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Abstract

Local businesses that offer foods may create different ‘grazing environments’ (characterized by
sources of ready-to-consume foods) and ‘grocery environments’ (characterized by sources of
foods for later preparation). Such environments may be relevant to different populations at
different times and may vary by neighborhood. In neighborhoods within two demographically
distinct areas of the Bronx, NY (Area A [higher-poverty, greater minority representation, lesser
vehicle ownership] versus Area B), researchers assessed all storefront businesses for food
offerings. Food offerings could be ready-to-consume or require additional preparation. ‘Healthful’
offerings included fruits and vegetables, whole grains, and nuts; ‘less-healthful” offerings included
‘refined sweets’ and “salty/fatty fare.” ‘Food businesses’ (those primarily focused on selling food)
were distinguished from ‘other businesses’ (not focused primarily on food selling). Area A had a
higher percentage of street segments on which foods were available (28.6% vs. 6.9% in Area B;
difference 21.7 percentage points [95% CI: 17.0, 26.5]) and a higher percentage of businesses
offering foods (46.9% vs. 41.7% in Area B; difference 5.2 percentage points [95% CI: -2.0, 12.4]).
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‘Less-healthful” items predominated in both ‘grazing environments’ and overall environments
(‘grazing’ plus ‘grocery environments’; the environments researchers typically measure) in both
Areas A and B. ‘Other businesses’ represented about 2/3 of all businesses and accounted for
nearly 1/3 of all the businesses offering food in both geographic areas. The lower-income area
with greater minority representation and less private transportation had more businesses offering
foods on more streets. There was near-perfect overlap between ‘grazing environments’ and overall
environments in both geographic areas. Future research should consider the extent of ‘grazing’ and
‘grocery environments,” and when each might be most relevant to populations of interest.
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INTRODUCTION

There is increasing interest among researchers and policy makers as to how people’s dietary
intake may relate to local sources of food.(1-4) Local food sources may influence people’s
dietary choices, but research findings have been inconsistent(1-3) and studies do not
generally distinguish sources of foods ready for consumption from sources of foods for later
preparation. The distinction may be critical as the two categories of food can be relevant for
different populations at different times. For instance, the availability of food ingredients may
matter less for individuals seeking grab-and-go meals and snacks for immediate
consumption (e.g., students traveling to or from school) compared to individuals stocking up
for subsequent cooking and eating (i.e., those shopping for groceries).

Sources of foods ready for consumption include various storefront businesses,(5-8) fast food
outlets, and take-away restaurants, all of which may be over-represented in lower-income
and minority neighborhoods.(9-12) Other sources of ready-to-consume foods like
convenience stores and grocery stores (also sources of foods for later preparation), might
likewise be overrepresented in these communities.(9-11, 13) In contrast, larger chain
supermarkets (sources of both foods for immediate consumption and later preparation) tend
towards wealthier white communities(14, 15) having greater access to private transportation.
(16)

Disparities in food availability between communities may be defined by differences in
‘grazing environments’ (characterized by sources of foods for immediate consumption) and
‘grocery environments’ (characterized by source of foods for later preparation). Failing to
appreciate the distinction between these two types of environments may lead to
miscategorization of food-source exposures and to false relationships in studies linking food
availability to diet. For instance, in studies focused on adolescents, considering grocery-only
retail as part of food-source exposures could potentially bias food-environment—diet
associations if what adolescents largely consume is pre-prepared foods (as some evidence
suggests is the case (17-19)). Misclassifying elements of a ‘grocery environment’ as part of
the more-relevant ‘grazing environment’ may partly explain why food-environment research
findings for adolescents have been mixed.(3)
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The current study assessed ‘grazing environments’ and overall food environments (‘grazing’
plus ‘grocery environments’; the environments that studies typically assess) for communities
within two demographically distinct urban areas. The areas differed in rates of poverty,
racial/ethnic representation, and vehicle ownership. The areas also differed in rates of
unhealthful dietary behaviors and diet-related diseases. Investigators considered how
differences in sources of foods between the two areas (foods ready for consumption versus
requiring additional preparation) could be important for food-environment research and
community health. Specifically, investigators assessed how ‘grazing’ and overall food
environments differed, and to what extent the distinction could matter for associations with
diet in populations of interest.

