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Background: Research shows there has been a recent decline in the prevalence of childhood obesity.  

Despite significant efforts, approximately 1 in 5 African American children two to five years of age are 

considered obese.   

 

Objective: This study examined the association between proximity to food vending establishments and the 

prevalence of childhood obesity among participants of the Tennessee Special Supplemental Nutrition 

Program for Women, Infants, and Children. 

 

Method: Multinomial logistic regression and multiple linear regression models were used to analyze 

secondary data retrieved from the Patient Tracking Billing Management Information System.  Geographic 

Information System merged addresses with the US census track to visually showcase of the relationship 

between neighborhood location, proximity to food vending establishments and BMI status. 

Results: Multinomial logistic regression showed the number of fast food restaurants located within a one-

mile radius of the WIC participant’s residence was associated with a 1.10 (OR=1.10) times increase in the 

odds of being obese.  Multiple linear regression indicated on an average, the increment of 10 fast food 

restaurants located within a one-mile radius of the WIC participant’s residence would consequentially 

increase body mass index score by 1 point (B=0.06≈0.1) accordingly. 

Conclusion: Results suggest in order to decrease the prevalence of childhood obesity among low income 

communities there must be equal access to grocery stores that provide healthy food options.  Furthermore, 

public health organizations must combat zoning laws that permit the development of fast food restaurants 

known to distribute unhealthy food options throughout low income communities. 

 

Introduction  

There are multiple factors that contribute to the development of childhood obesity (i.e. genetics, nutrition, 

physical inactivity). However, research has shown there is a direct relationship between quality of the 

environment and health outcomes.1Furthermore, research has concluded overweight and obese children are 
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more likely to reside to communities with unfavorable conditions such as poverty, poor housing, unsafe 

surroundings, limited accessibility to green space, high crime rates, and food insecurity.1,2,3 

 

The type of food availability present in a community is dependent upon neighborhood characteristics such as 

race/ethnicity and socioeconomic status.4,5,6Research has indicated that supermarkets are more common 

among predominately white high income communities compared to low income minority 

communities.4,5,6Comparatively,research has shown that fast food restaurants and convenience stores are 

more common among low income communities.5  Due to food insecurity, in 2012more than 8.9 million low 

income families enroll led in the Special Supplemental Nutrition Program for Women, Infant, and Children 

(WIC).6,7 

 

The purpose of the WIC program is to provide low income children with the nutrition required for optimal 

growth and development.  The program strives to provide food supplements, nutrition counseling, and health 

screenings to women, infants, and children under the age of five.  The eligibility requirement is based on 

nutritional risk; which is determined by medical status, dietary intake, and income level.  In 2010, the 

financial eligibility requirement for a family of two was $23,107 and $34,873 for a family of four.8 

 

The obesity epidemic is a major health concern among low income preschool children.9,10 Research has 

shown that approximately one-third of 3.7 million low income children two to four years of age have been 

identified as overweight or obese.11  There is a significant racial disparity in the prevalence of childhood 

obesity in the United States.  Among preschool aged children, obesity rates are disproportionately high 

among minorities.11 Childhood obesity has been identified as major public health concern due to long term 

consequences such as high blood pressure, high cholesterol, and type II diabetes.11
 

 

Methods 

 

Selection of Subjects 

 

The subjects selected to participate in this study were enrolled in the Tennessee Special Supplemental 

Nutrition Program for Women, Infants, and Children from January1st, 2008 until December 31st, 2009. The 

sample included N=265 two through four year old African American children who resided in the 37206 and 

37208 zip codes of Davidson County located in Nashville, Tennessee.  

Table 1.  

