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Abstract

Background Prior research suggests that dysbiotic gut microbiomes may contribute to elevated health risks among
American Indians. Diet plays a key role in maintaining a healthy gut microbiome, yet suboptimal food environments
within American Indian communities make obtaining nutritious food difficult.

Objective This project characterizes the retail food environment within a rural tribal community, focused on the avail-
ability of foods that enhance the health and diversity of the gut microbiome, as well as products that reduce microbiome
health (alcohol and tobacco).

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

Main measures Freedman Grocery Store Survey.

Key results Alcohol and tobacco were generally far more available in stores than foods that support a healthy gut micro-
biome, including fruits, vegetables, lean meats, and whole grain bread. Out of the four store types identified in the study
area, only supermarkets and small grocers offered a wide variety of healthy foods needed to support microbiota diversity.
Supermarkets sold the greatest variety of healthy foods but could only be found in the larger communities. Convenience
stores and dollar stores made up 75% of outlets in the study area and offered few options for maintaining microbiome
health. Convenience stores provided the only food source in one-third of the communities. With the exception of small
grocers, alcohol and tobacco products were widely stocked across all store types.

Conclusions The retail food environment in the Cheyenne & Arapaho Tribal Jurisdictional Area offered limited opportuni-
ties for maintaining a healthy and diverse microbiome, particularly within smaller rural communities. Additional research
is needed to explore the relationship between food environment, dietary intake, and microbiome composition. Interven-
tions are called for to increase the availability of “microbe-friendly” foods (e.g., fresh produce, plant protein, fermented
and high fiber foods) in stores.

1 Introduction

The human gastrointestinal tract hosts trillions of microorganisms that together comprise the gut microbiome (GM).
This diverse community of bacteria, viruses, fungi, and protozoans play a key role in maintaining human health by
supporting metabolic function, immune defense, and nutrient synthesis [1]. Dietary practices in turn exert a strong
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influence on the diversity and health of microbiota communities [2]. Over the past two decades, a large body of lit-
erature has begun to untangle the complex relationship between dietary habits and GM composition [3, 4], but few
studies to date have explored how the broader food environment may impact GM health [5-7].

Emerging research posits the GM as an important link between the social environment and health disparities for poor
and minoritized groups [8, 9]. The food environment—or the context through which people interact with the food system,
including the availability, affordability, convenience, and quality of foods in built, cultivated or wild spaces [10]—can
influence dietary intake and health outcomes [11-14]. Within the US and other high-income countries, residents rely on
the retail food environment, or market-based food outlets that sell food commercially, for most of their dietary needs
[15]. Yet food environments reflect broader social patterns of advantage and disadvantage, with low-income, racialized,
and rural areas [16-19] offering fewer opportunities for nutritious and affordable foods (or “food deserts”) [20, 21], often
combined with an abundance of processed, high-fat, and high-sugar options (“food swamps”) [22]. These suboptimal
food environments contribute to unhealthful diets [16, 23, 24] and chronic conditions [24-27].

The GM performs multiple vital functions for human health and wellbeing. Diseases associated with GM dysbiosis,
a term indicating altered microbiota composition and functionality, include cardiovascular disease [28], irritable
bowel syndrome [29], colorectal cancer [6], type 2 diabetes [30], and obesity [31]. Dietary intake represents one of
the largest determinants of GM composition [4, 32], yet western industrialized diets, consisting of processed foods
high in fat and simple carbohydrates and low in fiber, lack many elements essential for sustaining a functional GM
[33]. Researchers commonly use microbiota diversity to measure GM health [1, 34]. A diet rich in different food types,
particularly a variety of unprocessed fruits, vegetables, whole grains, and other high-fiber foods [35, 36], supports
microbiome diversity and resilience [37, 38]. As a result, food environments that offer a limited variety of these “whole
foods” may contribute to impaired GM function, particularly for socially disadvantaged groups.

