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Abstract
Objective: To examine the association between economic residential segregation
and food environment.
Design: Ecological: Food stores categorised according to the NOVA classification
were geocoded, and absolute availability was calculated for each neighbourhood.
Segregationwas measured using local Gi

* statistic, a measure of the SD between the
economic composition of a neighbourhood (the proportion of heads of house-
holds in neighbourhoods earn monthly income of 0 to 3 minimum wages) and
larger metropolitan area, weighted by the economic composition of surrounding
neighbourhoods. Segregation was categorised as high (most segregated), medium
(integrated) and low (less segregated or integrated). A proportional odds models
were used to model the association between segregation and food environment.
Setting: Belo Horizonte, Brazil.
Participants: Food stores.
Results: After adjustment for covariates, neighbourhoods characterised by high
economic segregation had fewer food stores overall compared with neighbour-
hoods characterised by low segregation (OR= 0·56; 95 % CI (0·45, 0·69)). In addi-
tion, high segregated neighbourhoods were 49 % (OR= 0·51; 95 % CI (0·42, 0·61))
and 45 % (OR = 0·55; 95 % CI (0·45, 0·67)) less likely to have a high number of food
stores that predominantly marketed ultra-processed foods and mixed food stores,
respectively, as compared with their counterparts.
Conclusions: Economic segregation is associated with differences in the distribu-
tion of food stores. Both low and high segregation territories should be prioritised
by public policies to ensure healthy and adequate nutrition as a right for all com-
munities. The former must continue to be protected from access to unhealthy com-
mercial food outlets, while the latter must be the locus of actions that limit the
availability of unhealthy commercial food store.
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As proposed by the Brazilian Dietary Guidelines, consid-
ered one of the best sets of nutritional guidelines world-
wide, choosing unprocessed or minimally processed
foods and freshly made dishes and meals instead of
ultra-processed foods is one of the golden rules for chang-
ing the population’s dietary patterns. This choice will help
promote good health and prevent diseases(1,2). This choice,

however, is not only a matter of individual behavior but
also of context, a finding supported by a large body of
empirical evidence.

The availability of different types of food stores varies
according to neighbourhood characteristics, and some evi-
dence of disparities has consistently been described in the
literature(3–6). These disparities are not random and have
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been identified both at community and consumer levels of
local food environments. Economic residential segrega-
tion, a multidimensional phenomenon, may occur when
two or more groups of people who are categorised by
income live separately from one another in different parts
of an urban environment, due in large part to public poli-
cies and corporate practices that restrict the residential
mobility of economically disadvantaged individuals(7).
The resulting living conditions of the neighbourhood pro-
mote a wide range of exposure and could represent the
spatial manifestation of inequalities(8). Spatial inequalities
in the availability of unhealthy food, for example, suggest
that the adherence to eating unprocessed and minimally
processed food intake may be harder for residents,
depending on the level of segregation(9–11).

For example, studies in the USA demonstrate that
racially segregated and economically disadvantaged neigh-
bourhoods have a lower availability of stores selling rea-
sonably priced healthy food; more expensive healthy
options although with poorer quality and a greater avail-
ability of fast-food outlets compared with more affluent
areas(11–17). Such results also coincide with findings from
New Zealand, Australia and Sweden in addition to the
USA–Mexico border(18,19). An inverse relationship was
found in some studies carried out in Canada, the United
Kingdom, Denmark and Brazil in which economically dis-
advantaged neighbourhoods tend to have a lower avail-
ability of stores selling unhealthy foods(20–23). Other
studies have been incapable of finding any clear patterns
or gradient or any significant associations between neigh-
bourhood characteristics and food environments(24–26).
Nevertheless, it is important to note that lower availability
of stores selling unhealthy foods does not necessarily imply
lower exposure to unhealthy food environments. For in-
stance, the number of unhealthy food stores can be lower,
but food stores can be further away than in affluent areas
(impacting people’s access to both healthy and unhealthy
foods). In one study, conducted in Brazil, access to unheal-
thy food was found to be lower in economically disadvan-
taged neighbourhoods than in affluent ones, and both
unhealthy and healthy food stores were more distant and
less concentrated in disadvantaged neighbourhoods than
in affluent one(27).

In contrast to what has been found in other countries,
scientific evidence has revealed that Brazilian areas with
the lowest social deprivation present a higher density of
all types of establishments selling predominantly unhealthy
foods and a lower density of supermarkets/shops selling
fruits and vegetables(3,5,6,28,29).

Although these findings have shown an association
between economic disadvantages and food environments,
these findings may not produce the same results when con-
sidering segregation as an exposure for several reasons: (1)
the main studies were conducted in less socially unequal
countries compared with Brazil(30) or even in those with

distinct cultures and dietary patterns(31); (2) most studies
on segregation and food environments have been con-
ducted in the USA and tend to focus on racial/ethnic seg-
regation(32–35) and (3) it is unclear if the mechanisms
underlying racial segregation in the USA are similar to those
related to economic segregation in the Brazilian context.
However, previous evidence has revealed that economi-
cally segregated areas, located in some Brazilian cities,
have a higher prevalence of blacks and browns when com-
pared with more affluent areas(36).

