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INTRODUCTION 
 

One of the most rapidly growing areas of the United States is the Lower Rio Grande 

Valley (LRGV) of Texas (see Figure 1), which is composed of four counties – Cameron, 

Hidalgo, Starr, and Willacy. Residents of the four 

counties live in high or persistent poverty.1 In fact, the 

poverty rates in these four counties, based on the 2000 

census were 33.1% for Cameron, 35.9% for Hidalgo, 

50.9% for Starr, and 33.2% for Willacy;2almost 20% of 

households have a female household head; and half of 

all children in these counties are food insecure.3,4  The 

population of these four counties is largely Hispanic – 

from 84.3% in Cameron to 97.5% in Starr.  Moreover, 

the Rio Grande Valley has the lowest level of education 

in the United States.3 

Much of the population increase in the LRGV 

has been into new developments called “colonias,” 

substandard housing areas with inadequate roads and/or drainage, which frequently do not 

provide access to safe water or sewer sources.  

Most colonias are located within 30 miles of the 

U.S.-Mexico border and often are physically 

and legally isolated from neighboring cities. 

Many are in rural or remote areas. The number 

of colonias in the four counties of the LRGV is 

approximately 1,342 with an estimated total 

colonia population of over 300,000 inhabitants.  

Almost 70% of all colonias in the LRGV are 

located in Hidalgo County (see Figure 2), where 

the number of colonias has grown from 66 

(about 60,000 residents) in 1987 to an estimated 927 colonias in 2004.5 As indicated by the 

designation “Hard-to-Enumerate Areas”,6 the colonia population is difficult to count; very 

limited data exist on health, food insecurity, and nutritional status.      

Starr

Hidalgo

Cameron

Willacy

Lower Rio Grande Valley of Texas

Figure 1 

Figure 2 
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 The Integrated Health Outreach System Project (IHOS) was  funded by the Robert Wood 

Johnson Foundation (RWJF) and the Bureau of Primary Care, Health Resources and Services 

Administration (HRSA) to create a proactive public health model that will help isolated residents 

of colonias along the Texas border to 

enhance their understanding of how to 

remain healthy or reduce physical and 

mental health problems, improve their 

access to appropriate primary care 

services, and participate in building the 

capacity of their community to more 

effectively improve the health of its 

members. The IHOS identified two large 

clusters of colonias in Hidalgo County for 

work: 1) colonias located in West Hidalgo County near the town of Alton and colonias in an area 

referred to as Los Ebanos/Paradiso, and 2) colonias located in East Hidalgo County near the 

town of San Carlos. In 2002, IHOS conducted a “Health and Healthiness Evaluation of Hidalgo 

County Colonia Households” in these two clusters of colonias.7 The overall response rate was 

89%; 646 individuals completed the surveys. Results indicated that 56% were female, 94% 

Hispanic, 62% had less than a high school education, mean age was 36 years, and 75% of the 

participants were living with incomes at or below $17,600/year. Using the SF-8 measurement of 

physical and mental health, overall colonia resident physical and mental health was worse than 

national and Hispanic norms. Furthermore, there were higher frequencies of individual and 

multiple chronic conditions that are nutrition-related, including obesity, high blood pressure, 

diabetes, heart disease, and stroke.    

Good nutritional health (i.e., healthy eating) is now recognized as one modifiable 

determinant of mental and physical functioning, the prevention, delay, and management of 

chronic diseases, and overall quality of life.8, 9 Indeed, healthy dietary patterns – fruits, 

vegetables, low fat dairy products, and diets low in total and saturated fat, cholesterol, and 

sodium – have been associated with primary prevention of hypertension and improved insulin 

sensitivity.10  As a part of the U.S. health agenda, the revised 2005 Dietary Guidelines for 

Americans recommends an approach to healthy eating that includes intake for 5 vegetable 
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subgroups, fruit, a variety of fruits and vegetables, meat and legumes, milk and milk products, 

grains, especially whole grains, with an emphasis on foods with little or no solid fats or added 

sugars.11 The economic and social burden posed by nutrition-related chronic health conditions 

(e.g., obesity, cardiovascular disease, and diabetes) is tremendous. The burden becomes greater 

for children and adults who are poor, Hispanic, reside in colonias in the LRGV, and face greater 

vulnerability to food insecurity, poor nutritional health and adverse health outcomes.12 We know 

that personal, structural, and neighborhood characteristics influence differential access to health 

care or serve as barriers or enhancements to lifestyle behaviors such as physical activity or 

healthy eating.13-16 Additionally, residents of colonias face the greatest structural and 

neighborhood disadvantage, such as inadequate roads, limited or non-existent public 

transportation, and poor access to community resources.17 This makes it particularly difficult for 

children and adults in these areas to initiate or maintain lifestyle changes that are critical for the 

prevention of disease conditions.  

Environmental Influence  

The built environment, which encompasses many characteristics (e.g., highways, 

proximity to parks, places of worship, community centers, public transportation, availability of 

grocery stores, and access to social services and health care), clearly varies by geographic 

location, and may contribute to spatial variations in health outcomes and high-risk health 

behaviors.18 For example, living in a socioeconomically disadvantaged or deprived neighborhood 

has been associated with a higher prevalence and incidence of coronary heart disease, higher 

cardiovascular disease mortality, and depressive symptoms even after controlling for personal 

measures of income, education, and occupation.19-21 Furthermore, living in rural or remote areas 

has been associated with the locational disadvantage of poor access to large supermarkets or 

access to health care.22 A spatial relationship has also been demonstrated between the built 

environment and physical activity patterns and overweight prevalence.14, 15  

Ecological approaches to behavior change and health, which underlie public health’s 

recognition of the critical influence of the environment, posit that personal, social, and 

environmental factors are all influential.23 This approach recognizes that there is a dynamic 

