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Abstract
Objective: To examine the relationship between the local retail food environment
and consumption of fruits and vegetables (FV) and sugar-sweetened beverages
(SSB) in São Paulo, Brazil, as well as the moderation effects of income in the
studied relationships.
Design: Cross-sectional study design that drew upon neighbourhood- and
individual-level data. For each participant, community (density and proximity)
and community food environment (availability, variety, quality and price)
measures of FV and SSB were assessed in retail food stores and specialized fresh
produce markets within 1·6 km of their homes. Poisson generalized estimating
equations (GEE) were used to model the associations of food consumption with
food environment measures, adjusted by individual-level characteristics.
Setting: São Paulo, Brazil.
Subjects: Adults (n 1842) residing in the same census tracts (n 52) in São Paulo,
Brazil as those where the neighbourhood-level measures were taken.
Results: FV availability in neighbourhoods was associated with regular FV
consumption (≥5 times/week; prevalence ratio= 1·41; 95 % CI 1·19, 1·67). Regular
FV consumption prevalence was significantly lower among lower-income
individuals living in neighbourhoods with fewer supermarkets and fresh produce
markets (P-interaction <0·05). A greater variety of SSB was associated with a 15 %
increase in regular SSB consumption (≥5 times/week) prevalence, after
adjustment for confounding variables.
Conclusions: Our findings suggest that the local retail food environment is
associated with FV and SSB consumption in a Brazilian urban sample.
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In recent decades, Brazil has seen increased consumption
of ultra-processed foods(1). The contribution of fruits and
vegetables (FV) to total household expenditure is almost
two times greater in urban areas than in rural areas, yet
remains substantially below national and international
recommendations(2). In contrast, sugar-sweetened bev-
erages (SSB; i.e. soda, fruit-flavoured drinks and other
beverages with added sugar) are the largest source of
beverage calories and an important contributor of energy
in the Brazilian diet(2,3).

While people’s dietary patterns may depend in part on a
host of individual factors(4), leading academics in the fields of
public health nutrition and epidemiology increasingly
emphasize the importance of local environments in shaping
individuals’ dietary behaviours(5). Food availability(6),

accessibility of retail food stores(7,8), overall grocery quality(9)

and price(10) may influence whether individuals have
predominantly healthy or unhealthy dietary patterns.

Despite the evidence available for the USA(6,11,12),
Australia(13) and Europe(8,9) regarding the effects of the
local food environment on diet, the field is relatively new
in low- or middle-income countries(14–17). The unique
contribution of our study relies in exploring the role of the
urban retail food environment on healthy and unhealthy
eating in a rapidly changing, yet understudied, urban and
unequal setting in Latin America(18).

Testing whether differential access, including context-
specific(19) spatial and economic aspects, to food has
an impact on diet in São Paulo and how characteristics of
the food environment predict dietary behaviours can
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contribute to the understanding of how heath inequalities
occur in the city. This may support more effective local
policy making. We examined the relationship between
aspects of the local food environment, including measures
of the consumer and community food environments, and
the consumption of FV and SSB in a large Brazilian city.
We also tested whether neighbourhood- and individual-
level income moderated the associations between FV and
SSB intake and measures of the local food environment in
São Paulo, Brazil.

Methods

Study design and setting
The study used a cross-sectional design and drew upon
two data sources from São Paulo: (i) individual-level data
information and (ii) an in-person supermarket and fresh
produce market audit.

The largest and most populous Brazilian city, São Paulo
is located in the Southeast region of the country and is
home to almost 12 million people(20). The city has ninety-
six districts, defined on a geographic and administrative
basis by the São Paulo city council; these are further
divided into census tracts. In the 2010 Brazilian Census,
São Paulo was divided into 18 952 census tracts with each
tract comprising about 600–700 residents(20).

For the present study, we selected census tracts using a
strategy that ensured representation of socio-economic
and food environment diversity in the sample. Previous
studies have used similar methods(21,22). The final area
included in the study was 5·09 km2, comprising fifty-two
tracts, located in thirteen different districts in the city(20).
A detailed outline of the district sampling methodology is
published elsewhere(23).

