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Abstract: This study aimed to analyze whether community food environments are associated with
individual food consumption among nutrition students and newly graduated nutritionists. This
cross-sectional study used data from the Nutritionists’ Health Study cohort, which included 357 un-
dergraduate nutrition students from the city of Fortaleza, Ceará, Brazil. Exposure to the food
environment was defined as the proximity and availability of food outlets within a 500 m buffer from
the participants’ homes. Food consumption was assessed using a Food Frequency Questionnaire
and analyzed according to the NOVA classification. Multi-level linear regression models with fixed
effects were used to estimate the presence of food outlets within the buffer and their association with
food consumption. The presence of mini-markets in the buffer in the fourth quartile was associated
with lower consumption of ultra-processed foods (UPF) when observing socioeconomic and lifestyle
conditions (β = −3.29; 95% CI = −6.39 to −0.19). The presence of bakeries and coffee shops was
related to lower consumption of ultra-processed foods among participants when observing socioeco-
nomic conditions (β = −3.10; 95% CI = −6.18 to −0.02). There was no clear evidence of an association
between the type of food outlet and UPF consumption. The community food environment seemed
to influence food consumption among study participants, although clearer and more consistent
evidence on this subject is needed.

Keywords: food consumption; food processing; healthy eating; nutritionists

1. Introduction

Food processing is a potential influencer of obesity [1] and other health conditions [2,3].
The categorization of foods based on the extent and purpose of processing was proposed
based on the NOVA classification. Foods were subdivided into four groups: unprocessed
or minimally processed foods, processed culinary ingredients, processed foods, and ultra-
processed foods (UPFs) [4]. Ultra-processed foods are ready-to-eat products that contain
substances and additives used in the manufacture of processed foods such as sugar, salt,
and oil, in addition to stabilizers and preservatives that enhance the flavor, aroma, and
texture [4]. UPFs account for a high percentage of food consumption in both middle-
and high-income countries [5]. This is attributed to the low cost and increased global
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availability of these products, which cause significant changes in the environment and
dietary patterns [6].

Food environment refers to the interface between consumers and the food system,
encompassing the availability, accessibility, convenience, and desirability of food [7]. It can
be categorized into four components: consumer food, information food, community food,
and organizational food environments [8].

The community food environment, which includes the number of establishments
selling food in a region, their location, and residents’ accessibility to the types of services
offered [8], has undergone relevant changes in recent decades. The greater supply and
accessibility of foods, especially ultra-palatable, ultra-processed foods, has a negative
impact on food consumption patterns in most countries [9], which contributes to the
community food environment being identified as a favorable or hindering factor for access
to these products, depending on their characteristics [10–12].

Despite evidence indicating that people with higher education are more likely to have a
diverse and healthy diet [13], university students exhibit unhealthy eating behaviors. Even
among undergraduates in health sciences such as nursing, medicine, and nutrition, high
consumption of fast foods, sweet drinks, soft drinks, and alcoholic beverages is observed,
as well as low consumption of fruits, vegetables, fish, whole grains, and legumes [14].

Although studies have provided evidence that a community’s food environment
may be associated with nutritional status [15–17] and food consumption [18,19], there
is little research on the association between the food environment and consumption of
processed foods [20]. This investigation is of great importance because it explores the
connection between consumption patterns based on food processing and their impact on
health and disease conditions [20,21]. Considering the relevance of the food environment
and individual food choices, in addition to the scarce evidence available in the literature
on the subject, this investigation is expected to contribute to our understanding of the
association between the local food environment and food consumption in adults. To
accomplish this, a cohort of nutrition students and newly graduated nutritionists was used
as the study population, which is an advantage of this investigation. These individuals are
health professionals who engage in dietary assessments on a regular basis, enabling them
to provide more pertinent and reliable food consumption data. Thus, this study aimed to
analyze whether the community food environment influences food consumption among
nutrition students and newly graduated nutritionists.

2. Materials and Methods

This is a cross-sectional study using data from the Nutritionists’ Health Study—
NutriHS (Nutritionist Health Study) cohort [22], carried out between 2018 and 2019 in
the city of Fortaleza, Ceará, Brazil. NutriHS is a multicenter cohort study coordinated by
universities around Brazil: the University of São Paulo in the city of São Paulo; the State
University of Campinas in the city of Limeira; and the University of Fortaleza and Ceará
State University in Fortaleza. It was carried out with undergraduate nutrition students and
trained nutritionists, with the main objective of evaluating the relationship between diet,
intestinal microbiota, and cardiovascular risk.

All those who agreed to participate were informed about the research objectives
and expressed prior agreement through the free and informed consent form. This study
was approved by the Ethics Committee of Ceará State University under opinion number
95402618.3.0000.5534.

2.1. Study Scenario and Sample

Fortaleza, with an estimated population of 2.6 million inhabitants, is the fifth most
populous city in Brazil. It has a total area of 312,353 km2, with a Municipal Human Devel-
opment Index (MHDI) of 0.754 [23] (Figure 1). MHDI is a composite measure of indicators
of three dimensions of human development: longevity, education, and income. The index
ranges from 0 to 1. The closer it is to 1, the greater the human development [23]. During
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this study, the municipality included 119 districts and was divided into six administrative
regions managed by the Regional Executive Secretariats (SER). These regions consist of
districts with geographic proximity and similar socioeconomic characteristics.
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This study was carried out with nutrition students and recently graduated nutritionists.
This approach was chosen to minimize follow-up losses in the NutriHS cohort study and
to leverage a unique opportunity for gathering high-quality dietary information. The
minimum sample size for NutriHS was previously estimated, considering the detection
of a correlation coefficient ≥ 0.20 (alpha, 5%; beta, 20%), with an additional 20% increase
to account for follow-up losses. Therefore, a minimum of 233 volunteers was required for
each center.

Fortaleza has nine Higher Education Institutions (HEIs) that offer undergraduate
courses in nutrition [24]. This research was coordinated by two HEIs located in the city of
Fortaleza, namely, the University of Fortaleza and Ceará State University. Undergraduate
nutrition students from seven HEIs in the city participated in the study and signed the
letter of consent from the Research Ethics Committee. The recruitment of participants for
the study was conducted through project dissemination on social networks (Facebook and
Instagram) and in-person communication at the HEIs. Interested students were directed to
the project’s online page (http://www.fsp.usp.br/nutrihs, accessed on 1 June 2021) to fill
in the questionnaires.

A total of 734 students registered on the site. However, 153 participants did not
complete the Food Frequency Questionnaire (FFQ) and were excluded from the analysis.
Additionally, outliers with caloric intake below 500 or above 5000 kcals were excluded
in order to reflect more realistic consumption patterns, following the approach proposed
by Willett [25]. Subsequently, 224 participants who either did not reside at a permanent
address in the city of Fortaleza or registered with incomplete addresses were also excluded.
As a result, a total of 357 participants remained eligible for inclusion in the study (Figure 2).
There were no sociodemographic differences between the 734 participants who registered
on the website and the 357 participants in the final sample, with data losses referring to
randomly missing data.

http://www.fsp.usp.br/nutrihs
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2.2. Data Collection and Processing

Information on sociodemographic and health characteristics, physical activity, and
food consumption was collected and used in the present study.

