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Abstract
Background: American Indians experience disproportionally high rates of diet-related metabolic disorders.
Suboptimal retail food environments make obtaining healthy food di�cult, particularly for rural American
Indians, and contribute to ill health.

Objective: This project examined food availability in food stores within a tribal community.

Design: Audits were conducted of all retail stores that sell food within nine communities within the
Cheyenne & Arapaho Tribal Jurisdictional Area.

Main Measures: Freedman Grocery Store Survey and the Healthy Food Assessment Survey.

Key Results: Local populations were often reliant on convenience and dollar stores that prominently
featured alcohol, tobacco, and ultra-processed food—and offered very little fresh produce. Convenience
stores comprised more than half of all area food stores and were the only source of food in one-third of
the communities. Only larger communities had supermarkets that sold fresh produce as well as
ultraprocessed food. Dollar stores stocked primarily alcohol, tobacco, and ultraprocessed foods, and were
rapidly displacing local markets that sold fresh produce. In general, alcohol and tobacco were far more
available than vegetables and fruits in food stores.

Conclusions: The limited availability of healthy food helps to explain our previous �ndings on dysbiotic
microbiomes in Cheyenne & Arapaho individuals. The predominance of convenience stores and the
growth of dollar stores in the tribal jurisdictional area contributed to a suboptimal food environment. 

Introduction
Research on the retail food environment of indigenous people within high-income countries has attracted
increased attention in recent years but remains relatively sparse (1, 2). Native people in the US experience
heightened rates of food insecurity (3–8) and diet-related health conditions (9–11). Compared to the
general US population, American Indians exhibit signi�cantly higher rates of obesity (12, 13), diabetes
(14–16), cardiovascular diseases (17, 18), cancers (19–21), and other diseases of the metabolic
syndrome (22). Suboptimal food environments—including areas with scarce options for nutritious and
affordable foods (or “food deserts”) (23, 24) and those with an overabundance of processed, high-fat and
high-sugar options (“food swamps”) (25)—contribute to unhealthful diets (26–28) and chronic conditions
(27, 29).

Prior research �nds that American Indians face numerous barriers to accessing healthy and affordable
foods. Settler colonialism has resulted in hundreds of years of profound dietary changes for indigenous
people (30, 31). Colonial contact and control destroyed traditional foodways and replaced them with
government rations and commodity programs (32). Indigenous people in high-income countries now rely
heavily on market-based food sources, or retail outlets that sell food commercially, for the majority of
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their dietary needs (2). Yet evidence suggests that contemporary food environments of American Indians,
particularly those residing in rural contexts, fail to provide an adequate source of nutritious or affordable
food. Residents of rural reservations must frequently travel long distances to access grocery stores,
leaving them to rely more heavily on non-traditional food outlets, such as convenience stores and gas
stations (33, 34). In one study of food stores on 22 reservations in Washington state, researchers found
that more than ¾ of residents lived over 10 miles from a grocery store (35). The scarcity of full service
grocery stores corresponded with high prevalences of dairy and sugar products and low availability of
fresh fruits and vegetables (35). Likewise, research on the Navajo Nation has found that less healthy
food is both more easily accessible and less expensive than more nutritious options (36, 37). Other
studies have linked reliance on non-traditional food outlets to adverse health outcomes in tribal
communities. A study of 513 American Indians within the Chickasaw and the Choctaw Nations of
Oklahoma found that regularly obtaining food from non-traditional food retailers was associated with
obesity and diabetes (10).

The current study is part of a broader project on metabolic health, dietary habits, and food environments
within the Cheyenne and Arapaho Tribal Jurisdictional Area (C&A TJA) in Oklahoma. Our research on gut
microbiome found that Cheyenne and Arapaho participants’ self-reported diets largely consisted of
processed (often fried) protein and carbohydrates, high-calorie snacks, and sweetened or caffeinated
drinks (38). Participants ate few fruits and consumed vegetables primarily in the form of potatoes. In
turn, participants’ gut metabolite pro�les—the composition of microorganisms residing in the
gastrointestinal tract—resembled dysbiotic states found in metabolic disorders, with features observed in
in�ammatory bowel disorders (38, 39). Interviews conducted with shoppers within the C&A TJA help to
contextualize these �ndings (40). Retail stores provided the most important food source for participants.
With few exceptions, alternative outlets (e.g., gardens or farmers markets) provided no regular or
dependable source of nutrition. Participants reported eating most meals at home (73.9%), with less than
three meals eaten at restaurants per week. Rurality also played an important role in food store access;
participants who resided in or near smaller towns traveled an average of 63 miles roundtrip to shop,
compared to 14.8 miles for residents in or near the two largest towns in the C&A TJA (El Reno and
Clinton).