After the ground truthing process had been completed,
trained raters visited all streets in the study census tracts
from November 2010 to February 2011. Raters were able
to access all available chain and non-chain supermarkets,
small/independently owned grocery stores, corner stores
and fresh food markets in the sampled tracts except for
one chain supermarket and one small grocery store, for
which auditing permission was not given by the store
manager/owner. Finally 298 retail food stores, seven
specialized fresh produce indoor markets and eight
weekly street fresh produce markets were included in
the study.

The second data source aggregated information from
adults (20–59 years) living in the same thirteen districts as
those where we collected neighbourhood-level data. An
age- and sex-stratified sample of 2000 adults was obtained
from April to May 2011, considering the actual distribution
of each district’s resident population with regard to sex
and age according to the 2000 Brazilian Census(24). Of the
2000 participants, home addresses were geocoded for
1842 who lived in the same set of census tracts as those for

which stores were audited. The 158 participants whose
addresses could not be geocoded due to inconsistencies in
the information collected on home addresses or because
they lived outside the set of census tracts in which we
collected food environment measures were excluded from
the analysis. They did not differ significantly from the final
sample in terms of age, education, income, sex or dietary
patterns.

Outcome assessment
The dependent variables, derived from the individual-level
data source collected in 2011, were consumption of FV
(≥5 d/week) and SSB (≥5 d/week). They were measured
using an interviewer-administered, previously validated
tool(25), applied annually as part of an ongoing
population-based telephone survey surveillance system
that has been implemented in all Brazilian State capitals
since 2006 (VIGITEL)(26). Participants were asked the fol-
lowing questions: ‘How many days a week do you usually
eat fruit?’, How many days a week do you usually drink
100 % or freshly squeezed fruit juices?’, ‘How many days a
week do you usually eat raw salad vegetables, such as
lettuce and tomatoes?’ and ‘How many days a week do
you usually eat cooked greens and vegetables, such as
kale, carrots, eggplant or zucchini, but excluding potato or
manioc (cassava)?’ The measure of regular consumption of
FV (≥5 d/week) was created by adding the responses to
all the above questions. We chose a previously used
indicator for regular consumption of FV (≥5 d/week),
rather than a measure for recommended consumption of
FV, based on previous surveys conducted in Brazil that
showed consumption of FV below the recommended
levels in the country(27). In order to measure SSB con-
sumption, participants were asked the following question:
‘How many days a week do you usually drink soda, fruit-
flavoured drinks or sugary juices/nectars?’

Neighbourhood-level measures
Neighbourhood-level measures included measures of
median neighbourhood income in the census tract from
the 2010 Brazilian Census(20) in tertiles and measures for
the community and consumer food environments as
described by Glanz et al.(28).

Community food environment
Community food environment measures included density
of, and proximity to, supermarkets and fresh produce mar-
kets (weekly street specialized markets that sell fresh pro-
duce and a limited assortment of other foods such as meats
and fish, and specialized fresh produce indoor markets). For
community food environment measures, we decided to
exclude small/independently owned grocery stores and
corner stores because they were found to have a low
availability of healthy foods such as FV in São Paulo(23).

Proximity was measured using the Euclidean distance to
each participant’s home location. Density of supermarkets
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and fresh produce markets was measured using a 1·6-km
(1-mile) Euclidean buffer around participants’ homes.
ArcGIS version 10·1 (ESRI, Redlands, CA, USA) was used
to geocode respondents’ homes and food stores by their
postal code and street address. We chose to draw the
buffers around the individual homes, as they are more
precise than spatial unit centroids (census tract centroids
in our case). The 1·6-km buffer was chosen based on the
literature and is considered a reasonable walking distance
for food shopping(6,29).