2.2.1. Sociodemographic Characteristics

The variables collected included the following: gender (male/female), date of birth
for age calculation in years, full address (number, street/avenue name, complement, city,
state, and postal address code), university affiliation and city of the university, skin color
(white, black, brown, East Asian, and indigenous), education of the head of the family
(never attended school/incomplete 1st grade, complete 1st grade, complete 2nd grade, and
university), and family income (<1 minimum wage, 1–5 minimum wages, 6–10 minimum
wages, and >10 minimum wages). The minimum wage for the year 2018 was considered,
which was BRL 954.0 [26], equivalent to USD 247 during that period.

2.2.2. Anthropometric Data

Participants self-reported their body weight and height, with weight recorded in
kilograms and height recorded in meters. Body mass index (BMI) was calculated using the
standard formula: weight in kilograms (kg) divided by height in meters squared (m2). The
BMI values were used to classify weight status—not overweight/obese (BMI < 25 kg/m2)
and overweight/obese (BMI ≥ 25 kg/m2)—following the guidelines of the World Health
Organization [27]. Previous studies have shown that self-reported weight and height are
reliable for calculating BMI in adults [28,29].

2.2.3. Physical Activity

To estimate physical activity levels, the short-validated version of the International
Physical Activity Questionnaire (IPAQ) was utilized. The short version of the IPAQ consists
of seven open-ended questions and provides information enabling the estimation of time
spent per week engaging in various dimensions of physical activity, including walking,
moderate-intensity physical exertion, vigorous-intensity physical exertion, and time spent
in a sedentary position (sitting) [30]. The data obtained from the questionnaire were
interpreted based on the guidelines provided by the World Health Organization (WHO),
which recommends a minimum of 150 min of moderate to intense physical activity per
week for adults. Physical activity levels below 150 min per week are considered inadequate
according to these guidelines [31].

2.2.4. Food Consumption

The assessment of eating habits was conducted using a previously validated quanti-
tative food frequency questionnaire (FFQ) to estimate the habitual food consumption of
adults [32]. This FFQ includes the eating habits of individuals over a year, identifying the
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usual individual portion of 136 food items, with frequency options (0 to 10 times), time
units (day, week, month, or year), and portions (described in household measures, grams
and milliliters). Data were processed by the Nutrition Data System for Research (Nutrition
Coordinating Center, University of Minnesota, Minneapolis).

Food consumption was evaluated using the NOVA classification (in percentage (%)
of total energy), which categorizes foods into four groups according to their level and
purpose of processing. These groups include fresh and minimally processed foods, culinary
ingredients, processed foods, and ultra-processed foods. A previous publication provides
detailed information regarding the categorization within the NOVA classification [4].

Based on the FFQ, the foods were classified into 74 unprocessed or minimally pro-
cessed foods, 3 culinary ingredients, 19 processed foods, and 40 ultra-processed foods.
Using this classification, the percentages of each group’s contribution to daily energy intake
were calculated, following the methodology employed in previous studies [33,34].

2.2.5. Local Food Environment

The database of food retail establishments was built using information from two
government sources: the Health Surveillance Sector (VISA) of the Municipal Health De-
partment of Fortaleza and the SER of Fortaleza City Hall. VISA, through the Municipal
Health Department, conducts regular supervision of the food market through investigative
inspections, documentation maintenance, and control records; therefore, it is considered a
reliable source of official data [35]. From these databases, information was extracted on the
type of establishment and complete address (including number, street name, neighborhood,
and postal code) of all licensed food retail stores operating in 2018 and 2019.

The establishments in the database were categorized by VISA according to their main
activity, using the National Classification of Economic Activities (CNAE) as a reference.
The categories include the following: retail trade of goods, with a focus on food products
(hypermarkets, supermarkets, mini-markets, grocery stores, and warehouses); retail trade
of specific products (dairy products, cold cuts, sweets, candies, chocolates, meat, fresh
produce, and convenience store merchandise); wholesale trade of various food products
(milk and dairy products, processed cereals and legumes, fruits, vegetables, roots and
tubers, beef, pork and derivatives, fish and seafood, meat and other animal derivatives,
breads, cakes, cookies, pasta, ice cream, and confectionery chocolates); restaurants and
similar establishments; snack bars, tea houses, juice shops, and similar establishments;
bakeries, pastry shops, and ice cream parlors; and coffee shops and street food services.

As a supplementary measure, conferences were conducted to verify the addresses of
snack bars (since they are more numerous and subject to greater variability in opening
and closing times) using the Google Street View tool. Establishments that presented
inconsistencies in the databases and could not be identified through Google Street View
were excluded from the study. Information on the MHDI, average per-capita income, and
number of residents in the neighborhoods of the city of Fortaleza were extracted from the
2010 Demographic Census [36].

In order to simplify data analysis, all identified food stores were categorized based
on an adapted grouping proposed by Costa et al. [37], which takes into account the phys-
ical structure of the place, the primary products sold, and specific commercialization
characteristics.

In Brazil, there is no consensus on the type of categorization of establishments used to
assess the food environment. The categorization method employed in this article, which
considers the physical structure of the establishment, the type of products sold, and mar-
keting characteristics, has been previously utilized in studies conducted in Brazil [16,17,21],
albeit with some adaptations. As not all establishments in this study fit into the first
classification, a combination of two references was utilized. First, an adapted version
from Costa et al. [37] was employed, resulting in six main groups: (1) supermarkets and
hypermarkets, (2) small markets (minimarkets, grocery stores, and warehouses), (3) street
markets, (4) restaurants, (5) snack bars (snack bars, tea houses, juice shops, pastry, and
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ice cream parlors), and (6) bakeries and coffee shops. Further, for retail and wholesale
establishments that did not fit into these categories, the NOVA food classification was used
as it categorizes foods based on the extent and purpose of their processing [4], which is the
focus of our study. The remaining establishments were grouped according to the predom-
inance of acquisition and food processing characteristics, according to the classification
proposed by the Interministerial Chamber for Food and Nutrition Security (CAISAN) [38],
resulting in the following two groups: (7) retail of unprocessed and minimally processed
foods (vegetables; cereals and pulses; fruits, vegetables, roots, tubers, vegetables, and fresh
vegetables; beef and pork; slaughtered poultry and derivatives; fish and seafood; meat
and other animal derivatives) and (8) retail of processed and ultra-processed foods (dairy
products and cold cuts; confectionery; breads, cakes, cookies, sweets, candies, bonbons,
and others; ice cream; pasta; and food products in general).

2.2.6. Statistical Analysis

Sociodemographic and health variables (gender, age, skin color, education of the head
of the family, family income, and BMI), and lifestyle (physical activity level), were expressed
in absolute (n) and relative (%) values. The caloric contribution of the NOVA classification
was expressed as mean and standard deviation. The number of stores/establishments in a
500 m buffer was expressed as median and interquartile range.

Multilevel linear regression models with fixed effects were used to estimate the regres-
sion coefficient (beta) and 95% confidence intervals (95% CI). The caloric contribution of the
NOVA classification was considered as a dependent variable (continuous) and the presence
of food establishments within a 500 m buffer from the volunteer’s residence as an inde-
pendent variable. The number of food establishments was distributed as quartile (small
markets, restaurants, snack bars, retail of unprocessed and minimally processed foods, and
retail of processed and ultra-processed foods), tertile (supermarkets and hypermarkets), or
presence/absence of establishments (street markets).

