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Abstract

Obesity is a serious disease that affects approximately 24 percent of the population in the United States.  With obesity trends continually on the rise, it is important to identify and address the potential factors causing the weight increase.  Previous research studies show correlations of food deserts, which are areas with little or no access to foods needed for a healthy diet, with obesity rates in an area.  Better access to transportation, high walkability areas, and areas with fewer fast-food outlets are associated with lower obesity rates.  However, areas mainly containing small grocery stores or convenience stores are correlated to higher obesity rates.  For this study, data from the Southern Community Cohort Study was used to gather participant information on eating behaviors of people living in many different neighborhoods in the Southern United States.  A factor analysis of census data was used to develop 10 variables that measure socioeconomic differences in places. Data from Economic Census 2007 census tracts were used to measure the density of food stores at the zip code level.  The dependent variable was a measure of healthy eating behavior that combined fruits, vegetables, and dairy products.  Hierarchical linear models showed that demographic characteristics of a person’s neighborhood accounted for differences in healthy eating after controlling for individual differences.  Contrary to the food desert hypothesis, less healthy eating was associated with areas that have a higher density of food stores.   More research needs to be done to understand how people interact with their local food environments. 
Introduction


Obesity rates in the United States are among the highest in the world, with 64 percent of the population being overweight and obese.  Specifically, obesity is a disease that affects nearly 24 percent of the population in the United States, where minority women are the most affected.  Over one-third of women between the ages of 20 and 74 are obese (Centers for Disease Control, 2009).  The majority of the obese population are African American or Mexican American.  Obesity is defined by the Centers for Disease Control and Prevention as “an adult who has a body mass index (BMI) of 30 or higher,” and “an adult who has a BMI between 25 and 29.9 is considered overweight” (CDC, 2009).  Also, BMI is calculated by using the weight and height of the person, which correlates with the amount of body fat on that person (CDC, 2009).


Data from the National Health and Nutrition Examination Survey since 1960 show that obesity rates have more than doubled for adults between the age of 20 and 74 (CDC 2009).  In 2008, only one state had a prevalence of obesity less than 20 percent, where as in 1985 there were no states with a prevalence of obesity greater than 20 percent, as shown in Figure 1, provided by the Centers for Disease Control and Prevention (CDC 2009).  Also, in 2008 thirty-two states had a prevalence of obesity greater than 25 percent, as shown in Figure 2, provided by the CDC (CDC 2009).
Insert Figures 1 and 2.
There are several health risks associated with weight increases from normal to overweight and obese.  These increased risks of diseases include coronary heart disease, Type II diabetes, hypertension, breast, colon, and prostate cancers, liver and gallbladder disease, sleep apnea, respiratory problems, and many other diseases (National Task Force, 2000).  Apart from physical health related problems, people suffering from obesity also suffer from psychological conditions including depression, appearance consciousness, and lack of self-confidence (Wadden & Stunkard, 1985). In addition, being obese decreases life expectancy and increases medical and social costs (Fontaine et al., 2003).


Schlundt (2009) addressed obesity trends among adults in the United States.  Using current data and continuing trends, he created a graph with projected weight changes from 2009 to 2040 (as shown in Figure 3).  If obesity trends continue to be the same, by 2040, more than 50% of the population in the United States will be obese.  More astonishingly, over 90% of Black males and females will be obese in 2040, according to these data.  In order to stop the obesity epidemic from continuing, the factors causing obesity and overweight must be identified and addressed.  
Insert Figure 3. 
The prevalence rates continue to worsen in several communities and may be due to living in areas with decreased access to affordable and nutritious foods, otherwise known as areas of food deserts.  A food desert can be defined as “a district with little or no access to foods needed to maintain a healthy diet but often served by plenty of fast food restaurants” (Klein, 2009).  A major concern is that poor or rural areas have limited access to supermarkets, grocery stores, or other food retailers that would offer the necessary foods for a healthy diet (fresh fruits and vegetables, whole grains, and fresh dairy).  Studies suggest that, in these areas, individuals have easier access to fast food restaurants and convenience stores than supermarkets.  This may be linked to the growing obesity epidemic and diseases associated with diet.  


The United States Department of Agriculture Report to Congress: Access to Affordable and Nutritious Food (2009) presents several new findings.  The results from the 1-year study indicate that 2.3 million households live more than a mile away from a supermarket and do not have access to a vehicle.  There are 11.5 million low-income people that live in low-income areas, which are defined as areas where more than 40 percent of the population live with an income level at or below 200 percent of the Federal poverty threshold and that live more than 1 mile away from a supermarket.  The areas characterized by limited food access also have high levels of racial segregation and greater income inequality.  


A major problem associated with limited access to supermarkets or large grocery stores is costs of products.  Generally, supermarkets and large grocery stores have lower prices than smaller convenience stores.  Mantovani et al (1997) examined a sample of 2,400 stores nationwide that qualify to receive Supplemental Nutrition Assistance Program (SNAP) benefits.  This study assessed the price, quality, and variety of store foods, focusing on product availability and cost in areas of different poverty levels.  Areas of high poverty concentrations had less access to fresh produce and fresh seafood in the supermarkets, yet fresh meat was more available, which may suggest a lower daily consumption of fruits and vegetables that provide healthier benefits.  Also, results from this study support that supermarkets and grocery stores provide lower prices and more variety compared to convenience stores and smaller grocery stores

Recently, Lovasi, Hutson, Guerra, and Neckerman (2009) analyzed the built environments and obesity in disadvantaged populations, which are identified by low socioeconomic status, Black race, or Hispanic ethnicity.  This yielded a review of 45 studies between 1995 and 2009.  The review demonstrated that disadvantaged groups were living in environments with fewer food stores and fewer places for physical activity.  Also, obesity prevalence rates are highest among Black and Hispanic people, which this study explained by the correlation of living in poor environments.  They suggest that improving built environment by increasing access to supermarkets and recreational centers and improving neighborhood safety would the best strategy for decreasing the prevalence of obesity.  Increasing access to supermarkets allows more of the population to have access to an affordable, healthier variety of foods and, therefore eliminates the “food desert” in that area.  Increasing access to recreational centers involves improving roads for better walkability, improving the transportation system, and building more recreational centers (Lovasi, Hutson, Guerra, & Neckerman, 2009).  

Moore and Diez Roux (2006) reported an association between local food environment and neighborhood racial and socioeconomic composition.  Poorer areas and non-White areas tend to have fewer fruit and vegetable markets, bakeries, specialty stores, and natural food stores.  Also, liquor stores are more common in poorer areas.  Smaller grocery stores are more common in Black or mixed neighborhoods, whereas large supermarkets are more common in White neighborhoods.  The prevalence of smaller grocery stores limits food choice in Black or poorer neighborhoods because supermarkets tend to offer a broader selection of affordable, healthy foods.  Neighborhoods differ in the types of food stores that are offered, and the food environment in poor and minority neighborhoods is less diverse.  The lack of a diverse food environment in these neighborhoods may contribute to the decrease of healthy eating behaviors, increase of obesity prevalence for people in these neighborhoods and may account for the higher prevalence of obesity among Blacks and Hispanics (Moore & Diez Roux, 2006).  