Consumer food environment
Consumer environment measures included availability,
price, quality and variety of fresh FV and SSB. All retail
food stores (supermarkets, corner stores and small grocery
stores) and fresh produce markets were systematically
assessed using a reliable tool adapted to the Brazilian
context (ESAO-s)(23). We averaged the measures across
the chosen home local food environment within a 1·6-km
buffer around participants’ homes.

As weekly street fresh produce specialized markets
usually hold more than one food stall for a given fruit or
vegetable, raters were trained to evaluate the availability,
variety, pricing and quality of the selected FV in the first
stall they found when entering the market. After rating all
items, raters left the market and entered it from the other
end to repeat ratings. An average measure of ratings was
analysed.

FV availability (binary) was defined as the availability of
any fresh fruit or vegetable. Canned or frozen fruits
and vegetables were not considered for FV availability,
price or quality in our study. Standardized mean FV
price was defined as the mean cost of the four most
frequently purchased fruits (oranges, bananas, papaya and
apples) and vegetables (tomatoes, onions, carrots and
lettuce) in the São Paulo Metropolitan Area(30). Price was
based on the posted price per kilogram. When only the
unit price was available, raters weighed three random
units, averaged the values and calculated the price per
kilogram.

FV quality and variety were measured as: (i) the presence
of at least one store that sold fresh produce that was in the
upper quartile for the specific characteristic; (ii) the pre-
sence of at least one store that sold fresh produce but no
store in the upper quartile for the characteristic; and (iii) no
store that sold fresh produce. Quality was assessed on
the cheapest variety found of a given fruit or vegetable.
The quality indicator for fresh produce was given a
subjective acceptable/unacceptable rating, depending on
whether 75% of the produce was bruised, old looking,
overripe or spotted. Variety was measured as the number of
different types of FV within each kind (e.g. green apple,
gala apple). FV variety was excluded from the final models
due to high collinearity with FV availability.

In-store SSB measures were collected during the store
audits and included variety and price. SSB variety was

classified as below or above the median number of
different brands and flavours of soda, fruit-flavoured
drinks and juices/nectars with added sugar. SSB price
was generated as an index price considering the actual
contribution of each one of the three measured SSB (soda,
juices/nectars with added sugars, fruit-flavoured drinks)
to the total SSB household budget share in the São
Paulo Metropolitan Area in 2008/2009, measured by the
Brazilian Household Budget Survey(30). SSB were available
in all participant-defined neighbourhoods; hence SSB
availability was not included in the model.

Individual-level measures
Individual sociodemographic variables included sex, age
(20–29 years; 30–39 years; 40–49 years), monthly house-
hold income (≤5 MW and >5 MW, where MW=monthly
Brazilian minimum wage) and education (less than high
school; high school; some college). As of March 2011, the
Brazilian national monthly minimum wage was R$ 545,
which was equivalent to $US 328 at the time.

Statistical analyses
We first described FV and SSB consumption by each one
of the individual-level variables using percentages and
confidence intervals. Neighbourhood-level variables were
presented in median and interquartile ranges. In a second
set of analyses, Poisson generalized estimating equations
(GEE) were used to model the associations of FV and SSB
consumption with local food environment measures,
adjusted by individual-level characteristics. GEE, also
known as marginal models, were more appropriate for our
analyses due to our interest in estimating the overall
relationship between the local food environment and diet,
or the population average effect, over and above the
individual specific effects(31). All GEE models were fitted
assuming an exchangeable correlation matrix to better
account for the aggregation of the data and using robust
estimates of standard errors. Poisson regressions with
robust estimates of standard errors are a better alternative
for the analysis of cross-sectional studies with binary
outcomes than logistic regression, especially when the
outcome prevalence is high(32). In addition, prevalence
ratios are more interpretable and easier to communicate to
non-specialists than odds ratios(32).