Prior research finds that American Indians face numerous barriers to accessing healthy and affordable foods [39, 40]
and experience heightened rates of non-communicable diseases that have been linked to GM dysbiosis [41-43]. Com-
pared to the general US population, American Indians exhibit significantly higher rates of cardiovascular diseases [44,
45], cancers [46-48], diabetes [49-51], obesity [52, 53], and other diseases of the metabolic syndrome [54, 55]. Although
research on the retail food environment of Indigenous people remains relatively sparse, evidence suggests that contem-
porary food environments of American Indians, particularly those residing in rural contexts, fails to provide an adequate
source of nutritious or affordable food [39, 40]. 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 [56, 571. In one study of food stores on 22 reservations in Washington state, researchers found that more than
3 of residents lived over 10 miles from a grocery store [58]. The scarcity of full service grocery stores corresponded with
high prevalences of dairy and sugar products and low availability of fresh fruits and vegetables [58]. Likewise, research
on the Navajo Nation found that less healthy food is both more easily accessible and less expensive compared to more
nutritious options [59, 60]. 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 [42].

The current study is part of a broader program of research dating back to 2010 on metabolic health, dietary habits,
and food environments within the Cheyenne and Arapaho Tribal Jurisdictional Area (C&A TJA), a predominantly rural
community in western Oklahoma. Our previous research 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 [61]. Participants ate few fruits and consumed vegetables primarily in the form of potatoes. In turn,
participants’ gut metabolite profiles resembled dysbiotic states found in metabolic disorders, with features observed
in inflammatory bowel disorders [61, 62]. Specifically, individuals showed reduced microbial richness and an abun-
dance of the bacterial phylum Firmicutes, primarily Lachnospiraceae and Ruminococcaceae (for recent reviews on
the relationship betweeen microbiota composition, function, and health see [63, 64]).

Interviews conducted with 23 American Indian shoppers within the C&A TJA helped to contextualize these findings
[65]. Participants reported obtaining the majority of their food from retail stores and eating most meals at home.
Those who lived in very small towns (90-1250 population) traveled 62.9 miles roundtrip on average to acquire food,
with some traveling even greater distances to avoid stores known to be racist. Many relied heavily on convenience
stores that were closer but offered less healthy food. Some participants had developed a preference for what they
described as unhealthy food (e.g., fried food), believing that healthy food (e.g., unfried food, fruits and vegetables)
did not taste good.
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This study was undertaken to better understand the C&A TJA retail food environment given our previous findings
on microbial dysbiosis within Indigenous residents. We use food audits of retail stores to characterize the availability of
foods that enhance GM health and diversity, as well as products that adversely affect GM health. Specifically, we examine
the relationship between store type, food variety, and alcohol and tobacco.

2 Methods

This project examined the availability of GM enhancing 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 8600 living within Oklahoma [66, 67]. The C&A
TJA (formerly their late 19™-century reservation) includes 8996 square miles with more than fifty towns in the western
part of the state [66]. The USDA categorizes most of the C&A TJA as having low access to healthy foods, where significant
proportions of the population must travel farther than 1 mile (urban) or 10 miles (rural) to the nearest supermarket [68].
The median household income for the general population in the C&RATJA is $59,398 [69], slightly lower than the national
median ($62,843) [70]. However, the median income for American Indians in Oklahoma is almost 20% lower compared
to all households in the state. Non-Natives predominate within the Cheyenne-Arapaho Oklahoma Tribal Statistical Area
(OTSA), with those identifying as white comprising 81.7% of the total population (189,584). Compared to White Okla-
homans, American Indian/Alaska Native residents are more likely to report diabetes (16.6% vs 12.4%), obesity (42.7% vs
35.5%), smoking (27.2% vs 18.9%), and fair or poor health status (22.8% vs 18.3%) [71, 72].

We audited all retail stores that sell food within nine C&A TJA communities. Participating communities ranged from
small rural communities with 1-2 retail food outlets to more urbanized population centers with up to 17 retail food
stores, including supermarkets, small grocers, and convenience stores (see Table 1). Food stores were identified using
Google search, augmented by firsthand knowledge of team members who were tribal members and/or resided within
the C&ATIJA (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.

We measured food availability using the Freedman Grocery Store Survey (FGSS) [74, 75]. 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. We availed ourselves of the FGSS's ability to assess the availability of tobacco
and alcohol as an important comparator to healthy food availability, especially given the high rates of commercial
tobacco and alcohol use in some tribal communities [71, 76-78], coupled with the long history of targeted market-
ing of these products to minority and low SES consumers [79, 80].

Food stores were coded into five types based on an adapted version of the FGSS [74], modified using rural
categorizations developed by Bardenhagen et al. [81]. Store types included: supermarkets (i.e., stores selling a
wide variety of items, including all major food groups, five or more different types of vegetables and five or more
different kinds of fruits, reduced- or low-fat dairy products, and lean meats [74]), small to mid-sized grocers (i.e.,

Table 1 Frequency of food

o Community (2015 Total stores Store type

stores and store t){pe wlthln population) : .