Target Population Comparison List 

 

 

37208 Zip Code 

 

37206 Zip Code 

 

Race/Ethnic Distribution in 2009: 

 

African American – 14,882(91.5%) 

American Indians – 32(0.2%) 

Asian – 42(0.3%) 

Caucasians – 965(5.9%) 

Hispanic/Latino – 342(2.1%) 

Race/Ethnic Distribution in 2009: 

 

African American – 11,096(42%) 

American Indians – 83(0.3%) 

Asian – 456(1.9%) 

Caucasians – 12,927(50.0%) 

Hispanic/Latino – 1,274(4.9%) 
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Estimated Median Household Income in 2009: 

 

$27,392 

Estimated Median Household Income in 2009: 

 

$40,597 

Income below Poverty Level in 2009: 

 

43.3% 

Income below Poverty Level in 2009: 

 

31.9% 

Income Fifty Percent below Poverty Level in 

2009: 

 

21.4% 

Income Fifty Percent below Poverty Level in 

2009: 

 

16.0% 

Food Vending Establishments in 2012: 

 

Fast Food Restaurants – 36 

Convenience Stores – 15 

Grocery Stores – 3 

 

Food Vending Establishments in 2012: 

 

Fast Food Restaurants – 5 

Convenience Stores – 14 

Grocery Stores – 5 

Source: City Data 2010 and 2012.  This table is a comparison of the two target population selected for this 

study.  

Data Collection  

 

The data for this study was retrieved from the Patient Tracking Billing Management Information System 

(PTBMIS). Patient identification numbers were used to retrieve the subject’s age, gender, race, birth date, 

weight, height, address, date of last clinic visit, and mother/guardian’s age.  The collected data was 

documented on a chart review tool, which remained confidential throughout the duration of the study. 

 

Table 2.  

Description of Research Variables 

 

Variable   Description Type/Measurement  

BMI score Body Mass Index Dependent/Scale  

BMI_STATUS Body Mass Index Status Dependent/ 

Nominal 

MA_AGE Maternal Age Independent/ 

Scale  

WIC_AGE WIC participants age Independent/ 

Scale  

GENDER WIC participants 

gender 

Independent/ 

Nominal 

F_T_CNT Number of fast food 

restaurants in a one mile 

radius of the WIC 

participants residence  

Independent/ 

Scale  

C_T_CNT 

 

Number of convenience 

stores in a one mile 

Independent/ 

Scale  
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radius of the WIC 

participants residence  

G_T_CNT Number of grocery 

stores in a one mile 

radius of the WIC 

participants residence 

Independent/ 

Scale  

 

This table displayed the detailed information for each variable utilized for this study. 

 

BMI Measurement 

Height and weight measurements were used to calculate the body mass index (BMI). BMI calculations were 

performed by Centers for Disease Control and Prevention (CDC) BMI percentile calculator for children and 

adolescents. The calculation device required the subject’s date of birth, date of last measurement, gender, 

height, and weight.  After BMI was calculated, the number was plotted on the BMI growth chart specific to 

age and gender.  The graph showed BMI less than the 5th percentile indicated the child was underweight. 

BMI between the 5th percentile to 85th percentile indicated the child was healthy and had minimal risk for 

obesity related health conditions. BMI between the 85th to 95th percentile indicated the child was 

overweight; while BMI equal to or greater than the 95th percentile indicated the child was obese.12,13 

Statistical Analysis  

 

The Statistical Package for Social Science (SPSS) version 19.0 was used to analyze the secondary data 

retrieved for this retrospective pilot study.  Multinomial logistic regression was used to examine the 

association between the explanatory variables and BMI status.  This statistical analysis was selected because 

the dependent variable BMI status was categorical (1=healthy, 2=overweight, 3=obese). The BMI 

categorization allowed the researcher to determine significant variables by comparing overweight and obese 

WIC participants to healthy WIC participants, respectively. 

Multiple linear regression was used to examine the linear relationship between the independent variables and 

BMI score(continuous variable). Furthermore, this statistical analysis produced critical values such as R 

squared, Durbin-Watson statistic, and tolerance values. These statistics allowed the researcher to identify 

explanatory variables significantly associated with BMI score without violating the model assumptions of 

linearity and independence and confronting collinearlity issue. 