The modeling was carried out in two levels and the administrative regions of the
municipality were used as a contextual variable. For model 1, the covariates were sex
(nominal), age (continuous), skin color (nominal), education of the head of the family (ordi-
nal), and family income (ordinal); for model 2, the covariates were presence of overweight
(dichotomous) and physical activity level (dichotomous). The selection of covariates was
based on the literature on univariate analysis. The Hausman test was used to choose
between random effects and fixed effects models.

The results were reported as regression coefficients (beta) and 95% confidence intervals
(95% CI). All analyses were conducted using Stata software version 13.0 (https://www.
stata.com, accessed on 23 August 2023) with a significance level of 5%.

3. Results

Among the 357 study participants, there was a predominance of females (79.3%), aged
under 25 years (72.3%), self-declared black/brown skin color (57.7%), family income from 1
to 5 minimum wages (61.6%), and education of the head of the family with a high school
diploma (43.7%). Most participants had a BMI classification as not being overweight (62.5%)
and a level of moderate and intense physical activity of 150 min per week (65.0%). Most
lived in region 2 of the city (24.4%) and had a higher caloric contribution of unprocessed
and minimally processed foods in their diets (59.3%) (Table 1).

The spatial distribution of food establishments within the 500 m buffer around the
participants’ homes is shown in Figure 3.

Regarding the association between the presence of establishments in the buffer and the
energy contribution of the consumption of unprocessed foods in the diet, for bakeries and
coffee shops, a higher consumption of unprocessed food was observed among participants
in the third quartile of distribution of the number of establishments when adjusted for
covariates of model 1 (β = 4.82; 95% CI = 0.52 to 9.12) and of model 2 (β = 4.84; 95% CI = 0.55
to 9.12) in relation to the first quartile (Table 2).

https://www.stata.com
https://www.stata.com
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Table 1. Characteristics of the study population, food consumption, and food environment. Nutri-
tionists’ Health Study—NutriHS, Fortaleza, CE.

Variables N %

Sex
Female 283 79.3
Male 74 20.7
Age group
<25 years 258 72.3
≥25 years 99 27.7
Self-declared skin color
White 138 38.7
Black/brown 206 57.7
Others 13 3.6
Education of the head of the family
Never attended school / incomplete 1st grade (from 1 to 7 years of study) 61 17.1
Completed 1st degree (from 8 to 10 years of study) 36 10.1
Completed high school (from 11 to 13 years of study) 156 43.7
University (14 years or more of study)/Postgraduate 104 29.1
Family income
<1 minimum wage 23 6.4
1–5 minimum wages 220 61.6
6–10 minimum wages 58 16.2
>10 minimum wages 39 10.9
BMI classification
Non-overweight/obesity 223 62.5
Overweight/obesity 134 37.5
Moderate and intense physical activity level
<150 min/week 121 33.9
≥150 min/week 232 65.0
Regional
1 42 11.8
2 87 24.4
3 46 12.9
4 49 13.7
5 60 16.8
6 73 20.5
NOVA classification Mean Standard deviation
Unprocessed/minimally processed, % total energy 59.3 14.7
Culinary ingredients, % total energy 3.6 3.6
Processed, % total energy 20.4 12.6
Ultra-processed, % total energy 16.7 10.4
Establishments in a 500 m buffer Median p25–p75
Snack bars 6 2–13
Supermarkets and hypermarkets 1 0–2
Small markets 4 1–6
Bakeries and coffee shops 1 0–2
Restaurants 6 2–11
Retail of processed and ultra-processed foods 2 1–5
Retail of unprocessed and minimally processed foods 2 0–3

N %
Street markets, ≥1 75 21.0

Values expressed in n and %, mean and standard deviation, or median and p25–p75.
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In the analysis of the association between the presence of establishments in the buffer
with the energy contribution of the consumption of processed foods in the diet, significant
values were observed for the presence of snack bars among participants in the third quartile
(β = 4.46; 95% CI = 0.65 to 8.27) and fourth quartile (β = 4.53; 95% CI = 0.54 to 8.51) of the
distribution of establishments, when adjusted for model 1, in relation to the first quartile,
and for participants in the third quartile (β = 4.48; 95% CI = 0.65 to 8.32) and fourth quartile
(β = 4.43; 95% CI = 0.44 to 8.42), when adjusted for model 2, in relation to the first quartile.
Significant values were also found for supermarkets and hypermarkets among participants
in the second tertile, in relation to the first tertile, when adjusted for model 1 (β = 3.34;
95% CI = 0.12 to 6.56) and model 2 (β = 3.26; 95% CI = 0.02 to 6.51); bakeries and coffee
shops, among participants in the fourth quartile, when adjusted for model 1 (β = 5.00; 95%
CI = 1.25 to 8.74) and model 2 (β = 4.88; 95% CI = 1.13 to 8.64), in relation to the first quartile;
retailing of processed and ultra-processed foods among participants in the third quartile
(β = 6.54; 95% CI = 2.30 to 10.79) and fourth quartile (β = 4.63; 95% CI = 0.59 to 8.67), when
adjusted for model 1, in relation to the first quartile, as well as among participants in the
third quartile (β = 6.34; 95% CI = 2.04 to 2.63) and fourth quartile (β = 4.62; 95% CI = 0.54 to
8.70) when adjusted for model 2, in relation to the first quartile; and retail of unprocessed
and minimally processed foods among participants in the second quartile, when adjusted
for model 1 (β = 4.51; 95% CI = 0.73 to 8.29) and model 2 (β = 4.74; 95% CI = 0.95 to 8.54), in
relation to the first quartile (Table 3).

For the association between the presence of establishments in the buffer and the energy
contribution of the consumption of ultra-processed foods in the diet, the presence of mini-
markets was associated with lower consumption among participants in the fourth quartile
of distribution of establishments, when adjusted for model 1 (β = −3.55; 95% CI = −6.65
to −0.45) and for model 2 (β = −3.29; 95% CI = −6.39 to −0.19), in relation to the first
quartile. The presence of bakeries and coffee shops was related to lower consumption of
ultra-processed foods among participants in the third quartile, when adjusted for model 1,
compared with the first quartile (β = −3.10; 95% CI = −6.18 to −0.02) (Table 4).
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Table 2. Association between the presence of establishments in a 500 m buffer in the energy contribu-
tion of unprocessed and minimally processed food consumption in the diet. Nutritionists’ Health
Study—NutriHS, Fortaleza, CE.