To address the gaps in the literature concerning food
segregation as described above, the current study exam-
ined the association between economic residential segre-
gation and community food environments. Findings from
the current study may be helpful in determining recom-
mendations for public health policies and interventions.

Methods

Study area and geographic unit
The current study was an ecological study on the spatial
distribution of retail food stores in economically segre-
gated urban neighbourhoods of Belo Horizonte.
Located in the southwest region of Brazil, Belo
Horizonte is the sixth most populous city with a popula-
tion of 2 375 151 inhabitants(37). Belo Horizonte is the
capital of the State of Minas Gerais and is divided into nine
administrative regions. This municipality presents a high
value on the Municipal Human Development Index
(IDHM, expressed in Portuguese) of 0·810. IDHM is a
measure of indicators of three dimensions of human
development: (1) longevity; (2) education and (3) income.
The index values range from 0 to 1. The value close to 1
indicates greater human development. A total of approx-
imately 18·9 % of the census sectors in the city were highly
segregated as reported in previous study(8). In the city, the
wealthier regions are located at the south-central area,
which has the highest per capita income (R$ 3915) and
IDHM (0·910) of the city. Poorer communities are found
on the outskirts of the city (North, Venda Nova and
Barreiro) with a per capita income of ≤ R$ 80 000(8,38).

The census tract was used to represent the community
(area) level unit used in this study. Census tracts are admin-
istrative areas defined by the Brazilian Census Bureau for
census data collection and include an average of 1000 res-
idents per area(37).

Data sources
The names, addresses, National Register of Legal Entities
number and the National Classification of Economic
Activities, which is a national standardised instrument used
by the Brazilian tax administration(39), of all food stores
located in Belo Horizonte in 2015 were obtained from
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the government offices of Minas Gerais State Finance
Secretariat and Deputy Municipal Inspection Secretariat.
Since no single directory of food stores in Belo
Horizonte exists, this study’s data were obtained and com-
bined from these two secondary sources.

The data were geo-referenced, combined, de-dupli-
cated, cleaned and verified through the Google Street
View tool on the basis of matching. National
Classification of Economic Activities errors were also
resolved using the Google Street View tool. Informal food
stores, i.e. stores without legal registration that probably do
not issue tax notes andwhose employeesmay not have for-
mal contracts, present in the database were also analysed.

After undertaking the above procedures, the database of
geo-coded food stores consisted of 15 454 establishments
and included twelve different types of registered food
stores. For this study, in particular, some units of the
Food and Nutrition Security Programs of Belo Horizonte
were included in the database (such as popular restaurants
and municipal farmers’ markets, known as ABasteCer and
Direto da Roça). In contrast, department stores and phar-
macies, which do not have the sale of food as their main
focus, were excluded. Likewise, food stores whose location
could not be verified using the Google Street View tool
(location inside private institutions, such as schools and
universities) and those that did not have a fixed marketing
place were excluded. Moreover, 267 stores located in cen-
sus tracts for which calculation of segregation was impos-
sible due to the omission of income data from the 2010
Census were also excluded. Thus, the final database con-
sisted of 15 187 establishments.

Measures

Defining neighbourhood economic residential
segregation
TheGetis-Ord Local Gi

* statistic (or Gi
* statistic) is a spatially

weighted Z-score and is a measure of the SD between the
economic composition of the neighbourhoods (the propor-
tion of heads of household in neighbourhoods that earn a
monthly income within 0 to 3 SDs of the minimum wage)
and the makeup of the surrounding neighbourhood. This
tool represents how much the income makeup of a neigh-
bourhood deviates from a larger area, for example, from
the city. The local Gi

* statistic was used to evaluate the spa-
tial clustering of high or low values among census tracts.
Higher positive Gi

* Z-scores (Z-scores > 1·96) indicate
higher income segregation (over-representation of the high
proportion of heads of households in a neighbourhood
earning amonthly income of 0 to 3minimumwage) or clus-
tering of a high proportion of heads of households in a
neighbourhood earning a monthly income of 0 to 3 mini-
mum wage. Scores near 0 (Z-scores = 0) indicate income
integration or no segregation. Lower negative scores
(Z-scores ≤ –1·96) suggest lower income representation
(under-representation of the high proportion of heads of

households in a neighbourhood earning a monthly income
of 0 to 3 minimum wage)(40,41).