Obesity is not just higher in minority neighborhoods; it is also more prevalent in rural areas.  Shown in Figure 4, provided by Schlundt (2009), there is an urban-rural disparity for obesity across genders and races, except for Hispanic males, in the state of Tennessee.  There is a greater likelihood that residents in rural areas will be obese compared to their counterparts in urban areas.  This disparity may be due to the lack of restaurant, exercise, and health resources in the rural areas of Tennessee as shown in Figures 5, 6, and 7, respectively.  As seen in all three maps, the concentration of these resources is higher in the major cities, or urban areas.  In rural areas most of the resources are located only on the main roads or highways, which limits access for the residents of these rural areas.  The maps of the resources along with the obesity prevalence in urban versus rural areas demonstrate the correlations between the built environment and obesity rates (Figures 4- 7).  Evidence for less healthy eating behaviors may be supported by higher obesity prevalence rates in areas with limited access to food stores or other health resources.  By limiting access to food stores, access to healthier foods is also limited, which can affect eating behaviors. 
Insert Figures 4-7.
In order to exhibit more healthy eating behaviors, individuals should consume larger daily proportions of fruits, vegetables, and dairy foods in relation to other food groups.  These food groups are known to be beneficial to our health.  According to various research studies (Zemel, M.B., Thompson, W., Milstead, A., Morris, K. & Campbell, P., April 2004; Zemel, M.B., Richards, J., Milstead, A., & Campbell, P., July 2005) , a nutrient-rich, balanced diet including daily consumption of dairy foods (e.g. milk, cheese, yogurt) may contribute to maintaining a healthy weight and faster weight loss.  Moore, Singer, Qureshi, and Bradlee (2008) examined adolescents and their body composition.  They found that with higher daily dairy food consumption, participants had less body fat and a lower BMI in comparison with those with lower daily dairy foods consumption.  Dairy products provide the body with several essential nutrients, such as protein, calcium, potassium, magnesium, and vitamins A, B12, and D.  Therefore, the consumption of dairy foods has numerous benefits that include good bone health, nerve and muscle function, and possibly prevention against cancer (National Dairy Council, 2011).  Eating more fruits and vegetables as part of a nutrient-rich, balanced diet may also contribute to a reduced risk of various chronic diseases, such as cardiovascular diseases, Type 2 diabetes, and some cancers.  Each vegetable provides different nutrients; however, in general they are important sources of potassium, dietary fiber, folic acid, and vitamins A, C, and E.  Fruits provide essential nutrients similar to vegetables, such as potassium, dietary fiber, folic acid, and vitamin C (United States Department of Agriculture, 2011). 
Statement of the Problem

As previously outlined, increases in prevalence rates involving obesity and diet related diseases have become major health problems in the United States.  The literature on food deserts support the theory that those with better access to supermarkets tend to have healthier eating habits and thus lower levels of obesity and related diseases (Moore & Diez Roux, 2006; Larson, Story, & Nelson, 2009; Lovasi, Hutson, Guerra, & Neckerma, 2009).  Higher BMIs, or obesity rates, and unhealthy eating behaviors are correlated with poor neighborhood characteristics and food desserts.
Food deserts can easily be seen as a risk factor for obesity, for it is necessary that the people have access to the foods required for a healthy diet.  The remainder of the my research answers the following two questions: 1) how much of an effect do food deserts have on the eating behaviors in an area; and 2) what is the effect of neighborhood characteristics on the eating behaviors of a population in a specific area.   

Method

Participants

Data were collected through the Southern Community Cohort Study (SCCS), which recruited participants across the Southeast in Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi, North Carolina, South Carolina, Tennessee, Virginia, and West Virginia.  Data collection to investigate the causes of cancer and other chronic diseases predominantly in socioeconomically disadvantaged and African-American populations began in March 2002 and was completed in September 2009.  The majority of the adults aged 40 to 79 were recruited into the study at community health centers (CHCs), which are health clinics that offer basic care mainly to the uninsured.  71 CHCs had participated in this large-scale epidemiologic study and had provided access for recruitment of minorities and the poor.  Others were recruited by mailing questionnaires to random samples of adults.   The SCCS was approved by Institutional Review Boards at Vanderbilt University and Meharry Medical College.  All participants provided written informed consent.

Individual Characteristics Measures

The baseline in-person interview lasted 45 to 60 minutes at the CHCs and was administered by trained CHC personnel using a computer-assisted protocol.  The system created an electronic database, which eliminated separate data entry processes and set up pre-determined skip patterns for the interviewer.  All relevant questions were asked.  The questionnaire probed into various aspects of the participant’s characteristics, behavior, and health status.  Data obtained from the all participants included demographic information (age, race, income, education, etc.); medical history; family history of cancer, heart disease, and diabetes; physical activity; health services utilization; health insurance coverage; home environment; and diet and nutrition (Signorello, Hargreaves, & Blot, 2010).  
Diet and nutrition information was obtained via a food frequency questionnaire (FFQ).  The SCCS FFQ was constructed using the NHANES III 24-hour recall database.   The NHANES III database provides an optimal number and selection of foods that have been previously described as main sources of energy and key nutrient intake for individuals in the South.  The FFQ consists of 89 items under various headings, such as “meat,” “breads,” “desserts and snacks,” “beverages,” etc.  Information was also collected on the consumption of alcoholic beverages, the use of vitamin/herbal supplements, and cooking behaviors.  The number of food servings consumed daily of different food groups was also recorded.  The variable of the more healthy eating behavior was created by examining the number of fruits, vegetables, and dairy products consumed daily.  The greater proportion of these daily servings led to a higher score for more healthy eating behavior (Signorello, et al, 2009).  

Geographic Measures
Food Deserts. All data for the supermarkets, grocery stores, and convenience stores in the 12 states represented in the SCCS were collected through the U.S. Government Economic Census of 2007.  The number of retail stores was located in Sector 44: Retail Trade of the Economic Census.  Within this sector, zip code data were provided, giving a zip code for each location of the supermarkets, grocery stores, convenience stores, and other food stores.  For each zip code, the following variables were computed: 1) the number of grocery stores, 2) the number of convenience stores, and 3) the total number of retail outlets selling food.    ArcGIS 9.3 was used to coordinate the geographic data.  Shape files were created to quantify the number of food stores in each zip code in the entire SCCS region of the US. 
Using these data, four variables were created. Number of Grocery Stores characterizes the number of grocery stores and supermarkets in a zip code location.  Number of Convenience Stores characterizes the number of convenience stores and gasoline stations with convenience stores for a given zip code area.  Number of All Food Stores consists of the number of grocery stores, supermarkets, convenience stores, food and beverage stores, gasoline stations with convenience stores, fish and seafood markets, meat markets, baked goods stores, fruits and vegetables markets, specialty food stores, all other specialty food stores, and other specialty food stores.  Food Receipts is the total amount of sales receipts for all food stores in a specific zip code.  

Demographic differences in Places. Demographic differences between places were measured using 2000 US census data at the census tract levels.   One-hundred forty two variables were extracted from the SF-3 data file representing differences in people and housing characteristics.  A set of composite measures was created using a factor  analysis of the 4,623 census tracts.  The variables and results of the factor analysis are presented in Table 1.  Factor scores were calculated to give each census tract a score on each of the 10 factors. 

The factor analysis yielded ten factors: White Collar, Immigrant Urban, Black Single Mother Headed Households, Elderly Unemployed, Stable Suburban, Student, Owner Occupied Housing, Divorced, Foreign Born, and Institutionalized.  An area classified as White Collar is an area with a high percentage of people who have professional jobs, high percentage of people with a college degree, high percentage of people who have completed a Master’s level program or higher, and high percentage of households with an annual income of $200,000 or more.  An area interpreted as Immigrant Born is characterized by a high percentage of people living in solely Spanish speaking households, high percentage of the total population that is neither White or Black/African American, and a high negative relationship with the percentage of households that do not speak English.  Black Single Mother Headed Households (BSMHH) characterizes areas defined by high percentage of the population that is Black, high percentage of the population that consists of Whites who do not work, high percentage of households headed by single women with children, and high percentage of single impoverished mothers.  An area classified as Elderly Unemployed describes an area with a high percentage of the population that is 65 or older, high percentage of the population that receives Social Security benefits, and high percentage of the population that is unemployed.  Stable Suburban characterizes an area defined by high percentages of the population that are under age 18, high percentage of the population that live in a household of three or more, and a high percentage of the population that is White working full time.  Student characterizes an area with a high percentage of the population enrolled in college or graduate school, high percentage of the population who walk to work, and high percentage of the population in the work force that works part time.  An area classified as Owner Occupied Housing Unites is an area with a high percentage of the housing units that are occupied by owners, and high percentage of housing units that consists of mobile homes.  Divorced characterizes an area with a high percentage of the population that is divorced, high percentage of population were 5 and older in the United States in 1995, and a high percentage of households containing just one person.  Foreign Born is an area with a high percentage of the population that was born outside of the United States and high percentage of the population that takes public transportation to work.  An area classified as Institutionalized are areas with a high percentage of the population that is male, high percentage of the population that lives in group quarters, and a high percentage of the population that is institutionalized. 
Insert Table 1
Creating a combined Geographic Data Set.  Each participant in the SCCS had a code representing their census tract.  The 10 factor scores were assigned to each of these census tracts. For the food desert scores, all census tracts within a zip code received the same 4 measures of food availability. These were combined into shape files that allow mapping of behaviors, neighborhood characteristics, and food availability.
Data Analysis Plan