Energy Contribution from the Consumption of Unprocessed and Minimally Processed Food a

Model 1 b Model 2 c

Beta 95% CI Beta 95% CI

Snack bars (n)
1◦ quartile (0–2) Reference Reference
2◦ quartile (3–5) −0.84 −5.41, 3.73 −1.14 −5.69, 3.40
3◦ quartile (6–13) −2.46 −6.91, 1.99 −2.70 −7.11, 1.71
4◦ quartile (>13) −1.56 −6.20, 3.09 −1.27 −5.86, 3.32
Supermarkets and hypermarkets (n)
1◦ tercile (0) Reference Reference
2◦ tercile (1) −2.09 −5.84, 1.66 −2.16 −5.88, 1.56
3◦ tercile (>1) −1.27 −5.08, 2.54 −1.22 −5.03, 2.59
Small markets (n)
1◦ quartile (0–1) Reference Reference
2◦ quartile (2–3) −1.10 −5.53, 3.32 −0.86 −5.24, 3.51
3◦ quartile (4–5) −0.51 −4.90, 3.89 −0.51 −4.87, 3.86
4◦ quartile (>5) 1.46 −2.93, 5.84 0.88 −3.48, 5.23
Bakeries and coffee shops (n)
1◦ quartile (0) Reference Reference
2◦ quartile (1) −1.45 −5.77, 2.88 −1.78 −6.09, 2.52
3◦ quartile (2) 4.82 0.52, 9.12 4.84 0.55, 9.12
4◦ quartile (>2) −1.84 −6.17, 2.49 −1.54 −5.83, 2.75
Restaurants
1◦ quartile (0–2) Reference Reference
2◦ quartile (3–6) 2.30 −1.96, 6.56 2.30 −1.91, 6.52
3◦ quartile (7–11) −1.30 −5.87, 3.27 −1.63 −6.16, 2.91
4◦ quartile (>11) −0.05 −4.61, 4.52 0.09 −4.43, 4.61
Retail of processed and
ultra-processed foods
1◦ quartile (0–1) Reference Reference
2◦ quartile (1–2) −2.51 −6.74, 1.72 −2.38 −6.61, 1.86
3◦ quartile (3–4) −4.77 −9.73, 0.19 −4.58 −9.53, 0.37
4◦ quartile (>4) −3.84 −8.56, 0.88 −3.74 −8.44, 0.96
Retail of unprocessed and minimally
processed foods
1◦ quartile (0) Reference Reference
2◦ quartile (1) −1.55 −5.95, 2.85 −1.75 −6.11, 2.62
3◦ quartile (2–3) −2.83 −7.05, 1.38 −3.05 −7.23, 1.13
4◦ quartile (>3) −2.55 −6.92, 1.82 −2.51 −6.83, 1.81
Street markets
No Reference Reference
Yes −2.83 −6.68, 1.01 −2.83 −6.63, 0.98

Values expressed in beta and 95% confidence interval (95% CI). Values in bold represent statistical significance.
a Multilevel linear regression models with fixed effects. b Model adjusted for sex, age, skin color, education of the
head of the household, and family income. c Model adjusted for sex, age, skin color, education of the head of the
household, family income, body mass index, and physical activity level.
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Table 3. Association between the distributions of establishments in a 500 m buffer in the energy
contribution of the consumption of processed foods. Nutritionists’ Health Study—NutriHS, Fort-
aleza, CE.

Energy Contribution from Processed Foods a

Model 1 b Model 2 c

Beta 95% CI Beta 95% CI

Snack bars (n)
1◦ quartile (0–1) Reference Reference
2◦ quartile (3–5) 2.26 −1.66, 6.17 2.41 −1.54, 6.36
3◦ quartile (6–13) 4.46 0.65, 8.27 4.48 0.65, 8.32
4◦ quartile (>13) 4.53 0.54, 8.51 4.43 0.44, 8.42
Supermarkets and hypermarkets (n)
1◦ tercile (0) Reference Reference
2◦ tercile (1) 3.34 0.12, 6.56 3.26 0.02, 6.51
3◦ tercile (>1) 0.78 −2.50, 4.06 0.58 −2.75, 3.90
Small markets (n)
1◦ quartile (0–1) Reference Reference
2◦ quartile (2–3) 2.12 −1.70, 5.94 2.00 −1.82, 5.82
3◦ quartile (4–5) 2.73 −1.06, 6.53 2.60 −1.21, 6.41
4◦ quartile (>5) 2.06 −1.73, 5.84 2.39 −1.42, 6.19
Bakeries and coffee shops (n)
1◦ quartile (0) Reference Reference
2◦ quartile (1) 1.34 −2.40, 5.07 1.33 −2.43, 5.10
3◦ quartile (2) −1.26 −4.97, 2.45 −1.39 −5.14, 2.36
4◦ quartile (>2) 5.00 1.25, 8.74 4.88 1.13, 8.64
Restaurants (n)
1◦ quartile (0–2) Reference Reference
2◦ quartile (3–6) −0.68 −4.35, 2.98 −0.59 −4.27, 3.09
3◦ quartile (7–11) 2.50 −1.44, 6.43 2.62 −1.34, 6.58
4◦ quartile (>11) 3.02 −0.91, 6.95 3.04 −0.90, 6.99
Retail of processed and
ultra-processed foods (n)
1◦ quartile (0–1) Reference Reference
2◦ quartile (1–2) 2.45 −1.17, 6.08 2.24 −1.43, 5.90
3◦ quartile (3–4) 6.54 2.30, 10.79 6.34 2.04, 10.63
4◦ quartile (>4) 4.63 0.59, 8.67 4.62 0.54, 8.70
Retail of unprocessed and minimally
processed foods (n)
1◦ quartile (0) Reference Reference
2◦ quartile (1) 4.51 0.73, 8.29 4.74 0.95, 8.54
3◦ quartile (2–3) 1.62 −2.00, 5.24 1.63 −2.01, 5.26
4◦ quartile (>3) −0.51 −1.56, 0.55 −0.54 −1.61, 0.52
Street markets
No Reference Reference
Yes 2.66 −0.66, 5.98 2.79 −0.54, 6.12

Values expressed in beta and 95% confidence interval (95% CI). Values in bold represent statistical significance. a

Multilevel linear regression models with fixed effects. b Model adjusted for sex, age, skin color, education of the
head of the household, and family income. c Model adjusted for sex, age, skin color, education of the head of the
household, family income, body mass index, and physical activity level.
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Table 4. Association between the distribution of establishments in a 500 m buffer in the energy
contribution of the consumption of ultra-processed foods in the diet. Nutritionists’ Health Study—
NutriHS, Fortaleza, CE.