C&A TJA communities in the Convenience Supermar- Dollar/discount ~ Small

study area (N=55) stores kets stores gro-

cers

Concho (92) 1 1 0 0 0
Calumet (563) 2 2 0 0 0
Hammon (587) 1 1 0 0 0
Canton (611) 3 2 0 0 1
Geary (1,292) 4 3 0 0 1
Watonga (2,970) 7 4 2 1 0
Kingfisher (4,824) 7 2 2 1 1
Clinton (9,443) 15 8 2 3 1
El Reno (18,416) 17 1M 2 2 2

Population totals from US Census Bureau subcounty population estimates, 2015 [73]
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stores selling a modest range of groceries and that focus on grocery over convenience items), convenience stores
(i.e., limited variety food marts, with or without gas, that focus primarily on convenience items), dollar/discount
stores (i.e., limited assortment stores specializing in discounted items, primarily housewares, décor, and other home
goods), and farm/ranch stores (i.e., stores providing farm and ranch supplies, such as feed, tack, fencing, and tanks).
Based on the audits, we found negligible food offerings at the farm and ranch stores and therefore excluded the
category from the analysis, giving us a final sample of 55 stores. Convenience stores comprised the largest single
category of food stores in the sample (61.2%), followed by supermarkets (14.5%), dollar/discount stores (12.7%),
and small to mid-sized grocers (10.9%).

Our analysis focuses on the availability and variety of foods that promote GM health: fresh or frozen fruits and
vegetables, whole grain bread, dairy, and unprocessed meat [82-86]. We also report findings on alcohol and tobacco
availability, products known to contribute to GM dysbiosis [7, 87] and utilized at high rates in some tribal communi-
ties [71, 76-78]. To measure the variety of healthy food in stores, we created an index based on the ratio of available
healthy foods to total measured options across five categories: fresh/frozen fruits, fresh/frozen vegetables, dairy,
lean meat, and whole grain bread (Cronbach’s alpha =0.92, see Table 4 below for more details on index construc-
tion). A similar index measured alcohol and tobacco availability (Cronbach’s alpha=0.74).

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

3 Results
3.1 Store descriptions

Convenience stores with fuel made up 31 out of the 34 convenience stores in the study area and were the only source
of food in three C&A TJA communities. The stores included a few national (Love’s and Phillips 66) and regional/state
(Domino and Jiffy) chains, but most outlets were locally owned, including one tribally owned travel mart. These
stores predominantly stocked snacks, candy, soda, beer, and tobacco. Most also had hot boxes at the checkout
counters, with ready-to-eat foods, such as fried chicken, burritos, egg rolls, and potato wedges.

Three convenience stores did not have fueling stations and were all locally owned. Two stores in this category
were formerly operated by national chains; the current owners removed the fuel pumps and placed steel secu-
rity bars over the windows and doors, then reopened as corner stores serving nearby low-income residents who
often came on foot. The third convenience store without fuel was previously an old-fashioned filling station with
a mechanics’ garage before being converted into a retro corner store providing local customers with sandwiches,
soups, fried foods, and gossip.

The eight supermarkets within our sample were located in the larger communities and offered a wide variety of
food products. Supermarket locations included three national chains (Walmart), three regional chains (United and
Homeland), and two local stores. In addition to traditional grocery selections, most supermarkets had hot food
display cases with ready-to-eat and fried foods, often located near the deli counter.

Dollar/discount stores in the C&A TJA consisted primarily of Dollar Generals and Family Dollars and were also
located within the four larger communities. These stores carried household goods, toiletries, and food, consisting
largely of snacks, candy, soda, and shelf-stable boxed and canned items.

Some small to mid-sized grocers (hereafter small grocers) were small “mom and pop” grocers in small towns. Oth-
ers were owned and operated by a popular regional 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), as well as sweet treats.