Gi
* scores were calculated using the Hot Spot Analysis

Tool in ArcGIS, version 10.3 and based on the following
equation:
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in which xj represents the proportion of households with 0
to 3 minimum wage for neighbourhood j, wij is the spatial
weight between features i and j, n is the total number of
neighbourhoods within Belo Horizonte, X is the mean pro-
portion of households with 0 to 3 minimumwages for Belo
Horizonte and S is the SD.

Data from the 2010 Brazilian Census were used to deter-
mine the proportion of heads of households in a neigh-
bourhood earning a monthly income within 0–3
minimum wage (approximately US$ 0·00–US$ 900·00 in
2010). The cut-off point, 0–3 minimum wage, was based
on prior studies of economic segregation in Brazil(36) and
corresponded to an average monthly income of a
Brazilian worker in 2015, the year in which the database
was created(42).

A total of 3936 census tracts were identified in Belo
Horizonte. Census tracts in which the population was zero
(n 41) and whose income data were omitted by 2010
Brazilian Census for safety reasons (n 62) were excluded.

Census tracts were weighted using a first-order rook
spatial weight matrix. Higher, positive scores represented
census tracts that are more segregated (for example, a
higher proportion of households within incomes of 0 to
3 minimum wage), while lower, negative scores account
for less segregated census tracts (for example, a lower pro-
portion of households with incomes of 0 to 3 mini-
mum wage).

Three categories of segregation were created: (1) High:
Gi

* statistic≥ 1·96; (2) Medium: Gi
* statistic between 0 and

1·96 and (3) Low: Gi
* statistic< 0 according to the distribu-

tion of the Z-score. The high segregation category corre-
sponds to a statistically significant clustering of high
values (α= 0·05), so it is the most segregated neighbour-
hood. Medium corresponds to the absence of segregation
(integrated neighbourhood), and the low category corre-
sponds to the absence of any clustering (integrated neigh-
bours) or less segregated neighbourhood with a clustering
of low values. A small number of census tract had Gi

*<
−1·96; thus, we used a cut point of 0 for the low segregation
category, as a result that category corresponds to integrated
neighbours or less segregated neighbourhood(43). See
Appendix 1 in the Supplementary Material 1 for further
details on the segregation measurements.

Food environment and segregation 1809

https://doi.org/10.1017/S1368980021002706 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980021002706
https://doi.org/10.1017/S1368980021002706
https://doi.org/10.1017/S1368980021002706


Classification of food stores
To assess food environments, categories of food retailers
were proposed based on the extent and purpose of
industrial processing of food predominantly marketed
by them according to the NOVA classification as pro-
posed by Inter-ministerial Chamber for Food and
Nutritional Security (CAISAN). CAISAN is based on
analysis of the profile of food retail establishments in
Brazil that are listed in a national home survey, the
Survey of Family Budgets 2008–2009 (POF, in
Portuguese)(1,44). Therefore, as suggested by CAISAN,
our study categorised food stores as one of three types:
(1) Predominantly markets with unprocessed and/or
minimally processed foods in which the purchase of
fresh or minimally processed food, such as butcher
shops, fish markets, fairs and greengrocers, accounts
for more than 50 % of the total acquisition; (2) predomi-
nantly markets with ultra-processed foods in which the
acquisition of ultra-processed food represents more than
50 % of the total acquisition (such as candy shops, cafés,
bars and fast-food restaurants) and (3) mixed establish-
ments in which a predominance of the acquisition of
culinary preparations and/or processed foods can be
found or in which no predominance of food purchases
of unprocessed/minimally processed foods or ultra-
processed foods exists (such as supermarkets, hyper-
markets, restaurant, bakeries, mini-markets and dairy
shops)(44). Supermarkets and hypermarkets were not
classified as sources of healthy food. For details of the
types of food stores included in each category, see online
Supplemental Material 2 and for the CAISAN classifica-
tion process, see Brazil, 2018(44).

The categorises foods according to the extent and pur-
pose of food processing, and not in terms of nutrients in
the NOVA classification, categorises foods according to
the extent and purpose of food processing rather than
in terms of nutrients in: (i) Unprocessed foods are edible
parts of plants (fruits, vegetables, leaves and roots) or
animals (such as muscle, offal, eggs and milk), and also
fungi, algae and water, after separation from nature; (ii)
minimally processed foods are natural foods that are
altered by various processes, such as removal of inedible
or unwanted parts, drying, crushing, grinding,
fractioning, filtering, roasting, boiling, pasteurisation,
refrigeration, freezing, placing in containers, vacuum
packaging and/or non-alcoholic fermentation; (iii) proc-
essed culinary ingredients are substances directly
obtained from unprocessed foods or from nature by
processes such as pressing, refining, grinding, milling
and spray drying and (iv) ultra-processed food and drink
products are industrial formulations that typically con-
tain many ingredients, such as sugar, oils, fats, salt,
anti-oxidants, stabilisers and preservatives. Ingredients
only found in ultra-processed products include substan-
ces not commonly used in culinary preparations and
additives whose purpose is to imitate sensory qualities(1).