Geographic Information Systems 

Geographic Information System (GIS) version 10.1 used Unites State scensus tracts as proxies for the 37206 

ad 37208 zip codes of Davidson County in Nashville, Tennessee.  The census tracks were merged with 

geocoded residential addresses retrieved from PTBMIS. Approximately 100% of the target population was 

geocoded to a census tract and matched to the exact residual location.  As a result, the community map 

produced served as a visual aid that showcased the association between proximity to food vending 

establishments and BMI status in the 37206 and 37208 zip codes of Davidson County Nashville, Tennessee. 

It is important to note each address used to create the community map remained confidential throughout the 

duration of the study.  To ensure confidentiality street names were not identified on the community mapand 

the residence of each subject remained confidential. 

The approval for this study was obtained from the institutional review boards at Lentz Public Health Center 

and Meharry Medical College. 
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Results 

Initially, there were 1,041 subjects in the sample eligible to participate in this study.  However, a large 

portion (75%) of subjects were not qualified to participate due to missing data elements in PTBMIS required 

for BMI calculation (i.e. subject height, subject weight). After implementing a careful screening process, the 

final sample consisted of N=265 two through four year old African American children who  resided in the 

37206 and 37208 zip codes of Davidson County Nashville, Tennessee.   

Table 3 displays BMI status among the sample. Results indicated n=132 (132/265=49.8%) WIC participants 

were identified as healthy, followed by n=60 (60/265=22.6%) as overweight, and n=73 (73/265=27.5%) 

asobese.  

 

Table 3.   

Comparison of BMI Status 

 

BMI Status N Percentage 

Healthy 

Overweight 

Obese 

 132 49.8% 

 60 22.6% 

 73 27.5% 

Total 265 100.0% 

   

 

Table 4 displays the prediction of BMI status among the sample. The prediction indicated n=113 

(113/132=85.6%) WIC participants would be identified as healthy, which was high; n=5 (5/60=8.3%)  WIC 

participants would be correctly identified as overweight, which was extremely low; and n=16 

(16/73=21.9%) WIC participants would be correctly identified as obese, which was very low. The model’s 

overall prediction accuracy of 50.6% was moderately high ((113+5+16)/(132+60+73)=50.6%). 

Table 4.  

Prediction of BMI Status 

 

Observe

d 

Predicted 

Healt

hy 

Overwei

ght 

Obe

se 

Perce

nt 

Corre

ct 

Healthy 113 10 9 85.6% 

Overweig

ht 

50 5 5 8.3% 

Obese 52 5 16 21.9% 

     

 

Multinomial logistic regression was utilized to compare overweight and obese WIC participants to healthy 

WIC participants, respectively. Among overweight WIC participants, there was a negative relationship (B = 

-0.81; P = 0.02; CL = 0.23-0.87) between gender and BMI status. Findings showed female WIC participants 

were 2.22 (OR=1/0.45=2.22) times more likely to be overweight than male WIC participants.  Due to the 

reported P-value greater than the 0.05 significance level, independent variables maternal age, participant’s 
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age, number of fast food restaurants, convenience stores, and grocery stores located in a one mile radius of 

the WIC participant’s residence were not significantly associated with BMI status.   

Among obese WIC participants, there was a negative relationship between age and BMI status (B = -0.68; P 

= 0.04; 95% CI = 0.27 – 0.95).  Findings showed two year old WIC participants were 1.96 (OR = 

1/0.51=1.96) times more likely to be obese than three year old WIC participants. In addition, three year old 

WIC participants were 1.96 (OR = 1/0.51=1.96) times more likely to be obese than four year old WIC 

participants.  Furthermore, findings showed a positive relationship (B=0.10; P=0.01; 95% CI=1.02-1.19) 

between number of fast food restaurants located in a one mile radius of the WIC participants residence and 

BMI status.  Each fast food restaurant located in a one mile radius of the WIC participant’s residence 

increased the odds of being obese by a factor of 1.10 (OR=1.10).  Due to the reported P-value greater than 

the 0.05significance level, independent variables maternal age, gender, number of convenience stores and 

grocery stores located in a one mile radius of the WIC participant’s residence were not significantly 

associated with BMI status. 