3.2 Descriptive statistics
Table 2 presents the frequency of product availability across all store types. Out of the major healthy food catego-
ries, only dairy could be found at most stores (85.5%). Less than half of all stores stocked fresh/frozen fruits (38.2%),

fresh/frozen vegetables (29.1%), whole grain bread (36.4%), and unprocessed meats (25.5%). Alcohol and tobacco,
by contrast, were well represented, with at least 80% of stores stocking each of these items.
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Table 2 Product availability

b Store Type All stores Conv. Stores  Supermar- Dollar/dis- Small gro-
y store type (N=55,100%) (n=34,612%) kets(n=8,  count(n=7, cers(n=6,
14.5%) 12.7%) 10.9%)

n % n % n % n % n %
Fruits (fresh or frozen) 21 38.2 8 235 8 100 0 0 5 833
Apples 19 34.6 6 17.7 8 100 0 0 5 833
Oranges 18 327 6 17.7 8 100 0 0 4 66.7
Bananas 15 273 3 8.8 8 100 0 0 4 66.7
Grapes 15 273 3 8.8 8 100 0 0 4 66.7
Grapefruit 13 23.6 2 59 7 87.5 0 0 4 66.7
Peaches/nectarines 13 23.6 3 8.8 7 87.5 0 0 3 50.0
Vegetables (fresh or frozen) 16 29.1 1 29 8 100 1 14.3 6 100
Carrots 15 273 1 29 8 100 1 14.3 5 83.3
Potatoes 14 255 0 0 8 100 1 14.3 5 83.3
Tomatoes 14 255 0 0 8 100 0 0 6 100
Lettuce 13 23.6 0 0 8 100 0 0 5 833
Broccoli 12 21.8 0 0 8 100 1 14.3 3 50.0
Spinach or greens 12 21.8 0 0 8 100 1 14.3 3 50.0
100% whole grain bread 20 36.4 3 8.8 8 100 6 85.7 3 50.0
Dairy 47 85.5 27 79.4 8 100 7 100 5 833
Whole milk 45 81.8 25 73.5 8 100 7 100 5 833
2% milk 31 56.4 1 324 8 100 7 100 5 833
Reduced fat cheese 13 236 2 5.9 7 87.5 1 14.3 3 50.0
Other reduced fat dairy 17 309 2 5.9 7 87.5 3 429 5 833
Meat (unprocessed) 14 255 0 0 8 100 1 143 5 833
Skinless poultry 13 23.6 0 0 8 100 0 0 5 833
Lean ground beef 13 236 0 0 8 100 1 143 4 66.7

Fresh fish 1 1.8 0 0 1 125 0 0 0 0
Alcohol 44 80.0 30 88.2 8 100 5 714 1 16.7

Tobacco 45 81.8 32 94.1 7 87.5 6 85.7 0 0

Out of the four store types, only supermarkets and small grocers tended to offer healthy options across all catego-
ries. Supermarkets and small grocers were the only reliable sources of unprocessed meat and fresh or frozen fruits
and vegetables. About a quarter of convenience stores stocked some type of fruit but only one carried any type of
vegetable. Nearly 80% of convenience stores carried dairy but very few (8.8%) offered whole grain bread. Dollar/
discount stores could be relied on for dairy and whole grain bread but no other food category. With the exception
of small grocers, alcohol and tobacco were widely available across all store types.

The food variety index measures the extent to which stores offered a variety of healthy options across multiple
categories. Our findings show that most stores offered a limited variety of healthy foods (Table 3). The food variety
index ranged from 0 to 1, with an average rating of 0.30 (SD 0.34), indicating that stores carried an average of about 6
of the 21 healthy food products documented in the survey. Six stores (10.9%), all convenience stores, 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 (0.48) and fruit (0.27) categories. Meat (0.16) and vegetables (0.23) received
the lowest scores for healthy food variety. By contrast, the alcohol and tobacco index averaged 0.81 across all stores
(SD 0.35). Seven stores (12.7%) sold no alcohol or tobacco, while 41 stores (74.5%) sold both product types.

Figure 1 and Table 4 show the mean index scores by store type. Supermarkets (0.92) and small grocers (0.62) scored
highest for overall food variety and had relatively high scores across all categories. Dollar/discounts (0.33) scored third
highest for food variety because of the availability of whole grain bread and dairy products. Convenience stores (0.10)
ranked last with an average of 2 out of 21 healthy products available at stores. Convenience stores ranked below 0.50
on food variety across all categories. Apart from small grocers, all store types scored high on the alcohol/tobacco index.
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Fig. 1 . Mean scores of the |
food variety and alcohol/ -
tobacco indices by store type
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Convenience Supermarket Dollar/discount Small grocers
| I Food variety [ Alcohol/tobacco
Table4 Mean diversiFy variety All stores  Conv.stores  Supermarkets  Dollar/discount ~ Small grocers
and alcohol/tobacco index
scores by store type (N=55) Food variety index 030 0.10 0.92 033 0.62
Fruit 0.28 0.11 0.96 0 0.67
Vegetable 0.23 0 0.98 0.08 0.67
Whole grain bread 0.36 0.09 1 0.86 0.50
Dairy 0.48 0.29 0.94 0.64 0.75
Meat 0.16 0 0.71 0.05 0.50
Alcohol/tobacco index  0.81 0.91 0.94 0.79 0.08