METHODS

Sampling in two urban areas

The study focused on two large geographic divisions of the Bronx, NY—essentially the
southwest and southeast quadrants of Bronx county (Figure 1).(20) Investigators purposely
selected census tracts having the highest rates of poverty (and relatively high proportions of
racial/ethnic-minorities), designated ‘Area A,” and census tracts having the lowest poverty
rates (and lower proportions of racial/ethnic-minorities), designated ‘Area B.” Area A (15
census tracts) was more populous, so investigators included a greater number of census
tracts in Area B (17 census tracts) for more comparable total populations (Figure 1). Area A
had comparatively lower rates of vehicle ownership, a marker of mobility and potential
access to distant food sources.(21) Area A (or, more precisely, the southwest division of the
Bronx containing it) had higher rates of less-healthful eating (e.g., lower fruit-and-vegetable
intake, higher sugary-drink consumption, poorer diet quality) and higher rates of diet-related
chronic conditions (e.g., obesity, hypertension, diabetes).(22)

The study included all 398 “street segments’ (sections of a street between cross streets) in
Area A and all 855 street segments in Area B. The goal was to assess all food sources to
which individuals could be exposed in traveling along area streets.

Assessment for food sources

Investigators traveled the length of each side of each street segment, in each geographic area,
to identify any storefront businesses offering foods (of note, ‘storefront businesses’ included
free-standing vending machines). Assessments occurred during summer 2013. For each
identified storefront business, investigators recorded the name, location, and type of
business, and determined if any food was for sale using signage, menus/menu boards,
product displays, and/or inquiries of staff. A distinction was made between ‘food businesses
(i.e., outlets primarily focused on selling foods such as grocery stores, supermarkets,
specialty food stores, restaurants, and free-standing vending machines) and ‘other
businesses’ (i.e., all other storefronts such as auto shops, department stores, laundromats,
beauty salons, and pawn shops).
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Categorization of foods

Food items identified in assessments were classified as either ‘ready to consume’ or
‘requiring additional preparation.” Additional preparation could include manipulation like
opening with tools (e.g., a can opener), soaking, cooking, defrosting, heating, or chopping.
Foods requiring additional preparation were felt to serve individuals seeking to eat at a later
time. Sources of such foods defined a ‘grocery environment’. Foods that might be part of a
‘grocery environment” included canned foods like peas, dried foods like beans, fresh
vegetables like potatoes, microwave meals, and whole fruit like uncut pineapple or melon.
Conversely, ready-to-consume foods would require no additional effort to eat other than
perhaps opening a container (e.g., a box of raisins, a bag of chips, a jar of salsa) or hand
peeling (e.g., oranges or bananas). Sources of food ready for consumption defined a ‘grazing
environment,” felt to serve individuals seeking to eat immediately (or at least open to eating
presently, even if immediately obtaining food not the original objective or intent).

More details on ‘ready to consume’ and ‘requiring additional preparation” appear in Table 1.
Table 1 also shows food categorizations. Five food categories were developed through prior
work in food-environment assessment.(8, 23-26) Categories included ‘fruits and
vegetables,” ‘whole grains,” ‘nuts,” ‘refined sweets,” and ‘salty/fatty fare.” Consistent with
the Dietary Guidelines for Americans,(27) the three former categories were considered
‘healthful’ and the two latter categories were considered ‘less-healthful.” Investigators
assessed for the presence (yes/no) of any item in each category within all identified
businesses.

Reliability in data collection

Using methods developed in earlier food-environment research, (8, 23-26) three investigators
conducted assessments of 20 storefront businesses—first independently, then as a group. For
the independent assessments, there was near-perfect agreement with regard to business
name, business location, business type, and food offerings (agreement 98.7%). An example
error was one investigator missing a vending machine at the back of a hair salon. For the
group assessment, there was essentially perfect agreement with the gold standard of
observations made independently by the principal investigator. The only differences were in
the examples noted for available foods (e.g., the group noting “whole-wheat bagel” and the
principal investigator noting “oatmeal” for the whole-grain item at a donut shop).

