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Abstract

This study assessed perceptions of the food environment and its association with the avail-
ability of unprocessed, minimally processed, and ultra-processed foods in the households
of Brazilian schoolchildren during the COVID-19 pandemic. A cross-sectional telephone
survey (n = 475) was conducted between March, April and May 2021 with a representa-
tive sample of households with public school students from two Brazilian municipalities.
Household food availability was assessed using a frequency questionnaire referring to
the 30 days prior to the survey. Perception of the food environment was assessed using
questions that measured perceived availability, price, and quality of fruits and vegetables
(FV) and ultra-processed foods (UPF) sold in the neighbourhood. To analyse the association
between perceived food environment and food availability, univariate and multivariate
logistic regression analyses were performed, with 95% CI. The results indicate that high
availability of unprocessed or minimally processed foods was found in 7.4% of house-
holds and high availability of UPF in 92.6%. Positive perception of UPF variety in the
neighbourhood was more prevalent in households with greater availability of these foods
(p < 0.05). After adjustment for sociodemographic characteristics, a positive perception of
FV variety was associated with lower odds of high household UPF availability (OR = 0.54;
95%Cl: 0.30-0.97). Perception of the food environment is an important factor associated
with household UPF availability. Policy interventions should consider promoting healthier
food environments by expanding the distribution of fresh foods alongside measures that
ensure economic access to these foods.

Keywords: unprocessed foods; fruits and vegetables; ultra-processed foods; food
environment; COVID-19

1. Introduction

The COVID-19 pandemic intensified concerns about food availability and access, espe-
cially among socially vulnerable populations with reduced purchasing capacity and limited
access to unprocessed and minimally processed foods. This scenario undermined the
Human Right to Adequate and Healthy Food (HRAHF) and contributed to the worsening
of food and nutrition insecurity in several countries, including Brazil [1-4].
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During the pandemic, rising prices of unprocessed and minimally processed foods,
combined with income losses or reductions, led many families to adopt less healthy dietary
habits, including increased consumption of ultra-processed foods (UPF), which are often
more affordable but less nutritious [5]. Additionally, school closures disrupted the regular
provision of healthy meals to millions of children and adolescents, placing full responsibility
for food provision on families during a period of financial instability [6].

In Brazil, particularly in Minas Gerais, a study conducted during the COVID-19
pandemic reported that the interruption of school meal provision exposed students to a
high risk of food insecurity: in the investigated sample, 82% of schoolchildren’s families
experienced food insecurity, with 16.3% at moderate or severe levels. Moreover, substantial
reductions in household income were significantly associated with food insecurity [7].

Socioeconomic factors such as living conditions, the number and age of household
members, sex of the household head, educational attainment, and income are important
determinants of inequalities in access to food [8,9]. Thus, financial constraints and contexts
of social vulnerability may influence both the acquisition and consumption of foods,
particularly UPF, due to their lower cost compared with healthier foods such as fruits
and vegetables (FV) [8,10,11].

In addition to socioeconomic factors, characteristics of the food environment—such as
availability, price, and location of food outlets—also influence individual dietary behaviours
by determining opportunities or barriers for the purchasing and consumption of healthier or
less healthy foods [12-16]. Perceptions of the food environment are also relevant, although
subjective, and vary according to personal experience, preferences, and social and cultural
conditions [16]. Understanding how the perceived food environment relates to household
food availability is therefore essential for identifying inequalities in access.

This study aimed to assess perceptions of the food environment during the COVID-19
pandemic and their relationship with the availability of unprocessed and minimally pro-
cessed foods and ultra-processed foods in the households of Brazilian schoolchildren. This
is one of the first studies to examine this association among households of children and
adolescents in medium-sized Brazilian municipalities during the pandemic, providing new
evidence on the interactions between the community and household food environments.
The study used random and stratified sampling to represent the population of public school
students in the two municipalities analysed.

2. Methods
2.1. Study Design and Location

This is a cross-sectional study using data from the Longitudinal Study of Food and
Nutrition Security during the COVID-19 Pandemic (ESANP), conducted in two medium-
sized Brazilian municipalities (Ouro Preto and Mariana), located in the state of Minas
Gerais [7].