Consumer food environment measures and density of
supermarkets and fresh produce markets were generated
for each individual’s address using 1·6-km buffers around
the participants’ homes. The models were estimated with
census tracts as a clustering variable to account for inter-
correlations that are expected to exist among individuals.
First, we estimated crude models in which each consumer
or community food environment was associated with
FV and SSB consumption separately but adjusted by
individual-level variables. Then, fully adjusted models
were estimated and included community and consumer
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food environment measures, individual-level variables and
neighbourhood median income.

Consistent with prior work(33), we used the natural-log
transformation of supermarkets and fresh produce market
density to linearize the relationships and reduce the
influence of right-skewed resource counts on model
estimates.

We also tested whether neighbourhood-level median
household income and individual-level income moderated
associations of food consumption and measures of the
local food environment. We plotted predicted margins for
different levels of supermarket and fresh produce market
density associated with FV consumption in neighbour-
hoods of different income levels using Stata MARGINS and
MARGINSPLOT commands.

Analyses were performed in 2013–2014 using the
statistical software package Stata version 13·1.

Results

The average age of participants was 36·5 (SD 11·0) years
and 53 % were female. Three-quarters of the sample
reported a monthly household income below or equal
to R$ 2725 ($US 1642). Table 1 shows FV and SSB
consumption by individual- and neighbourhood-level
characteristics. Thirty-eight per cent of the participants
reported eating FV on five or more days per week, and
40 % reported drinking SSB on five or more days per
week. FV consumption was significantly more common
among women, older individuals, better educated and
wealthier participants. Younger and less educated

participants were more likely to consume SSB on five or
more days per week. Forty-two per cent of our sample
reported buying FV in fresh produce markets, although we
did not observe any differences in FV consumption when the
type of chosen store or market was compared, so we deci-
ded not to include this variable in the fully adjusted models.

Table 2 shows neighbourhood-level measures across
the fifty-two assessed tracts. Two census tracts (3·8 %)
of the fifty-two sampled tracts had no stores or markets.
Fifty-eight per cent of the respondents did not have a
supermarket that fell within the tract where they lived.

Community food environment
Associations of FV and SSB consumption and neighbour-
hood-level variables adjusted for individual characteristics
are shown in Table 3 and Table 4, respectively. Low
density (quartile 1) of supermarkets and fresh produce
markets was associated with 21 % lower FV consumption
in the fully adjusted model.

Median distance to the nearest retail food store was
125m (interquartile range= 70–297m). We found a sig-
nificant association between the proximity of super-
markets and fresh produce markets and FV consumption
(Table 3), but not SSB consumption (Table 4), even after
adjustment for consumer food environment measures and
individual-level variables. A 25 % greater prevalence of
regular FV consumption was found among participants
who lived closer (in the first quartile of distance to the
nearest supermarket or market) to supermarkets or fresh
produce markets compared with participants who lived in
the fourth quartile of distance to the nearest supermarket
or fresh produce market.

Table 1 Regular fruit and vegetable (FV) and sugar-sweetened beverage (SSB) consumption by characteristics of the study population,
São Paulo, Brazil, 2011

No. of
FV consumption (≥5 d/week) SSB consumption (≥5 d/week)

participants % 95% CI % 95% CI

Overall 1842 38·3 36·1, 40·6 40·0 37·7, 42·2
Sex
Female 972 44·3 41·1, 47·4 37·0 34·0, 40·1
Male 870 31·7 28·6, 34·8 43·2 39·9, 46·5

Age group
20–29 years 610 29·3 25·7, 32·9 50·0 46·0, 54·0
30–39 years 511 37·6 33·4, 41·8 40·3 36·0, 44·6
40–59 years 721 46·4 42·8, 50·1 31·2 27·8, 34·6

Education
Less than high school 651 34·6 30·9, 38·2 37·9 34·2, 41·7
High school graduate 781 38·5 35·1, 41·9 44·7 41·2, 48·2
Some college 409 44·0 39·2, 48·8 34·2 29·6, 38·8

Monthly household income*
≤5MW 1228 35·3 32·7, 38·0 41·7 38·9, 44·4
>5MW 614 44·4 40·4, 48·3 36·5 32·7, 40·3