 

Table 5.  

Multinomial Logistic Regression Analysis 

 

Variables Regression  

Coefficient  

P-Value  Odds 

Ratio 

    
Overweight vs. Healthy

 
    

Maternal Age  -0.01 0.87 1.00 

Age  -0.64 0.06 0.53 

Gender -0.81 0.02* 0.45 

Fast Food Restaurant in one mile 

radius  

 0.02 0.68 1.02 

Convenience Stores in one mile 

radius 

-0.12 0.10 0.89 

Grocery stores in one mile radius   0.09 0.74 1.09 
    
Obese vs. Healthy    

 

Maternal Age  0.01 0.61 1.01 

Age  -0.68 0.04* 0.51 

Gender  0.35 0.26 1.41 

Fast Food Restaurants in one mile 

radius 

 0.10 0.01** 1.10 

Convenience stores in one mile 

radius 

-0.07 0.33 0.94 

Grocery stores in one mile radius  0.01  0.96 1.01 

    

*P <0.05; ** P < 0.01 
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Multiple linear regression was utilized to determine the relationship between explanatory variables and BMI 

score.  Results showed a negative relationship (B= -1.12; p-value=0.00) between the WIC participants age 

and BMI score. The BMI score of two year old WIC participants were 1.12 (B= -1.12) points higher than the 

BMI score than three year old WIC participants. In addition, the BMI score of three year old WIC 

participants were 1.12 (B= -1.12) points higher than the BMI score of four year old WIC participants. 

Furthermore, findings showed a positive relationship (B=0.06; p-value=0.02; 95% CI=0.01-0.12) between 

the number of fast food restaurants located in a one mile radius of the WIC participants residence and BMI 

score.  As the number of fast food restaurants located in a one radius of the WIC participants residence 

increased the WIC participants BMI score was projected to increase.  On average, as the increment of 10 fast 

food restaurants located within a one-mile radius of the WIC participant’s residence would consequentially 

increase BMI score by 1 point (B=0.06≈0.1) accordingly.  Due to the reported p-value being greater than the 

0.05 significance level, explanatory variables maternal age, gender, number of convenience and grocery 

stores within a one mile radius of the WIC participant’s residence were not significantly associated with 

BMI score.   

 

Table 6.  

Multiple Linear Regression Analysis  

 

Variable  Regression 

Coefficient 

P-Value  95% CI 

Maternal Age    0.02 0.42 -0.02 -  0.06 

Participants Age -1.12 0.00*** -1.57 - -0.66 

Participants Gender   0.21 0.35 -0.23 - 0.66 

Fast Food Restaurants 

in one mile radius 

  0.06 0.02*  0.01 - 0.12 

Convenience Stores in 

one mile radius  

-0.09 0.07 -0.18 - 0.01 

Grocery Stores in one 

mile radius  

  0.09 0.62 -0.27 - 0.45 

*P <0.05; *** P<0.001 

 

Multiple linear regression reported the R squared value (R=0.12), which was relatively small.  The model 

fitting statistic indicated 12% of the total variation in BMI scorecan be explained by the predictor variables 

utilized for this study.However, the remaining 88% of the total variation in BMIscore remains unexplained 

which indicates additional predictor variables such as physical exercise, crime rates, and breastfeeding 

should be included in future studies.  However, the p-value (0.00) indicated there is a significant 

relationship between the independent variables (participant’s ageand fast food restaurants in one mile 

radius) and BMI score.  In addition, the Durbin-Watson statistic (2.21) ranged between 1.50 and 2.50; 

which further indicated no auto regression in this study. 
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Table 7.  

Important Statistics for Multiple Linear Regression Analysis  

 

R Squared  Durbin 

Watson 

F for Model 

Fitting  

P-Value 

0.12 2.21 3.38 0.00 

 

Tolerance statistic in multiple linear regression was utilized to determine collinearity among the selected 

predictor variables.  The reported tolerance values ranged from 0.50 (minimum) to 0.97 (maximum).  In 

addition, the tolerance values reported for each independent variable was greater than 0.20 indicated there 

were no problems with collinearity. 