For data collection and management, the study used the web-based REDCap application.
REDCap (Research Electronic Data Capture)(28) provides an intuitive interface for
validated data entry, audit trails for tracking data manipulation, and automated export
procedures for downloads to statistical packages.

Statistical Analyses

Investigators compared observations from Area A to those from Area B using two different
and complementary units of analysis: (1) street segments and (2) storefront businesses. Of
interest were the number and types of food sources that could be encountered traveling along
the streets in both geographic areas. Comparisons between the Area A and Area B were by
the five different types of food categories, first among ready-to-consume options (‘grazing
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environments’) and then including items requiring additional preparation (‘grazing’ plus
‘grocery environments’—i.e., the ‘overall environments’ typical in food-environment
research). Investigators used Stata version 12.1 (StataCorp, College Station, TX) for
descriptive statistics and comparisons. Results include 95% confidence intervals as
indicators of precision in measured differences.

Table 2 characterizes ‘grazing environments’ by showing sources of ready-to-consume-food
offerings in Area A versus Area B by street segment and by storefront businesses. A
footnote to the table characterizes ‘overall food environments’ by describing the comparative
distributions for sources of all foods, including those requiring later preparation. Numbers
and percentages detailed below come from the table or from calculations based on table
values.

While there were fewer than half as many street segments in Area A (398 versus the 855 in
Area B), there were more than twice as many businesses there (586 versus 266 in Area B).
In other words, the lower-income area having greater minority representation and lesser
vehicle ownership (Area A) had more than four times the proportion of street segments with
storefront businesses (36.7% versus 8.7% in Area B; difference 28.0 percentage points [95%
Cl: 22.9, 33.1]). Area A also had more business per unit area and more business per capita
than Area B (Figure 1).

There were also more than twice as many street segments offering ready-to-consume foods
in Area A than Area B (113 vs. 59). Stated differently, the ‘grazing environment’ that would
be presented to an individual traveling through Area A was nearly twice as extensive the
‘grazing environment’ present in Area B. At least some ready-to-consume food could be
found on more than one in four streets in Area A (28.4%). Conversely, ready-to-consume
food was available in Area B on fewer than one in fourteen streets (6.9%, a difference of
21.5 percentage points [95% CI: 16.7, 26.2]). Considering ‘grazing environments’ by street
segment, a potential consumer would find ready-to-consume items in each of the five food
categories available proportionately more often in Area A.

In both geographic areas, but more markedly in Area A, less-healthful items predominated
in ‘grazing environments.” Walking through Area A, a potential consumer would find that
nearly 1 in 10 street segments (9.8%) offered only less-healthful ready-to-consume foods
without healthful alternative. In Area B, the proportion was closer to 1 in 30 (3.3%; a
difference of 6.5 percentage points [95% CI: 3.4, 9.7]). ‘Refined sweets’ and ‘salty/fatty
fare” were available on 99.1% and 91.2% of the street segments offering food in Area A and
on 89.8% and 88.1% of street segment offering food in Area B, respectively.

At the level of storefront businesses, Area A likewise had a ‘grazing environment’ more
extensive than that of Area B. There were nearly 2.5 times more storefront businesses
offering ready-to-consume foods in Area A (273 versus the 111 in Area B). The proportion
of storefront businesses offering ready-to-consume foods was 46.6% in Area A versus
41.7% in Area B (difference 4.9 percentage points [95% CI: -2.3, 12.0]). The largest
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business-level difference between the two areas was in the proportion offering nuts (8.9
percentage-point difference [95% CI 2.8, 15.0), contributed by differences in offerings from
both “food businesses’ and “other businesses.’

‘Other businesses’ represented about 2/3 of all businesses in both geographic areas and
accounted for nearly 1/3 of all the businesses defining ‘grazing environments.” A higher
percentage of ‘other businesses’ offered ready-to-consume foods in Area A than in Area B
(20.7% vs. 17.1%; difference 3.6 percentage points [95% ClI: -3.2, 10.3]). Although ready-
to-consume items from all of the five food categories were more available from ‘other
businesses’ in Area A, the numbers and proportions of foods from ‘less-healthful’ categories
strongly predominated over those from ‘healthful’ categories—and to a degree that was
greater than in Area B.