Location where FV are usually bought†
Fresh produce markets 360 41·9 37·6, 46·1 –

Supermarkets 176 40·3 35·2, 45·4 –

Small grocery store 529 42·6 35·3, 50·0 –

MW, minimum wage.
*As of March 2011, Brazilian national monthly minimum wage=R$ 545 ($US 328).
†Only participants who reported buying FV in their neighbourhood were asked where they primarily bought FV.
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Consumer food environment
Table 3 presents findings for the studied consumer nutrition
environment variables and FV consumption. FV availability
was associated with a 41% increase in the prevalence of
regular FV consumption. FV price was not associated with
FV consumption. However, living close to at least one retail
food store which had fresh produce but not of high quality
was associated with regular of consumption of FV in the
fully adjusted model (prevalence ratio= 2·25; CI 95% 1·03,
4·89), compared with living in neighbourhoods where retail
food stores and markets had high-quality produce.

The regression of price was performed separately due to
high collinearity between variables.

Table 4 shows the association of SSB consumption and
each measure of the local food environment. A greater variety
of SSB was associated with a higher prevalence of regular SSB
consumption after adjustments for individual-level variables
and food environment variables. Price, supermarkets and
fresh produce markets density or proximity were not asso-
ciated with SSB consumption in our sample.

Predictive margins of FV consumption among lower-
and higher-income individuals for different levels of

Table 2 Neighbourhood-level variables, São Paulo, Brazil, 2011

Variable Median IQR

Monthly household income (R$)*,† 3133·05 2362·82–5361·55
Distance to the nearest store (m) 125·30 69·93–294·86
Supermarket and fresh produce market density (per 10 000 residents)‡ 2·69 0·00–3·28
SSB price (R$)† 2·08 1·82–2·20
FV price/kg (R$)† 2·24 1·99–2·63
FV quality (%; 95% CI)§
No stores/markets with fresh FV 4·45 3·51, 5·39
No stores/markets in the upper quartile 93·86 92·77, 94·96
Stores/markets present in the upper quartile 1·68 1·09, 2·27

IQR, interquartile range; SSB, sugar-sweetened beverages; FV, fruits and vegetables.
*Source: 2010 Brazilian Census(20).
†As of March 2011, $US 1·00=R$ 1·66.
‡Logarithmic distribution.
§Percentage of stores/markets in each census tract averaged across the 1·6-km buffer around participants’ homes.

Table 3 Associations of neighbourhood-level variables and regular fruit and vegetable (FV) consumption (≥5 d/week) adjusted for individual
characteristics, São Paulo, Brazil, 2011

FV consumption

Adjusted models

Model 1 Model 2: Density Model 3: Proximity

Variable PR 95% CI PR 95% CI PR 95% CI

Community food environment
Supermarket and fresh produce market density (per 10 000 residents) (log-transformed)
Q1 0·80 0·64, 0·99 0·79 0·63, 0·99
Q2 0·83 0·63, 1·08 0·82 0·63, 1·08
Q3 0·84 0·65, 1·08 0·84 0·62, 1·15
Q4 (reference) 1·00 – 1·00 –

Supermarket and fresh produce market distance (m)
Q1 1·29 1·12, 1·49 1·25 1·08, 1·46
Q2 1·18 1·02, 1·37 1·15 0·98, 1·35
Q3 1·32 1·16, 1·50 1·27 1·12, 1·45
Q4 (reference) 1·00 – 1·00 –

Consumer food environment
Availability* 1·41 1·19, 1·67
Quality
No stores with fresh FV 2·20 0·96, 5·05 2·07 0·99, 4·32 2·11 0·91, 4·91
No store in upper quartile 2·33 1·08, 5·01 2·25 1·03, 4·89 2·33 1·08, 5·03
Store present in upper quartile (reference) 1·00 – 1·00 – 1·00 –