Calculating absolute availability
For this study, the absolute availability indicates the num-
ber (0, 1, 2 or 3þ) of food stores within a census tract that
predominantly marketed unprocessed and/or minimally
processed foods, those that predominantly marketed
ultra-processed foods or mixed establishments.

Statistical analysis
The present study’s analysis was conducted in two steps.
First, descriptive analysis was done to calculate the distribu-
tion of food stores that predominantly marketed unproc-
essed and/or minimally processed foods, those that
predominantly market ultra-processed foods and mixed
establishments. Accordingly, the absolute availability was
divided into four categories: (1) none (0); (2) one; (3)
two and (4) three or more food stores. We then calculated
the percent of tracts in each economic segregation category
(high, medium and low) containing none, one, two or three
or more food stores for each store type category and for all
types of stores (regardless of the predominant category of
marketed food). An example of how the percentage of cen-
sus sectors classified as high segregation and that had one
establishment of mixed foods was calculated: number of
total high segregation census tracts in Belo Horizonte-
MG that has onemixed establishment/ number of total high
segregation census tracts in Belo Horizonte-MG.
Comparison of the 95 % CI was used to identify any
differences between percentage of categories of economic
residential segregation areas (high, medium and low).

Second, a regression-based approach was implemented
in order to determine the association between economic
residential segregation and the different levels of food store
availability adjusted by population in increments of 100
people. The total population at the census tract level was
obtained from the 2010 Brazilian Census. The number of
people in a given area could be associated with the distri-
bution of food stores, mainly because the number of food
stores tended to be higher in more densely populated
areas(36).

The partial proportional odds model was selected for
the current study due to the dependent variable (a four-
category ordinal outcome) in which the proportional odds
assumption is often violated (see online Supplemental
Material 3, Table 1). The brand statistic test was used to
determine if a predictor violates the proportional odds
assumption (P< 0·05). The tests indicate that we violated
the assumption of proportional probabilities; thus, it was
necessary to run partial proportional odds models rather
than a proportional odd one.

An ordered logistic model is equivalent to a series of
binary logistic regressions in which the different levels or
group ranks of the dependent variable are combined and
contrasted(45). In this case, four ordinal levels of food store
availability were found (none, one, two and three or more
food stores) in which none was compared with levels 1, 2

1810 MS Lopes et al.

https://doi.org/10.1017/S1368980021002706 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980021002706
https://doi.org/10.1017/S1368980021002706
https://doi.org/10.1017/S1368980021002706


and 3 or more foods stores combined, none and one food
stores combined v. levels 2 and 3 or more foods stores and
levels 0, 1 and 2 food stores combined v. level 3 or more
food stores. Levels 1, 2 and 3 or more foods stores when
combined refers to more food stores in given area. Three
coefficients were returned.

Eight unique partial proportional odds models divided
into four groups were estimated: (1) Models 1 and 2 =
any type of food store as a response; (2) Models 3 and 4
= predominantly marketed unprocessed/or minimally
processed foods as a response; (3) Models 5 and 6 = pre-
dominantly marketed ultra-processed foods as a response
and (4) Models 7 and 8 = mixed establishments as a
response. Odd-numbered statistical models were unad-
justed, and even-numbered statistical models were
adjusted by population in increments of 100 people.

When interpreting the models, it was necessary to con-
sider two groups of variables: (1) those for which the pro-
portional probability assumptionwas verified and (2) those
for which the assumption was not. For the first group, the
association of the variable was constant across all catego-
ries of segregation, and only one parameter was estimated.
For the others, a coefficient was estimated for each category
combination. In the footnotes of the table, our study

highlighted which variables violated the proportional odds
assumption.

All analyses were performed using the Stata software,
version 14 (Stata Corp.), considering a significance level of 5%.

Results

The present study analysed 3833 census tracts in Belo
Horizonte. Segregation scores ranged from −6·64 to 3·92.
The total sample included 18·9 % high segregation areas
(Z-score≥ 1·96 and P-value≤ 0·05), 41·1 % medium and
40·0 % low segregation areas. The availability of at least
one food store in the neighbourhood (i.e. census tract)
by economic residential segregation is shown in Fig. 1.