interaction between the individual and aspects of the environment.13 As an overlooked aspect of 

the physical environment, local food environments, which are a primary source for nutrient 

intakes, may influence health and well-being by influencing food cost, choice, and availability, 
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as well as adherence to dietary recommendations.24, 25  In order for individuals and communities 

to be food secure, food resources need to be accessible (i.e., located near neighborhoods, 

especially low-income or rural areas, or with transportation available), available (i.e., variety of 

healthful food , such as low-fat, high-fiber, or fruits and vegetables available in retail stores), and 

affordable (i.e., affordability of available healthful foods).26 

 As depicted in our conceptual model in Figure 3, individual or household food choice, 

which underlies healthful eating and good nutritional health, is influenced by complex 

relationships among neighborhood and community structure, food security, the adequacy of 

personal and community resources, the quality of the food environment, which includes 

accessibility, availability, and affordability of healthful foods, and decision made on convenience 

and quality.27, 28 Although individual and community concerns with food security, limited access 

to supermarkets, higher costs for food (food price and transportation cost), and nutritional status 

are receiving increased focus,25,29-32 there has been limited attention to the influence of the food 

environment on food choice in urban and rural areas of persistent poverty, especially among the 

burgeoning colonias along the Texas Rio Grande.  In fact, we know very little about the factors 

which influence food choice for children and adults in LRGV colonias.  
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Personal
Community

Food Security/
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Accessibility - Food Environment 

Supermarkets and community settings, which are related to dietary choice, diet quality, 

and improved eating patterns, play a pivotal role for nutrition among residents of 

neighborhoods.24,25,31,33 In a nationally representative sample, access to supermarket shopping 

(e.g., distance from home to food store) was associated with fruit use, independent of socio-

economic variables.31 In another example, a greater number of supermarkets were found to be 

located in wealthier and non-minority neighborhoods, and more places to consume alcohol were 

located in the poorest communities.34 This is important because the number of supermarkets in a 

census tract is also positively associated with fresh fruit and vegetable intake of residents, an 

effect that is greater for African Americans than for whites.24 Furthermore, differences in access 

to food stores can significantly affect the price that households face and their average food 

costs.35, 36 The access to healthy foods is pivotal and may influence food availability and 

affordability. The cost of food, especially in neighborhoods without low-cost grocery stores,  

may negatively influence the quality and quantity of food available to eat and place an individual 

at risk for food insufficiency, in which there is an inadequate amount of food consumed due to 

cost.37-39 In a study of a rural county that comprised over 1,100 square miles of land area, Liese 

and colleagues found 77 supermarkets (16%), grocery stores (10%), and convenience stores 

(74%); there was less than one store per 10 square miles and less than one store per 1,000 

residents. Healthy food options were most readily available at supermarkets, then grocery stores, 

and finally convenience stores, where healthy options were more expensive than supermarkets or 

grocery stores.40 

 The first step in understanding the influence of the food environment on food choice and 

diet quality in families who live in high or persistent poverty areas, such as the colonias, will be 

to document food accessibility. Knowing more about the food environment is essential for 

combining environmental approaches with traditional health interventions and food assistance 

programs to make it easier for individuals to make healthier food choices.41 Thus, the goals of 

this study were (a) to enumerate the food environment through direct observation in targeted 

colonia census block groups in Hidalgo County; (b) to determine the geospatial characteristics of 

food environment accessibility; and (c) to examine the association between neighborhood 

deprivation (CBG-level neighborhood SES) and locational disadvantage (distance) for access to 

food stores and food service places.  
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METHODS 
 
Colonias Food Environment Project (CFEP) – Study Area 

The study area for the Colonias Food Environment Project (CFEP) consisted of rural, 

remote, and urban areas of Hidalgo County that 

included complete census block groups and the two 

clusters of colonias that comprise the Integrated Health 

Outreach System (IHOS) project (see Figure 4). This 

area includes approximately 80% of all colonias in the 

county and is bordered on the south with U.S. 

Highway 83, on the west with Starr County, and on the 

east with Cameron and Willacy Counties. One cluster 

of colonias is part of the area referred to as East 

Hidalgo, which is bordered on the west with U.S. 

Highway 281. The other cluster of colonias is part of 

the West Hidalgo area. The combined study area 

includes 197 census block groups, a land area of 

approximately 772 square miles, and a population of 

more than 423,000 people (87% Hispanic).2  

 

Defining the Type of Food Store and Food Service Place 

 Using methodology from a study of the rural food environment in the Brazos Valley,42 

the types of food stores and food service places were defined using a modified version of the 

2002 North America Industry Classification System (NAICS) definitions.43 Food stores were 

distinguished as being supermarkets and grocery stores, convenience stores or food marts (with 

and without gasoline pumps), discount stores (general merchandise and some perishable and 

non-perishable foods), beverage stores (with some perishable and non-perishable foods), 

pharmacies and drug stores (with some perishable and non-perishable foods), and specialty food 

stores (e.g., meat markets, fish and seafood markets, fruit and vegetables markets, baked goods 

not for immediate consumption) that are fixed or mobile. Food service places were classified as 

full-service restaurants (patrons order and are served while seated and pay after eating), fast food 

restaurants (limited-service where patrons order or select items and pay before eating), 

Figure 4 
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cafeteria/buffet, snack and nonalcoholic beverage bars (e.g., ice cream, frozen yogurt, snow 

cones, coffee, or juices for consumption on or near premises), drinking places (provide limited 

food services), and microenterprises, such as a food stand which offers food for the public and 

operates secondary to a non food-related business (e.g., repair shop, hardware store, or beauty 

salon) or residence.  

