier food resources such as 

supermarkets and grocery stores. Information learned by documenting the type and 

frequency of food resources in school neighborhoods can help policymakers, city 

planners, and school officials develop strategies that are relevant to the current state of 

the food environment.  

CHAPTER 7 

7. SUMMARY, FUTURE DIRECTIONS AND LIMITATIONS  

7.1 SUMMARY 

Childhood obesity rates in Mexico and the U.S. have been attributed to the 

increasingly unhealthy food environment including the school neighborhood food 

environment.2,197 Studies in both countries have reported the clustering of unhealthy food 

resources around schools, which can negatively influence dietary habits in children. Food 

environment policies can be used to regulate the presence of food resources in school 

neighborhoods; however, food environment policy evaluation has been poor in both 

countries and few studies have assessed the school neighborhood food or policy 

environment.17-19,62,63,113,140  

The research aims that this dissertation fulfilled were: 1) Document and evaluate 

food environment policies in school neighborhoods in Houston and Guadalajara using the 

Food Code and Policy Audit Tool, 2) Compare food environment policies between 

Houston and Guadalajara to examine similarities and differences, and 3) Document food 

resources in school neighborhoods in Houston and Guadalajara to compare the current 

respective states of the school neighborhood food environment.  
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This study was guided by the Ecologic Model of Physical Activity (EMPA), 

which is applicable to other health behaviors like diet. The EMPA provides a theoretical 

framework for investigating multiple levels of determinants such as food environment 

policies at the macro-environment level and the school neighborhood food environment 

at the micro-environment level.29,74 The EMPA holds that levels of environment are 

interdependent and provides a framework for investigating relationships between 

multiple levels of environment.29  

7.1.1 MACRO-ENVIRONMENT  

In fulfillment of Research Aim 1, food environment policies in four counties in 

Houston, Texas, USA, and four municipalities in Guadalajara, Jalisco, Mexico, were 

collected and evaluated using the Food Code and Policy Audit Tool. Results showed that 

Houston food environment policies most frequently addressed mobile food vendors, table 

service restaurants, and resources classified as ‘other’ like bakeries and meat markets. 

Food environment policies most frequently addressed in Guadalajara also included 

resources classified as ‘other’ such as butcher shops, bakeries, and candy stores, followed 

by grocery stores and restaurants classified as ‘other’ which included loncherias (lunch 

counters) and neverias (ice cream shops). Findings from both cities suggest that 

restaurants and food resources classified as ‘other’ are a significant part of the food 

environment and should be included on policy audit tools. Counties and municipalities in 

Houston and Guadalajara primarily addressed residential and commercial/mixed-use 

zoning districts, which are the zoning districts in which schools are most commonly 

found. Most food environment policies allowed permitted use of the resources that were 

addressed and only one policy from Guadalajara had provisions that prohibited a 
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convenience store from developing near schools. Policies that specifically addressed the 

development of food resources in school neighborhoods were a major policy gap in the 

Houston and Guadalajara policy environment.  

In fulfillment of Research Aim 2, food environment policies from Houston 

counties and Guadalajara counties were compared to examine differences and 

similarities. Grocery stores and supermarkets were more frequently addressed in 

Guadalajara food environment policies compared to food environment policies in 

Houston. However, there is a need for food environment policies in both cities to provide 

more permitted use of healthy food resources.35,145 Houston food environment policies 

had more permitted use of unhealthy food resources in residential and commercial zoning 

districts. This finding indicates that there is a need for stronger policies that limit the 

development of unhealthy resources in residential and commercial zoning districts in 

Houston. 

7.1.2 MICRO-ENVIRONMENT 

In fulfillment of Research Aim 3, the school neighborhood food environment was 

assessed in 16 school neighborhoods in Houston and 11 school neighborhoods in 

Guadalajara to compare the current respective states of the school neighborhood food 

environments in both cities. Guadalajara school neighborhoods had significantly more 

food resources compared to Houston school neighborhoods. Table service restaurants and 

convenience stores were the dominant food resource types found in school 

neighborhoods in both cities. This is consistent with previous studies that have examined 

the food environment in school neighborhoods and have reported that convenience stores 

are commonly clustered around schools.25,63,140 Previous studies have demonstrated that 
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the increased presence of table-service restaurants can lead to increased consumption of 

meals outside of the home leading to weight gain over time.104 More work is needed to 

investigate the impact of table-service restaurants in the school neighborhood food 

environment on the dietary habits of children and their families. Every school 

neighborhood assessed in Guadalajara had at least one grocery store or supermarket 

available while some school neighborhoods in Houston did not have any grocery stores 

or supermarkets. Food carts were prevalent in Guadalajara school neighborhoods 

especially in low-income school neighborhoods with lower levels of education. 