As shown in Fig. 1, the low segregation area had the
greatest percentage of census tracts with at least one food
store, regardless of the type (Low= 79·40 %, Medium =
73·26 % and High = 70·21 %). Overall, the percentage of
census tracts that had at least one food store that predomi-
nantly marketed ultra-processed processed foods was
(58·60 %, 95 % CI (57·02, 60·14)), which was lower among
highly segregated areas (49·79 %; 95 % CI (46·16, 53·43)).
Likewise, the percentage of tracts that had at least one

Table 1 Levels of availability of food store by neighbourhood economic residential segregation in Belo Horizonte-Minas Gerais, Brazil, 2015

Total (n 3833)

Residential economical segregation

P-value*

High (n 725) Medium (n 1574) Low (n 1534)

%

Food store†
Any type of food store
None 24·86 29·79 26·75 20·6 <0·001
1 15·81 19·59 16·07 13·75
2 13·41 14·07 14·29 12·19
3 or more 45·92 36·55 42·88 53·46

Predominantly market unprocessed and/or minimally processed foods‡
None 77·62 76·69 76·18 79·53 0·034
1 13·46 12·28 14·55 12·91
2 5·35 7·45 4·89 7·82
3 or more 3·57 3·59 4·38 2·74

Predominantly market ultraprocessed foods§
None 41·4 50·21 42·06 36·57 <0·001
1 22·15 25·79 22·74 19·82
2 13·51 11·03 14·17 14·02
3 or more 22·93 12·97 21·03 29·60

Mixed establishments‖
None 31·72 37·24 33·93 26·86 <0·001
1 19·46 24·41 16·93 16·95
2 14·58 13·93 15·12 14·34
3 or more 34·23 24·41 31·32 41·85

†The percent of tracts in each residential segregation category (high, medium and low) containing none, 1, 2 or 3þ food stores for each store-type category (unprocessed and/
or minimally processed foods; ultraprocessed foods; mixed) and all types of food store.
‡Establishments where the purchase of fresh or minimally processed food accounts for more than 50% of the total acquisition (e.g. butcher shops, fish markets, fairs and
greengrocers).
§Establishments where the acquisition of ultra-processed food represents more 50% of the total acquisition (e.g. bar, candy shops, cafés and fast-food restaurants).
‖Establishments where there is a predominance of the acquisition of culinary preparations or processed foods or where there is no predominance of food purchases in natura/
minimally processed foods or ultraprocessed foods (e.g. supermarkets, hypermarkets, restaurant, bakeries, mini markets and dairy shops).
*χ2 test for linear tendency.
Bold denotes significantly different.
Residential segregation was measured for study defined neighbourhoods using the local Gi

* statistic.
Categories of segregation were defined as follows: High: Gi

*> 1·96; Medium: 0>Gi
* < 1·96 and Low: Gi

*< 0.

Food environment and segregation 1811

https://doi.org/10.1017/S1368980021002706 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980021002706


mixed establishment was lower in high segregation neigh-
bourhoods as compared with low segregation neighbour-
hoods (51·31 %; 95 % CI (47·67, 54·93) v. 66·88 %; 95 % CI
(64·48, 69·20)). No statistically significant differences
between economic segregation and percentage of tracts
that had at least one food store predominantly marketing
unprocessed and/or minimally processed foods were
found (Fig. 1).

The percentage of census tracts containing at least one
food store of any type was significantly higher in low seg-
regation neighbourhoods. The percentage of census tracts
containing three or more stores that predominantly mar-
keted unprocessed and/or minimally processed foods
was significantly lower in low segregation areas. The cen-
sus tracts in which food stores that predominantly mar-
keted unprocessed and/or minimally processed foods
weremainly located in themedium segregation neighbour-
hoods. In contrast, the percentage of census tracts contain-
ing three or more food stores that predominantly marketed
ultra-processed foods and mixed establishments were
higher in low segregation areas (Table 1).

Modelling results
Medium and high residential economic segregation varia-
bles were associated with lower odds for a higher number
(levels 1þ 2þ 3 ormore) of food stores that predominantly
marketed ultra-processed foods and mixed establishments.
These trends were generally sustained with the addition of
the population variable into the models, demonstrating a
constant association across all levels of comparison
(Table 2).

High segregation neighbourhoods, when compared
with low segregated neighbourhoods, were 44 % less likely
to be in an areawith a higher number (1þ 2þ 3 ormore) of
any type of food store (P< 0·001). In addition, highly seg-
regated neighbourhoods were 49 % and 45 % less likely to

be in an area with a higher number (1þ 2þ 3 or more) of
food stores that predominantly market ultra-processed
foods and mixed food stores, respectively, as compared
with their counterparts from the lower segregated neigh-
bourhoods (P< 0·001), as shown in Table 2.

After comparing high and low segregation neighbour-
hoods, no statistically significant differences were found
between the prevalence of food stores that predominantly
marketed unprocessed and/or minimally processed foods.
In contrast, that integrated neighbourhoods (medium seg-
regation areas) were 19 % more likely to be an area with a
higher number of food stores that predominantly marketed
unprocessed and/or minimally processed foods as com-
pared with their counterparts from the lower segregated
neighbourhoods (P= 0·044), as shown in Table 2.

Across the three comparisons (none v. 1þ 2þ 3 or
more, none þ1 v. 2þ 3 or more and none þ1þ 2 v. 3 or
more), all types of food stores tended to present the same
association of segregation and population.