A descriptive analysis of the survey participants and of Nashville neighborhoods looking at the distribution of the food stores and eating behaviors using the Statistical Package for the Social Sciences (SPSS) software.  The data was combined into a hierarchal linear model (HLM) computer program by Raudenbush, Byrk, and Congdon analysis (http://www.ssicentral.com/hlm/index.html). This program permits the use of hierarchical linear models to understand the association between environmental factors and eating behaviors and obesity.  Specifically, HLM was used to gain a better understanding of the questions: 1) how do more healthy eating behaviors vary among places, and 2) what are some environmental characteristics that can lead predict more healthy eating behaviors among places.  

HLM is a two-level hierarchal model where participants are nested within the census tracts. The SCCS data set includes addresses for all participants. These addresses have been geocoded to a census tract.  Through the multi-level modeling, we are able to look at the association between individual eating behaviors and location.  With this information, we can determine what environmental characteristics foster an area of more healthy eating behaviors.  

Of the HLM, Level 1 describes solely individual characteristics (e.g. bmi, eating behaviors, etc.).  Level 2 describes how environmental factors affect the outcome variable of the Level 1 equation by evaluating the intercept parameter.  

Level 1: Individual Characteristics
Data from the Southern Community Cohort Study include approximately 73,700 participants living in an area of 12 states across the Southeast.  The addresses for the participants were linked to a specific geographic location by combining the data with the census data.  In order to link the two, the FIPS code was used.  After combining the interview and census units, the sample used for analysis consisted of 59,518 participants.  

The Level 1 model controls for individual differences in the demographic variable to predict more healthy eating behaviors. The demographic variables included were education levels (high school education;  some college or junior college; college graduate;  and college post-graduate, relative to high school dropout), income levels ($15,000 to $25,000; $25,000 to $50,000; greater than $50,000, relative to less than $15,000), smoking, Black and Other relative to White, restrictive eating behavior, overeating behavior unplanned and impulsive snacking behaviors, emotional eating behaviors, eating in restaurants behaviors, coffee consumption in times per day, employed relative to unemployed, marital status (single; divorced; widowed, relative to married), depression score, physical activity level, diabetes, hypertension, age linear, age quadratic and BMI linear.  More healthy foods consumption (e.g. fruits, vegetables, and dairy which are foods that provide more health benefits) was calculated as the outcome variable. 
Level 2: Geographic Characteristics
To create the Level 2 data set, the 10 variables from the factor analysis (White Collar, Immigrant Urban, Black Single Mother Headed Households, Elderly Unemployed, Stable Suburban, Student, Owner Occupied Housing, Divorced, Foreign Born, and Institutionalized) and the four additional variables from the 2007 Economic Census were used (number of all food stores, number of grocery stores, number of convenience stores, and the dollar amount of sales receipts for these establishments in $1000)  
Results
Description of sample

The sample of 59,518 participants from the Southern Community Cohort Study represented a predominantly Black population, aged 40 to 79.  There were 23,321 males and 36,197 females included in this study.  For the participants, 76% of the males were Black, 21% were White, and 3% were classified as Other.  Amongst the females, 69% were Black, 27% were White, and 4% were classified as Other. The demographic characteristics of this sample are shown in Table 2.  Table 2 shows gender, marital status, income levels, education levels, employment status, diagnosis of diabetes, and diagnosis of hypertension, which are broken down by Races (e.g. White, Black, Other).  
Insert Table 2

Varying eating behaviors and physical activity levels are illustrated in Table 3.  Such eating behaviors include restrictive eating, overeating, impulsive eating and snacking, and eating out behaviors.  These are also broken down by White, Black, and Other.  Figure 8 illustrates a frequency distribution of the proportion of daily food consumption that consists of fruit, vegetable, or dairy servings, which are foods proven to be beneficial to health (e.g. more healthy eating behaviors). 
Insert Table 3 and Figure 8
Level 1 Model

For the Level 1 Model of the HLM Analysis, 25 variables a statistically significant relationship with the outcome variable of more healthy eating behaviors, as shown in Table 4.  The 25 variables are as follows:  1) high school education; 2) some college or junior college;  3) college graduate; 4) college post-graduate; 5) income level of $15,000 to $25,000; 6) income level of $25,000 to $50,000; 7) income level greater than $50,000; 8) smoker; 9) Black; 10) Other race; 11) restrictive eating behavior; 12) overeating behavior; 13) unplanned and impulsive snacking behaviors; 14) eating in restaurants behaviors; 15) coffee consumption in times per day; 16) employed; 17) single; 18) divorced; 19) widowed; 20) depression score; 21) physical activity level; 22) diabetes; 23) hypertension; 24) age linear; and 25) age quadratic.  

The varying education levels compared to high school drop outs, varying income levels compared to less than $15,000, smoking, other race, restrictive eating behaviors, divorced, widowed, and single as compared to married, physical activity level, diabetes, age linear, and age quadratic have a positive relationship with the outcome variable.  This indicates that these variables predict for more healthy eating behaviors.  However, the following variables have a negative relationship with the outcome variable: Black, overeating behavior, unplanned or impulsive snacking behaviors, eating in restaurants behaviors, coffee consumption, employed, depression score, and hypertension.  The negative relationship indicates that these variables are risk factors for more healthy eating behaviors, which means that these variables predict less healthy eating behaviors.  Surprisingly, BMI linear did not have a statistically significant relationship with the outcome variable.  
Insert Table 4
 Level 2 Model
Using the ten factors from the factor analysis (White Collar, Immigrant Urban, Black Single Mother Headed Households, Elderly Unemployed, Stable Suburban, Student, Owner Occupied Housing Units, Divorced, Foreign Born, and Institutionalized) and the four variables from the Economic Census, the Level 2 model shows that five of the variables are significant, as shown in Table 5.  Black Single Mother Headed Households, Divorced, and Foreign Born are three geographic variables that show a statistically significant relationship with the intercept parameter of the Level 1 model, which is the outcome variable of more healthy eating behaviors.  The Number of All Food Stores and Food Receipts are the variables from the 2007 Economic Census that show a statistically significant relationship.  

Black Single Mother Headed Households (BSMHH) and Foreign Born have negative relationships with more healthy eating behaviors.  Figures 9 and 10 illustrate geographic mapping of the Black Single Mother Headed Households Factor in Metropolitan Nashville and Foreign Born Factor in Metropolitan Memphis, respectively, which demonstrate the variability of the factor scores in a given area.  These relationships indicate that in areas characterized as Black Single Mother Headed Households or Foreign Born, people are less likely to practice more healthy eating behaviors.  Figures 9 and 10 illustrate geographic mapping of the Black Single Mother Headed Households Factor in Metropolitan Nashville and Foreign Born Factor in Metropolitan Memphis, respectively, which demonstrate the variability of the factor scores in a given area.  However, people in areas characterized by the factor Divorced, which has a positive relationship, are more likely to practice more healthy eating behaviors.  Figure 11 shows a geographical representation of the Divorced Factor by census tract in the Metropolitan Jackson area.  