  
Measurement of Food Environment 

 Although most assessments of the accessibility of food stores (FS) and food service 

places (FSP) are based on the use of secondary data or intermediate methods, such as telephone 

business and yellow pages, internet telephone directories, and business databases from local 

environmental health departments, state departments of agriculture, and U.S. Census,44 no 

research studies to our understanding have attempted to measure the retail food environment in 

urban, rural, and remote areas using  direct methods (in-person audit of store type and 

characteristics) to systematically identify and geocode each food store and food service place.42  

 Protocols were developed and pre-tested for training observers in the use of camera-based 

Global Positioning System (GPS) technology for geocoding all FS and FSP at the level of 

individual address (exact latitude and 

longitude) and conducting in-person audits 

through direct observation using a 

“windshield survey”.42 GPS data and 

windshield surveys were conducted 

systematically driving all U.S., State, Farm-

to-Market, and city/town roads in the study 

area (see Figure 5). Geographic position was 

measured in front of each FS and FSP with a 

Bluetooth Wide Area Augmentation System 

(WAAS) enabled GPS receiver after at least 

four satellite signals were detected and used 

the latest World Geodetic System 1984 (WGS 84) datum. The data were then converted utilizing 

GPS-Photo Link into an ESRI-compatible shape file. We developed a one-page observational 

checklist (see Figure 6) to identify aspects of each food store or food service place.  

Figure 5 
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Concentrated Neighborhood (Area-level) Deprivation 

 Neighborhoods were characterized by census block groups (CBG), which is the smallest 

geographic area for which census data are available.45,46 A CBG is a subdivision of a census 

tract, which is a subdivision of a county. There are 271 CBG in Hidalgo County. Based on the 

2000 U.S. Census, the average CBG population was 2,101 (range 483-8,253); the average land 

area was 5.8 sq miles (range 0.08-550.9 sq miles); and the average CBG population density 

(population per sq mile) was 2,911 (range 2.9-11,511).   

Ten census block group (CBG) socioeconomic measures were extracted from the 2000 

U.S. Census data which represent neighborhood contextual influences of income/wealth, 

employment, housing, education, family structure, and ownership characteristics of the 271 CBG 

for Hidalgo County.47 Using established procedures, factor analysis was constructed to reduce 

the number of linear combinations and to identify an overall index of area-level deprivation.48-52 

We used iterated principal factor (IPF) method,53 which identified two factors: 1) concentrated 

area-level deprivation (eigenvalue 3.8) and 2) ownership/family structure (eigenvalue 2.2). IPF 

was re-run on the 7 variables identified with the first factor to obtain final item loadings, which 

were used to weight each variable’s contribution to the area deprivation summary score for each 

of the 271 CBG of Hidalgo County.48-50 Concentrated area-level deprivation included the 

Figure 6 
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following CBG variables (loadings in parenthesis): percent unemployed (0.49), percent of 

households without telephone service (0.56), percent of families receiving public assistance 

(0.68),  percent of households lacking complete kitchen facilities (0.78), percent of households 

lacking complete plumbing facilities (0.79), percent 25 years or older and with less than 10 years 

education (0.84), and percent living below the poverty threshold (0.87). The internal consistency 

of this measure was good (Cronbach’s α = 0.78). The area-level deprivation index was 

standardized by dividing the index by the square of the eigenvalue.48,54 The continuous 

concentrated area-level deprivation score (ADS) was categorized into quartiles based on its 

distribution (lower scores = lower deprivation) and labeled as low deprivation (highest overall 

socioeconomic status), moderate deprivation, high deprivation, and very high deprivation (lowest 

overall socioeconomic status). Almost 73% of all CBG (n = 197 CBG) were included in the 

study areas of West Hidalgo and East Hidalgo; 49 (24.9%) were classified as areas of low 

deprivation, 51 (25.9%) moderate, 47 (23.9%) high, and 50 (25.4%) very high deprivation. 

 

Locational Disadvantage of Food Environment  

 Neighborhood locational access to the food environment was operationalized as the 

distance from each census block group (CBG) centroid to the nearest food store 

(supermarket/grocery store or convenience store) and food service place (restaurant or fast food 

restaurant).55,56 Latitude and longitude coordinates of each CBG were used to determine the 

spatial center (centroid), which was then used to calculate the network distance, which computes 

distance along the road network, to the geographic position that was measured in front of each 

food store and food service place. Network distance was calculated with ESRI’s Network 

Analysis extension in ArcInfo 9.2. Separate distances were calculated from each CBG centroid 

to the nearest supermarket/grocery store, convenience store, full-service restaurant, and fast food 

restaurant in meters and converted to miles.  The distribution of each locational measure was 

used to calculate four categories of locational disadvantage, from very high disadvantage 

(farthest distance) to low disadvantage (closest distance).   

 

Analysis 

 First, frequencies were calculated for types of food stores and food service places for 

West Hidalgo, East Hidalgo, and the combined study area of 197 census block groups (CBG); 
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cross-tabulations and χ2 test was used to compare frequencies between East and West Hidalgo. 

Second, data from the 2000 U.S. Census were used to separately determine population, land area 

in square miles, and population density (population/sq mile) for East Hidalgo, West Hidalgo, and 

the combined area. These data, along with frequency data (number of each type of food store and 

food service place) were used to calculate population and land area density of food stores (FS) 

and food service places (FSP) as the number of each type of FS or FSP per 1,000 population and 

per square mile, respectively.  Third, the distribution for each of CBG variables that were 

included in concentrated neighborhood deprivation and neighborhood ownership/family structure 

factors among CBG were calculated by level of deprivation and reported as mean, standard 

deviation (SD), and range. Tests for trend were estimated across categories of increasing 

deprivation using nptrend, which performs the nonparametric test for trend across ordered 

groups developed by Cuzick.57 Fourth, the number of CBG with at least one of each type of FS 

and FSP within its borders was determined by level of neighborhood deprivation. CBG 

population and land area density was calculated for FS and FSP by level of deprivation and 