Discussion

In our study examining the association between economic
residential segregation and the local retail food environ-
ment in a large Brazilian metropolis, we found that neigh-
bourhoods with high levels of economic segregation have
fewer unhealthy food stores or mixed establishments com-
pared with more affluent areas. Moreover, economic seg-
regation was not associated with the availability of food
stores that predominantly marketed unprocessed and/or
minimally processed foods.

In general, international literature has revealed that highly
segregated neighbourhoods, especially those that are ethni-
cally/racially segregated, and economically disadvantaged
areas tend to have a lower availability of stores selling
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Fig. 1 Availability of at least one food store by neighbourhood economic residential segregation in Belo Horizonte-Minas Gerais,
Brazil, 2015
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Table 2 Results of the final partial proportional odds model, according of different types of food store response, in Belo Horizonte-Minas Gerais, Brazil, 2015

Co-variable Categories

(None) v. (1þ 2þ 3 or more) (Noneþ 1) v. (2þ 3 or more) (Noneþ 1þ 2) v. (3 or more)

OR

P-value

OR

P-value

OR

P-valueEstimative 95% CI Estimative 95% CI Estimative 95% CI

Any type of food store Model 1 Residential economical
segregation

Low 1·00 1·00 1·00
Medium 0·67 0·59, 0·77 <0·001 0·67 0·59, 0·77 <0·001 0·67 0·59, 0·77 <0·001
High 0·54 0·46, 0·63 <0·001 0·54 0·46, 0·63 <0·001 0·54 0·46, 0·63 <0·001

Model 2 Residential economical
segregation

Low 1·00 1·00 1·00
Medium 0·74 0·63, 0·88 <0·001 0·69 0·59, 0·80 <0·001 0·60 0·52, 0·70 <0·001
High 0·56 0·45, 0·69 <0·001 0·46 0·38, 0·56 <0·001 0·40 0·34, 0·49 <0·001

Population* 1·24 1·21, 1·26 <0·001 1·24 1·21, 1·26 <0·001 1·24 1·21, 1·26 <0·001
Unprocessed/or mini-
mally processed foods

Model 3 Residential economical
segregation

Low 1·00 1·00 1·00
Medium 1·22 1·03, 1·44 0·019 1·22 1·03, 1·45 0·019 1·22 1·03, 1·45 0·019
High 1·18 0·96, 1·46 0·116 1·50 1·13, 1·98 0·005 1·12 0·72, 1·74 0·625

Model 4 Residential economical
segregation

Low 1·00 1·00 1·00
Medium 1·19 1·01, 1·41 0·044 1·19 1·01, 1·41 0·044 1·19 1·01, 1·41 0·004
High 1·06 0·86, 1·32 0·576 1·37 1·03, 1·82 0·029 1·07 0·68, 1·68 0·758

Population* 1·14 1·11, 1·17 <0·001 1·11 1·07, 1·15 <0·001 1·06 1·00, 1·13 0·053
Ultraprocessed foods Model 5 Residential economical

segregation
Low 1·00 1·00 1·00
Medium 0·79 0·69, 092 0·002 0·70 0·61, 0·81 <0·001 0·63 0·54, 0·74 <0·001
High 0·57 0·48, 0·68 <0·001 0·41 0·33, 0·50 <0·001 0·35 0·28, 0·45 <0·001

Model 6 Residential economical
segregation

Low 1·00 1·00 1·00
Medium 0·80 0·69, 0·93 0·004 0·68 0·59, 0·78 <0·001 0·60 0·51, 0·71 <0·001
High 0·51 0·42, 0·61 <0·001 0·35 0·28, 0·42 <0·001 0·31 0·24, 0·39 <0·001

Population* 1·19 1·16, 1·22 <0·001 1·19 1·16, 1·22 <0·001 1·16 1·13, 1·19 <0·001
Mixed establishment Model 7 Residential economical

segregation
Low 1·00 1·00 1·00
Medium 0·67 0·59, 0·76 <0·001 0·67 0·59, 0·76 <0·001 0·67 0·59, 0·76 <0·001
High 0·60 0·50, 0·72 <0·001 0·48 0·40, 0·58 <0·001 0·46 0·38, 0·56 <0·001

Model 8 Residential economical
segregation

Low 1·00 1·00 1·00
Medium 0·72 0·62, 0·85 <0·001 0·64 0·55, 0·74 <0·001 0·57 0·49, 0·66 <0·001
High 0·55 0·45, 0·67 <0·001 0·40 0·33, 0·49 <0·001 0·34 0·29, 0·44 <0·001

Population* 1·23 1·20, 1·25 <0·001 1·23 1·20, 1·25 <0·001 1·23 1·20, 1·25 <0·001

Categories of segregation were defined as follows: High: Gi
*> 1·96; Medium: 0>Gi

* < 1·96 and Low: Gi
*< 0.