Analyzing the four variables from the Economic Census of 2007, Number of All Food Stores (NAFS) and Food Receipts were the two variables to have a statistically significant relationship with the intercept parameter.  Number of All Food Stores has a negative relationship with more healthy eating behaviors, indicating that the number of all food stores in an area does not predict more healthy eating behaviors.  Figures 12 and 13 illustrate the geographic mapping of the Number of All Food Stores Factor in Metropolitan Atlanta and Metropolitan Nashville respectively.  Food Receipts has a positive relationship with the outcome variable of more healthy eating behaviors, which indicates that the total amount of revenue earned by food establishments relates to more healthy eating behaviors. 
Insert Table 5, Figures 9-16
Discussion
Obesity rates continue to increase with every year, and now, more and more children are becoming obese at earlier ages.  Obesity and being overweight can lead to a plethora of physical and mental problems, such as hypertension, high cholesterol, heart problems, self-esteem issues, depression, and many more.  It is important to stop this epidemic that affects a third of the United States population.  

The results from this study provide new insight into the growing obesity epidemic.  Through this study, we were able to answer two important questions:  1) how much of an effect do food deserts have on the eating behaviors in an area; and 2) what is the effect of neighborhood characteristics on the eating behaviors of a population in a specific area.  

Analysis of the Southern Community Cohort Study (SCCS) data shows that more healthy eating behavior is affected by several variables from the Level 1 Model of the HLM Analysis.  Individuals with education levels of high school education, some college or junior college, college graduate, or post graduate show a statistically significant positive relationship with the outcome variable of more healthy eating behaviors, suggesting that relative to those classified as high school dropouts, individuals are more likely to practice healthy eating behaviors and consume larger proportions of fruits, vegetables, and dairy products daily.  The analysis also illustrates that individuals with an income level greater than $15,000 have a positive relationship with the outcome variable, which suggests that individuals who earn more than $15,000 yearly are going to demonstrate more healthy eating behaviors than individuals earning less than $15,000 yearly.  Persons who are single, divorced, or widowed will exhibit more healthy eating behaviors compared to persons who are married.  
Restrictive eating behaviors and high levels of physical activity have a statistically significant positive relationship with more healthy eating behaviors, which support that those who diet or exercise are more likely to consume more servings of fruits, vegetables, and dairy per day.  However, higher levels of overeating behaviors, unplanned or impulsive snacking behaviors, eating out behaviors, or coffee consumption predict for less healthy eating behaviors, according to the negative statistically significant coefficients of these variables, which was expected.  These eating behaviors predict for less healthy eating behaviors.  
Individuals with diabetes are likely to practice more healthy eating behaviors, whereas individuals with hypertension or higher depression scores are less likely to practice more healthy eating behaviors.  Diabetes is a predictive factor of more healthy eating behavior, which may suggest that patients diagnosed with diabetes pay attention to doctor’s recommendations for a better diet.  Nevertheless, doctor’s recommendations may often be blank words, for individuals diagnosed with hypertension have less healthy eating behaviors.  Also, higher depression scores relate negatively with more healthy eating behaviors.  Thus, individuals manifesting depressive symptoms are more likely to eat fewer amounts of fruits, vegetables, and dairy products.  
Analysis of the 2007 Economic Census data in the Level 2 Model of the HLM Analysis show that more healthy eating behaviors are statistically significant with only the number of all food stores in a census tract and with the total amount of revenue from food establishments in a census tract.  However, these relationships are different from hypothesized.   Despite the number of all food stores in a given area, it will not predict for more healthy eating behaviors.  This study suggests that the number of all food stores in an area might in fact predict for less healthy eating behaviors.  Although the number of all food stores has a negative relationship with the outcome variable, the total amount of revenue from food establishments has a positive relationship with the more healthy behaviors eating variable.  This suggests that the larger total amount of revenue food establishments receive predicts for more healthy eating behaviors.  In other words, the more money that all food stores profit supports more healthy eating behaviors for an area.  
Analyzing the ten place factors, the more healthy eating behavior variable only varies significantly for three of the ten geographic factors:  Black Single Mother Headed Households (BSMHH), BSMHH factor or Foreign Born factor is predictive of less healthy eating behaviors.  Therefore, individuals living in areas with a high score of the BSMHH factor which includes areas with a high percentage of Blacks, high percentage of Whites who do not work, high percentage of households headed by single women with children are likely to have less healthy eating behaviors.  Also, individuals living in areas with a high score of the Foreign Born factor which includes areas with a high percent of the population being foreign born and utilizing public transit to work.  Alternatively, living in an area high in levels of the Divorced factor is predictive of more healthy eating behaviors.  This indicates that in areas characterized by a high percent of total population that is divorced, that were 5 and older in the United States in 1995, and high percent of households with just one person, people are more likely to have better eating behaviors which consists of a higher daily proportion of fruits, vegetables, and dairy products compared to other food groups (e.g. meats, desserts, breads).   These results suggest that socioeconomic status and culture has more effect on the outcome behavior.  Living in areas with high concentrations of minorities (BSMHH and Foreign Born) predict for less healthy eating behaviors, which may lead to future complications with health, such as obesity or diet-related diseases.  

Figures 14, 15, and 16 illustrate a geographic mapping of the more healthy eating behaviors variable in different areas, the Metropolitan Atlanta, Memphis, and Nashville areas, respectively.  As shown in the figures, there is a large variability of more healthy eating behaviors across different locations.  Specifically, in Figure 14 of Atlanta and the surrounding area, most of inner-city Atlanta occupies areas characterized by less healthy eating behaviors, with the exception of one census tract.  When examining areas farther away from the center of the city, there are more areas with better healthy eating behaviors.  Although more variety exists in these outer limits, the differences are stark between neighboring census tracts, with areas of extremely high healthy eating behavior adjacent to areas of extremely low healthy eating behavior scores (green adjacent to red).  Figure 15 of Memphis and the surrounding area illustrates a similar pattern to Figure 14.  Alternatively, Figure 15 of Nashville and the surrounding area shows a higher number of areas characterized by more healthy eating behaviors.  
Implications 

The results from this analysis shed new light on the relationship between environment and eating behaviors.   Contrary to the expected results, the results that we obtained show that a higher number of stores in an area predicts for less healthy eating behaviors.  This suggests the necessity for an assessment of food quality and variety in all food stores.  According to the USDA’s “The Extent of Limited Food Access in the United States” (2009), the distance from a food store has little influence on accessibility.  Often times, individuals will travel the extra distance in order to shop at a larger, more affordable supermarket or grocery story.  Thus, taking this and our results into consideration, further research needs to be conducted to analyze the types of food and the costs of foods in food stores rather than the number of food store establishments and the distance to food stores.  

The results indicating the positive relationship between food receipts and more healthy eating behaviors indicates that individuals in areas where food establishments have a higher revenue will demonstrate more healthy eating behaviors.  This may imply two different results.  First, living in areas where individuals have higher expenses for groceries leads to more healthy eating behaviors.  Second, to maintain more healthy eating behaviors, it is necessary to spend more money.  Further research must be completed examining the relationship between consumer behavior and food costs of fruits, vegetables, and dairy products, which are the food group components of more healthy eating behavior.
It is also important to understand the implications of the predictive nature of the Black Single Mother Headed Households (BSMHH) and Foreign Born in relation to more healthy eating behaviors.   As previously mentioned, Blacks and Hispanics represent the largest proportion of the obese population in the United States.  According to this analysis, living in areas concentrated with Blacks and Hispanics is predictive of less healthy eating behaviors.  Thus, it is pertinent to target these areas with intervention.  Community outreach projects should be strongly implemented to educate the community on the effects of different eating behaviors and the importance of a balanced healthy diet, with a high proportion of fruits, vegetables, and dairy servings.  The Vanderbilt Medical Center’s The Veggie Project serves to be a good model for future programs.  This project addresses the issues of childhood obesity, family nutrition, and food insecurity in underserved communities by combining education with affordable accessibility to fruits and vegetables.  By focusing on both the  youth and families in low-income, minority neighborhoods, the Vanderbilt Medical Center tackles poor eating behaviors at the core.  