reported as mean (SD). Fifth, the distance from each CBG centroid to the nearest FS and FSP 

was calculated and used to determine level of locational disadvantage (low, moderate, high, and 

very high) and the proportion of deprivation-level CBG with each level of locational 

disadvantage. Sixth, stability and difference in locational disadvantage between types of food 

stores (supermarket/grocery stores and convenience stores) and food service places (full-service 

restaurants and fast food restaurants) was examined by comparing the number of CBG with a 

level of locational disadvantage for one type of FS or FSP with level of locational disadvantage 

for another type of FS or FSP. Finally, a summary score for food store disadvantage was 

calculated by combining levels of locational disadvantage for supermarket/grocery stores with 

convenience stores; the same approach was taken to determine a summary score for food service 

place disadvantage by combining full-service restaurants with fast food restaurants. Based on the 

distribution of summary scores, a three-category food store disadvantage variable and food 

service places disadvantage variable were defined as low, moderate, and high disadvantage. 
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FINDINGS AND DISCUSSION 
 
 Table 1 shows the distribution of the 971 food stores (FS) and food service places (FSP) 

that were identified during windshield surveys conducted in 2005-2006. Of the 18 supermarkets/ 

grocery stores, 10 were locally-owned; 2 

were rated as being medium-sized and 5 as 

small grocery stores. Six supermarkets/ 

grocery stores marketed gasoline. Figure 7 

shows the geospatial distribution for 

supermarkets/grocery stores. There were 

255 convenience stores identified; East 

Hidalgo had a significantly greater 

proportion than West Hidalgo. Almost 65% 

of all convenience stores marketed gasoline; 

19.5% offered drive-thru shopping; 47% of all 

convenience stores had exterior advertisements 

that marketed fast food items; and 23% marketed 

grocery items. The geospatial distribution of 

convenience stores is in Figure 8.  Of the 97 

specialty food stores, 31% were fruit and/or 

vegetable markets and 35% were baked goods 

stores; 26.8% did not have a fixed location.  

There were 204 FSP (21% of all FS and FSP) 

that exclusively sold fast food items; 44% 

were national chain stores; and West Hidalgo 

had a greater proportion of fast food 

restaurants. Figure 9 shows the geospatial 

distribution of fast food restaurants. Fourteen 

percent of all FS and FSP were 

microenterprises; 27 were outside food stands 

Figure 7

Figure 8  

Figure 9 
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associated with another business and 110 were food stands located outside a residence. East 

Hidalgo had a greater proportion of both types of microenterprises.  

 Table 2 describes the population and land-area density for five main types of food stores 

and food service places for each of two parts (West Hidalgo and East Hidalgo) and the combined 

study area. Supermarkets/grocery store density (number/sq mile and number/1,000 residents) 

was 80% and 59% greater in West Hidalgo, respectively; there was a 4% greater number of 

convenience stores per square mile in West Hidalgo and 7% greater number/1,000 residents in 

East Hidalgo; and specialty food stores were 40% -59% more population and land area dense in 

West Hidalgo.  This equates to 1 supermarket/grocery store per 34.5 sq miles in West Hidalgo 

and 1 per 62.5 sq miles in East Hidalgo; and approximately 1 convenience store per 3 sq miles in 

both areas. Food service places were also more population and land area dense in West Hidalgo: 

full-service restaurants by 66% and 47%, respectively; fast food restaurants by 100% and 79%.  

In West Hidalgo, there was 1 fast food restaurant for every 2.9 sq miles; in East Hidalgo, it was 1 

fast food restaurant per 5.8 sq miles. 

 Concentrated neighborhood deprivation was determined for all 271 census block groups 

(CBG) of Hidalgo County: 25.1% were low deprivation CBG, 25.1% were medium, 25.1% were 

high, and 24.7% were very high deprivation CBG. Table 3 shows the census block group (CBG) 

characteristics for each of the four levels of concentrated neighborhood deprivation for the 197 

CBG of the study area, which are similar in proportion to the entire county. A nonparametric test 

for trend of neighborhood (CBG) characteristics across increased levels of deprivation (data not 

shown) confirmed that the percentage of each of the seven characteristics that comprise 

concentrated neighborhood deprivation increased significantly (p <0.001) with increased 

concentrated neighborhood deprivation. Of the three variables that comprise ownership/family 

structure, only the percentage of households without a vehicle increased with increased 

deprivation (p <0.001). In data not shown, a greater proportion of East Hidalgo CBG were 

neighborhoods (areas) of high deprivation (32.5% vs. 17.5%) and very high deprivation (33.7% 

vs. 19.3%) than West Hidalgo CBG (p <0.001).  Figure 10 (below) shows the levels of CBG 

neighborhood deprivation across the entire study area. 
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Seventeen (8.6%)CBG had at least one supermarket/grocery store within its borders; 16 

CBG had one store and 1 CBG had two stores. There was at least one convenience store in 

48.7% (n = 96) of CBG; the number of total convenience within a CBG ranged from 0 to 13. 

