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Abstract

Objective: Public health professionals continue to see the benefits of fruit and
vegetable consumption on population health. While studies that evaluate the
availability of produce are sparse in the medical literature, disparities in avail-
ability may explain the disproportional intake of produce for some people.
Therefore, the purpose of this study was to evaluate the availability and variety of
produce located in two racially and economically diverse urban neighbourhoods.
Design: A cross-sectional study was conducted in which 50% of the supermarkets,
small grocery stores, delicatessens, and fruit and vegetable markets located in
specific neighbourhoods were randomly sampled and surveyed between Sep-
tember 2004 and July 2005. Food stores were evaluated for the availability of 20
types of fresh fruits and 19 types of fresh vegetables, as well as their varieties and
whether they were canned, frozen or previously prepared. 2000 US Census
information was used to determine characteristics of the geo-coded census tracts
where the food stores were located.

Setting: Brooklyn, New York.

Results: A supermarket was located in approximately every third census tract in
predominantly white areas (prevalence = 0.33) and every fourth census tract in
racially mixed areas (prevalence = 0.27). There were no supermarkets located in
the predominantly black areas. With the exception of bananas, potatoes, okra and
yucca, a lower proportion of predominantly black area stores carried fresh pro-
duce, while supermarkets carried the largest variety of produce types. Canned
and frozen fruits and vegetables were found in the majority of stores, whereas

prepared and organic produce was limited to predominantly white area stores. Keywords
Conclusions: These data demonstrate that the availability and variety of fresh Local food environment
produce is associated with neighbourhood racial composition and may be a factor Supermarkets

contributing to differences in intake among residents. Racial disparities

Public health professionals and clinicians continue to see
the benefits of fruit and vegetable intake for maintaining
health. Current recommendations call for increased ser-
vings of fruits and vegetables per day and decreased fats’.
Over the past decades, focus has centred on health
education as the primary mechanism to influence peo-
ple’s dietary decisions. More recently, however, an
appreciation for the contextual influence of the built
environment has gained attention and its influence on
dietary patterns has been investigated. Researchers have
documented racial and economic disparities in the types
of food store available by neighbourhood type*? and the
availability of certain types of food store has been shown
to be associated with residents’ diets*>. Other researchers
have documented that food items sold in stores vary by
neighbourhood type6’7 and the availability of specific
food types predicts consumption by residents®>. More
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recently, investigators have shown that the availability of
food store types is associated with obesity among resi-
dents'®!7. Fewer studies have investigated the accessi-
bility of recommended foods by store type. When
evaluating stores in San Diego, California, more than two
decades ago, Sallis et al. documented that a greater
number of heart-healthy foods were more likely to be
located in supermarkets'®,

Encouragingly, public health professionals are begin-
ning to take a closer look at the influence of built envir-
onments on health, particularly the effects of the local
food environment. Despite this increased attention, evi-
dence-based characterisations of neighbourhoods and
food store types are still needed in order to properly
evaluate and intervene at this level. Therefore, because
(1) research suggests that Americans eat a limited variety
of fruits and vegetables'® and (2) consumption of these
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foods is widely recommended for the prevention of a
number of diseases’?°, we aimed to evaluate the avail-
ability and variety of produce in four types of food store
(supermarkets, small grocery stores, delicatessens, and
fruit and vegetable markets) by neighbourhood racial
segregation. Using extensive Geographic Information
System techniques, we examined two racially and eco-
nomically diverse neighbourhoods located in Brooklyn,
New York.

Methods

The names and addresses of all of the food stores located
in two Brooklyn Community Districts (BCDs) were
obtained from the New York State Department of Agri-
culture and Markets (NYSDAM) in 2004. BCDs are New
York City Regional Planning defined borders and usually
include several neighbourhoods. At the time of the study,
BCD 6 included Carroll Gardens, Cobble Hill, Park Slope,
Gowanus and Red Hook neighbourhoods, while BCD 9
included Crown Heights South, Prospect Lefferts Gardens
and Wingate neighbourhoods. The BCDs selected for this
study were based on the diversity of racial demographics
among the residents of these areas (Table 1).