In this study, we examine the availability of healthy food, alcohol, and tobacco within retail stores in nine
C&A TJA communities. We contribute to the literature on retail food environments among indigenous
people by drawing connections between the food environment and our previous �ndings on microbial
dysbiosis and the importance of market-based outlets as the primary source of food in the C&A TJA.

Methods
This project examined the availability of healthy food in the Cheyenne and Arapaho Tribal Jurisdictional
Area (C&A TJA). More than 12,000 people are enrolled in the C&A Tribes, with over 8,600 living within
Oklahoma (41, 42). The C&A TJA (formerly their late 19th -century reservation) includes 8,996 square
miles with more than �fty towns in the western part of the state (41). We audited all retail stores that sell
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food within nine C&A TJA communities. Participating communities ranged from small rural communities
with few food options to more urbanized population centers with multiple food stores and full-service
grocery stores; population sizes ranged from fewer than 100 people to over 16,000 (see Table 1). Food
stores were identi�ed using Google search, augmented by the �rsthand knowledge of team members who
resided within the C&A TJA (e.g., small stores with minimal internet presence, recent store
openings/closings). A total of 57 food stores were audited between March 2014 and June 2015. This
study was approved by the Cheyenne & Arapaho Health Board and given exempt status as non-human
subject research by The University of Oklahoma Institutional Review Board.

Table 1
Frequency of food stores and store type within C&A TJA communities in the study area (N = 57).

Population totals from US Census Bureau subcounty population estimates, 2010 (45).
Community

(2010
population)

Total
stores

Store type

Convenience
stores

Supermarkets Dollar/discount
stores

Local
markets

Farm &
ranch
stores

Concho
(92)

1 1 0 0 0 0

Calumet
(507)

2 2 0 0 0 0

Hammon
(568)

1 1 0 0 0 0

Canton
(625)

3 2 0 0 1 0

Geary
(1,280)

4 3 0 0 1 0

King�sher
(4,663)

7 2 2 1 1 1

Watonga
(5,111)

7 4 2 1 0 0

Clinton
(9,033)

15 8 2 3 1 1

El Reno
(16,749)

17 11 2 2 2 0

We measured food availability using the Freedman Grocery Store Survey (FGSS) (46, 47) and several
modi�ed items from the Healthy Food Assessment Survey (HFAS) (47). The FGSS ascertains the
availability of healthy foods (e.g., fruit, vegetables, dairy products, juice, lean meats, whole-grain bread)
as well as tobacco and alcohol products. The FGSS also facilitates the mapping of a store’s layout,
including the location of major product groupings. The modi�ed HFAS items focused on store
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characteristics (e.g., cleanliness, shopper characteristics, customer service quality, produce quality, etc.).
These factors were included given their potential impacts on American Indian customers shopping in
stores mostly owned and managed by non-Natives.

Food stores were coded into types (e.g., supermarket, local market, convenience store—with and without
gasoline pumps) following the FGSS (46). To meet criteria for a supermarket, a store needed to have: all
major food groups, �ve or more different types of vegetables and �ve or more different kinds of fruits
(depending on the availability of organic produce), reduced- or low-fat dairy products, and lean meats
(46). Two additional food store types were identi�ed, dollar/discount and farm/ranch stores.
Convenience stores comprised the largest single category of food stores in the sample (59.7%), followed
by supermarkets (14.0%), dollar/discount stores (12.3%), local markets (10.5%), and farm & ranch stores
(3.5%).

To measure the variety of healthy food in stores, we created an index based on the ratio of available
healthy food to total measured options across �ve categories: fruits, vegetables, dairy, meat, and bread
(Cronbach’s alpha = 0.92, see Table 4 below for more details on index construction). A similar index
measured unhealthy product variety using alcohol and tobacco availability (Cronbach’s alpha = 0.78). 