Considering ‘overall food environments’ (‘grazing environments’ plus sources of foods
requiring additional preparation), the distributions of availability by street segment and by
storefront businesses were similar to those seen in ‘grazing environments’ (see footnote to
Table 2). In fact, there was near-complete overlap between overall and ‘grazing’
environments in both areas.

The most notable exceptions to the overlap between overall and ‘grazing environments’
were in Area A: 11 businesses sold only varieties of fruits/vegetables and whole grains that
required additional preparation, and four businesses sold only varieties of ‘salty/fatty fare’
that required additional preparation. A potential consumer would, thus, not have ready-to-
consume options for fruits/vegetables, whole grains, or ‘salty/fatty fare’ at 5.6%, 7.5%, and
1.8% of the businesses offering other varieties of these products, respectively. However,
given placement of businesses on streets, a potential consumer could find ready-to-consume
fruit/vegetable varieties on all street segments where any fruit/vegetable options were
available. For whole grains and “salty/fatty fare,” a potential consumer could find ready-to-
consume varieties on all except 5.6% and 1.0% of the street segments where any varieties of
these products were available, respectively.

Between the two geographic areas, by street segment, the overall food environment in Area
A was 1.9 times more extensive than in Area B. By storefront business, the overall food
environment in Area A was 2.5 times more extensive than in Area B.

DISCUSSION

The current study assessed sources of food to which individuals traveling in two
demographically distinct urban areas might be exposed. Findings show differences in
‘grazing’ and overall food environments. Both environments were more extensive in the
lower-income area with greater minority representation and less vehicle ownership, with
more businesses offering food on more streets. This area had more food sources overall,
including sources of ‘healthful’ and ‘less-healthful’ read-to-consume options.

Prior research on local food sources has not explicitly addressed the issue of foods ready for
consumption as distinct from foods requiring additional preparation but has instead tended to
conflate readiness with healthfulness: source of ready-to-consume items (e.g. fast-food
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restaurants) have generally been categorized as ‘unhealthy’ while sources of items for later
preparation (e.g., supermarkets) have generally been categorized as ‘healthy.’(29) This
conflation is problematic because there are plenty of *healthful’ foods that are ready to
consume (e.qg., fresh fruits, nuts, prepared whole grain dishes) and ‘less-healthful” foods
requiring additional preparation (e.g., cake mixes, frozen pastries, microwave dinners).
Moreover, fast -food outlets often sell healthful items (e.g., green salads, milk, sliced fruit)
(30) and supermarkets may provide vast arrays of unhealthful fare.(31, 32)

Looking specifically at foods which happened to be “fast’ (i.e., ready-to-consume), and
which also happened to be unhealthful (e.g., candy, salty snacks, frozen and baked sweets), a
study of retail storefronts from 19 U.S. cities demonstrated greater availability in census
tracts that were either in the highest tertiles for income and minority percentage or the
lowest tertiles (however the sample sizes were small and differences were not statistically
significant).(5) A study that focused only on drug stores in North Carolina showed no
differences in availability of foods (including ready-to-consume items like cereal, cheese,
and chips, and items requiring additional preparation like canned vegetables, dried pasta,
and frozen meats) by neighborhood income.(33) Nonetheless, as in the present study, less-
healthful items were available more frequently than healthier items.(33)

When less-healthful items are highly available, lower-income individuals may be more
restricted to these options than those with higher incomes and/or greater mobility.(34) For
instance, the potential influence of fast-food outlets on diet may be strongest among families
with low vehicle access.(35) Indeed, prior research has shown that socioeconomic status,
including car ownership, may influence distance traveled to obtain food,(34, 36) and the
consequences for body weight of living in a ‘food swamp’ (an area with a high-density of
fast food and junk food relative to healthier options) may be more pronounced in areas
where residents are less mobile.(37)