Almost 28% of CBG had a least specialty food store. Food service places were observed in 33% 

of CBG for full-service restaurants and 39% of CBG for fast food restaurants. The number of 

restaurants or fast food restaurants in individual CBG ranged from 0 to 11. At least one 

microenterprise was identified in 48 CBG (24.4%).  In data not shown, there were no statistically 

significant differences between West Hidalgo and East Hidalgo in the proportion of CBG with at 

least one supermarket/grocery store, convenience store, specialty food store, full-service 

restaurant, fast food restaurant, or microenterprise. Table 4 shows the number and percentage of 

census block groups (CBG) that include at least one type of food store or food service place 

within its borders as a proportion of total CBG within each category of neighborhood 

deprivation. Using unadjusted logistic regression models to examine the association between 

level of neighborhood deprivation (low deprivation as referent) and the proportion of CBG with 

at least one FS and FSP present, the results (data not shown) indicated that for convenience 

stores, the odds (p <0.001) increased across categories of deprivation (medium deprivation: OR 

Figure 10 
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2.4; high deprivation: OR 2.8; and very high deprivation: OR 4.4) compared with low 

deprivation. Neighborhoods with very high deprivation were more than three times (OR 3.4, 

p<0.001) than those with low deprivation areas to have a specialty food store. Although 

neighborhoods with restaurants did not differ, areas with very high deprivation were 2.7 times 

(p= 0.019) as likely as low deprivation areas to have CBG with fast food restaurants; CBG areas 

with microenterprises increased dramatically across categories of increasing deprivation 

(p<0.001). Table 4 also shows the average density, both land area (number of stores within a 

CBG/sq mile) and population (number of stores within CBG/1,000 residents), for food stores and 

food service places in each category of neighborhood (area) deprivation.  

The average network distance from the center of the census block group (CBG) to the 

nearest supermarket/grocery store in the 197 CBG study area was 2.65 miles (median 2.29 miles) 

and ranged from 0.18 mile to 14.9 miles; the average distance to the nearest large supermarket 

was 3.0 miles (median 2.69 miles); and the average distance to the nearest convenience store was 

1.1 miles (median 0.90 miles; range 0.05 mile to 4.8 miles). The average distance to a 

supermarket/grocery store was greater among East Hidalgo CBG compared with West Hidalgo 

(2.9 miles vs. 2.4 miles, p <0.05). Among food service places (FSP), the average distance to the 

nearest fast food restaurant was 1.4 miles (median 1.0 miles; range 0.10 mile to 8.3 miles) and to 

the nearest full-service restaurant was 1.5 miles (median 1.1 miles; range 0.09 miles to 7.5 

miles). The distance to both full-service and fast food restaurants was greater in East Hidalgo: 

1.7 miles vs. 1.3 miles and 1.6 miles vs. 1.2 miles (p <0.05), respectively. Locational 

disadvantage for access to each type of food store (FS) and food service place (FSP) was 

determined by quartiles based on the distribution of CBG centroid network distance to nearest FS 

and FSP in the 197 CBG in the study area, which classified each CBG as being low, medium, 

high, or very high locational disadvantage for access to a supermarket/grocery store, convenience 

store, restaurant, and fast food restaurant. In addition to the distance to the nearest 

supermarket/grocery store which included small and medium grocery stores as well as large 

chain stores and supercenters, locational disadvantage was calculated for large supermarkets 

(excluded small and medium grocery stores) using the same cut points as used for combined 

supermarkets and grocery stores. Four additional CBG were now highly locational disadvantaged 

and 14 more CBG were added to those who were very high disadvantaged; almost 32% (n = 63) 

of all 197 CBG experienced very high locational disadvantage for access to a large supermarket. 
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Table 5 shows level of locational disadvantage (distance to nearest store) by category of 

neighborhood deprivation. Among CBG with very high locational disadvantage (data not 

shown), distance to the nearest supermarket/grocery store increased significantly with greater 

deprivation; low deprivation CBG were an average of 4.1 miles to the nearest 

supermarket/grocery store, medium deprivation CBG 4.5 miles, high deprivation CBG 5.5 miles, 

and very high CBG 6.0 miles (p <0.01).   

 Table 6 shows the CBG stability and difference in locational disadvantage for access to 

FS (supermarket/grocery stores and convenience stores) and FSP (fast food restaurants and 

restaurants) for the 197 CBG. Almost 43% (n = 21) of CBG with very high disadvantage for 

access to a supermarket/grocery store were also at very high disadvantage for access to a 

convenience store; the center of each CBG was more than 3.4 miles from a supermarket/grocery 

store and 1.3 miles from a convenience store. The diagonal line represents stability in locational 

disadvantage; that is, low disadvantage for both supermarket/grocery stores and convenience 

stores (11.2% of all CBG), moderate, high, and very high in locational disadvantage for 

supermarket/grocery stores and convenience stores (10.7% of all CBG). Above the diagonal line 

represents CBG where the locational disadvantage was greater in supermarket/grocery stores 

than in convenience stores; and below the line represented greater locational disadvantage for 

convenience stores than for supermarket/grocery stores. Three quarters (n =37) of CBG with 

very high disadvantage for access to a restaurant (>1.6 miles) were also most disadvantaged for 

access to a fast food restaurant (>1.45 miles). The diagonal line also represented stability in 

locational disadvantage for full-service restaurants and fast food restaurants. Thirty-one (15.7%) 

of all CBG were at greater disadvantage for access to a fast food restaurant than for a full-service 

restaurant. 
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Categories of locational disadvantage for supermarket/grocery store were combined with 

convenience stores to create a summary score for combined FS locational disadvantage (range 2-

8). Three categories of overall FS locational disadvantage were defined as low disadvantage 

(scores 2-3), moderate (scores 4-6), and high disadvantage (scores 7-8). The low and high 

disadvantage scores were the top and bottom 25%, with the moderate category being the middle 

50% of the distribution of scores. The same method was used to create an overall FSP locational 

disadvantage from a combination of full-service and fast food restaurants. Figures 11 and 12 

geospatially depict neighborhood deprivation and the distance to the nearest FS and FSP.  Table 

7 shows the percentage of CBG in each category of neighborhood deprivation with FS and FSP 

locational disadvantage. In data not shown, a greater percentage of CBG in East Hidalgo were 

identified as CBG with high FS locational disadvantage for access to supermarket/grocery stores 

and convenience stores (31.3% vs. 22.8%) than West Hidalgo; a greater percentage of CBG with 

very high deprivation in East Hidalgo were also CBG with high FS locational disadvantage than 

West Hidalgo (28.6% vs. 18.2%). A similar difference was observed for FSP locational 

disadvantage; 32.5% of East Hidalgo CBG compared with 26.3% of West Hidalgo CBG was 

classified as CBG with high FSP locational disadvantage. Interestingly, 20.3% (n = 40) of CBG 

Figure 11 
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were classified as being CBG with both high FS and FSP locational disadvantage; 17.3% (n = 

34) were both low FS and FSP locational disadvantage; and none of the CBG were high in FS 

and low in FSP disadvantage or high in FSP and low in FS disadvantage. 