Data were entered into MS Excel and transferred into Stata/SE 17 for analysis. Statistical analyses
included frequencies, analysis of variance (ANOVA), and linear regression.

Results

Frequency of product availability by store type
Table 2 presents the frequency of product availability across all store types. Out of the major categories,
fruit juice, dairy (mostly milk), tobacco, alcohol, and meat were the most well represented, with over 75%
over stores carrying at least one product in the respective category. Less common were vegetables, fruit,
and bread, with around 60% of stores stocking these items.
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Table 2
Product availability among all food

stores (N = 57)

  n %

Fruit juice 50 87.7

100% fruit juice 44 77.1

Dairy 48 84.2

Milk 48 84.2

Butter or margarine 34 59.7

Reduced fat cheese 13 22.8

Other reduced fat dairy 17 29.8

Tobacco 45 79

Alcohol 44 77.2

Meat 43 75.4

Luncheon meat 27 47.4

Skinless poultry 13 22.8

Lean ground beef 12 21.1

Fresh �sh 1 1.8

Vegetables 36 63.2

Carrots 27 47.4

Tomatoes 24 42.1

Potatoes 24 42.1

Spinach or greens 21 36.8

Lettuce 13 22.8

Broccoli 12 21.1

Fruit 35 61.4

Oranges 26 45.6

Peaches/nectarines 26 45.6

Apples 19 33.3

Bananas 15 26.3
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  n %

Grapes 15 26.3

Grapefruit 15 26.3

Bread 34 59.7

Although many products could be widely found across store types, healthier options tended to be limited
to supermarkets and local markets (Table 3). Supermarkets and local markets were the only reliable
sources of unprocessed meat and fresh or frozen fruits and vegetables. Organic produce was even rarer,
with just three supermarkets stocking organic vegetables and two stores (a supermarket and a
convenience store) stocking organic fruit. Dollar/discount stores offered a reliable source of fruits and
vegetables, but primarily in the more shelf-stable form of canned or boxed products. Dollar stores were
also one of only two store types (supermarkets being the other) where a majority stocked whole grain
bread. Convenience stores had one of the most limited supplies of fruits, vegetables, bread, and meat in
any form. Food options were similarly limited at the farm and ranch stores, although the small sample
size (n = 2) makes it di�cult to draw inferences.
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Table 3
Product availability by store type

Store Type All Stores

(N = 57,
100%)

Conv.
Stores

(n = 34,
59.7%)

Supermarkets

(n = 8, 14%)

Dollar/Discount

(n = 7, 12.3%)

Local
Markets

(n = 6,
10.5%)

Farm &
Ranch

(n = 2,
3.5%)