3.3 ANOVAs

We conducted one-way ANOVAs to determine if the differences in food variety and alcohol/tobacco index scores between
store types were statistically significant. For food variety, results show a statistically significant difference between groups
(F(3,51)=79.69, p<0.001, nz = 0.82). A Tukey post-hoc test revealed significantly higher 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 small grocers
(0.30+0.08, p=0.002). Small grocers exhibited greater food variety 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 food variety compared to con-
venience stores (0.23+0.06, p=0.002).

ANOVA also shows an association between alcohol/tobacco and store type (F(3,51)=20.10, p <0.001, n2 =0.54). Small
grocers carried fewer alcohol/tobacco 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). Alcohol and tobacco availability did not significantly differ
between convenience stores, supermarkets, and dollar stores.

3.4 Regression models
To further examine the relationship between store type and food variety, we ran a series of univariate regression
analyses (Table 5). The models show a positive and significant relationship between food variety and store type for

supermarkets (3=0.73, t=8.70, p < 0.001) and small grocers (3=0.36, t=2.63, p=0.01). Convenience stores were
negatively and significantly associated with food variety (3=-0.48, t=—7.52, p<0.001). The regression analyses also
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Table 5 Univariate linear

. @ Store type Food variety Alcohol/tobacco
regression predicting food
variety and alcohol/tobacco B(SE) B (SE)
availability (N=55) Convenience stores -0.53™ 0.27"
(0.06) (0.09)
Supermarkets 0.72"™ 0.15
(0.08) (0.13)
Dollar/discount stores 0.03 —-0.03
(0.14) (0.14)
Small grocers 0.35" -081™

(0.13) (0.11)

“p<0.05," p<0.01,™ p<0.001, standard errors in parentheses

show a significant relationship between store type and alcohol/tobacco product availability. Convenience stores were
positively and significantly related to alcohol/tobacco availability (3=0.32, t=3.48, p=0.001). Only small grocers
showed a negative relationship with alcohol/tobacco (3=-0.78, t=—6.15, p<0.001).

4 Discussion

This study represents a first step towards connecting food environments, gut microbiome, and health disparities.
The GM has been shown to play a role in the etiology of numerous diseases that American Indians experience at
disproportionate rates [44-55], including cardiovascular disease [28], irritable bowel syndrome [29], colorectal cancer
[6], diabetes [30], and obesity [31]. Diet exerts a strong influence on GM composition [4, 32], yet suboptimal retail
food environments can present barriers to obtaining the variety and quality of foods needed to support vital GM
functions [5-7]. The results of our study indicate limited availability of GM-enhancing foods within the retail food
environment of the C&A TJA. These findings help to contextualize our previous research, which found that the diets
of C&A participants consisted predominantly of processed proteins and carbohydrates, with low fruit and vegetable
consumption [61]. In turn, the GM profiles of participants resembled dysbiotic states found in metabolic disorders
[61, 62]. These finding also align with our earlier research documenting C&A residents’ challenges accessing healthy
food [65].

Given the mounting evidence implicating GM in disease development, inequitable access to GM enhancing foods
requires continued attention. Food environment measures specific to GM health first need to be developed and
tested. Our study focused on select items from an existing tool (the FGSS) that measured availability of produce and
food variety reasonably well but excluded some categories of microbe-friendly foods, including whole grains beyond
100% whole grain bread (e.g., rice, oatmeal, quinoa), plant protein (beans, legumes, nuts), and probiotics (yogurt,
fermented foods). The availability of plant proteins is especially important given the adverse microbial outcomes
associated with diets high in animal protein [4, 88, 89]. Similarly, our measure of GM-adverse products included only
alcohol and tobacco availability and could be expanded in future studies. For example, increasing evidence sug-
gests that common food additives can contribute to GM dysbiosis [90-92]. More precise measurements represent
the next step towards investigating the statistical relationship between food environments and variation in human
GM composition.