Price (Z-score) (R$)† 0·96 0·89, 1·04 0·99 0·88, 1·11 0·97 0·89, 1·05

PR, prevalence ratio; SSB, sugar-sweetened beverages.
Model 1: each consumer or community food environment was associated with FV and SSB consumption separately and adjusted for individual-level variables
(age, sex, education and income).
Model 2: adjusted for individual-level variables (age, sex, education and income) + neighbourhood-level income + community (density of supermarkets and
fresh produce markets) and consumer food environment variables.
Model 3: adjusted for individual-level variables (age, sex, education and income) + neighbourhood-level income + community (proximity to supermarkets and
fresh produce markets) and consumer food environment variables.
*Due to high collinearity between variables, FV availability was not included in the fully adjusted models.
†As of March 2011, $US 1·00=R$ 1·66.
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supermarket and fresh produce market density are plotted
in Fig. 1. Individual-level income modified the association
of retail food store and market density and FV

consumption. The prevalence of regular FV consumption
among low-income individuals living in neighbourhoods
with a lower density of supermarkets and fresh produce

Table 4 Associations of neighbourhood-level variables and regular sugar-sweetened beverage (SSB) consumption (≥5 d/week) adjusted for
individual characteristics, São Paulo, Brazil, 2011

SSB consumption

Adjusted models

Model 1 Model 2: Density Model 3: Proximity

Variable PR 95% CI PR 95% CI PR 95% CI

Community food environment
Supermarket and fresh produce market density (per 10 000 residents) (log-transformed)
Q1 0·91 0·69, 1·19 0·95 0·73, 1·24
Q2 1·06 0·81, 1·39 1·03 0·78, 1·36
Q3 1·17 0·85, 1·60 1·16 0·85, 1·59
Q4 (reference) 1·00 – 1·00 –

Supermarket and fresh produce market distance (m)
Q1 0·99 0·81, 1·22 1·07 0·87, 1·30
Q2 1·04 0·87, 1·25 1·12 0·95, 1·32
Q3 1·04 0·85, 1·26 1·10 0·91, 1·32
Q4 (reference) 1·00 – 1·00 –

Consumer food environment
SSB variety

<11 types/flavours (reference) 1·00 – 1·00 – 1·00 –

≥11 types/flavours 1·07 0·93, 1·25 1·26 1·02, 1·55 1·14 0·98, 1·32
Price (Z-score) (R$)* 0·99 0·90, 1·08 1·04 0·93, 1·17 0·97 0·88, 1·07

PR, prevalence ratio; FV, fruit and vegetables.
Model 1: each consumer or community food environment was associated with FV and SSB consumption separately and adjusted for individual-level variables
(age, sex, education and income).
Model 2: adjusted for individual-level variables (age, sex, education and income) + neighbourhood-level income + community (density of supermarkets and
fresh produce markets) and consumer food environment variables.
Model 3: adjusted for individual-level variables (age, sex, education and income) + neighbourhood-level income + community (proximity to supermarkets and
fresh produce markets) and consumer food environment variables.
*As of March 2011, $US 1·00=R$ 1·66.
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Fig. 1 Predicted values of fruit and vegetable (FV) consumption per individual-level income (●, >5MW; , ≤5MW) as the density of
supermarkets and fresh produce markets increased in the neighbourhood, São Paulo, Brazil, 2011. Values were predicted using
Poisson GEE models with robust variance. FV consumption was modelled as a function of supermarket and fresh produce market
density (log-transformed counts per 10 000 population), adjusting for sex, age and education. Income-specific estimates were
statistically significant (P-interaction <0·05) and obtained from models containing individual-level income interactions with retail food
store and market density within each neighbourhood. Error bars represent 95% confidence intervals (MW, Brazilian monthly
minimum wage; GEE, generalized estimating equations)
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markets was significantly lower than the prevalence among
their counterparts with a higher income living in equally
underserved neighbourhoods (P-interaction <0·05). Such
differences disappeared in neighbourhoods with a larger
number of supermarkets and markets. We did not find a
moderating effect of income on the association of other
food environment variables and SSB or FV consumption.