In the current study, the area defined by greater poverty and less vehicle ownership had
greater food availability—both items ready-to-consume and overall. There were more
opportunities for ‘grazing’ or snacking, and for purchasing food in general. Those living in
the area would not have to travel far to obtain something to eat. The fact that most available
items in both ‘grazing’ and overall environments were ‘less-healthful” might help explain
why the division of the Bronx containing the area has higher rates of less-healthful eating
and of diet-related chronic diseases.(22)

The greater availability of food in the geographic area with less vehicle ownership was
attributable mostly to the greater retail density there. In both geographic areas though, food
items were available from a wide variety of retail sources beyond expected ‘food
businesses.” Indeed, ‘other businesses’ (including auto shops, department stores,
laundromats, and pawn shops) represented about 2/3 of all businesses and 1/3 of all the food
sources in both geographic areas (in which they offered predominantly less-healthful items).

The current study has several strengths. First, investigators sampled in two demographically
distinct urban areas, including all businesses on over 1,250 street segments. Second, data
collection included sources of both healthful and less-healthful food categories. Third,
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investigators distinguished between items that were ready-to-consume from food items
overall—a novel and important distinction for food environments relevant to different groups
(e.g., those amenable to eating now versus those intending to eat later). Fourth, food
availability was assessed using two different, complementary units of analysis: street
segments (what’s available on a given street) and businesses (what’s available from a given
storefront). Fifth, for businesses, the study considered contributions of ‘other business’
(overlooked in most food-environment research)(29) in addition to contributions of “food
businesses.’

One limitation of the present study is its cross-sectional design. Other research by our group
suggests local food environments may change over time in a direction of increasing food
availability. For instance, we found that on a sample of streets across the Bronx, nearly 30%
more businesses offered food in 2015 than in 2010, with the number of streets on which
foods were available increasing by more than 20% over the five-year period. (Authors, paper
under review) Thus the findings of the current study with regard to food availability are
likely conservative. Additionally, the current study utilized generous criteria for
healthfulness (e.g., counting foods like fruit cocktail, trail mix, and popcorn as “healthful’
and likewise counting relatively minor components like sandwich toppings). The study also
did not measure the relative amounts of ‘healthful” versus ‘less-healthful’ food items.
Anecdotally, there were greater quantities and varieties of less-healthful foods even when
healthful options were present (e.g., the token bananas near the register at a donut shop). An
additional limitation is the exclusive focus on foods without considering beverages. This
choice related to the fact that virtually all beverages (with the rare exception of powdered
drink mixes, canned milk, and frozen juices) are ready-to-consume and cannot help
distinguish ‘grazing’ from ‘grocery environments.” With regard to distinguishing
environments, there may have been food sources that offered ready-to-consume items but
not items for later preparation and our data did not allow us to make this determination.
Future research should. For now, it is sufficient to note differences between ‘grazing
environments’ and ‘overall environments.” Finally, While we cannot say if our findings
apply in other cities, the availability of ready-to-consume less-healthful items from a wide
variety of storefront retailers is consistent with prior literature looking at cities across the
U.S.(5)

The current study is the first to our knowledge to explicitly consider sources of food ready
for consumption (‘grazing environments’) as distinct from sources of food overall (including
grocery items for later preparation). ‘Grazing’ and ‘grocery environments’ might be relevant
to different populations at different times, and future research should consider this nuance.
For instance, in the current study, there were some storefronts that only offered whole grains
and fruits and vegetables that would require additional preparation. These businesses might
not be so relevant to children looking for snacks(38), for example, and probably should not
be included as potential food-source ‘exposures’ for children making their own purchasing
and consumption decisions.
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We found that the overall food environment was more substantial in the lower-income area
having greater-minority representation, lesser vehicle ownership, and more businesses on
streets. Less-healthful items predominated and were substantially more numerous (and
proportionally more present) than in the wealthier area with greater vehicle ownership.
Because lower vehicle ownership might hinder travel for distant groceries,(21) the
predominance of less-healthful offerings in an immediate vicinity is concerning for
community health—particularly with regard to ready-to-consume items. Such items might
lure people into impulse purchases (and impulse consumption) they did not intend.