Finally, the results regarding the relationship between diabetes and hypertension with more healthy eating behaviors provide insight into doctor recommended diets.  Individuals diagnosed with diabetes are more likely to exhibit healthy eating behaviors; however, individuals diagnosed with hypertension are less likely to practice healthy eating behaviors.  It is essential that persons with either disease change their diets and eating behaviors.  Diabetes and hypertension are two of the several diet-related diseases.  With a healthy, balanced diet and exercise, the effects of these diseases may be diminished.  However, by continuing poor health, the effects worsen.  From the results of this analysis, more research should be conducted on these diseases and the doctor recommendations for diet due to diagnoses of these diseases.  Future research should examine change or no change in patients’ eating behaviors after diagnosis.  Patients diagnosed with either disease should take heed to the warnings given by doctors and nurses.  


Collaborations should be made between community organizations, economic development planners, and public health researchers in order to understand how best to effectively change the local food environment in order to promote healthier diets.  By better understanding the relationship between food environments, lifestyle and other relevant characteristics, the information can be used for developing more effective land use and public health policies that mitigate the detrimental effects of obesity.
Limitations
While the Southern Community Cohort Study, 2007 Economic Census, and 2000 Census data provided impressive insight into eating behaviors in relation to place factors, there still exist several limitations of this study.  First, the SCCS recruited mainly from community health centers, which limits the variability among participants.  The SCCS provides invaluable information about a group consisting mainly of African-Americans living in the South; however, to obtain a better analysis, more participants of other races and social classes in order to make a more detailed comparison.  Also, the SCCS data many of the census tracts were not represented, which is illustrated by the white areas in Figures 14, 15, and 16.  Along the same lines, although participants lived in other census tracts, the number in some census tracts may have been small, therefore affecting the results yielded.  
Second, although relationships between environment and eating behaviors can be determined from these results, the relationship between supply and demand is still not clear.  It is necessary to understand consumer behavior and preferences related to the demand of foods.  Certain factors may affect consumer demand, such as inadequate knowledge of nutrition or proper food preparation, which leads to the demand of low-costs, unhealthy foods.  This demand drives the supply.  More research must be conducted to delve into the supply and demand paradigm.  

Third, this research shows that areas with a high number of all food stores predicts for less healthy eating behaviors.  It is difficult to conclude that more food access equates to less healthy eating behaviors.  We cannot conclusively determine that individuals living in areas with limited food stores have inadequate access or that individuals living in areas with a surplus of food stores have better access.  Although a person may live in an area with a large number of food stores, we cannot predict shopping behavior or the effects of availability and costs on shopping and eating behavior.  Also, with this analysis, we were not able to obtain statistically significant results on the specific types of food stores and their relationship to more healthy eating behaviors.  Thus, since number of all food stores includes data for convenience stores and specialty stores, it is difficult to determine conclusively that all food stores predict less healthy eating behaviors.  Further research should be completed to understand how access, availability, and price affect shopping and eating behaviors.  

Fourth, this study along with other existing studies considers access to stores as the distance from consumers’ homes.  Thus, it is assumed that participants’ eating behaviors and shopping behaviors are only affected by food stores located in the same census tract as their homes.  This ignores the potential access that participants may have outside of the immediate area surrounding the home, such as in areas of work and other activities.  More research needs to be conducted to examine shopping behaviors in relation to consumers’ daily schedules and commuting behaviors.  
Fifth, the outcome variable of more healthy eating behaviors lacks specificity.  While the variable is comprised of the food groups (fruits, vegetables, and dairy foods) know to provide healthier benefits to individuals, the individual composition of each food group was not examined.  This analysis failed to observe the individual effects of daily fruit servings, daily vegetable servings, and daily dairy foods servings on obesity.  Thus, although these food groups do provide essential nutrients for the body and are known to prevent from various diseases, an excessive amount of dairy consumption per day may lead to health problems, often times due to the high fat and caloric intake.  Dairy foods contain valuable nutrients, but some products, such as cheese, are high in fat and thus may contribute to the obesity epidemic.  
Finally, one very important limitation with this study and other studies as well is that correlation does not prove causation.  Although data can prove correlation between certain environmental factors and more healthy eating behaviors, this does not mean that these environmental factors cause a change in eating behaviors.  This limitation is hard to overcome, and this study only demonstrates correlation not causation.
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	Table 1: Components of Factor Analysis


	
	White Collar
	Immigrant Urban
	BSMHH
	Elderly Unemployed
	Stable Suburban
	Student
	Owner Occupied Housing
	Divorced
	Foreign Born
	Institutionalized

	PerOccProfessional ** Percent of those who are employed who have professional jobs
	0.909
	 
	 
	 
	 
	 
	 
	 
	 
	 

	PerColGrad **percent with any college degree
	0.909
	 
	 
	 
	 
	 
	 
	 
	 
	 

	totalcoll ** percent of total population that has completed at least some college
	0.9
	 
	 
	 
	 
	 
	 
	 
	 
	 

	permalecoll ** percent of males who have completed at least some college
	0.893
	 
	 
	 
	 
	 
	 
	 
	 
	 

	perfemalecoll ** percent of femals who have completed at least some college
	0.878
	 
	 
	 
	 
	 
	 
	 
	 
	 

	perHHabove75k ** Percent of households earning more than $75k
	0.861
	 
	 
	 
	 
	 
	 
	 
	 
	 

	permalegrad ** percent of males who have completed a masters or more
	0.855
	 
	 
	 
	 
	 
	 
	 
	 
	 

	totalgrad ** percent of total population that has completed a masters or more
	0.855
	 
	 
	 
	 
	 
	 
	 
	 
	 

	MedHHIncome1999 Households: Median household income in 1999
	0.834
	 
	 
	 
	 
	 
	 
	 
	 
	 

	percapitaincome ** percapita income
	0.826
	 
	 
	 
	 
	 
	 
	 
	 
	 

	perm100k ** percent of households with annual income of $100,000 or more
	0.821
	 
	 
	 
	 
	 
	 
	 
	 
	 

	perfemalegrad ** percent of females who have completed a masters or more
	0.795
	 
	 
	 
	 
	 
	 
	 
	 
	 

	permwhite ** percent of males with white collar jobs
	0.784
	 
	 
	 
	 
	 
	 
	 
	 
	 

	pertotwhite ** percent of population with white collar jobs
	0.781
	 
	 
	 
	 
	 
	 
	 
	 
	 

	PerHH_DivIntRentalIncome ** percent of households that recive dividend or rental income
	0.773
	 
	-0.345
	 
	 
	 
	 
	 
	 
	 

	MedNonFamIncome ** median non fam income
	0.748
	 
	 
	 
	 
	 
	 
	 
	 
	 

	PerHSGrad ** Percent who graduated from high school
	0.746
	-0.4
	 
	 
	 
	 
	 
	0.312
	 
	 

	totalhs ** percent of total population that has a high school degree (incl. equiv.) or more
	0.746
	-0.4
	 
	 
	 
	 
	 
	0.312
	 
	 

	permalehs ** percent of males who have a high school degree (incl. equiv.) or more
	0.744
	-0.366
	 
	 
	 
	 
	 
	0.314
	 
	 

	perfemalehs ** percent of females who have a high school degree (incl.equiv.) or more
	0.718
	-0.415
	 
	 
	 
	 
	 
	 
	 
	 

	PerNoHS ** percent who dropped out before finishing high school
	-0.694
	0.357
	 
	 
	 
	 
	 
	 
	 
	 

	totallhs ** percent of total population with less than a high school education
	-0.694
	0.357
	 
	 
	 
	 
	 
	 
	 