Discussion

In this sample from a large Brazilian city, some measures
of the local food environment were associated with FV
and SSB consumption. A higher density of supermarkets
and fresh produce markets and FV availability in the
neighbourhood were associated with regular FV
consumption, especially among low-income individuals.
Proximity to supermarkets and fresh produce markets also
predicted FV consumption. Moreover, living near stores
with a greater variety of SSB increased the prevalence of
regular SSB consumption after adjustments for confound-
ing variables.

Associations of FV availability and consumption were
consistent and significant. Some prior research conducted
in the USA found similar results(6), while other studies did
not(11,13,34). For instance, while availability(6,11,13) of
healthy foods and presence of supermarkets in the
neighbourhood(11,35) have been more consistently asso-
ciated with FV consumption, distance to the nearest super-
market has not been constantly associated with FV
consumption(12). In our sample, lower-income individuals
living in neighbourhoods with poorer access to super-
markets and fresh produce markets had a disproportionally
lower regular FV consumption prevalence. Such disparity,
however, disappeared in neighbourhoods better served
with supermarkets and fresh produce markets.

Neither FV price nor quality was associated with
consumption, as found in previous studies(11,34). In fact,
living in neighbourhoods with stores/markets with fresh
produce but not of high quality (no stores/markets in the
upper quartile of quality) was enough to increase the FV
consumption prevalence rate in that neighbourhood. We
believe we found such results because the percentage of
stores/markets in each census tract, averaged across the
1·6-km buffer around participants’ homes, that had FV in
the upper quartile was less than 2 %. The great majority of
stores/markets had FV in the first, second and third
quartiles of quality and were likely to be small grocery
stores and corner stores. Also, our findings on FV quality
reinforce the effect of FV availability, rather than quality,
on consumption. Living close to stores/markets where FV
were available, regardless of the quality of fresh produce,
was associated with a higher prevalence of regular FV
consumption.

Although we attempted to rigorously measure fresh
produce quality, we may not have captured all the

dimensions consumers consider when evaluating the
quality of FV and making purchase decisions. A more
detailed quality assessment on more items could improve
the measure(9). However, this would increase study cost
and time and would not necessarily guarantee different
results(11). Direct measures of fresh produce quality may
just not be sensitive enough to capture substantive
differences in fresh produce quality and lack the ability to
capture other concepts such as organic and specialty
foods(36). Similarly, they do not account for differences in
perceived quality, which may not always coincide with
objective indicators and are sometimes more strongly
related to dietary behaviours(12).

In the case of Latin America, fresh produce markets
seem to play an important role in FV supply(16,37) and
consumption(15,17). In our sample, 50 % of the respondents
reported buying FV in fresh produce markets. In a
socio-economically diverse sample of women from
another Brazilian city, shopping at fresh produce markets
was associated with greater consumption of minimally
processed foods, including FV(17). Additionally, the main
reported reason for shopping at those markets was the
proximity to home(17).

Therefore, food policies aimed at making fresh produce
markets more accessible, affordable, acceptable and able
to accommodate local residents’ needs could potentially
have population-wide benefits in FV consumption in
Brazil. Promoting produce markets and markets where
small local farmers can sell their products, instead of
supermarkets, are also not related to potential negative
externalities, such as the increase in the availability of
ultra-processed foods such as SSB. SSB are widely avail-
able in all types of food stores(37) and this availability was
associated with regular SSB consumption in our study.

Recent findings have shown positive effects of farmers’
markets in the USA(38,39), Canada(40) and New Zealand(41).
They are associated with increasing consumption of
FV(38,39), can have positive effects on the surrounding
availability and cost of healthy foods(41), and support local
and small farmers. In addition, financial incentives for
lower-income participants of social programmes to shop at
farmers’ markets are being tested in the USA and are
achieving good results(42).