Culturally, food carts are an important part of Mexico’s food environment and 

economy.190  

7.1.3 MACRO- AND MICRO-ENVIRONMENT RELATIONSHIP 

While the relationship between the macro- and micro-environment was not 

assessed in this study, simultaneously evaluating food environment policies and the 

school neighborhood food environment allowed for observations that reinforce the idea 

that these two levels of environment are interdependent. Food environment policies in 

both cities consistently allowed permitted use of table-service restaurants and table-

service restaurants were highly available in school neighborhoods in both cities. These 

findings suggest that permitted use and lack of restrictions for table-service restaurants 

may be contributing to the high availability of these restaurants in school neighborhoods. 

Convenience stores were not adequately addressed in food environment policies in both 

cities, yet convenience stores were frequently observed in school neighborhoods in both 

cities. This finding points to the need for food environment policies that limit the 

development of convenience stores in school neighborhoods in Houston and Guadalajara. 
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In contrast, food resources classified as ‘other’ were consistently specified in food 

environment policies in both cities; however, these resources were only commonly 

observed in one Guadalajara municipality. More research is needed to understand why 

food resources classified as ‘other’ are consistently addressed in food environment 

policies.  

Food environment policies in Houston were more focused on unhealthy food 

resources compared to healthy food resources. This was reflected in Houston school 

neighborhood food environments as only one grocery store was observed across Houston 

school neighborhoods further indicating the need for policies that promote the 

development of healthy food resources in Houston. Guadalajara food environment 

policies more frequently addressed healthy food resources compared to Houston. Further 

investigation is needed to determine if Guadalajara food environment policies addressing 

healthy food resources can serve as an example for promoting the development of healthy 

food resources in Houston.  

Mobile food vending was consistently addressed in Houston food environment 

policies, but not in Guadalajara food environment policies. However, mobile food 

vendors were primarily observed in Guadalajara school neighborhoods. Perhaps, Houston 

food environment policies addressing mobile food vendors can serve as examples for 

policymakers in Guadalajara.  

The type of provision most commonly allowed in food environment policies in 

both cities was permitted use. In Guadalajara, such liberal allowance of food resources 

may be contributing to the extremely high availability of food resources in Guadalajara 

school neighborhoods. Policymakers should take this into consideration as high resource 
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availability can negatively influence diet in these children. In contrast, Houston school 

neighborhoods had significantly lower availability of food resources. Assessors 

subjectively observed that schools in Houston were mostly located in residential areas 

compared to commercial areas. More research should be conducted to determine if 

developing schools in residential areas leads to lower exposure to food resources in the 

school neighborhood. 

Characterizing food environment policies in the macro-environment and food 

resources in the micro-environment is an important first step in understanding policy and 

environmental determinants of diet in the school neighborhood environment. Schools are 

located in zoning districts that have economic, political, and commercial influences; 

however, more specified language that protects the immediate school environment from 

unhealthy food resources is desperately needed in food environment policies. Taken 

together findings from this study highlight the need for more research in this area and 

recommendations for future directions.  

7. 2 FUTURE DIRECTIONS 

As policies continue to be recommended as one of the primary mechanisms for 

making environmental change, there is a great need to know more about food 

environment policies, the school neighborhood food enviornment, and the relationship 

between these enviornments. In addition to evaluating the content of policies, future 

studies should investigate the policy enactment and implementation process. With more 

knowledge of the policy enactment process we can gain an understanding of why and 

how policies are passed. This information may explain why more policies of a certain 

type exist compared to others. This information will inform researchers and policy 
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advocates of the type of policies that their efforts should target. Knowledge on the 

intended purpose of policies will allow researchers to evaluate the role that health plays 

in decision making. Identifying governing officials responsible for approving legislation 

like food environment policies can give researchers the opportunity to collaborate with 

the governing body in each county/municipality to lobby for new policies or the 

modification of existing policies. Understanding the policy enactment and 

implementation process will provide a deeper understanding of how policies can be used 

to drive enviornmental change.  