n % n % n % n % n % n %

Juice 50 87.7 28 82.4 8 100 7 100 5 83.3 2 100

100% fruit
juice

44 77.2 25 73.5 8 100 5 71.4 4 66.7 2 100

Dairy 48 84.2 28 82.4 8 100 7 100 5 83.3 0 0

Milk 48 84.2 28 82.4 8 100 7 100 5 83.3 0 0

Organic milk 6 10.5 0 0 6 75 0 0 0 0 0 0

Tobacco 45 79 32 94.1 8 100 6 85.7 0 0 0 0

Alcohol 44 77.2 30 88.2 8 100 5 71.4 1 16.7 0 0

Meat 43 75.4 21 61.8 8 100 7 100 6 100 1 50

Luncheon
meat

23 41.1 7 21.2 8 100 5 71.4 3 50.0 0 0

Unprocessed
meat

14 24.6 0 0 8 100 1 14.3 5 83.3 0 0

Vegetables 36 62.1 13 38.2 8 100 7 100 6 100 2 100

Fresh or
frozen

16 28.1 1 2.9 8 100 1 14.3 6 100 1 50

Canned or
boxed

26 45.6 8 23.5 8 100 7 100 2 33.3 1 50

Organic 3 5.3 0 0 3 37.5 0 0 0 0 0 0

Fruits 35 61.4 14 41.2 8 100 6 85.7 6 100 1 50

Fresh or
frozen

21 36.8 8 23.5 8 100 0 0 5 83.3 0 0

Canned or
boxed

26 45.6 8 23.5 8 100 5 71.4 4 66.7 1 50

Organic 2 3.5 1 2.9 1 12.5 0 0 0 0 0 0

Bread 34 59.6 13 38.2 8 100 7 100 6 100 0 0

100% Whole
grain

20 35.1 3 8.8 8 100 6 85.7 3 50 0 0
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Less healthful products proved more accessible across many store types. Most supermarkets,
convenience stores, and dollar/discount stores sold tobacco and alcohol; these products were generally
not stocked in farm & ranch stores or local markets. Ultraprocessed foods (i.e., prepackaged, ready-to-eat
or heat foods or beverages that contain �ve or more ingredients, including chemical or food extracts, oils,
and arti�cial sweeteners (48)) were prominent and extensively available at food stores of all types. Most
stores (excepting farm & ranch and dollar/discount stores) also had counters with deep fried, ready-to-eat
snack foods, such as fried burritos, breaded and fried okra, onion rings, chicken strips, and potato
wedges.

Store and product descriptions

Convenience stores
Convenience stores with fuel were the only source of food in three C&A TJA communities. These stores
stocked ultraprocessed snack foods, beer, tobacco, sports and energy drinks, and juice. Most sold milk,
although less prominently displayed. A few carried fresh fruit and canned vegetables (e.g., corn, green
beans) and fruit (usually peaches) in syrup. Only one carried fresh vegetables. Tobacco was especially
prominent at convenience stores, with four times as many convenience stores stocking tobacco than
fresh fruit. The majority also sold alcohol. Most convenience stores had hot boxes at the checkout
counters, with ready to eat fried and usually breaded foods, such as breaded and fried chicken or cat�sh
strips, fried burritos, pork egg rolls, potato wedges, etc.

Three convenience stores did not have fueling stations. Two stores in this category were formerly
operated by national chains; the current owners removed the fuel pumps and placed steel security bars
over the windows and doors, then reopened as corner stores serving nearby low-income residents who
often came on foot. These stores featured tobacco, beer, soda, candy, and snacks, but no healthy food.
The third convenience store without fuel was previously an old-fashioned �lling station with a mechanics’
garage before being converted into a retro corner store providing local customers with sandwiches, soups,
fried foods, and gossip.

Supermarkets
The eight supermarkets within our sample were located in the larger communities, and offered a wide
variety of fruits and vegetables, as well as the highest quality produce. All sold 100% whole grain bread
and most sold organic milk. Most supermarkets had hot food display cases �lled with ready-to-eat foods,
such as fried chicken, fried potatoes and okra, hotdogs, hamburgers, fried burritos, pizza slices, and more.
These were usually next to a deli counter, where shoppers could purchase cold cuts, sliced cheeses,
breads, and fruit or vegetable salads. All supermarkets sold (and prominently featured) alcohol and
tobacco.

Dollar/discount stores
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Dollar/discount stores in the C&A TJA consisted primarily of Dollar Generals and Family Dollars. These
stores carried household goods, toiletries, and food, consisting largely of ultraprocessed food boxed for
home preparation and canned vegetables and fruits. All carried milk and juice and most sold 100% whole
grain bread, but only one carried fresh vegetables or unprocessed meat. None sold fresh fruit. Most
carried tobacco and alcohol. These stores often had prominent displays of low-cost but high-sugar and
high-fat snacks and beverages, including candy bars, chips, crackers, and soda. Dollar/discount stores
also had the worst cleanliness and customer service ratings of any store type.

Local markets
Almost all local markets in the C&A TJA sold fresh fruit and vegetables, milk, juice, and unprocessed
meat. Half sold whole grain bread. None sold tobacco products, and only one sold alcohol. Some local
markets were small “mom and pop” grocers in small towns. Others were owned and operated by a
popular fast-food chain (Braum’s Ice Cream & Dairy Store) that featured burgers, french fries, and ice
cream, with an attached “Fresh Market” selling healthier foods (e.g., fresh produce, juices, dairy, meat)
and sweet treats.

Farm & ranch stores
The two farm & ranch stores in our sample were owned and operated by regional companies. These
stores catered to local farmers and ranchers, providing products needed to operate and maintain a farm
or ranch (e.g., animal feed, veterinary supplies, tools, tack, etc.). Their food products consisted largely of
“old-fashion” candies, roasted peanuts, and some canned goods.