Metbods for food store surveys

Fifty per cent of all of the supermarkets, small grocery
stores, delis, and fruit and vegetable markets were ran-
domly sampled by BCD and surveyed between Septem-
ber 2004 and July 2005 (Fig. 1). The types of food stores
were determined based on the names of the businesses.
Some food stores were not evaluated due to limited
resources and because it was assumed that fruits and
vegetables would not be sold at these locations. These
types of food stores included convenience stores with gas
stations (n#=9), pharmacies (n=9) and speciality foods
stores (other than fruit and vegetable markets) (7= 56).
Businesses were also excluded when the type of industry
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could not be determined (12 = 63). As a result, a total of
166 stores (20 delis, 10 fruit and vegetable markets, 125
small grocery stores and 11 supermarkets) remained,
from which a 50% stratified (based on BCD and food store
type) random sample was used to determine the stores
surveyed. In addition, independently owned grocery
stores were distinguished from chain supermarkets®.
Store types were surveyed in each BCD at similar times to
control for the effect seasonality might have had on the
availability of fresh produce. The types of food stores
surveyed by BCD are shown in Table 1.

One trained surveyor collected all of the data using
Pendragon software loaded onto a Palm Pilot® (Pen-
dragon Software Corporation; version 3.2, 1998-2001).
Five sampled stores had closed and another store of that
type in the same BCD was selected from the NYSDAM list
to be surveyed.

A comprehensive evaluation of the fresh produce
available in each food store was conducted on 18 types of
fruit (apples, apricots, avocados, bananas, berries, cher-
ries, grapefruit, lemons, limes, mangoes, melons, nectar-
ines, oranges, peaches, pears, pineapple, plums and
tomatoes) and 21 types of vegetables (asparagus, beets,
broccoli, Brussels sprouts, carrots, cauliflower, celery,
corn, cucumber, eggplant, green beans, leafy greens,
mushrooms, okra, peppers, potatoes, peas, squash, yams,
yucca and zucchini). Although other researchers have
surveyed selected food items based on a disease of
interest™’, the hypothesis for this study asserts that the
availability and variety of fruits and vegetables is pre-
dicted by the availability of supermarkets, which are not
equally accessible to all neighbourhoods®?. Moreover, we
developed the list of fruits and vegetables to be surveyed
based on chain supermarkets that are known for having
great varieties of high-quality produce, including Whole
Foods®™ and Garden of Eden® (a local chain in New York
City). Stores were surveyed for the availability of organic
produce as well. Finally, in addition to evaluating fresh
produce, we collected the availability of canned produce

Table 1 Characteristics of Brooklyn Community Districts (BCDs)

BCD 6 BCD 9
Residents, n 104 054 104 014
White — non Hispanic, n (%) 57106 (54.9) 11733 (11.3)
Black — non Hispanic, n (%) 14034 (13.5) 79466 (76.4)
Hispanic, n (%) 24352 (23.4) 8581 (8.2)
Other, n (%) 8562 (8.2) 4234 (4.1)
Median house value (3$) 375064 216 942
2000 US census tracts, n 26 19
Predominantly white, n (%) 24 (92.3) 0 (0.0)
Racially mixed, n (%) 2(7.7) 9 (47.4)
Predominantly black, n (%) 0 (0.0) 10 (52.6)
Population density (persons/sq mile) 29729.7 65008.8
Food stores located in area, n 85 81
Delicatessens, n (%) 14 (16.5) 6 (7.4)
Fruit and vegetable markets, n (%) 4 (4.7) 6 (7.4)
Small grocery stores/bodegas, n (%) 59 (69.4) 66 (81.5)
Supermarkets, n (%) 8 (9.4) 3(3.7)
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Fig. 1 Map of surveyed stores (BCD — Brooklyn Community District)

(corn, green beans, legumes, mushrooms, spinach,
tomatoes, citrus, fruit cocktail and peaches) and frozen
produce (broccoli, carrots, corn, green beans, peas, ber-
ries and peaches), as well as pre-packaged fresh produce,
which we refer to as prepared produce (carrots, celery,
cauliflower, mixed veg, pre-washed greens, mango,
melons, papaya and pineapple).