	 

	permalelhs ** percent of males with less than a high school education
	-0.693
	0.323
	 
	 
	 
	 
	 
	 
	 
	 

	PerOwnerOccPovertyIncome ** percent of population that is living below poverty in owner occupied housing
	0.69
	 
	 
	 
	 
	 
	 
	 
	 
	 

	perm200k ** percent of households with annual income of $200,000 or more
	0.672
	 
	 
	 
	 
	 
	 
	 
	 
	 

	perfemalelhs **percent of females with less than a high school education
	-0.666
	0.38
	 
	 
	 
	 
	 
	 
	 
	 

	perfwhite ** percent of females with white collar jobs
	0.662
	 
	 
	 
	 
	 
	 
	 
	 
	 

	pertotblue **percent of population with blue collar jobs
	-0.627
	 
	-0.333
	 
	0.542
	 
	 
	 
	 
	 

	permblue ** percent of males with blue collar jobs
	-0.62
	 
	 
	 
	0.558
	 
	 
	 
	 
	 

	MarriageGap ** income gap between married with kids and single mothers with kids
	0.617
	 
	 
	 
	 
	 
	 
	 
	 
	 

	PerHHLessThan25K ** percent of  households earning less than $25K
	-0.61
	 
	0.315
	0.448
	 
	0.381
	 
	 
	 
	 

	GenderGap ** difference between male and female earnings
	0.599
	 
	 
	 
	 
	 
	 
	 
	 
	 

	perl25k ** percent of households with annual income less than $25,000
	-0.586
	 
	0.318
	0.416
	 
	0.395
	 
	 
	 
	 

	maledis ** percent of males who with a disability
	-0.543
	 
	 
	0.516
	 
	 
	 
	 
	 
	 

	perfblue ** percent of females with blue collar jobs
	-0.538
	 
	 
	 
	0.44
	 
	 
	 
	 
	 

	perchildpov ** percent of children who are in poverty
	-0.497
	0.367
	0.459
	 
	 
	 
	 
	 
	 
	 

	PerInPoverty ** percent of population living below the poverty level
	-0.482
	0.409
	0.447
	 
	 
	0.332
	 
	 
	 
	 

	perl10k ** percent of households with annual income less than $10,000
	-0.44
	 
	0.422
	0.378
	 
	0.415
	 
	 
	 
	 

	PerEmployed ** percent over 16 who are employed
	0.433
	-0.323
	 
	-0.383
	0.368
	 
	 
	0.35
	 
	 

	perhouse_2 ** Percent of households with just two people
	0.422
	-0.375
	-0.336
	 
	 
	 
	 
	 
	 
	 

	PerRenterOccPovertyIncome ** percent of population that is living below poverty in renter occupied housing
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	perother ** percent of total population that is neither white alone nor black/african american alone
	 
	0.857
	 
	 
	 
	 
	 
	 
	 
	 

	perhisp ** percent of total population that is hispanic/latino
	 
	0.837
	 
	 
	 
	 
	 
	 
	 
	 

	PerSpanishLingIsolated ** percent of people living in spanish speaking linguistically isolated households
	 
	0.785
	 
	 
	 
	 
	 
	 
	 
	 

	perenghh ** percent of households that are english speaking
	 
	-0.779
	 
	 
	 
	 
	 
	 
	 
	 

	perborninst ** percent of population that was born in state of residence
	 
	-0.681
	 
	 
	0.34
	 
	 
	 
	 
	 

	PerWhiteBornInState ** percent of whites born in state
	 
	-0.629
	 
	 
	0.314
	 
	 
	 
	 
	 

	perlackplumb ** percent of housing units that lack plumbing
	 
	0.605
	 
	 
	 
	 
	 
	 
	 
	 

	PerNativeBorn ** Percent of population born in the US
	 
	-0.602
	 
	 
	0.307
	 
	 
	 
	-0.511
	 

	PerNophoneservice_total ** percent of households with no phone service
	 
	0.573
	 
	 
	 
	 
	 
	 
	0.372
	 

	perhhwelfare ** percent of households with public assistance income
	-0.362
	0.467
	0.452
	 
	 
	 
	 
	 
	 
	 

	perZeroVehicle ** percent of households with no vehicle
	 
	0.411
	 
	 
	 
	 
	 
	 
	 
	 

	PerRural ** percent of persons living in rural area
	 
	-0.389
	-0.378
	 
	 
	 
	 
	-0.371
	 
	 

	poponevehicle ***percent of housing units with only one vehicle
	 
	0.381
	 
	 
	 
	 
	 
	 
	 
	 

	ownoccperroom ** people per room in owner occupied housing
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	

	rentoccperroom ** people per room in renter occupied housing
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	PerBuilt1939orEarlier ** percent of houing units build before 1939
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	PerOneBed ** percent of housing units with one bedroom
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	PerFiveorMoreBeds ** percent of housing units with five or more bedrooms
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	PerNoBeds ** percent of housing units with no bedrooms
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	PerBlack ** percent of population that is Black
	 
	 
	0.86
	 
	 
	 
	 
	 
	 
	 

	PerNoWorkWhite ** percent of population that is Whites who do not work
	 
	 
	0.715
	 
	 
	 
	 
	 
	 
	 

	persmhh ** percent of households that are headed by single women with children
	-0.325
	 
	0.71
	 
	0.331
	 
	 
	 
	 
	 

	perurbanhunit ** percent of housing units in urban area
	 
	 
	0.659
	 
	 
	 
	 
	 
	 
	 

	perhhpovsm ** of total households, the percent of which are impoverished single mother households
	-0.372
	 
	0.652
	 
	0.307
	 
	 
	 
	 
	 

	perhhsm ** PERCENT OF HOUSEHOLDS THAT ARE IMPOVERISHED SINGLE MOTHERS
	-0.372
	 
	0.652
	 
	0.307
	 
	 
	 
	 
	 

	PerWhite ** Percent of population that is White
	 
	-0.574
	-0.619
	 
	 
	 
	 
	 
	 
	 

	PerMarried ** percent of total population that is married
	0.375
	 
	-0.599
	 
	 
	-0.355
	 
	 
	 
	 

	PerBlack35HrsWork ** percent of population that is  full time Black workers
	0.314
	 
	-0.56
	 
	 
	 
	 
	 
	 
	0.379

	PerHHGrandchildren ** percent of population living in households with grandchildren present
	-0.304
	 
	0.451
	 
	 
	 
	 
	 
	 
	 

	PerDriveWorkAlone ** percent of population who drives to work alone
	0.397
	-0.393
	-0.426
	 
	 
	 
	 
	0.379
	 
	 

	pervacant ** percent of housing units that are vancant
	 
	 
	0.407
	 
	 
	 
	 
	 
	 
	 

	perocc ** percent of housing units that are occupied
	 
	 
	0.329
	 
	 
	 
	 
	 
	 
	 

	PerBlackBornInState ** percent of blacks born in state
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	perlackkitch ** percent ofhousing units that lack a kitchen
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	perfunemp ** percent of females in labor force who are unemployed
	 
	 
	 
	0.816
	 
	 
	 
	 
	 
	 

	persenior ** percent of population that is age 65 or older
	 
	 
	 
	0.81
	 
	 
	 
	 
	 
	 

	PerSocialSecurity ** percent of workforce on social security
	 
	 
	 
	0.806
	 
	 
	 
	 
	 
	 

	persrfemale ** percent of females who are age 65 or older
	 
	 
	 
	0.796
	 
	 
	 
	 
	 
	 

	persrmale ** percent of males who are age 65 or older
	 
	 
	 
	0.774
	 
	 
	 
	 
	 
	 

	totunemp ** percent of population in labor force that is unemployed
	 
	 
	 
	0.767
	 
	 
	 
	 
	 
	0.408

	permunemp ** percent of males in labor force who are unemployed
	 
	 
	 
	0.657
	 
	 
	 
	 
	 
	0.445

	
	
	
	
	
	
	
	