Energy Contribution from the Consumption of Ultra-Processed Products a

Model 1 b Model 2 c

Beta 95% CI Beta 95% CI

Snack bars (n)
1◦ quartile (0–2) Reference Reference
2◦ quartile (3–5) −1.00 −4.24, 2.23 −0.81 −4.06, 2.44
3◦ quartile (6–13) −2.84 −5.99, 0.31 −2.63 −5.78, 0.52
4◦ quartile (>13) −2.36 −5.65, 0.93 −2.52 −5.80, 0.76
Supermarkets and hypermarkets (n)
1◦ tercile (0) Reference Reference
2◦ tercile (1) −1.36 −4.02, 1.31 −1.18 −3.84, 1.49
3◦ tercile (>1) 0.43 −2.28, 3.13 0.56 −2.17, 3.29
Small markets (n)
1◦ quartile (0–1) Reference Reference
2◦ quartile (2–3) −0.62 −3.74, 2.51 −0.72 −3.83, 2.40
3◦ quartile (4–5) −2.64 −5.74, 0.46 −2.53 −5.64, 0.57
4◦ quartile (>5) −3.55 −6.65, −0.45 −3.29 −6.39, −0.19
Bakeries and coffee shops (n)
1◦ quartile (0) Reference Reference
2◦ quartile (1) −0.30 −3.40, 2.80 0.09 −3.02, 3.19
3◦ quartile (2) −3.10 −6.18, −0.02 −3.00 −6.08, 0.10
4◦ quartile (>2) −2.56 −5.67, 0.54 −2.73 −5.83, 0.36
Restaurants (n)
1◦ quartile (0–2) Reference Reference
2◦ quartile (3–6) −2.01 −5.03, 1.01 −2.11 −5.13, 0.91
3◦ quartile (7–11) −1.49 −4.74, 1.76 −1.32 −4.57, 1.93
4◦ quartile (>11) −2.70 −5.94, 0.55 −2.85 −6.09, 0.38
Retail of processed and
ultra-processed foods (n)
1◦ quartile (0–1) Reference Reference
2◦ quartile (1–2) −0.40 −3.42, 2.62 −0.33 −3.37, 2.71
3◦ quartile (3–4) −1.75 −5.29, 1.79 −1.67 −5.23, 1.90
4◦ quartile (>4) −0.57 −3.94, 2.80 −0.66 −4.04, 2.73
Retail of unprocessed and minimally
processed foods
1◦ quartile (0) Reference Reference
2◦ quartile (1) −2.91 −6.02, 0.21 −2.93 −6.04, 0.19
3◦ quartile (2–3) −0.01 −3.00, 2.97 0.15 −2.84, 3.14
4◦ quartile (>3) −0.53 −3.63, 2.57 −0.45 −3.54, 2.63
Street markets
No Reference Reference
Yes −0.11 −2.84, 2.63 −0.23 −2.96, 2.51

Values expressed in beta and 95% confidence interval (95% CI). Values in bold represent statistical significance.
a Multilevel linear regression models with fixed effects. b Model adjusted for sex, age, skin color, education of the
head of the household, and family income. c Model adjusted for sex, age, skin color, education of the head of the
household, family income, body mass index, and physical activity level.

4. Discussion

We identified a statistical association between the presence of food establishments
in the buffer around nutrition students’ homes and food consumption in the three food
processing groups analyzed. We found an inverse association between the caloric contri-
bution of UPFs and the presence of bakeries and coffee shops, and of small markets close
to the participants’ homes. The presence of snack bars, supermarkets and hypermarkets,
bakeries and coffee shops, and retail stores of processed and ultra-processed foods close
to the participants’ homes showed a significant association with the energy contribution
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of processed foods. However, despite the statistical association found, there is no clear or
strong evidence of an association between the types of food outlets investigated and UPF
consumption.

According to the NOVA classification, processed foods are foods manufactured with
the addition of salt or sugar, and occasionally oil, vinegar, or another substance, from
processed culinary ingredients to food from the unprocessed or minimally processed food
group. These foods can be produced by non-alcoholic fermentation, such as cheese and
bread, and alcoholic fermentation, as is the case for beverages such as wine, beer, and
cider [4]. Processed foods are often purchased in bakeries and confectioneries, hyper-
markets, dairy and cold-cut retailers, food retailers in general, and restaurants, as they
are considered mixed establishments. Therefore, they are important places to purchase
healthy (unprocessed and minimally processed foods) and unhealthy foods (processed and
ultra-processed foods) [38].

The purchase of alcoholic beverages may have influenced the association between
the presence of establishments in the buffer zone and the consumption of processed foods.
Alcohol consumption has become increasingly common among young people [39]. In Brazil,
28.1% of adolescents aged 13 to 17 consume alcohol [40], and early access is associated with
chronic patterns of consumption in adulthood [41]. A study of young Brazilians found that
17.54% of respondents reported purchasing alcoholic beverages in establishments such as
markets, liquor stores, bars, or supermarkets [39]. Another study found that approximately
10% of adolescents interviewed reported buying alcoholic beverages for consumption in
coffee shops, bars, and restaurants close to their homes [42].

The presence of establishments in the group of bakeries and coffee shops close to
the participants’ homes was statistically associated with the consumption of unprocessed
food. Traditionally, bakeries are establishments with greater demand and availability of
processed and ultra-processed foods, such as breads, cakes, cheeses, and sausages [43,44].
However, changes in the food environment have allowed bakeries and confectioneries
to add new products to their shelves, such as disposables products, beverages, and fresh
foods such as fruits, contributing to the fact that non-baked products represented 38.35% of
bakery sales in Brazil in 2020 [43].

In this study, the presence of various establishments, such as mini-markets, grocery
stores, warehouses, bakeries, and coffee shops showed a negative statistical association
with the energy contribution of UPFs. According to the classification proposed by CAISAN,
bakeries are establishments with a preponderance of processed food purchases throughout
the national territory. However, small markets can be classified as establishments where the
main purchase is of fresh foods or establishments where there is no majority purchase of
either fresh or ultra-processed foods, characterizing a more “mixed” purchase (depending
on the region or Brazilian state) [38]. In a study conducted in Belo Horizonte, which
examined the availability and advertising of food outlets, it was identified that convenience
stores, grocery stores, and bakeries had the highest availability and advertising of ultra-
processed foods [44].

The presence of bakeries and coffee shops near the participants’ homes was inversely
associated with the consumption of UPFs in the third quartile. However, this association
was not significant after adjusting for BMI and physical activity, indicating that these
factors may mediate the relationship. Furthermore, no association was observed in the
fourth quartile (highest) compared with the first quartile, which would be expected if
there was a genuine correlation between the density of bakeries in a local area and UPFs
consumption. The same was found for the presence of supermarkets and hypermarkets and
their association with processed food consumption, which was significant in the second
tertile but not in the third tertile. These findings suggest that the relationship between the
densities of food establishments and consumption of foods based on the level of processing
is non-linear, highlighting the need for further investigation and understanding of the
underlying mechanisms. In this study, there was no clear evidence of an association
between any type of food establishment and the consumption of ultra-processed foods. In
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a study that aimed to describe the consumption patterns of UPFs in the Netherlands and to
evaluate whether exposure to the food environment was associated with the consumption
of UPFs, it was found that greater exposure to restaurants and supermarkets was associated
with slightly lower consumption of UPFs [21].

The inverse association found between the caloric contribution of UPFs and the
presence of bakeries, coffee shops, and small markets close to their residence may be
attributed to the fact that the food choices and consumption of nutrition students and
nutritionists can be influenced by knowledge, since they are professionals who, among
other attributes, use nutritional knowledge as a way of promoting health and preventing
diseases [45]. The main factors that determine food choice are identified as intrapersonal
(knowledge, beliefs, and attitudes), biological (innate abilities of individuals), sensory-
affective (feelings and emotions in relation to food), and environmental (availability and
accessibility of food, which are the easiest to influence) [46]. In a study that aimed to
investigate the main determinants of food consumption in a university environment, the
price, quality of meal, and location/distance from the place of sale were identified as
decisive conditions, with differences between the sexes and the availability of healthy food
choices being more important for women than for men [47].

This study has some important limitations that may interfere with the interpretation of
the results, such as the fact that the participants self-reported their body weights, which is
likely to be biased. In addition, the generalizability of the results of this study is limited for
the non-nutrition-related groups, even to non-nutrition-related groups, given the relatively
small sample and specificities of the sample of nutrition students. Another relevant issue is
that the assessment of food consumption was based on the NOVA classification using an
FFQ. Most FFQs are not specifically designed to identify food processing details; therefore,
misclassifications are possible [48]. For example, items such as fruit juices, milkshakes,
meatballs, hamburgers, or pizza can be consumed as artisanal or industrial varieties.
However, only industrial varieties are classified as ultra-processed. Similarly, for yogurt
and whole grains, FFQs generally do not distinguish between plain, sweetened, or flavored
varieties [49]. Consequently, while certain products may fall under the ultra-processed
category, others can be classified as minimally processed [9,50].