Defining neighbourbood racial segregation

The unit of analysis was census tracts and the 2000 US
Census data were used to determine the proportion of
total residents that were black Americans. There were a
total of 68 census tracts located in the two BCDs (BCD 6,
n=238; BCD 9, n=230). Census tracts that shared two
BCDs (2= 21), as well as census tracts where the popu-
lation was zero (n=2), were excluded. This approach
left 26 census tracts in BCD 6 and 19 in BCD 9 in these
analyses. The following categories of neighbourhood
racial segregation were created: predominantly black
(n=10, greater than 80% black American); pre-
dominantly white (72 = 24, less than 20% black American)
and racially mixed (=11, 20-80% black American).

Food store addresses were geo-coded to census tracts
using ARCGIS9 (ESRI, 1999-2004).

Statistical analysis

Because dependent variables were expressed as count
data, Poisson regression was used to evaluate the rela-
tionship between the number of stores (dependent
variable) and neighbourhood racial segregation (inde-
pendent variables). The Poisson models were not over-
dispersed. Separate models were created for each food
store type (supermarkets, grocery stores, delis, and fruit
and vegetable markets). Because the number of food
stores tended to be higher in more densely populated
areas, a linear term for population density (persons/sq
mile) was included in the models. In addition, a linear
term for median house value was included in all models
to control for neighbourhood wealth. Prevalence of food
stores (number of food stores/number of census tracts),
adjusted prevalence ratios (PR) and standard errors (SE)
were calculated from regression coefficients where pre-
dominantly white census tracts were used as the refer-
ence. All statistics were calculated using SAS GENMOD
procedure version 9.1 (SAS Institute Inc., 2001).
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Results

Characteristics of the BCDs are found in Table 1.
Although the total population of the two areas was quite
similar, BCD 9 was predominantly black (76.4%), whereas
BCD 6 was white (54.5%) and Hispanic (23.4%). The
wealth and density of the areas were also different. BCD 6
was a wealthier area, but the population density of BCD 9
was over twice that of BCD 6. A total of 45 census tracts
located in these areas met our eligibility requirements for
inclusion in the analyses and 58% (72 = 26) of these tracts
were located in BCD 6, where 92% (1= 24) of those
census tracts were defined as ‘predominantly white’.
Small independently owned grocery stores, which are
often referred to as ‘bodegas’ in New York City, made up
the greatest proportion of food stores in both districts
(BCD 6, 69.4%; BCD 9, 81.5%). The presence of super-
markets relative to the presence of other stores was
lowest in BCD 9 (3.7%).

The prevalence of food stores by neighbourhood racial
segregation is presented in Table 2. A supermarket was
located in approximately every third census tract in pre-
dominantly white areas (prevalence =0.33) compared
with every fourth census tract in racially mixed areas
(prevalence = 0.27). There were no supermarkets located
in the predominantly black areas. The prevalence of
grocery stores/bodegas was lower in predominantly
white (PR=0.97, SE=1.38) and racially mixed (PR=
0.58, SE=1.29) areas after adjustment for population
density and neighbourhood wealth, but delis were most
likely to be located in white areas (PR = 3.31, SE = 2.39)
than in the black and mixed neighbourhoods. The
greatest proportion of food stores in all areas was bode-
gas. This type of food store accounted for 89% of the food
stores in predominantly black areas, 79% of the food
stores in racially mixed neighbourhoods, and 67% of the
food stores in predominantly white areas.

Availability of fresh produce by neighbourbood
racial segregation

The proportion of food store types that carried each type
of fruit and vegetable by neighbourhood racial segrega-
tion is found in Table 3. Overall, 21-43% of the stores
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surveyed carried at least 50% of the types of produce
surveyed. However, 64% (7=25) of all fresh produce
surveyed had a higher presence in predominantly white
area stores, compared with 31% (72 = 12) in racially mixed
areas and 5% (7= 2) in predominantly black areas.