To promote healthier choices and better health, some research has focused on ready-to-
consume meals.(39) However, ready-to-consume foods extend beyond meals and include
wide varieties of snacks across spectrums of healthfulness and processing. Preliminary
evidence suggests that modifying ready-to-consume foods near the checkouts at various
storefront retailers (e.g., to include fresh and dried fruits, granola bars, and/or nuts) could
result in more-healthful purchases.(40) Also, store owners might work with distributors to
stock more healthier ready-to-consume items in addition to, or in place of, less-healthful
fare.(41)

Regardless, conceptualizations of food environments should extend beyond limited arrays
grocers and restaurants. ‘Grazing’ and ‘grocery environments’ may include many ‘other
businesses.” Researchers and communities should recognize the substantial availability of
foods (both ready-to-consume and for later preparation) from a wide variety of storefronts,
and the substantial potential to modify offerings towards improved community health.
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Figure 1.
Sampled census tracts in two large geographic divisions of the Bronx, NY
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Food categories and healthfulness for ready-to-consume foods (contributing to a ‘grazing environment’) and

foods requiring additional preparation (contributing to a ‘grocery environment’)

Food Category (healthfulness)

Examples of ready-to-consume foods

Examples of foods requiring additional

preparation

Fruits and Vegetables (healthful)

Pieces of fresh fruit requiring no cutlery
to peal or cooking to eat (e.g., apples,
oranges, bananas, berries)

Prepared fruit salads, green salads, or
vegetable dishes

Pop-top, peal-top, or screw-top fruit/
vegetable items (e.g., fruit cocktail,
humus, jars of salsa)

Dried fruit (e.g., raisins, prunes, apricots)

Toppings (e.g., lettuce and tomato for
sandwiches, peppers and onions for
pizza)

Uncut, thick-skinned fruit
requiring cutlery (e.g., melons,
pineapple, durian)

Fresh fruits/vegetables requiring
cooking (e.g., plantain, potatoes,
winter squash, eggplant)

Canned fruits/vegetables requiring
an opener (e.g., canned peas,
canned peaches)

Dried fruits/vegetables requiring
cooking (e.g., split peas, beans,
lentils)

Frozen items requiring defrosting
or heating (e.g., frozen berries,
frozen spinach)

Whole Grains (healthful)

Cooked rice or other cooked whole
grains

Prepared whole-grain pastas and baked
good

Whole-grain crackers and chips
Whole-corn tortillas

Baked whole-wheat pizza crust
Granola bars and trail mixes

Popped popcorn

Uncooked brown rice or other
whole grains

Unpopped popcorn
Frozen tortillas and breads

Unbaked whole-wheat bread or
pizza dough

Nuts (healthful)

Shelled nuts, seeds, and peanuts
Trail mixes

Peanut butter and nut butters

Nuts still in their shells (except for
“cracked” pistachios that could be
opened manually or peanuts in
their soft dried pods)

Refined Sweets (Jess-healthful)

Baked goods (e.g., cookies, cakes,
brownies, donuts, muffins, pastries, pies)

Candy bars and other candies

Frozen novelties (e.g., ice creams,
sherbets, sorbets, ices)

Sugary breakfast cereals

Items requiring heating or baking
(e.g., frozen pastries, frozen pies,
cookie dough)

Items requiring additional
ingredients plus baking (e.g.,
brownie mix, cake mix)

Salty/Fatty Fare (less-healthful)

J Community Health. Author manuscript; available in PMC 2019 October 01.

Bagged snacks that are not whole-grain
(e.g., potato chips, corn chips, pork
rinds)

Processed meats and fast-food meats
(e.g., hotdogs, hamburgers, sausages,
cheese steaks, cold cuts/deli meats, jerky,
bacon)

Fried foods (French fries, fried chicken),

Items requiring baking/warming
(e.g., frozen pizzas, frozen
burritos, microwave dinners, etc.

Items requiring cooking (e.g.,
dried ramen, boxed mac and
cheese, chopped frozen
cheesesteak, etc.)
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Food Category (healthfulness)  Examples of ready-to-consume foods Examples of foods requiring additional
preparation

. Ethnic fast foods (e.g., tacos, empanadas,
pizza slices, fried rice, fried dumpling’s,
ramen, egg rolls)
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