 

 
  
 

 This study is the first step in understanding the influence of the food environment on food 

choice and diet quality in Hispanic families who live in high or persistent poverty areas, such as 

the growing number of colonias where there is limited or non-existent public transportation and 

where many residents do not have access to a vehicle. The enumeration and geocoding of food 

stores and food service places, unlike the preponderance of the literature, was based on direct 

observation, which is the ideal methodological approach.29 

Although individual and community concerns with food security and nutritional status 

are receiving increased focus, there has been limited attention to environmental factors that may 

influence food security and food choice, despite participation in food assistance programs. 

Figure 12 
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Among several studies that have examined individual aspects of the food environment, few 

included geospatial representations; seldom were these investigations of the food environment 

linked to greater spatial resolution (census block group or individual tax parcel level). This study 

goes beyond prior studies by simultaneously assessing locational disadvantage for access to food 

stores and neighborhood deprivation in Texas Rio Grande colonias, known areas of high or 

persistent poverty. Indeed, it is difficult to initiate or maintain healthful eating habits without 

access to healthful foods. Knowing more about the food environment is essential for combining 

environmental approaches with traditional health interventions to make it easier for individuals 

to make healthier food choices.41
 Indeed, the preparation for policy change to strengthen food 

assistance programs or program delivery activities, or interventions to improve nutritional health 

should include an understanding of the community – where people live and where they shop for 

food.58  
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Table 1. Type of Food Stores and Food Services Places in the Colonia Food Environment 
by Area: Results of Direct Measurement Methods 
 

   Total 
(n = 971) 

n (%) 

West Hidalgo 
(n = 585) 

n (%) 

East Hidalgo 
(n = 386) 

n (%) 

Food stores     

 Supermarket/ grocery 
stores 

18 (1.9) 12 (2.0) 6 (1.5) 

  Hybrid 
(Supercenter) 

3 2 1 

  Chain  5 4 1 

  Local 10 6 4 

 Convenience stores 255 (26.3) 137 (23.4) 118 (30.6)* 

  With gasoline 165 95 70 

 Discount stores 37 (13.8) 25 (4.3) 12 (3.1) 

 Beverage stores 13 (1.3) 11 (1.9) 2 (0.5) 

 Pharmacies 2 (0.8) 2 (0.9) 0 (0) 

 Specialty food stores 97 (10.0) 62 (10.6) 35 (9.1) 

Food service places    

 Full-service restaurants 148 (15.2) 96 (16.4) 52 (13.5) 

 Fast food restaurants 204 (21.0) 141 (24.1) 63 (16.3)** 

  Chain 90 65 25 

 Cafeteria/ buffet 9 (0.9) 7 (1.2) 2 (0.5) 

 Snack and nonalcoholic 
beverage bars 

44 (4.5) 32 (5.5) 12 (3.1) 

 Drinking places 7 (0.7) 2 (0.3) 5 (1.3) 

 Microenterprisea    



  Other business  27 (2.8) 11 (1.9) 16 (4.1)* 

  Residence 110 (11.3) 47 (8.0) 63 (16.3)** 

n, number of food stores or food service places; %, percentage of area-specific total food 
environment 
a Other business (e.g., golf course/ country club, other retail stores) or residence that markets 
retail food to the public from an outside stand 
Difference between areas determined by cross-tabulations and χ2-test, with statistical 
significance at level of p<0.05 (*) and p<0.01 (**). 



Table 2. Density (Population and Land Area)a of Food Stores and Food Service Places by Area (Combined and Separate) 
 

   Hidalgo County 
   Combined Area 

(197 CBG) 
West Hidalgo 

(114 CBG) 
East Hidalgo 

(83 CBG) 

     

Population 423,286 235,473 187,813 

Area (sq miles) 771.8 406.1 365.7 

Population density (population/sq mile) 548.4 579.8 513.6 

Food Stores    

 Supermarket/ grocery store density    

  Number/sq mile 0.023 0.029 0.016 

  Number/1,000 residents 0.042 0.051 0.032 

 Convenience store    

  Number/sq mile 0.330 0.337 0.323 

  Number/1,000 residents 0.602 0.582 0.628 

 Specialty food stores    

  Number/sq mile 0.126 0.153 0.096 

  Number/1,000 residents 0.229 0.263 0.186 



Food Service Places    

 Full-service restaurants    

  Number/sq mile 0.192 0.236 0.142 

  Number/1,000 residents 0.350 0.408 0.277 

 Fast food restaurants    

  Number/sq mile 0.264 0.347 0.172 

  Number/1,000 residents 0.482 0.599 0.335 

 
NOTE: CBG = Census block group 
a Based on CBG-specific data from the 2000 U.S.Census which were summed for each part of the study area and for the overall study 
area. 