In terms of specific items, more than 40% of food stores
in all three types of neighbourhood carried bananas.
In addition, apples and tomatoes were carried by over
40% of the food stores surveyed in the predominantly
white areas, while less than 5% of the stores located in
these areas carried okra or peas.

The presence of most types of fruits and vegetables was
less common in predominantly black compared with pre-
dominantly white areas. All types of fresh fruits and vege-
tables surveyed were found in at least one food store
located in predominantly white areas, whereas 15% (1= 6)
were not available at all in predominantly black area stores
(peaches, nectarines, apricots, snap peas, beets and celery).
Furthermore, 62% (1 = 24) of produce types surveyed were
carried by only one store in predominantly black areas,
while in white neighbourhoods only 15% of surveyed items
were found in fewer than five stores.

With the exception of bananas, potatoes, okra and
yucca, all other types of fresh fruits and vegetables (90%)
were found in a lower proportion of predominantly black
area stores compared with stores in predominantly white
areas. Adjustment for population density and neigh-
bourhood wealth resulted in a higher prevalence of stores
with lemons and green beans in these areas as well;
however, standard errors were large or could not be
calculated due to sparse data in some cases. In addition,
only two types of produce (bananas and yucca) were
more present in black areas compared with both white
and racially mixed area stores.

Conversely, all but three types of fruits and vegetables
surveyed were available in at least one of the racially
mixed area stores. Compared with the predominantly
white areas, the proportion of stores that carried specific
fruits and vegetables was greater in racially mixed areas
for only 12 (31%) of the 39 types of produce surveyed.
Once adjustments for population density and neigh-
bourhood wealth were made, 46% of the types of pro-
duce were more prevalent in racially mixed than in
predominantly white area stores, but again, standard

Table 2 Adjusted average number of food stores per census tract by neighbourhood racial segregation*

Predominantly white (n= 24)

Racially mixed (n=11)

Predominantly black (n= 10)

Food stores N P SE N P SE N P SE Totals
Supermarkets 8 0.33 ref. 3 0.27 3.09 0 0.00 ~ 11
Grocery stores 53 2.21 ref. 4 3.73 1.39 31 3.10 1.39 125
Delicatessens 14 0.58 ref. 4 0.36 2.51 2 0.20 2.67 20
Fruit and vegetable markets 4 0.17 ref. 4 0.36 3.15 2 0.20 3.38 10
N — number of stores; P — average number of food stores per census tract; SE — standard error; ref. — reference category; ~ indicates not calculated due to no

supermarkets.
* Adjusted for population density and median house value.
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Table 3 Fresh fruits and vegetables by neighbourhood racial segregation

Predominantly white (no. stores surveyed: 42)

Racially mixed (no. stores surveyed: 26)

Predominantly black (no. stores surveyed: 17)