	
	
	

	totaldis ** percent of noninstitutionalized population 5 years and older with a disability
	-0.552
	 
	 
	0.56
	 
	 
	 
	 
	 
	 

	femaledis ** percent of females with a disability
	-0.508
	 
	0.326
	0.548
	 
	 
	 
	 
	 
	 

	PerPhysMentCareDisability ** percent of population with phyical or mental disability
	-0.313
	 
	 
	0.474
	 
	 
	 
	 
	 
	 

	perchild ** percent of population that is under age 18
	 
	 
	 
	 
	0.82
	 
	 
	 
	 
	 

	perfemalechild ** percent of females who are under age 18
	 
	 
	 
	 
	0.791
	 
	 
	 
	 
	 

	permalechild ** percent of males who are under age 18
	 
	 
	0.32
	 
	0.777
	 
	 
	 
	 
	 

	PerChildren8to17 ** percent of population that is children 8 to 18 years old
	 
	 
	 
	 
	0.748
	 
	 
	 
	 
	 

	Perchildren7Under ** percent of poplation that is children under 7
	 
	 
	 
	 
	0.707
	 
	 
	 
	 
	 

	PerPersonsInHHolds ** percent of persons living in households
	 
	 
	 
	 
	0.672
	 
	 
	0.302
	 
	-0.439

	perhouse3Plus ** Percent of households with three or more people
	 
	 
	 
	-0.33
	0.671
	 
	 
	 
	 
	 

	perfemale ** percent of total population that is female
	 
	 
	 
	0.416
	0.527
	 
	 
	 
	 
	-0.337

	PerWhite35HrsWork ** percent of population that is  full time White workers
	 
	 
	-0.335
	-0.327
	0.406
	 
	 
	 
	 
	 

	POP100 Population Count (100%)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	PerWalktoWork ** percent of  people who walk to work
	 
	 
	 
	 
	 
	0.741
	 
	 
	 
	 

	PerInCollege ** percent of the population enrolled in college
	 
	 
	 
	 
	 
	0.704
	 
	 
	 
	 

	PerNoWorkBlack ** percent of  population that is  Blacks who do not work
	 
	 
	 
	 
	 
	0.698
	 
	 
	 
	 

	PerWhiteWalkBikeWork ** percent of Whites who walk or bike to work
	 
	 
	 
	 
	 
	0.672
	 
	 
	 
	 

	PerWorkPartTime ** percent of work force working part time
	 
	 
	 
	 
	 
	0.593
	 
	 
	 
	 

	PerinGradSchool ** percent of the population enrolled in graduate school
	0.384
	 
	 
	 
	 
	0.499
	 
	 
	 
	 

	PerBlackWalkBikeWork ** percent of Blacks who walk or bike to work
	 
	 
	 
	 
	 
	0.402
	 
	 
	 
	 

	perrent ** Percent of housing units occupied by renters
	 
	 
	 
	 
	 
	 
	-0.915
	 
	 
	 

	perown ** percent of housing units owner occupied
	 
	 
	 
	 
	 
	 
	0.915
	 
	 
	 

	PerHUOwnerOccupied ** Percent of housing units that are owner occupied
	 
	 
	 
	 
	 
	 
	0.915
	 
	 
	 

	PerMobile ** percent of housing that is mobile homes
	 
	 
	 
	 
	 
	 
	0.804
	 
	 
	 

	rentmobile2 ** percent of housing that is renter occupied trailers
	 
	 
	 
	 
	 
	 
	0.761
	 
	 
	 

	ownmobile2 ** percent of housing that is owner occupied trailers
	 
	 
	 
	 
	 
	 
	0.553
	
	 
	 

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	 
	
	

	MeanPersonPerRoom ** Average number of people per room
	 
	 
	 
	 
	 
	 
	0.337
	
	 
	 

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	 
	
	

	ownunitstruc ** units per building for owner occupied buildings
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	perdivfemale ** percent of females who are divorced
	 
	 
	 
	 
	 
	 
	 
	0.747
	 
	 

	perdivtotal ** percent of total population that is divorced
	 
	 
	 
	 
	 
	 
	 
	0.722
	 
	 

	perus95 ** percent of population age 5 and older that was in the United States in 1995
	 
	 
	 
	 
	 
	0.359
	 
	0.558
	 
	 

	perhouse_1 ** Percent of households with just one person
	 
	 
	 
	0.338
	 
	0.415
	 
	0.484
	 
	 

	PerUrban ** Percent of persons living in urban area
	 
	0.356
	0.363
	 
	 
	 
	 
	0.435
	 
	 

	HU100 Housing Unit Count (100%)
	 
	 
	 
	 
	 
	 
	 
	0.395
	 
	 

	PerForeignBorn ** percent of population that was foreign born
	 
	0.598
	 
	 
	 
	 
	 
	 
	0.645
	 

	PerPublicTransToWork ** percent of population who takes public transit to work
	 
	 
	0.339
	 
	 
	 
	 
	 
	0.642
	 

	PerWhitePubTransWork ** percent of whites who take public transit to work
	 
	 
	 
	 
	 
	 
	 
	 
	0.598
	 

	PerBlackPubTransWork ** percent of blacks who take public transit to work
	 
	 
	 
	 
	 
	 
	 
	 
	0.502
	 

	PerHispanicNonCitizen ** percent of hispanics who are not US citizens
	 
	 
	 
	 
	 
	 
	 
	 
	0.366
	 

	popperown ** percent of population living in owner occupied units
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	popperrent ** percent of population living in renter occupied units
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	PerInstitutionalized ** percent of total population that is  institutionalized
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.794

	PerPersonsInGQuarter ** Percent of persons living in group quarters
	 
	 
	 
	 
	-0.316
	0.425
	 
	 
	 
	0.735

	permale ** percent of total population that is male
	 
	 
	 
	 
	0.356
	 
	 
	 
	 
	0.643

	rentunitstruc ** units per building for renter occupied buildings
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	PerTwoBeds ** percent of housing units with two bedrooms
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


	Table 2: Demographic Characteristics by Race

	 
	White
	Black
	Other

	
	Number
	Percent
	Number
	Percent
	Number
	Percent

	Gender
	 
	 
	 
	 
	 
	 

	Male
	4946
	33.5%
	17655
	41.3%
	720
	36.0%

	Female
	9822
	66.5%
	25095
	58.7%
	1280
	64.0%

	 
	 
	 
	 
	 
	 
	 

	Marital Status
	 
	 
	 
	 
	 
	 

	Single
	1669
	11.3%
	12043
	28.2%
	316
	15.8%

	Married
	6315
	14.8%
	11764
	27.5%
	725
	36.3%

	Divorced 
	5225
	35.4%
	14713
	34.4%
	763
	38.2%

	Widowed
	1559
	10.6%
	4230
	9.9%
	196
	9.8%

	 
	 
	 
	 
	 
	 
	 

	Income Levels
	 
	 
	 
	 
	 
	 

	Less than 15K
	8485
	57.5%
	26529
	62.1%
	1149
	57.5%

	15K-25K
	3070
	20.8%
	9827
	23.0%
	432
	21.6%

	25K-50K
	2009
	13.6%
	4886
	11.4%
	281
	14.1%

	Greater than 50K
	1204
	8.2%
	1508
	3.5%
	138
	6.9%

	 
	 
	 
	 
	 
	 
	 

	Education Levels
	 
	 
	 
	 
	 
	 

	High School Dropout
	4436
	30.0%
	14088
	33.0%
	523
	26.2%

	High School Graduate
	5943
	40.2%
	17309
	40.5%
	671
	33.6%

	Some College
	2822
	19.1%
	7908
	18.5%
	532
	26.6%

	College Graduate
	1035
	7.0%
	2490
	5.8%
	181
	9.1%

	Post Graduate
	532
	3.6%
	955
	2.2%
	93
	4.7%

	 
	 
	 
	 
	 
	 
	 