Table 3. Characteristicsa of Census Block Groups by Concentrated Neighborhood (CBG Area-Level) Deprivation 
 

  Neighborhood (CBG Area-Level) Deprivation 

  Low  
Deprivation 

(n = 49)b 

Moderate 
Deprivation 

(n = 51)b 

High  
Deprivation 

(n = 47)b 

Very High  
Deprivation 

(n = 50)b 

  Mean 
(SD) 

Range Mean 
(SD) 

Range Mean 
(SD) 

Range Mean 
(SD) 

Range 

Population densityc 3243 
(1763) 

610-7377 3058 
(2416) 

153-11511 3444 
(2774) 

22-9800 3030 
(2854) 

24-9390 

Income/wealthd          
 Percentage living below 100% poverty 

threshold 
13.8 
(7.5) 

0-29.7 27.7 
(7.1) 

13.5-43.4 41.6 
(7.2) 

25.1-57.7 51.3 
(9.7) 

28.0-71.2 

 Percentage on public assistance 3.2 
(3.1) 

0-12.4 9.3 
(4.0) 

2.3-26.2 12.6 
(5.4) 

2.2-23.4 18.0 
(5.9) 

3.6-38.6 

Employmentd         

 Percentage unemployed 3.5 
(2.0) 

0.0-9.2 6.0 
(2.3) 

1.4-12.1 7.6 
(3.5) 

1.8-16.3 9.0 
(3.5) 

0-18.2 

Housingd         

 Percentage of housing units with no phone 
service 

0.64 
(1.3) 

0-5.7 2.2 
(2.1) 

0-8.7 3.3 
(3.3) 

0-13.3 5.0 
(3.5) 

0-13.3 

 Percentage of housing units that lack 
complete plumbing facilities 

0.44 
(1.1) 

0-6.4 1.9 
(2.7) 

0-12.6 3.5 
(3.9) 

0-11.8 7.5 
(5.3) 

0-27.5 

 Percentage of housing units that lack 
complete kitchen facilities 

0.36 
(1.1) 

0-5.8 1.7 
(1.9) 

0-6.3 3.4 
(3.8) 

0-16.5 6.2 
(4.1) 

0-16.8 



 
Educationd         

 Percentage of population 25+ with 
<10th grade education 

14.1 
(7.6) 

2.8-28.3 35.2 
(9.0) 

14.5-52.0 49.1 
(7.7) 

31.7-68.5 58.0 
(6.3) 

46.6-74.0 

Ownership/ Family Structuree     

 Percentage female-headed household 23.7 
(8.4) 

4.8-40.8 27.9 
(9.6) 

12.5-53.7 29.0 
(11.9) 

11.5-59.7 25.9 
(12.3) 

6.1-57.7 

 Percentage of resident who are renters 28.8 
(18.3) 

5.2-69.4 29.9 
(16.3) 

5.3-86.8 32.8 
(17.0) 

7.4-69.3 29.7 
(19.1) 

6.6-79.4 

 Percentage of households without a 
vehicle 

4.4 
(4.1) 

0-23.6 10.1 
(6.4) 

0-28.7 16.3 
(11.1) 

3.2-53.0 15.4 
(10.0) 

2.7-52.6 

a Data from the 2000 U.S. Census  
b Number of census block groups (CBG) in combined West Hidalgo and East Hidalgo areas of colonias   
c Number of residents/sq mile 
d Variables included in concentrated neighborhood (CBG area-level) deprivation  
e Variables included in neighborhood ownership/ family structure factor 



Table 4. Prevalencea and CBG Densityb of Food Stores and Food Service Places by Neighborhood Deprivation 
 
   Low Deprivation 

(n = 49)c 
Medium Deprivation 

(n = 51)c 

   n (%) Area  Population n (%) Area  Population 
Food stores        
 Supermarket/ grocery stores 3 (6.1) 0.10 (0.46) 0.03 (0.15) 5 (9.8) 0.10 (0.45) 0.05 (0.17) 

 Convenience stores  14 (28.6) 0.66 (1.34) 0.26 (0.46) 25 (49.0) 0.84 (1.53) 0.38 (0.47) 

 Discount stores  10 (20.4) 0.31 (0.81) 0.11 (0.24) 9 (17.6) 0.14 (0.41) 0.11 (0.25) 

 Specialty food stores  8 (16.3) 0.16 (0.45) 0.08 (0.18) 14 (27.4) 0.37 (0.86) 0.22 (0.45) 

Food service places        

 Restaurants   13 (26.5) 0.85 (2.13) 0.30 (0.66) 17 (33.3) 1.19 (2.64) 0.48 (0.87) 

 Fast food restaurants  14 (25.6) 1.55 (4.45) 0.54 (1.32) 22 (43.1) 1.40 (3.56) 0.53 (1.08) 

 Snack and nonalcoholic beverage bars 6  (12.2) 0.23 (0.73) 0.06 (0.16) 11 (21.6) 0.45 (1.37) 0.17 (0.39) 

 Microenterprise        

  Other business  0 (0) 0 (0) 0 (0) 7   (13.7) 0.15 (0.47) 0.00006 
(0.0001) 

  Residence  1 (2.0) 0.02 (0.14) <0.000001 8  (15.7) 0.08 (0.27) 0.00008 
(0.0002) 

CBG = census block group  
a Number of CBG with at least one of each type of food store and food service place within its borders 
b Land area (number/sq mile within CBG) reported as mean (SD) and population (number/1,000 residents within CBG) as mean (SD)  
c Number of CBG in level of concentrated neighborhood deprivation 
 



 
 
 
 
 
 

 
 

High Deprivation 
(n = 47)c 

Very High Deprivation 
(n = 50)c 

n (%) Area  Population n (%) Area  Population 
      

3 (6.4) 0.26 (1.22) 0.05 (0.22) 6 (8.6) 0.23 (1.10) 0.06 (0.20) 

25 (53.2) 0.78 (1.22) 0.53 (0.65) 32 (64.0) 1.40 (3.24) 0.72 (0.74) 

4 (8.5) 0.25 (1.34) 0.06 (0.26) 7 (14.0) 0.17 (0.66) 0.06 (0.17) 

13 (27.7) 0.57 (1.80) 0.22 (0.55) 20 (40.0) 0.42 (1.24) 0.21 (0.29) 

      