The absence of data on food stores in the three districts of the city limits the characteri-
zation of the local food environment. Although these areas have food sale establishments,
the absence of information on their locations with VISA indicates that many operate infor-
mally. The existence of informal food vendors must be acknowledged because they may
conceal the true distribution of food establishments in the city. The absence of these data
may be due to the absence of the state from more vulnerable spaces and its failure to reach
this population.

Using VISA information to build the database may have resulted in an underesti-
mation of the actual number of establishments in the city, given that establishments not
registered in any secondary database and street vendors were not included. Address-
ing these limitations could be achieved by incorporating on-the-spot observations [51].
Nonetheless, by combining the two databases and virtually merging establishments within
the snack bar group, more reliable information was obtained for assessing the city’s food
environment. However, the lack of data on consumer’s food environments, such as the
quality, variety, price, and advertising of available food within the identified establishments,
limits a more thorough characterization of the local food environment.

Despite these limitations, the strong point of this study is the analysis of the rela-
tionship between food consumption based on food processing and the community food
environment. The fact that multilevel linear regression models were used, considering
sociodemographic and lifestyle variables, and that they were applied to different types of
food establishments, is also a strong point. In addition, the use of a comprehensive FFQ
to obtain information on food consumption from nutrition students and nutritionists may
have contributed to minimizing the limitations of using this survey as a way of evaluating
food processing consumption. This is due to the fact that these individuals are health



Int. J. Environ. Res. Public Health 2023, 20, 6749 14 of 16

professionals who are either in training or have already graduated, and they regularly
engage in dietary assessments. Consequently, their familiarity and expertise in this area
likely enabled them to provide more precise and accurate consumption data.

5. Conclusions

The presence of mini-markets and bakeries close to the participants’ homes was
statistically associated with a lower consumption of ultra-processed foods. The presence of
bakeries and coffee shops is associated with the consumption of fresh food. The presence of
supermarkets and hypermarkets, snack bars, bakeries, and processed and ultra-processed
retail stores was statistically associated with a higher consumption of processed foods.
However, despite this statistical association, there was no clear evidence of an association
between the types of food outlets and food consumption. Thus, the community food
environment seems to have the potential to influence the food consumption of the study
participants, although clearer and more consistent evidence on this subject is needed.

Author Contributions: B.B.B. contributed to the formal analysis, investigation, interpretation of
findings, and writing—original draft preparation and review of the article. L.N., B.S.d.A. and M.A.F.
contributed to the data analysis and interpretation of findings. L.F.A., L.L.M. and S.P.M. contributed
to the interpretation of the findings, methodology, and the writing—review and editing of the article.
A.A.F.C. contributed to the study design, data analysis, interpretation of findings, writing of the
article, and project administration. All authors have read and agreed to the published version of the
manuscript.

Funding: This research was funded by the National Council for Scientific and Technological Devel-
opment (CNPq)—process 422721/2018-2.

Institutional Review Board Statement: In this section, you should add the Institutional Review
Board Statement and approval number, if relevant to your study. You might choose to exclude this
statement if the study did not require ethical approval. Please note that the Editorial Office might ask
you for further information. Please add “The study was conducted in accordance with the norms of
the National Health Council (Resolution 466/2012), with regard to Ethics in Research with Human
Beings and approved by the Ethics Committee of the Ceará State University under opinion number
95402618.3.0000.5534.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available in the article.

Acknowledgments: We would like to thank the participants in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Machado, P.P.; Steele, E.M.; Levy, R.B.; Louzada, M.L.d.C.; Rangan, A.; Woods, J.; Gill, T.; Scrinis, G.; Monteiro, C.A. Ultra-

processed food consumption and obesity in the Australian adult population. Nutr. Diabetes 2020, 10, 39. [CrossRef]
2. Nasreddine, L.; Tamim, H.; Itani, L.; Nasrallah, M.P.; Isma’eel, H.; Nakhoul, N.F.; Abou-Rizk, J.; Naja, F. A minimally processed

dietary pattern is associated with lower odds of metabolic syndrome among Lebanese adults. Public Health Nutr. 2018, 21, 160–171.
[CrossRef]

3. Elizabeth, L.; Machado, P.; Zinöcker, M.; Baker, P.; Mark, L. Ultra-processed foods and health outcomes: A narrative review.
Nutrients 2020, 12, 1955. [CrossRef]

4. Monteiro, C.A.; Cannon, G.; Levy, R.; Moubarac, J.C.; Martins, A.P.; Canella, D.; Louzada, M.; Parra, D. NOVA. The star shines
bright. World Nutr. 2016, 7, 28–38.

5. Monteiro, C.A.; Moubarac, J.C.; Cannon, G.; Ng, S.W.; Popkin, B. Ultra-processed products are becoming dominant in the global
food system. Obes. Rev. 2013, 14, 21–28. [CrossRef]

6. Zobel, E.H.; Hansen, T.W.; Rossing, P.; Scholten, B.J. Global changes in food supply and the obesity epidemic. Curr. Obes. Rep.
2016, 5, 449–455. [CrossRef]

7. Downs, S.M.; Ahmed, S.; Fanzo, J.; Herforth, A. Food environment typology: Advancing an expanded definition, framework,
and methodological approach for improved characterization of wild, cultivated, and built food environments toward sustainable
diets. Foods 2020, 9, 532. [CrossRef]

https://doi.org/10.1038/s41387-020-00141-0
https://doi.org/10.1017/S1368980017002130
https://doi.org/10.3390/nu12071955
https://doi.org/10.1111/obr.12107
https://doi.org/10.1007/s13679-016-0233-8
https://doi.org/10.3390/foods9040532


Int. J. Environ. Res. Public Health 2023, 20, 6749 15 of 16

8. Glanz, K.; Sallis, J.F.; Saelens, B.E.; Frank, L.D. Healthy nutrition environments: Concepts and measures. Am. J. Health Promot.
2005, 19, 330–333. [CrossRef]

9. Crino, M.; Sacks, G.; Vandevijvere, S.; Swinburn, B.; Neal, B. The influence on population weight gain and obesity of the
macronutrient composition and energy density of the food supply. Curr. Obes. Rep. 2015, 4, 1–10. [CrossRef]

10. Swinburn, B.; Kraak, V.; Rutter, H.; Vandevijvere, S.; Lobstein, T.; Sacks, G. Strengthening of accountability systems to create
healthy food environments and reduce global obesity. Lancet 2015, 385, 2534–2545. [CrossRef]

11. Murphy, M.; Koohsari, M.J.; Badland, H.; Giles-Corti, B. Supermarket access, transport mode and BMI: The potential for urban
design and planning policy across socio-economic areas. Public Health Nutr. 2017, 20, 3304–3315. [CrossRef]

12. Walker, B.B.; Shashank, A.; Gasevic, D.; Schuurman, N.; Poirier, P.; Teo, K.; Rangarajan, S.; Yusuf, S.; Lear, S.A. The local food
environment and obesity: Evidence from three cities. Obesity 2020, 28, 40–45. [CrossRef]