	Employment Status
	 
	 
	 
	 
	 
	 

	Employed
	4816
	32.6%
	16325
	38.2%
	719
	36.0%

	Unemployed
	9830
	66.6%
	26017
	60.9%
	1266
	63.3%

	Unknown
	122
	0.8%
	408
	1.0%
	15
	0.8%

	 
	 
	 
	 
	 
	 
	 

	Diabetes
	3120
	21.1%
	9397
	22.0%
	485
	24.3%

	 
	 
	 
	 
	 
	 
	 

	Hypertension
	7766
	52.6%
	24954
	58.4%
	1039
	52.0%


	Table 3: Eating Behaviors and Physical Activity Level by Race

	 
	White
	Black
	Other

	 
	Number
	Percent
	Number
	Percent
	Number
	Percent

	Restrictive Eating
	 
	 
	 
	 
	 
	 

	Rarely
	7756
	52.5%
	25671
	60.0%
	1060
	53.0%

	Monthly
	1370
	9.3%
	4350
	10.2%
	190
	9.5%

	Weekly
	2065
	14.0%
	5571
	13.0%
	272
	13.6%

	Daily
	3577
	24.2%
	7158
	16.7%
	478
	23.9%

	 
	 
	 
	 
	 
	 
	 

	Overeating
	 
	 
	 
	 
	 
	 

	Rarely
	7650
	51.8%
	28997
	67.8%
	1214
	60.7%

	Monthly
	2706
	18.3%
	5015
	11.7%
	296
	14.8%

	Weekly
	3181
	21.5%
	5932
	13.9%
	352
	17.6%

	Daily
	1231
	8.3%
	2806
	6.6%
	138
	6.9%

	 
	 
	 
	 
	 
	 
	 

	Impulsive Snacking
	 
	 
	 
	 
	 
	 

	Rarely 
	6532
	44.2%
	24297
	56.8%
	1061
	53.1%

	Monthly
	1951
	13.2%
	4647
	10.9%
	229
	11.5%

	Weekly 
	3912
	26.5%
	8639
	20.2%
	416
	20.8%

	Daily
	2373
	16.1%
	5167
	12.1%
	294
	14.7%

	 
	 
	 
	 
	 
	 
	 

	Eating Out
	 
	 
	 
	 
	 
	 

	Rarely
	3558
	24.1%
	14875
	34.8%
	629
	31.5%

	Monthly
	5034
	34.1%
	14742
	34.5%
	699
	35.0%

	Weekly
	5507
	37.3%
	11535
	27.0%
	602
	30.1%

	Daily
	669
	4.5%
	1598
	3.7%
	70
	3.5%

	 
	 
	 
	 
	 
	 
	 

	Physical Activity
	 
	 
	 
	 
	 
	 

	0-20th percentile
	3684
	24.9%
	9348
	21.9%
	441
	22.1%

	20-40th percentile
	2746
	18.6%
	7300
	17.1%
	336
	16.8%

	40-60th percentile
	2942
	19.9%
	8607
	20.1%
	415
	20.8%

	60-80th percentile
	2858
	19.4%
	8711
	20.4%
	403
	20.2%

	80-100th percentile
	2538
	17.2%
	8784
	20.5%
	405
	20.3%


	Table 4: Level 1 Model

	Effect
	Coefficient
	Error
	T-ratio
	d.f.
	P-value

	High School
	0.011527
	0.001832
	6.291
	59486
	0.000

	Some College
	0.028827
	0.002203
	13.082
	59486
	0.000

	College Graduate
	0.040069
	0.003465
	11.565
	59486
	0.000

	Post Graduate
	0.048944
	0.004622
	10.589
	59486
	0.000

	Income 15-25K
	0.005943
	0.001814
	3.277
	59486
	0.001

	Income 25-50K
	0.011079
	0.002453
	4.516
	59486
	0.000

	Income ≥ 50 K
	0.019870
	0.003642
	5.456
	59486
	0.000

	Smoking
	0.022753
	0.001639
	13.88
	59486
	0.000

	Black
	-0.005681
	0.002227
	-2.551
	59486
	0.011

	Other
	0.020833
	0.004427
	4.706
	59486
	0.000

	Restricted Eating
	0.034176
	0.001321
	25.864
	59486
	0.000

	Overeating Frequency
	-0.016214
	0.001822
	-8.897
	59486
	0.000

	Unplanned Snacking
	-0.020384
	0.001360
	-14.986
	59486
	0.000

	Eat Out Frequency
	-0.041542
	0.002415
	-17.205
	59486
	0.000

	Coffee Frequency
	-0.004455
	0.000977
	-4.559
	59486
	0.000

	Employed
	-0.011736
	0.001706
	-6.878
	59486
	0.000

	Single
	0.002941
	0.002041
	1.441
	59486
	0.150

	Divorced
	0.005040
	0.001892
	2.664
	59486
	0.008

	Widowed
	0.017930
	0.003070
	5.841
	59486
	0.000

	Depression
	-0.001609
	0.000130
	-12.338
	59486
	0.000

	Activity Level
	0.004419
	0.000556
	7.952
	59486
	0.000

	Diabetes
	0.022101
	0.001837
	12.034
	59486
	0.000

	Hypertension
	-0.005423
	0.001580
	-3.433
	59486
	0.001

	Age Linear
	0.001467
	0.000123
	11.915
	59486
	0.000

	Age Quadratic
	0.000030
	0.000008
	3.615
	59486
	0.001

	BMI Linear
	-0.000080
	0.000102
	-0.788
	59486
	0.431


	Table 5: Level 2 Model

	Effect
	Coefficient
	Error
	T-ratio
	d.f.
	P-value

	INTRCPT2,
	0.377637
	0.003914
	96.474
	4634
	0.000

	BSMHH
	-0.004182
	0.000822
	-5.088
	4634
	0.000

	Divorced
	0.009085
	0.001147
	7.923
	4634
	0.000

	Foreign Born 
	-0.005750
	0.001390
	-4.136
	4634
	0.000

	NAFS
	-0.000040
	0.000013
	-3.020
	4634
	0.003

	Food Receipts
	0.000001
	0.000000
	2.561
	4634
	0.011


Figure 1:  Prevalence Rates of Obesity in the United States in 1985
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Figure 2:  Prevalence Rates of Obesity in the United States in 2008
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Figure 3:  Projected Weight Changes from 2009 to 2040
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Figure 4:  Prevalence Rates of Obesity in Rural and Urban Areas of Tennessee
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Figure 5:  Restaurants in Tennessee
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Figure 6:  Exercise Resources in Tennessee
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Figure 7:  Health Resources in Tennessee
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Figure 8:  Frequency Distribution of Proportions of Daily Food Consumption that Consists of Fruits, Vegetables, and Dairy (More Healthy Eating Behavior)
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Figure 9:  Black Mother Headed Households factor by Census Tract in Nashville and the Surrounding Areas [image: image9.png]" Black Single Mother Headed Households:
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Figure 10:  Foreign Born factor by Census Tract in Memphis and the Surrounding Area   [image: image10.png]Foreign Bor
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Figure 11:  Divorced factor by Census Tract in Jackson and the Surrounding Area [image: image11.png]Divorced:
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Figure 12:  Number of All Food Stores Factor by Census Tract in Atlanta and the Surrounding Area [image: image12.png]ber Il F S:
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 Figure 13:  Number of All Food Stores Factor by Census Tract in Nashville and the Surrounding Area [image: image13.png]Number of All.Food Stores:
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 Figure 14:  More Healthy Eating Behaviors by Census Tract in Atlanta and the Surrounding Area [image: image14.png]nin
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 Figure 15:  More Healthy Eating Behaviors by Census Tract in Memphis and the Surrounding Area  [image: image15.png]Memphis and
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Figure 16:  More Healthy Eating Behaviors by Census Tract in Nashville and the Surrounding Area [image: image16.png]" More Healthy Eating Behavic
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