 

 

Figure 1.   

Normal P-Plot 

 

 
This figure displayed the linear relationship between the independent research variables selected for this 

study and BMI. 

 

 

Discussion  

The childhood obesity epidemic is a major public health concern that has received significant attention from 

various stakeholders.  As a result, research has shown a decline in the prevalence of childhood obesity. 

Despite significant efforts, only one research study has reported a decline in the prevalence of obesity 

among African American children.14 In efforts to raise awareness to theracial disparity this study was 

designed to determine the association between proximity to food vending establishments and the prevalence 

of childhood obesity among low income children. 

 

Multinomial logistic regression showed among overweight WIC participants female were 2.22 

(OR=1/0.45=2.22) times more likely to be overweight than male WIC participants. Among obese WIC 

participants, two year old WIC participants were 1.96 (OR = 1/0.51=1.96) times more likely to be obese 

than three year old WIC participants. In addition, three year old WIC participants were 1.96 (OR = 

1/0.51=1.96) times more likely to be obese than four year old WIC participants.  Furthermore, each fast food 
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restaurant located in a one mile radius of the WIC participant’s residence increased the odds of being obese 

by a factor of 1.10.   

 

Multiple linear regression showed the BMI score of two year old WIC participants were 1.12 (B= -1.12) 

points higher than the BMI score than three year old WIC participants. In addition, the BMI score of three 

year old WIC participants were 1.12 (B= -1.12) points higher than the BMI score of four year old WIC 

participants. Furthermore, on average, as the number of fast food restaurants located in a one mile radius of 

the WIC participants residence increased by one unit, BMI score was projected to increase by nearly  0.1 

point (B=0.06≈0.1). 

 

Strengths of the Study  

 

There are a substantial number of studies aimed to determine the association between fast food restaurants in 

close proximity to schools and childhood obesity.  However, this study is considered unique due to the 

altered focus on various food vending establishments (i.e. fast food restaurants, convenience stores, grocery 

stores) located in close proximity to the home and the direct impact on the prevalence of childhood obesity.  

Furthermore, the secondary data retrieved from PTBMIS was inputted into GIS to create a community map 

(Figure 2).  This innovative pictorial served as visual representation of the relationship between the research 

variables identified as neighborhood location, proximity to food vending establishments, and BMI status. 

 

Limitations of the Study 

 

There were several limitations identified throughout the duration this study.  First, there were an extensive 

number of exclusions (n=776) due to missing both data elements (subject height and subject weight) in 

PTBMIS for BMI calculation.  As a result, the sample for this study was relatively small (N=265). Second, 

when accessing participation according to race and ethnicity there were few WIC participants identified as 

Caucasian, Mexican, Latino, Hispanic, Asian, Indian and Pacific Islander. As a result, the samplefor this 

study consisted of two to four year old African American WIC participants who resided in the 37206 and 

37208 zip codes of Davidson County Nashville, Tennessee.  Unfortunately, the sample did not serve as a 

clear representation of the entire population. Lastly, the R squared value produced by multiple linear 

regression analysis was relatively small (R=0.12), which indicates future studies are encouraged to include 

additional research variables such as crime rate, green space, and physical activity. 

 

Conclusion  

 

The childhood obesity epidemic is a major public health concern among low income communities.  As a 

result, this study was designed to determine the association between proximity to food vending 

establishments and the prevalence of childhood obesity. Results concluded there is a significant relationship 

between proximity to fast food restaurants and the prevalence of childhood obesity among low income 

communities.  

 

Research has shown that supermarkets are more common among predominately white high income 

communities compared to predominately minority low income communities.  In order to eliminate this racial 

disparity, the issue of food insecurity must be addressed to ensure healthy food options are accessible in all 

neighborhoods regardless of socioeconomic status. Furthermore, public health organizations must combat 
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