13. Canuto, R.; Fanton, M.; Lira, P.I.C. Iniquidades sociais no consumo alimentar no Brasil: Uma revisão crítica dos inquéritos
nacionais. Cienc. Saude Coletiva. 2019, 24, 3193–3212. [CrossRef]

14. Bernardo, G.L.; Jomori, M.M.; Fernandes, A.C.; Proença, R.P.C. Food intake of university students. Rev. Nutr. 2017, 30, 847–865.
[CrossRef]

15. Freitas, P.P.; Menezes, M.C.; Lopes, A.C.S. Consumer food environment and overweight. Nutrition 2019, 66, 108–114. [CrossRef]
16. Nogueira, L.R.; Fontanelli, M.d.M.; de Aguiar, B.S.; Failla, M.A.; Florindo, A.A.; Leme, A.C.; Barbosa, J.P.d.A.S.; Fisberg, R.M. Is

the local food environment associated with excess body weight in adolescents in São Paulo, Brazil? Cad. Saude Publica 2020, 36,
e00048619. [CrossRef]

17. Paulitsch, R.G.; Dumith, S.C. Is food environment associated with body mass index, overweight and obesity? A study with adults
and elderly subjects from southern Brazil. Prev. Med. Rep. 2021, 21, 101313–101319. [CrossRef]

18. De Deus Mendonça, R.; Pimenta, A.M.; Gea, A.; De La Fuente-Arrillaga, C.; Martinez-Gonzalez, M.A.; Lopes, A.C.S.; Bes-Rastrollo,
M. Ultraprocessed food consumption and risk of overweight and obesity: The University of Navarra Follow-Up (SUN) cohort
study. Am. J. Clin. Nutr. 2016, 104, 1433–1440. [CrossRef]

19. Mendonça, R.D.; Lopes, A.C.S.; Pimenta, A.M.; Gea, A.; Martinez-Gonzalez, M.; Bes-Rastrollo, M. Ultra-processed food
consumption and the incidence of hypertension in a Mediterranean cohort: The Seguimiento Universidad de Navarra Project.
Am. J. Hypertens. 2017, 30, 358–366. [CrossRef]

20. Souza, T.N.; Andrade, G.C.; Rauber, F.; Levy, R.B.; da Costa Louzada, M.L. Consumption of ultra-processed foods and the eating
location: Can they be associated? Br. J. Nutr. 2021, 128, 1587–1594. [CrossRef]

21. Pinho, M.G.M.; Lakerveld, J.; Harbers, M.C.; Sluijs, I.; Vermeulen, R.; Huss, A.; Boer, J.M.A.; Verschuren, W.M.M.; Brug, J.;
Beulens, J.W.J.; et al. Ultra-processed food consumption patterns among older adults in the Netherlands and the role of the food
environment. Eur. J. Nutr. 2020, 60, 2567–2580. [CrossRef]

22. Folchetti, L.G.D.; Silva, I.T.; Almeida-Pititto, B.; Ferreira, S.R.G. Nutritionists’ Health Study cohort: A web-based approach of life
events, habits and health outcomes. BMJ Open 2016, 6, e012081. [CrossRef]

23. Instituto Brasileiro de Geografia e Estatística. IBGE Cidades; IBGE: Rio de Janeiro, Brazil, 2021. Available online: https://cidades.
ibge.gov.br/brasil/ce/fortaleza/panorama (accessed on 17 May 2021).

24. Ranking Universitário Folha. 2019. Available online: https://ruf.folha.uol.com.br/2019/ranking-de-universidades/principal/
(accessed on 17 May 2021).

25. Willett, W. Nutritional Epidemiology; Oxford University Press: Oxford, UK, 2012.
26. Diário Oficial da União. Decreto n 9.255, de 29 de dezembro de 2017. In Dispõe Sobre o Valor do Salário-Mínimo Em 2018 e a Sua

Política de Valorização de Longo Prazo; Diário Oficial da União: Brasília, Brazil, 2017.
27. World Health Organization. The Use and Interpretation of Anthropometry; WHO Technical Report Series, 854; World Health

Organization: Geneva, Switzerland, 1995.
28. Olfert, M.D.; Barr, M.L.; Charlier, C.M.; Famodu, O.A.; Zhou, W.; Mathews, A.E.; Byrd-Bredbenner, C.; Colby, S.E. Self-Reported

vs. Self-reported vs. measured height, weight, and BMI in young adults. Int. J. Environ. Res. Public Health 2018, 15, 2216.
[CrossRef]

29. Hodge, J.M.; Shah, R.; McCullough, M.L.; Gapstur, S.M.; Patel, A.V. Validation of self-reported height and weight in a large,
nationwide cohort of US adults. PLoS ONE 2020, 15, e0231229. [CrossRef]

30. Craig, C.L.; Marshall, A.L.; Sjöström, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, U.; Yngve, A.; Sallis, J.F.;
et al. International physical activity questionnaire: 12-country reliability and validity. Med. Sci. Sports Exerc. 2003, 35, 1381–1395.
[CrossRef]

31. World Health Organization. Physical Acivity. In Fact Sheets; World Health Organization: Geneva, Switzerland, 2020; Available
online: https://www.who.int/news-room/fact-sheets/detail/physical-activity (accessed on 24 November 2021).

32. Selem, S.S.A.C.; Carvalho, A.M.; Verly-Junior, E.; Carlos, J.V.; Teixeira, J.A.; Marchioni, D.M.L.; Fisberg, R.M. Validade e
reprodutibilidade de um questionário de frequência alimentar para adultos de São Paulo, Brasil. Rev. Bras. Epidemiol. 2014, 17,
852–859. [CrossRef]

33. Louzada, M.L.d.C.; Martins, A.P.B.; Canella, D.S.; Baraldi, L.G.; Levy, R.B.; Claro, R.M.; Moubarac, J.-C.; Cannon, G.; Monteiro,
C.A. Ultra-processed foods and the nutritional dietary profile in Brazil. Rev. Saude Publica 2015, 49, 38. [CrossRef]

34. Berti, T.L.; Rocha, T.F.; Curioni, C.C.; Verly Junior, E.; Bezerra, F.F.; Canella, D.S.; Faerstein, E. Consumo alimentar segundo o grau
de processamento e características sociodemográficas: Estudo Pró-Saúde. Rev. Bras. Epidemiol. 2019, 22, e190046. [CrossRef]

https://doi.org/10.4278/0890-1171-19.5.330
https://doi.org/10.1007/s13679-014-0134-7
https://doi.org/10.1016/S0140-6736(14)61747-5
https://doi.org/10.1017/S1368980017002336
https://doi.org/10.1002/oby.22614
https://doi.org/10.1590/1413-81232018249.26202017
https://doi.org/10.1590/1678-98652017000600016
https://doi.org/10.1016/j.nut.2019.04.013
https://doi.org/10.1590/0102-311x00048619
https://doi.org/10.1016/j.pmedr.2021.101313
https://doi.org/10.3945/ajcn.116.135004
https://doi.org/10.1093/ajh/hpw137
https://doi.org/10.1017/S0007114521004992
https://doi.org/10.1007/s00394-020-02436-5
https://doi.org/10.1136/bmjopen-2016-012081
https://cidades.ibge.gov.br/brasil/ce/fortaleza/panorama
https://cidades.ibge.gov.br/brasil/ce/fortaleza/panorama
https://ruf.folha.uol.com.br/2019/ranking-de-universidades/principal/
https://doi.org/10.3390/ijerph15102216
https://doi.org/10.1371/journal.pone.0231229
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://doi.org/10.1590/1809-4503201400040005
https://doi.org/10.1590/S0034-8910.2015049006132
https://doi.org/10.1590/1980-549720190046


Int. J. Environ. Res. Public Health 2023, 20, 6749 16 of 16

35. Prefeitura Municipal de Fortaleza. Secretaria Municipal de Saúde. Portaria n 49/2021. Regulamenta as Atividades de In-
teresse Sanitário Sujeitas a Licenciamento Sanitário Bem Como as Atividades de Interesse Sanitário Dispensadas de Licença
Sanitária. SMS: Fortaleza, Brazil, 2021. Available online: https://www.legisweb.com.br/legislacao/?id=409465 (accessed on 24
November 2021).