*In increments of 100 people. Odd-numbered statistical models are unadjusted and even-numbered statistical models are adjusted for population.
Model 2= The proportional odds assumption was violated for medium and high residential economical segregation.
Model 4= The proportional odds assumption was violated for high residential economical segregation and population.
Model 6= The proportional odds assumption was violated for medium and high residential economical segregation and population.
Model 8= The proportional odds assumption was violated for medium and high residential economical segregation.
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healthy foods and a greater availability of unhealthy food
stores as compared with more affluent areas(11,18,32,35,46–48).
However, this relationship may not necessarily be true in
Brazil if we consider the methods and the scales of groups
(race, ethnicity, skin colour or socio-economic status) used
to assess residential segregation(36) and the distinct dietary
and purchase patterns of Brazilians. In Brazil, more than half
(53·4 %) of the consumed energies are obtained from fresh
or minimally processed foods, 15·6% from processed culi-
nary ingredients, 11·3 % from processed foods and 19·7 %
from ultra-processed foods. In addition, the frequency of
food consumption outside the home is ∼35%(31,49,50).

The present study’s findings concerning the percentage
of census tracts containing food stores that predominantly
market ultra-processed foods, which tends to be lower in
the highly segregated areas, suggest that the wealthier and
lower segregation areas in middle-income regions are more
likely to have access to unhealthy food than other areas.

In contrast, the low percentage of census tracts contain-
ing mixed establishments, such as supermarkets and
hypermarkets in highly segregated areas as compared with
their counterparts, may be considered a spatial inequality,
given that residents of highly segregated or disadvantaged
areas may be disproportionately do not have the opportu-
nity to benefit from lower prices, good quality and wide
variety of the products offered by supermarkets or hyper-
markets(3,6,11). Brazilian studies reveal that supermarkets
are responsible for a large share of the acquisition of culi-
nary preparations or processed foods and are more charac-
terised by lower prices and healthier items than are local
grocery stores and convenience stores(3,6,49).

This may in fact reflect the patterns of expansion
adopted by some food stores, urban planning or even dis-
criminatory investment. This finding may also reflect cul-
tural, economic and/or political disparities and even
possible differences of natural resources between Brazil
and other countries (especially the USA). Disadvantaged
areas with precarious infrastructure and fewer consumers
with purchasing power may also not be attractive to com-
mercial establishments(3,6). Thus, wealthier neighbour-
hoods that provide many/all services and most likely
present access to specific types of food stores are directly
related to the population’s average income and the store’s
strategy to obtain a higher return(51). Another reason for this
finding may be that this area converges upon the largest
and most important road corridors in the city with the high-
est concentration of most of the commercial activities(52).
On the other hand, poor and economically segregated
areas can be intertwined with informal facilities that do
not contain proper electricity or sanitation systems thus
leading to a worse quality of food offered in the region(53).

The accelerated speed of changes in urbanisation, eco-
nomic growth, technological changes for work, leisure and
in the global Food System repercuss on different stages of
nutritional transition observed in the world. In Brazil, as in
other low- and middle-income countries, in contrast to the

USA, ultra-processed foods are expensive in comparison
with processed culinary ingredients and unprocessed or
minimally processed foods(54,55). Thus, even with the
increase in access to ultra-processed foods and successive
price reductions that have occurred since the early 2000s,
prices of these types of foods are still restrictive for
Brazilians with low socio-economic status. Although
Brazilian supermarkets may have lower prices, a 1 %
increase in the price of ultra-processed foods implies a
0·59 % reduction in their actual purchases(54).

Ultra-processed food purchases and consumption were
shown to be greater among higher-income classes in
Brazil(48,56,57), and food stores tend to be concentrated in
areas in which a demand for them exists. It is concluded that
the location of these stores in Brazil may be different from
other countries, which may justify the different results and
more likely explain the higher percentage of that type of
store in low segregated neighbourhoods.

The lack of association between availability of unproc-
essed and minimally processed food stores and economic
residential segregation found in our study also shows a
new hypothesis when compared with past research con-
ducted in countries with less economic inequalities and cul-
tural differences than Brazil(32,34,35). The observed trend of a
lower prevalence of healthy establishments in low segrega-
tion areas, compared with integrated areas (no segregation
neighbourhoods), reinforces the benefits of living in inte-
grated areas and reveals the possible risks experienced in
more economically affluent areas, including lower availabil-
ity of healthy foods stores v. greater availability of unhealthy
foods stores. However, the classification of establishments
adopted in the current study may differ from others. In
the present study, supermarkets and hypermarkets were
not classified as health food stores, which is different from
other studies that tend to classify them as health food
stores(58–60). Furthermore, we hypothesised that butcher
shops and fish markets should be classified as stores that
offer healthy food; however, in this study, they appeared
to be less attractive establishments for the wealthier areas
of the city, and therefore may not represent healthy food
stores for those living in these areas. Probably that they
appear as stores with specific segments: only meat or sea-
food. So, it can be not convenient for the customer, because
it requires more time to purchase foods. Another important
aspect can be related to sanitary issues. Butchers and fish
markets sell perishable products. And individuals who live
inmore affluent areasmay prefer to buy them in larger stores
which they can judge as greater sanitary control than others.