N % PR SE N % PR SE N % PR SE
Does the store carry...
bananas? 18 429 1.0 ref. 12 46.2 1.3 1.9 8 471 1.5 1.6
apples? 17 40.5 1.0 ref. 7 26.9 0.8 1.9 3 17.6 0.6 2.0
tomatoes? 17 40.5 1.0 ref. 7 26.9 1.1 1.9 3 17.6 0.7 2.0
lemons? 15 35.7 1.0 ref. 6 23.1 1.4 2.0 4 23.5 1.2 2.0
oranges? 15 35.7 1.0 ref. 6 23.1 1.1 2.0 3 17.6 0.8 2.1
limes? 14 33.3 1.0 ref. 4 15.4 0.5 23 1 5.9 0.2 3.1
mangoes? 14 33.3 1.0 ref. 5 19.2 0.8 2.2 1 5.9 0.3 3.0
potatoes? 13 31.0 1.0 ref. 10 38.5 2.4 1.8 6 35.3 1.9 1.8
pears? 13 31.0 1.0 ref. 9 34.6 1.5 1.9 2 11.8 0.5 2.3
grapefruit? 12 28.6 1.0 ref. 5 19.2 0.9 2.3 1 5.9 0.3 3.1
peppers? 12 28.6 1.0 ref. 7 26.9 1.3 21 1 59 0.3 3.1
avocadoes? 11 26.2 1.0 ref. 6 23.1 1.3 2.2 1 59 0.4 3.1
berries? 11 26.2 1.0 ref. 4 15.4 0.6 25 1 59 0.3 3.2
cucumbers? 11 26.2 1.0 ref. 6 23.1 0.7 2.4 1 5.9 0.2 3.2
green beans? 11 26.2 1.0 ref. 4 15.4 1.1 2.4 3 17.6 1.3 2.3
melons? 10 23.8 1.0 ref. 6 23.1 0.9 2.3 1 59 0.3 3.2
plums? 10 23.8 1.0 ref. 5 19.2 ~ ~ 1 5.9 ~ ~
celery? 9 214 1.0 ref. 5 19.2 ~ ~ 0 0.0 ~ ~
leafy greens or lettuces? 9 21.4 1.0 ref. 6 23.1 1.2 2.4 1 5.9 0.4 3.2
pineapple? 9 21.4 1.0 ref. 4 15.4 ~ ~ 1 5.9 ~ ~
squash? 9 214 1.0 ref. 6 23.1 1.2 2.4 1 5.9 0.4 3.2
corn? 8 19.0 1.0 ref. 4 15.4 ~ ~ 1 59 ~ ~
zucchini? 8 19.0 1.0 ref. 5 19.2 2.0 2.4 1 5.9 0.6 3.3
broccoli? 7 16.7 1.0 ref. 2 7.7 ~ ~ 1 5.9 ~ ~
mushrooms? 7 16.7 1.0 ref. 2 7.7 ~ ~ 1 59 ~ ~
peaches? 7 16.7 1.0 ref. 4 15.4 ~ ~ 0 0.0 ~ ~
cherries? 6 14.3 1.0 ref. 0 0.0 ~ ~ 1 5.9 ~ ~
carrots? 6 14.3 1.0 ref. 4 15.4 ~ ~ 1 5.9 ~ ~
cauliflower? 6 14.3 1.0 ref. 3 11.5 ~ ~ 1 5.9 ~ ~
eggplant? 6 14.3 1.0 ref. 5 19.2 0.9 3.0 1 5.9 0.4 3.7
nectarines? 6 14.3 1.0 ref. 5 19.2 ~ ~ 0 0.0 ~ ~
yams? 6 14.3 1.0 ref. 5 19.2 1.2 2.9 1 5.9 0.5 3.6
asparagus? 5 11.9 1.0 ref. 1 3.8 ~ ~ 1 5.9 ~ ~
apricots? 4 9.5 1.0 ref. 0 0.0 ~ ~ 0 0.0 ~ ~
beets? 4 9.5 1.0 ref. 5 19.2 ~ ~ 0 0.0 ~ ~
Brussels sprouts? 3 71 1.0 ref. 0 0.0 ~ ~ 1 5.9 ~ ~
yucca? 3 71 1.0 ref. 1 3.8 ~ ~ 2 11.8 ~ ~
okra? 2 4.8 1.0 ref. 2 7.7 1.4 5.4 1 5.9 1.2 5.4
shap or sweet peas? 1 2.4 1.0 ref. 2 7.7 ~ ~ 0 0.0 ~ ~
N — number of stores carrying the item; PR — prevalence ratio; SE — standard error; ref. — reference category; ~ indicates model did not converge.
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Table 4 Canned, frozen and prepared fruits and vegetables by neighbourhood type

98¥%1

Predominantly white (no. stores surveyed: 42) Racially mixed (no. stores surveyed: 26) Predominantly black (no. stores surveyed: 17)