Statistical analysis of healthy and unhealthy product variety
The healthy variety index measures the extent to which stores offered a variety of healthy options across
multiple categories. Our �ndings show that most stores offered a limited variety of healthy foods
(Table 4). The healthy food variety index ranged from 0 to 1, with an average rating of 0.29 (SD 0.33),
indicating that stores carried an average of 6 of the 21 healthy food products documented in the survey.
Seven stores (12.3%), including six convenience stores and one farm & ranch store, received scores of
zero and carried no healthy foods listed in the survey. Mean scores of the component variables show that
stores carried the greatest variety in the dairy (0.46) and fruit (0.27) categories. Meat (0.16) and
vegetables (0.22) received the lowest scores for healthy food variety. By contrast, the unhealthy index
averaged 0.78 across all stores (SD 0.38). Nine stores (15.8%) sold no alcohol or tobacco, while 41 stores
(71.9%) sold both product types.
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Table 4

Descriptive statistics and coding for healthy and unhealthy product variety indices (N=57)
  Mean SD Range Description

Healthy food
variety index

0.29 0.33 0-1 Ratio of available healthy products to total options
(average of component variables)

Healthy dairy
options

0.46 0.34 0-1 Ratio of available healthy dairy to total options (whole
milk, two percent milk, reduced fat cheese, and other
reduced fat dairy)

Healthy meat
options

0.16 0.29 0-1 Ratio of available healthy meat to total options
(skinless chicken, fresh �sh, and lean beef)

Fresh or frozen
vegetable
options

0.22 0.39 0-1 Ratio of available fresh or frozen vegetables to total
options (lettuce, potatoes, carrots, tomatoes, broccoli,
spinach, and greens)

Fresh or frozen
fruit options

0.27 0.40 0-1 Ratio of available fresh or frozen fruits to total options
(bananas, apples, oranges, grapefruit, grapes,
peaches/nectarines)

Whole grain
bread

0.35 0.48 0-1 100% whole grain bread available

Unhealthy
variety index

0.78 0.38 0-1 Ratio of available unhealthy products to total options
(alcohol and tobacco)

 

Figure 1 shows the mean healthy and unhealthy product variety index scores by store type. We conducted
one-way ANOVAs to determine if the differences between store types were statistically signi�cant. Farm &
ranch stores were excluded from the analysis because of small sample size. For healthy food variety,
results show a statistically signi�cant difference between groups (F(3, 51) = 79.69, p < 0.001, η2 = 0.82). A
Tukey post-hoc test revealed signi�cantly higher healthy food variety at supermarkets compared to
convenience stores (0.82 ± 0.06, p < 0.001), dollar/discount stores (0.59 ± 0.07, p < 0.001), and local
markets (0.30 ± 0.08, p = 0.002). Local markets exhibited a greater variety of healthy foods compared to
convenience stores (0.52 ± 0.06, p < 0.001) and dollar/discount stores (0.29 ± 0.08, p = 0.004).
Dollar/discount stores showed greater healthy food variety compared to convenience stores (0.23 ± 0.06,
p = 0.002).

ANOVA also shows an association between unhealthy product variety and store type (F(3, 51) = 20.10, p < 
0.001, η2 = 0.54). Local markets carried fewer unhealthy products compared to convenience stores (0.83 
± 0.11, p < 0.001), supermarkets (0.85 ± 0.13, p < 0.001), and dollar stores (0.70 ± 0.14, p < 0.001).
Unhealthy product availability did not signi�cantly differ between convenience stores, supermarkets, and
dollar stores.
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To further examine the relationship between store type and healthy food variety, we ran a series of
univariate regression analyses (Table 5). The models show a positive and signi�cant relationship
between healthy food variety and store type for supermarkets (β = 0.73, t = 8.70, p < 0.001) and local
markets (β = 0.36, t = 2.63, p = 0.01). Convenience stores were negatively and signi�cantly associated with
healthy food variety (β = -0.48, t = -7.52, p < 0.001). The regression analyses also show a signi�cant
relationship between store type and unhealthy product availability. Convenience stores were positively
and signi�cantly related to unhealthy product availability (β = 0.32, t = 3.48, p = 0.001). Only local markets
showed a negative relationship with unhealthy products (β = -0.78, t = -6.15, p < 0.001).