When bringing full produce markets or markets where
small local farmers can sell their products to underserved
communities is not feasible due to zoning constraints or
disputes with the city public transit authority over the
closing of streets, smaller farm stands(43) or FV mobile
carts(44) could be interesting options. Nevertheless, policy
efforts may be needed to prevent such carts from being
located exclusively in higher-income neighbourhoods
and/or close to other retail food stores, as revealed by
previous impact analyses in New York(44).

SSB variety was associated with increased prevalence of
regular SSB consumption in São Paulo, Brazil. In our case,
variety could also be interpreted as greater availability of
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SSB: the more brands and flavours of soda, fruit-flavoured
drinks and juices/nectars with added sugars in a given
area, the higher the prevalence of regular SSB consump-
tion. The literature on local food environment and SSB
consumption relationships is more recent than, and not as
diverse as, that for FV consumption. Shopping at a
supermarket with high availability of healthy food has
previously been associated with lower odds of consuming
SSB in the USA(39). Although SSB prices are known to
negatively affect SSB consumption in Brazil(10), surpris-
ingly we did not find a clear association between SSB
price and consumption. A possible explanation may
be related to differences in the availability and consump-
tion of different types of SSB in high- and low-income
neighbourhoods. Although SSB and fruit-flavoured drinks
are cheaper and more widely available in lower-income
neighbourhoods, nectars and juices with added sugars are
more expensive and more likely to be available in more
affluent areas of the city of São Paulo(37). High-income
individuals may thus be trading soda and cheaper fruit-
flavoured drinks for more expensive sugar-sweetened bev-
erages. Social marketing aimed at informing consumers of
the problems associated with all types of SSB, as well as price
increases (e.g. through SSB taxation), should be considered.

The strengths of the present study include the temporal
connection between environmental and individual data,
both collected in 2011, and the use of multiple aspects of
the local retail food environment. They include measures
of the consumer nutrition environment such as density of
and proximity to stores, as well as objectively observed
in-store measures (availability, variety, quality and price).
Of the studies that have included both community and
consumer food environment measures(6,11,16), ours is
among the first to do so in an extended geographic area of
a middle-income country, with a large population sample
and using a previously validated instrument.

Our study is subject to a few limitations. First, it was
restricted to the participants’ residential area. There is little
empirical information on which to base the area definition
(or spatial scale) most relevant for food purchasing
behaviour(45). Utilizing administrative boundaries such as
census tracts, block groups or ‘buffers’ sets arbitrary
boundaries in the food environment and implies that
individuals recognize these boundaries and conduct their
daily lives within these restrictions(46). Moreover, access to
motorized transportation increases mobility and may limit
the relevance of immediate food environments by allow-
ing residents to travel beyond a walking distance(8).
However, walking as the main transportation mode to
shop for food was associated with higher odds of
consuming minimally processed foods such as FV, as well
as the perception of availability of fresh produce in the
home neighbourhood in Brazil(17).

We used cross-sectional data, which limited casual infer-
ences. In addition, our study was restricted to thirteen dis-
tricts in the city of São Paulo; consequently, the present data

should not be considered representative of the city or the
country. However, the sampled districts represent the socio-
economic diversity found in São Paulo and cover
all geographic areas of the city. Further studies in cities
across Brazil and Latin America will contribute with the
generalizability of our findings. Although we recognize the
importance of measures such as psychological attitudes
towards healthy eating, nutrition knowledge or taste
preferences in explaining the consumption of FV and SSB,
our study did not attempt to address individual behavioural
aspects that drive food choices, nor could we include such
measures as potential confounders in our analyses.

The present study thus contributes to a growing body of
research seeking to understand how and whether measures
of local food environments are associated with diet in urban
settings and more specifically, in low- and middle-income
countries. Our results suggest that obesogenic environments
in a large Brazilian metropolis play a role in shaping FV and
SSB consumption, independent of individual characteristics.
A better understanding of local and context-specific
measures of food environments could potentially influence
policy areas, such as urban planning and food and nutrition
security, and lead to population-wide benefits in fighting
obesity and diet-related diseases in Brazil.
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