N % PR SE N % PR SE N % PR SE
Does the store carry...
Canned
any canned fruit or veg? 32 76.2 1.0 ref. 17 65.4 0.9 1.2 15 88.2 0.9 1.2
corn? 23 54.7 1.0 ref. 15 57.7 0.8 1.5 8 471 0.7 1.5
garbanzo beans? 20 47.6 1.0 ref. 10 38.5 0.3 1.8 9 52.9 0.7 1.5
green beans? 19 452 1.0 ref. 14 53.8 0.7 1.6 9 52.9 0.8 1.6
white/canellini beans? 19 45.2 1.0 ref. 8 30.8 0.4 1.9 7 41.2 0.4 1.8
red kidney beans? 15 35.7 1.0 ref. 12 46.2 1.2 1.7 7 41.2 0.8 1.8
mixed fruit? 15 35.7 1.0 ref. 8 30.8 0.8 1.8 9 52.9 1.4 1.7
red beans? 14 33.3 1.0 ref. 8 30.8 0.3 2.0 9 52.9 0.7 1.7
spinach? 13 30.9 1.0 ref. 7 26.9 0.9 1.9 6 35.3 1.4 1.8
stewed or diced tomatoes? 12 28.5 1.0 ref. 5 19.2 0.1 2.2 4 23.5 0.4 1.9
peaches? 11 26.1 1.0 ref. 10 38.5 1.4 1.7 9 52.9 2.2 1.7
pigeon peas? 11 26.1 1.0 ref. 8 30.8 0.6 1.9 9 52.9 1.1 1.8
citrus? 6 14.3 1.0 ref. 3 115 0.5 3.5 1 5.9 0.4 3.9
canned/jarred mushrooms? 5 11.9 1.0 ref. 8 30.8 4.6 2.3 1 5.9 1.0 3.4
Frozen
any frozen fruits and veg? 9 21.4 1.0 ref. 4 15.4 0.7 2.6 3 17.6 1.0 2.4
corn? 9 214 1.0 ref. 4 15.4 0.7 2.8 2 11.8 0.6 2.7
peas? 9 214 1.0 ref. 4 15.4 0.7 2.8 2 11.8 1.0 27
broccoli? 8 19.0 1.0 ref. 4 15.4 0.6 3.0 1 5.9 0.3 3.5
green beans? 8 19.0 1.0 ref. 3 115 0.4 2.8 3 17.6 1.0 2.6
carrots? 2 4.8 1.0 ref. 3 11.5 ~ ~ 1 5.9 ~ ~
blueberries? 1 2.4 1.0 ref. 1 3.8 ~ ~ 0 0.0 ~ ~
raspberries? 1 2.4 1.0 ref. 1 3.8 ~ ~ 0 0.0 ~ ~
peaches? 0 0.0 1.0 ref. 1 3.8 ~ ~ 0 0.0 ~ ~
strawberries? 0 0.0 1.0 ref. 0 0.0 ~ ~ 0 0.0 ~ ~
Prepared
bagged spinach? 4 9.6 1.0 ref. 1 3.8 ~ ~ 0 0.0 ~ ~
bagged mesclun greens? 4 9.6 1.0 ref. 0 0.0 ~ ~ 0 0.0 ~ ~
prepped mixed veg? 4 9.6 1.0 ref. 1 3.8 ~ ~ 0 0.0 ~ ~
bagged Caesar greens? 2 4.8 1.0 ref. 1 3.8 ~ ~ 1 5.9 ~ ~
prepped celery? 2 4.8 1.0 ref. 0 0.0 ~ ~ 0 0.0 ~ ~
sliced cantaloupe? 2 4.8 1.0 ref. 1 3.8 ~ ~ 0 0.0 ~ ~
sliced watermelon? 2 4.8 1.0 ref. 1 3.8 ~ ~ 0 0.0 ~ ~
bagged romaine? 1 2.4 1.0 ref. 0 0.0 ~ ~ 0 0.0 ~ ~
prepped carrots? 1 2.4 1.0 ref. 0 0.0 ~ ~ 0 0.0 ~ ~
sliced honeydew? 1 2.4 1.0 ref. 0 0.0 ~ ~ 0 0.0 ~ ~
sliced mango? 1 2.4 1.0 ref. 0 0.0 ~ ~ 0 0.0 ~ ~
sliced papaya? 1 2.4 1.0 ref. 0 0.0 ~ ~ 0 0.0 ~ ~
sliced pineapple? 1 2.4 1.0 ref. 1 3.8 ~ ~ 0 0.0 ~ ~
prepped cauliflower? 0 0.0 1.0 ref. 0 0.0 ~ ~ 0 0.0 ~ ~
N — number of stores carrying the item; PR — prevalence ratio; SE — standard error; ref. — reference category; ~ indicates model did not converge.