Table 5

Univariate linear regression predicting healthy and unhealthy product
availability (N=57)

Store type Healthy variety Unhealthy variety

β (SE) β (SE)

Convenience stores -0.48***  0.32**

  (0.06) (0.09)

Supermarkets 0.73*** 0.18

  (0.08) (0.14)

Dollar stores 0.04 0.01

  (0.14) (0.15)

Local markets 0.36* -0.78***

  (0.26) (0.13)

* p < 0.05, ** p < 0.01, *** p < 0.001, standard errors in parentheses.

Discussion
This study examined products available in food stores within a rural Oklahoma tribal community,
contributing to the small body of research on retail food environments among indigenous people (1, 2). In
line with previous research (10, 35–37), we found limited retail options for healthy food combined with an
abundance of outlets offering less healthy products. Analyses of the healthy and unhealthy product
variety indices suggest that supermarkets and local markets provided the best option for acquiring
healthy food within the C&A TJA (the latter store type had the additional bene�t of a negative association
with unhealthy products). Unfortunately, supermarkets served only the most populous communities and
many “mom and pop” local markets in the C&A TJA were fast disappearing, being replaced by
dollar/discount stores. Convenience stores, on the other hand, could be found throughout the study area
but provided few opportunities for nutritional health, scoring low on the healthy food variety index
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coupled with high scores on the unhealthy food index. Dollar/discount stores also scored high on
unhealthy food variety but offered marginally greater healthy options compared to convenience stores.

Our results on healthy food availability help to contextualize our previous �ndings on the dysbiotic gut
microbiome pro�le of C&A individuals, resembling those found in metabolic disorders (38, 39). Gut
microbiome has been shown to play a role in the etiology of numerous diseases, including in�ammatory
bowel disease (49), type 2 diabetes (50), hypertension (51), and colorectal cancer (52). American Indians
experience elevated risk for many of these diet-related metabolic disorders (12–22, 53). Our previous
�ndings suggest the importance of the retail food environment for understanding gut microbiome
composition of C&A individuals. Speci�cally, our research documents high intake of processed proteins
and carbohydrates and low fruit and vegetable consumption (38), as well as high dependance on retail
food outlets (40), especially convenience stores due to their greater availability and proximity. These
patterns are consistent with the limited retail options for healthy food found in the present study and
likely contribute to dysbiotic microbiomes. Although we leave establishing a statistical relationship to
future research, these �ndings represent an important step towards connecting food environments with
variation in human gut microbiome.

Our �ndings also highlight the importance of dollar stores as a food source in rural tribal communities.
Nationally, dollar/discount stores are a growth industry; in 2017 Dollar General alone managed
approximately 15,000 stores and had net sales of $23.5 billion. The chain strategically locates in food
deserts where it can be close to its low-income customers (54). Dollar stores contribute to food
deserti�cation, as they rarely stock fresh produce (55), and promote purchases of sweetened beverages
and calorie-dense snack foods (56). Moreover, the increased competition brought by a dollar store can
result in the closing of local businesses that cannot compete on price (54). The growth of this market
sector in the C&A TJA continues; within the last �ve years, �ve dollar/discount stores have opened and
three local markets have closed in the nine communities sampled. Most of the remaining local markets
are Braum’s Fresh Market stores, which prominently feature fast food and ice cream, with healthier food
in a separate section of the store. If this trend continues, local markets could become a less viable option
for obtaining healthy food while avoiding unhealthy products.

This study focused on one rural tribal area, and it is unknown to what extent these �ndings can be
generalized to other tribal communities. The study is also limited in that we do not consider cost, a major
barrier for low-income residents that cannot be addressed by increasing market-based food options.
However, our �ndings re�ect some widespread trends that may present unique challenges in rural tribal
food deserts (40). These include the increasing proportion of convenience and dollar/discount stores as
food retailers in rural and low-income areas (57) and the tendency in these communities to rely on
convenience stores for food (58), as well as the prominence of tobacco in these stores (46, 59–61). The
results presented here suggest the need for interventions that reduce tobacco and alcohol prominence
over healthy food. Future investigations should focus on factors underlying product offerings and
placement in stores serving rural American Indians, as well as economically sustainable strategies for
increasing healthy food, especially in convenience stores and dollar/discount stores.
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Figure 1

Mean scores of the healthy and unhealthy product variety indices by store type