Furthermore, the innovative classification of food based
on the extent and the purpose of industrial processing is
relatively new (2009); a Brazilian proposal to classify stores
based on the results of a national survey of food acquisition
in the country is recent (2018) and perhaps for this reason
not yet fully covered by previous studies.

Although a better scenario was identified in Brazil for
the highly segregated areas, these areas may still be
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unaffordable with minimal access to healthy foods. On the
other hand, the proximity and density may not be sufficient
to ensure healthy food choices or consumption(9,11,13). At
the same time, the scenario observed for the areas of
low segregation is worrisome. Thus, programmes and
actions should protect highly segregated areas from the
advancement of stores predominantly selling ultra-proc-
essed foods and also maintain or even increase the avail-
ability of food stores with healthy food in all types of areas.

Limitations and strengths
First, methodological limitations of the current studymainly
concern the selection of study areas, which are administra-
tive areas that do not reflect the true character of a neigh-
bourhood. Despite this shortcoming, an important number
of studies use census tracts to define neighbourhood boun-
daries, and small areas have been consistent with how res-
idents perceive and define their neighbourhood(61).

Second, absolute availability does not necessarily trans-
late into access, and counting the number of establishments
may not capture all aspects of physical availability. Many
residents may choose to shop outside the census tract.
Another limitation is the lack of information on store quality
and price in addition to street connectivity. These factors
require further investigation as the results may also reflect
the organisation of trade based on the existence of major
and more interconnected streets.

Other limitations include potential store misclassifica-
tion and geocoded errors; however, the combination of
two secondary sources and the verification through the
Google Street View tool are likely to have caused a reduc-
tion in these errors. Furthermore, the possibility of not
including some existing establishments as they are informal
and not registered in any of the requested banks exists. We
hypothesise that establishments that represent true nega-
tives occur more often in more economically vulnerable
locations, which may have led to differential losses and/
or the underestimation of the number of stores in segre-
gated areas(62,63). In addition, non-inclusion of those food
stores that did not have a fixed location may have under-
estimated the number of unhealthy establishments in the
selected study areas and may have impacted the results
as these deprived areas tend to have higher exposure to
informal vendors. These problems could be remedied by
conducting the onsite observations since the current study
evaluated only one of the dimensions of the food environ-
ment, namely, the community food environment.
However, it would be unfeasible to apply this method
for the entire city of Belo Horizonte due to its large
territorial extension, considering that onsite observations
were recommended for small geographic areas(64).

With the impossibility of collecting data in loco even in a
sub-sample, we highlight that in general, the quality of
information from secondary databases for informal and
smaller establishments shows a worse in performance

compared with large chain stores(65–68). A study that sought
to validate an innovative tool for automatic data capture
from Google Earth food environment for the cities of Rio
de Janeiro and Belo Horizonte showed that the perfor-
mance of this tool for smaller and independent food outlets
is worse than other similar tools(69).

An important strength of the present study is inclusion of
neighbourhood data from the totality of residential
addresses found in a large Brazilian city.

Second, the current study showed the availability of
stores according to the NOVA classification, an innovative
food classification based on the extent and the purpose of
industrial processing. The classification of these stores was
also conducted by a large national study involving results
from major national surveys(44). Finally, even though sev-
eral segregation-related indices are available, we applied
a novel spatial approach, the Getis-Ord Local Gi

* statistic.
To the best of our knowledge, no other study has ever
examined the relationship between different scenarios of
community-level food environments and economic resi-
dential segregation in Brazil.

Conclusion

Our study demonstrates a link between economic residen-
tial segregation and inequalities in the distribution of retail
food stores in a Brazilian metropolis and reveal that low
and high segregated territories should be targeted by public
policies. The first policy must continue to protect residents
from access to unhealthy foods while the second must re-
present the locus of nutritional interventions and actions,
given that healthy and appropriate nutrition is the right
of everyone. Both territories should also benefit from the
expansion of essentially healthy establishments. In this
context, the present study addresses a gap in the food envi-
ronment literature in low- and middle-income countries.

Additional research is warranted to investigate informal
establishments and to explore consumer nutritional envi-
ronments in order to underline the differences in variety,
price and quality of foods among economically segregated
neighbourhoods. Complex system approaches can help
promote understanding of the implications of complex sys-
tems for nutrition policies. Finally, efforts to improve the
availability of healthy products in the city may encourage
consumers to purchase and consume them, thus reducing
dietary and access inequalities.
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