36. Instituto Brasileiro de Geografia e Estatística. Censo Demográfico do Brasil 2010; IBGE: Rio de Janeiro, Brazil, 2010. Available online:
http://www.censo2010.ibge.gov.br/sinopse/index.php?uf=23&dados=0 (accessed on 24 November 2021).

37. Costa, J.C.; Claro, R.M.; Martins, A.P.B.; Levy, R.B. Food purchasing sites. Repercussions for healthy eating. Appetite 2013, 70,
99–103. [CrossRef]

38. Ministério do Desenvolvimento Social. Secretaria Executiva da Câmara Interministerial de Segurança Alimentar e Nutricional.
Mapeamento dos Desertos Alimentares no Brasil; Câmara Interministerial de Segurança Alimentar e Nutricional: Brasília, Brazil, 2018.
Available online: https://aplicacoes.mds.gov.br/sagirmps/noticias/arquivos/files/Estudo_T%C3%A9cnico_Mapeamento_
Desertos_Alimentares_Final_30_10_2019(1).pdf (accessed on 25 August 2021).

39. Santos, M.A.P.; Souza, T.A.; Medeiros, A.A.; Barbosa, I.R. Alcoholic beverage purchase by Brazilian adolescents: Individual and
contextual factors associated in a multilevel analysis. Int. J. Drug. Policy 2021, 98, 103428–103435. [CrossRef]

40. Instituto Brasileiro de Geografia e Estatística. Pesquisa Nacional de Saúde do Escolar 2015; IBGE: Rio de Janeiro, Brazil, 2016.
Available online: https://biblioteca.ibge.gov.br/visualizacao/livros/liv97870.pdf (accessed on 24 November 2021).

41. Soundararajan, S.; Narayanan, G.; Agrawal, A.; Prabhakaran, D.; Murthy, P. Relation between age at first alcohol drink & adult
life drinking patterns in alcohol-dependent patients. J. Med. Res. 2017, 146, 606–611.

42. Carvalho, B.G.C.; Andrade, A.C.S.; Andrade, R.G.; Mendes, L.L.; Velasquez-Mendez, G.; Xavier, C.C.; Proietti, F.A.; Caiaffa, W.T.
Densidade de estabelecimentos que comercializam bebidas alcoólicas na área residencial está associada ao consumo de álcool em
adolescentes? Rev. Bras. Epidemiol. 2020, 23, e200089. [CrossRef]

43. Associação Brasileira da Indústria de Panificação e Confeitaria. Indicadores da Panificação e Confeitaria Brasileira. 2020. Available
online: https://www.abip.org.br/site/indicadores-da-panificacao-e-confeitaria-em-2020/ (accessed on 9 December 2021).

44. Horta, P.M.; Souza, J.P.M.; Freitas, P.P.; Lopes, A.C.S. Food availability and advertising within food outlets around primary
healthcare services in Brazil. J. Nutr. Sci. 2020, 9, e49. [CrossRef] [PubMed]

45. Rodrigues, D.C.M.; Bosi, M.L.M. O lugar do nutricionista nos Núcleos de Apoio à Saúde da Família. Rev. Nutr. 2014, 27, 735–746.
[CrossRef]

46. Contento, I.R. Overview of determinants of food choice and dietary change: Implications for nutrition education. Nutr. Educ.
Link. Res. Theory Pract. 2011, 1, 176–179.

47. Lima, J.P.; Costa, S.A.; Brandão, T.R.; Rocha, A. Food Consumption Determinants and Barriers for Healthy Eating at the
Workplace—A University Setting. Foods 2021, 10, 695. [CrossRef]

48. Castro-Barquero, S.; Estruch, R. Ultra-processed food consumption and disease: The jury is still out. Eur. Heart J. 2021, 43, 225–227.
[CrossRef]

49. Gibney, M.J. Ultra-processed foods: Definitions and policy issues. Curr. Dev. Nutr. 2018, 3, nzy077. [CrossRef] [PubMed]
50. Drewnowski, A.; Gupta, S.; Darmon, N. An overlap between “ultraprocessed” foods and the preexisting Nutrient Rich Foods

Index? Nutr. Today 2020, 55, 75–81. [CrossRef]
51. Rocha, L.L.; Carmo, A.S.D.; Jardim, M.Z.; Leme, B.A.; Cardoso, L.d.O.; Caiaffa, W.T.; Andrade, A.C.d.S.; dos Santos, L.C.; Mendes,

L.L. The community food environment of a Brazilian metropolis. Food Cult. Soc. 2021, 1, 182–192. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.legisweb.com.br/legislacao/?id=409465
http://www.censo2010.ibge.gov.br/sinopse/index.php?uf=23&dados=0
https://doi.org/10.1016/j.appet.2013.06.094
https://aplicacoes.mds.gov.br/sagirmps/noticias/arquivos/files/Estudo_T%C3%A9cnico_Mapeamento_Desertos_Alimentares_Final_30_10_2019(1).pdf
https://aplicacoes.mds.gov.br/sagirmps/noticias/arquivos/files/Estudo_T%C3%A9cnico_Mapeamento_Desertos_Alimentares_Final_30_10_2019(1).pdf
https://doi.org/10.1016/j.drugpo.2021.103428
https://biblioteca.ibge.gov.br/visualizacao/livros/liv97870.pdf
https://doi.org/10.1590/1980-549720200089
https://www.abip.org.br/site/indicadores-da-panificacao-e-confeitaria-em-2020/
https://doi.org/10.1017/jns.2020.45
https://www.ncbi.nlm.nih.gov/pubmed/33244401
https://doi.org/10.1590/1415-52732014000600008
https://doi.org/10.3390/foods10040695
https://doi.org/10.1093/eurheartj/ehab795
https://doi.org/10.1093/cdn/nzy077
https://www.ncbi.nlm.nih.gov/pubmed/30820487
https://doi.org/10.1097/NT.0000000000000400
https://doi.org/10.1080/15528014.2021.1987027

	Introduction 
	Materials and Methods 
	Study Scenario and Sample 
	Data Collection and Processing 
	Sociodemographic Characteristics 
	Anthropometric Data 
	Physical Activity 
	Food Consumption 
	Local Food Environment 
	Statistical Analysis 


	Results 
	Discussion 
	Conclusions 
	References