Future research in this area should also heed lessons from the vast food environment literature. Notably, serious
critiques of “food environment” and related concepts (e.g., “food deserts” and “food swamps”) have emerged, with
scholars casting doubt on the connection between food environments and health disparities. Some studies find only
weak relationships between food environments and health outcomes, and increasing access alone often produces
limited changes in dietary habits [93]. Because the adult GM tends to be relatively stable and resilient to short-term
dietary changes [94], these findings may hold true for outcomes associated with the GM as well. Yet rather than sug-
gesting that food environments are therefore unimportant, we advocate for models that recognize the complexity
of social behavior and how political, economic, and cultural contexts shape dietary practices.
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This research contributes to the small number of studies on the retail food environments of Indigenous people [39,
40]. In line with past research, we found significant barriers to accessing nutritious foods, particularly within the more
rural communities [58-60, 65]. Our findings also confirm the importance of nontraditional food outlets, particularly
convenience and dollar stores, as a food source in rural tribal communities [42, 65]. Notably, dollar stores have become
a national growth industry in recent years. Three chains (Dollar General, Family Dollar, and Dollar Tree) made up nearly
half of all new retail store openings in 2021 [95]. Dollar General alone manages over 18,000 stores in 47 states, with a
2021 net sales of $34.2 billion [96]. This rapid expansion has generated backlash from communities, accusing dollar stores
of promoting “food desertification” and undercutting local businesses. Indeed, research shows that dollar stores rarely
stock fresh produce [97] and once a dollar store enters a food desert, the area is less likely to attract a supermarket [98].
Dollar General’s refusal to submit to tribal jurisdiction has also created opposition in some tribal communities [99]. In
response, some communities have enacted local ordinances restricting dollar stores, including limits on store density
and fresh food requirements [100]. To our knowledge, the effectiveness of these policies for increasing rural food access
has not been evaluated but represents an important avenue of future research.

Since the time of the food audits (2014-2015), the retail food market in the C&A TJA has continued to shift. Within the
last five years, the nine communities sampled have gained five dollar/discount stores and lost three small grocers. Most
of the remaining small grocers are Braum’s Fresh Market stores, which predominantly feature fast food and ice cream
and sells healthier food in a separate section of the store. If this trend continues, small grocers could become a less viable
option for obtaining healthy food. How people interact with the food environment has also changed with the increased
availability and use of online grocery shopping and food delivery [15, 101], yet recent evidence suggests that many of
these services are not available to residents of rural food deserts [102]. Continued research is needed to understand how
these changes affect food access, dietary practices, and health outcomes within tribal communities.

5 Conclusion and future directions

This study examined the retail food environment within a rural Oklahoma tribal community to assess the availability of
foods needed to support a healthy gut microbiome. Results indicate that the C&A TJA retail food environment offered
limited opportunities for maintaining a healthy and diverse GM. Convenience and dollar/discount stores made up 75%
of retail outlets in the nine communities within the study area, both store types that scored low on food variety and
high on alcohol/tobacco availability. Supermarkets and small grocers provided the best option for acquiring a variety of
healthy foods but were located predominately in the larger communities.

Despite persistent health disparities, intervention research centered on improving food security and access in Native
American communities remains limited but critically important [103]. Significantly, interventions that adopt principles of
Indigenous food sovereignty, including community-engaged methods and inclusion of traditional knowledge and foods,
have proven effective in promoting dietary change [104]. For example, interventions to increase fresh food selection and
purchases in tribal stores have shown promise and should be more widely implemented in other tribal communities [103,
105, 106]. Beyond a variety of fruits and vegetables, interventions targeting GM health could feature “microbe-friendly”
foods, such as fermented and high fiber foods [8, 107] and plant protein [84]. The recent addition of fresh food within
some dollar stores [108] represents another promising development that should be evaluated, especially in rural tribal
communities.

As new programs and interventions are implemented, it will be crucial to consider local food preferences, as foods
that may benefit the gut microbiome may be less familiar or not well aligned with customary foodways. Although food
preferences are notoriously difficult to alter [109-111], it may be nonetheless possible to promote dietary changes at
both the levels of individuals [112-114] and communities [112, 115]. Research focused on expanding food preferences
to include microbe-friendly foods will be especially important to these efforts.
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