Note: PR and SE adjusted for population density and neighbourhood wealth.

BUSWO[I] § PUE PUBMION 3


http://dx.doi.org/10.1017/S1368980007000079
http:/www.cambridge.org/core
http:/www.cambridge.org/core/terms

Disparities in the availability of fruits and vegetables

errors were large and could not be calculated in some
cases due to sparse data.

Availability of canned, frozen and prepared

Sruits and vegetables by neighbourbood

racial segregation

In addition to the availability of fresh produce, stores were
also surveyed for the availability of canned, frozen and
prepared fruits and vegetables (Table 4). Compared with
the availability of fresh produce (less than half of the stores
in these areas carried fresh produce), a larger proportion of
the stores in all areas carried canned produce: pre-
dominantly white, 76%; racially mixed, 65%; predominantly
black, 88%. Compared with stores in black areas, more
stores located in predominantly white and racially mixed
areas carried canned corn, citrus, green beans, white beans,
kidney beans, stewed or diced tomatoes, and mushrooms.
However, canned red beans, garbanzo beans, pigeon peas,
spinach, mixed fruit and peaches were found in more
stores in predominantly black areas.

Only 56% of the frozen fruits and vegetables surveyed
were found in at least one food store located in pre-
dominantly black areas compared with 78% in pre-
dominantly white and 89% in racially mixed areas. As well,
the prevalence of frozen produce was lower than that of
canned produce in all three types of neighbourhood:
21% (1= 9) of stores in white areas; 15% (= 4) in racially
mixed areas; and 18% (7= 3) in black areas.

Compared with canned and frozen produce, prepared
fruits and vegetables were not as prevalent in any of the
neighbourhoods (Table 4). In predominantly black areas,
only one store sold one type of the prepared produce
surveyed; no other type of prepared fresh produce was
available in black neighbourhoods. Conversely, nearly all
prepared fresh produce surveyed was available in pre-
dominantly white area stores, although the prevalence of
food stores offering these items was low, and less than
half of all of the varieties were available in racially mixed
areas. Finally, organic produce was available exclusively
in predominantly white areas stores, where 46% (1= 18)
of surveyed varieties were found in one to four stores:
apples, tomatoes, potatoes, bananas, berries, oranges,
peppers, cucumbers, grapes, green beans, leafy greens,
melons, mushrooms, nectarines, peaches, pears, plums
and squash (data not shown).

Availability of fresh produce by neighbourbood
racial segregation and food store type

In white neighbourhoods, 76% of supermarkets carried
75-100% of fruits and vegetables surveyed compared with
51% in racially mixed neighbourhoods. A greater pro-
portion of supermarkets in both areas carried all types of
fruits and vegetables compared with small grocery stores
and delis. With the exception of potatoes and bananas, a
greater proportion of grocery stores located in white areas
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carried all types of produce and grocery stores were more
likely to carry most types of produce than delis in all
areas. Although 85% of fruits and vegetables surveyed
could be found in at least one predominantly black area
grocery store, three-quarters (77%) of these types of
produce were limited to one of the 15 bodegas in the area
(data not shown).