16 (34.0) 0.96 (2.10) 0.33 (0.62) 19 (38.0) 0.49 (1.60) 0.22 (0.35) 

15 (31.9) 0.93 (2.38) 0.32 (0.63) 26 (52.0) 1.38 (2.97) 0.47 (0.77) 

8 (17.0) 0.33 (1.16) 0.10 (0.30) 8 (16.0) 0.14 (0.63) 0.05 (0.13) 

      

5 (10.6) 0.05 (0.19) 0.00004 
(0.0001) 

7 (14.0) 0.03 (0.09) 0.00005 
(0.0001) 

9 (19.1) 0.19 (0.72) 0.0002 
(0.0005) 

22 (44.0) 0.32 (0.55) 0.0004 
(0.0006) 

 



Table 5. Food Store and Food Service Place Locational Disadvantagea by Neighborhood (CBG) Deprivation 
 

   Neighborhood (CBG Area-Level) Deprivation 

   Low  
Deprivation 

(n = 49) 

Medium 
Deprivation 

(n = 51) 

High  
Deprivation 

(n = 47) 

Very High  
Deprivation 

(n = 50) 

Food Stores     

Nearest Supermarket/grocery store     

 Low disadvantage (<1.3 miles) 10.2 19.6 29.8 40.0 

 Moderate disadvantage (1.3−2.2 miles) 28.6 45.1 25.5 4.0 

 High disadvantage (2.3−3.3 miles) 36.7 23.5 14.9 22.0 

 Very high disadvantage (≥3.4 miles) 24.5 11.8 29.8 34.0 

Nearest Convenience store     

 Low disadvantage (<0.5 mile) 12.2 25.5 21.3 24.0 

 Moderate disadvantage (0.5−0.8 miles) 22.4 27.4 29.8 38.0 

 High disadvantage (0.9−1.3 miles) 30.6 25.5 29.8 14.0 

 Very high disadvantage (≥1.3 miles) 34.7 21.6 19.1 24.0 

Food Service Places    

Nearest Full-service restaurant     



 Low disadvantage (<0.65 mile) 20.4 27.4 25.5 28.0 

 Moderate disadvantage (0.65−1.10 miles) 24.5 23.5 29.8 26.0 

 High disadvantage (1.11−1.85 miles) 34.7 29.4 19.1 12.0 

 Very high disadvantage (≥1.60 miles) 20.4 19.6 25.5 34.0 

Nearest Fast food restaurant     

 Low disadvantage (<0.6 mile) 16.3 31.4 23.4 30.0 

 Moderate disadvantage (0.6−0.99 miles) 26.5 27.4 29.8 16.0 

 High disadvantage (1.0−1.44 miles) 28.6 23.5 21.3 26.0 

 Very high disadvantage (≥1.45 miles) 28.6 17.6 25.5 28.0 

 
a Proportion of deprivation census block groups (CBG) with level of locational disadvantage determined by network distance between 
the CBG centroid and nearest food store and food service place 



Table 6. Census Block Group Stability and Difference in Locational Disadvantage 
for Access Between Types of  Food Stores or Food Service Placesa  

FOOD STORES 
  Supermarket/Grocery Stores 
  Low 

disadvantage 
(n = 49) 

Moderate 
disadvantage 

(n = 51) 

High 
disadvantage 

(n = 48) 

Very high 
disadvantage 

(n = 49) 

Low 
disadvantage 

(n = 41) 

 
22 

 
8 

 
8 

 
3 

Moderate 
disadvantage 

(n = 58) 

 
19 

 
17 

 
9 

 
13 

High 
disadvantage 

(n = 49) 

 
7 

 
18 

 
12 

 
12 

C
on

ve
ni

en
ce

 S
to

re
s 

Very high 
disadvantage 

(n = 49) 

 
1 

 
8 

 
19 

 
21 

 

FOOD SERVICE PLACES 
  Full-service Restaurants 
  Low 

disadvantage 
(n = 50) 

Moderate 
disadvantage 

(n = 51) 

High 
disadvantage 

(n = 47) 

Very high 
disadvantage 

(n = 49) 

Low 
disadvantage 

(n = 50) 

 
40 
 

 
7 

 
3 

 
0 

Moderate 
disadvantage 

(n = 49) 

 
5 

 
33 

 
9 

 
2 

High 
disadvantage 

(n = 49) 

 
5 

 
9 

 
25 

 
10 

Fa
st

 F
oo

d 
R

es
ta

ur
an

ts
 

Very high 
disadvantage 

(n = 49) 

 
0 

 
2 

 
10 

 
37 

 a Reported as number of CBG where the level of locational disadvantage  



Table 7. Overall Locational Disadvantage for CBG Access to FS and FSP, by Category of 
Neighborhood Deprivation 
 

   Low  
Deprivation 

(n = 49) 

Moderate 
Deprivation 

(n = 51) 

High  
Deprivation 

(n = 47) 

Very High  
Deprivation 

(n = 50) 

 n      (%) n      (%) n      (%) n      (%) 

Food store disadvantage     

 Low disadvantage 5 (10.2) 13 (25.5) 13 (27.7) 18 (36.0) 

 Moderate disadvantage 28 (57.1) 27 (52.9) 21 (44.7) 20 (40.0) 

 High disadvantage 16 (32.6) 11 (21.6) 13 (27.7) 12 (24.0) 

      

Food service place disadvantage     

 Low disadvantage 9 (18.4) 14 (27.4) 13 (27.7) 16 (32.0) 

 Moderate disadvantage 24 (49.0) 28 (54.9) 20 (22.7) 16 (32.0) 

 High disadvantage 16 (32.6) 9 (17.6) 14 (29.8) 18 (36.0) 

FS = food store (supermarket/grocery store and convenience stores) 
FSP = food service place (full-service and fast food restaurants) 
CBG = census block group  