In addition to understanding how policies drive environmental change, future 

studies are needed to understand how food enviornment policies can be used to drive 

behavioral change. Future studies should link policies to behavioral health on the 

individual level in order to understand the impact of food environment policies on 

important health outcomes such as weight, BMI, and diet.52,57 Gudalajara school 

neighborhoods had higher healthy zoning scores, yet Mexico has the highest childhood 

obesity rate in the world further indicating that more work is needed to understand the 

relationship between food environment policies and diet in children.  

While this study used a systematic approach for documenting and evaluating 

food environment policies, future studies should work to develop and validate new policy 

audit tools for use across multiple countries. This will increase our ability to make 

meaningful comparisons and will improve learning opportunities. These studies should 

rely on multi-national collaborations for guidance in developing the instrument and 

conducting the cross-country comparison.40,170  
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Future studies that conduct cross-country comparisons should also work to 

develop strategies for controlling for sociocultural factors such as cultural values and 

government processes that may impact the enactment and implementation of policies 

within a country.29,164,169,173 Continued use of ecologic frameworks can help identify and 

explore relationships between sociopolitical factors and policies.173 This information will 

also increase our ability to make meaningful comparisons across countries. 

Last, more studies are needed to understand the impact of the school 

neighborhood food environment on diet in children. The characterization of food 

resources is important for identifying resources that are present within school 

neighborhoods and may negatively impact dietary habits in school children. However, 

future studies are needed to understand how children interact with the school 

neighborhood food environment, the frequency with which food resources in the school 

neighborhood are used, the purchasing habits of children that utilize these resources, and 

whether children utilize these resources alone, with peers or with their families. This 

information will provide more information on resources that encourage unhealthy dietary 

habits and can guide future intervention strategies.  

7.3 STRENGTHS AND LIMITATIONS  

An important strength to this study was the use of an established theoretical 

framework. Theoretical frameworks like the EMPA provide a systematic process for 

answering the proposed research question.29 In addition to the framework, this study used 

reliable, systematic tools and standard training protocols to assess the policy and food 

environment. The Food Code and Policy Audit Tool has been applied in multiple cities 

across the U.S.35,46,143 Similarly, the GASI has been applied in multiple cities and was 
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adapted and tested for use in Mexico.41,43 In-person audit tools like the GASI provide a 

more accurate account of the current state of the food environment compared to business 

registries or mapping databases that may have outdated information on food resources.90 

Another strength to this study was the assessment of healthy and unhealthy food 

environment policies and resources. Most studies focus on either healthy or unhealthy 

resources; however, this study included measures of both types of resources providing a 

comprehensive picture of the policy and food environment.90  

While there were many strengths to this study, there were also some limitations. 

Food environment policies were accessed through the Internet only and may not have 

captured all available policies within each city. While the Food Code and Policy Audit 

Tool has been applied in multiple cities across the U.S. it has not been validated for use 

in cross-country comparisons. This study did not collect information on the policy and 

implementation process or sociopolitical factors that impact these processes, which may 

have limited the information gained from the cross-country comparison.158 Last, there 

was a lapse in time from when food environment data was collected in Guadalajara to 

when food environment data was collected in Houston. Data on the food environment in 

Guadalajara school neighborhoods was collected in the spring of 2012 and data on the 

food environment in Houston school neighborhoods was collected in the fall of 2015. 

During this time, there may be changes to the school neighborhood food environment in 

Guadalajara school neighborhoods.  

Overall, findings from this study provide an evidence base that can be used by 

policymakers to modify food enviroment policies to address policy gaps and needs 

highlighed by data on food resources in school neighborhoods. Data collected in this 
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study also provides a foundation for future studies exploring policy strategies at the 

macro level and intervention strategies in the food enviornment at the micro level. This 

dissertation highlighted the importance of the policy and food environment and 

demonstrates the need for more studies to investigate these environments and the 

relationship between them.  
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