Discussion

These data demonstrate that the availability and variety
of fresh produce is associated with the racial composition
of neighbourhoods, where a greater number of stores
in white areas carry fresh produce than in other
racially segregated areas. Moreover, the availability and
varieties of fresh produce carried in supermarkets is
greater compared with the other types of food store
surveyed.

Additionally, canned produce is present in a larger
proportion of stores in black areas than in other areas.
However, it is worth noting that while canned produce is
a recognised source of nutrients, added sodium and sugar
in canned produce may make frozen produce preferable.
The presence of frozen produce was lower in all three
types of neighbourhood compared with the presence of
canned produce, but frozen produce was less available in
black neighbourhoods than in white.

These findings may be influenced by the following
limitations. First, our ability to control for other neigh-
bourhood characteristics, such as neighbourhood wealth,
was limited in many models due to sparse data. The
sparse data in many analyses were due to the small
number of stores in black areas that carried the fruit or
vegetable of interest. Second, we used the NYSDAM 2004
list of food stores from which to draw our sample. If the
food environment changed between the time when New
York State developed the list and we conducted our
surveys, our study may be influenced by sampling error.
Third, we coded types of food stores to be sampled based
on the names of the stores. Food stores that could not be
coded based on this method were excluded. Some of
these food stores may have sold produce; however,
similar proportions of these ‘unknown’ types of food
stores were excluded from both BCDs. Similarly, other
places excluded (such as pharmacies, gas stations and
speciality stores) may have sold some produce, which
would result in an underestimate of the prevalence of
produce availability. However, these stores were exclu-
ded in both BCDs in similar proportions, and therefore
no differential bias is expected in our results. Finally,
small grocery stores and delis may have been mis-
classified in the event that the names of the businesses
did not reflect that food was sold on the premises;
however, any misclassification is expected to be non-
differential between BCDs, and chain supermarkets were
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unlikely to be misclassified because of brand typing in
New York City.

In total, five stores had closed in BCDs 6 and 9
since the NYSDAM generated the data used for this study.
The closed stores were two delis, one independently
owned grocery store, and two fruit and vegetable
markets. One of the closed fruit and vegetable markets
was in a predominantly black census tract; the rest of
the stores were in white or racially mixed neighbour-
hoods. No supermarket had closed in either BCD.
However, it can be assumed that new food stores
opened since the NYSDAM data, but their number is
unknown.

Unfortunately, the contextual factors associated with
changes in the food environment in this analysis remain
unknown. Yet, the facts that (1) there were no super-
markets located in the predominantly black census tracts,
and (2) the only fruit and vegetable market located in
a predominantly black census tract had closed since
NYSDAM generated the list of markets used for this
study, suggest that residents of the predominantly
black areas were reliant on bodegas and delis to purchase
fresh produce, or were forced to shop outside their
immediate area. We have shown, as other investigators
have demonstrated, that these types of stores have
fewer choices of produce and availability at higher
prices®!. Moreover, for the areas studied, the population
density is twice as great in BCD 9, where the pre-
dominantly black census tracts are located. Hence, these
disparities in the built environment affect twice as many
residents.

Our data build on previous findings that the availability
of specific food types predicts consumption by resi-
dents®™ and that food store type is associated with
obesity among residents'®!”. Although it is well recog-
nised that fresh fruits and vegetables are a good source of
antioxidants, fibre and other nutrients found to prevent
diseases, our findings further suggest that people living in
some of the study areas may experience barriers in access
to these foods because of the lack of supermarkets and
the low prevalence of other stores in their neighbour-
hoods that carry these foods.

Further study is needed to understand these barriers,
and to illuminate specifically the relationship between
availability of produce and the diets of residents in these
neighbourhoods, although other researchers have
demonstrated a link between diet and the availability of
certain food types in other areas. Additionally, further
study is necessary to adequately discuss economic and
cultural factors.

This and future studies investigating how disparities
across local food environments ultimately impact resi-
dents’ health will further elucidate avenues for public
health interventions so that urban planners, city govern-
ments and food distributors may work towards building
more equitable built environments.
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