Ouro Preto has approximately 74.824 inhabitants, a Human Development Index
of 0.741, and an average monthly income of 3.1 minimum wages. Mariana has about
64,830 inhabitants, a Human Development Index of 0.742, and an average monthly income
of 2.4 minimum wages [17].

The municipalities were selected because they host the university where the re-
search was conducted and because no previous studies had assessed food security in
the school community of the region, nor had the food environments of these municipalities
been explored.
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2.2. Sample and Data Collection

According to school census data, in 2020, 13,219 students were enrolled in municipal
public schools in both cities, all of whom were eligible for inclusion. Eligibility was
defined as being enrolled in municipal early childhood education or basic education
institutions, including nurseries, pre-schools, and primary schools, aged between 6 months
and 17 years [7].

Sample size was calculated assuming a 50% prevalence (maximum variability), a
5% margin of error and a 95% confidence level, considering the finite population of
13,219 students. Stratified random sampling with proportional allocation was performed
according to educational level (nurseries, pre-schools, and primary schools). This resulted
in a minimum required sample of 374 individuals across both cities, proportionally allo-
cated by educational level (nurseries, pre-schools, and primary schools). As the broader
study has a longitudinal design, an additional 50% was added to account for potential
follow-up losses. The sampling unit was the enrolled student. The data presented in this
study were collected in March, April, and May 2021.

The Municipal Education Departments provided lists of students, their guardians, and
telephone numbers. Telephone interviews were conducted with the adults responsible for
purchasing and/or preparing food in the students” households. Although the sampling unit
was the student, information was obtained from the adult responsible for food purchasing
and/or preparation in the household. Five call attempts were made at different times and
days for each selected number; unsuccessful contacts were excluded and replaced by new
random selections until the sample size was reached.

The study questionnaire included items on sociodemographic characteristics, house-
hold food availability, perception of the food environment, and the COVID-19 pandemic.

2.3. Outcome: Household Food Availability

The outcome variable was household food availability (domestic food environment)
in the 30 days preceding the interview, assessed through the question: “In the last 30 days,
did you have [food] at home?” The food list included items commonly consumed by the
Brazilian population [18,19] and regionally in the two municipalities: fruits; vegetables;
rice/pasta; canjiquinha; beans; milk and dairy products; meat (beef or chicken); eggs;
processed meats (mortadella, salami, sausage, ham); canned sardines; frozen foods (chips,
pizza, or nuggets); packaged biscuits (cream cracker); packaged snacks (crisps and chips,
such as Ruffles®, Cheetos®, Fandangos®) ; sweets (chocolate, candies, or confectionery);
soft drinks; industrialised juices (carton, bottle, powdered); wheat/cassava/corn flour; veg-
etable oils (soy, corn, coconut, sunflower); lard /butter; margarine; sugar; salt; ready-made
seasoning (beef, chicken, or vegetable stock); sliced bread/cake; condensed milk/cream;
instant noodles; and ready-made tomato sauce [20].

For each food item, respondents reported the frequency of household availability
according to five categories: (i) never (meaning that not even once was the food available);
(ii) rarely (meaning that the food was available from time to time); (iii) sometimes (meaning
that the food was available sometimes); (iv) almost always (meaning that the food was
available often); (v) always (meaning that the food was available every day).

Foods were grouped according to the NOVA classification into: (i) unprocessed or
minimally processed foods (NOVA Group 1), which included fruits and vegetables (FV),
rice/pasta, canjiquinha, beans, milk and dairy products, meat, eggs, flour, and sardines;
and (ii) ultra-processed foods (NOVA Group 4), which included processed meats, frozen
foods, packaged biscuits, packaged snacks, sweets, soft drinks, industrialised juices, mar-
garine, ready-made seasoning, sliced bread/cake, condensed milk/cream, instant noodles,
and ready-made tomato sauce. Foods belonging to NOVA Group 2 (processed culinary
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ingredients), such as vegetable oils, lard /butter, sugar, and salt, were excluded from the
analysis as these items are primarily used in food preparation rather than consumed di-
rectly. Based on availability frequency, “almost always” and “always” were classified
as high availability, whereas “never”, “rarely”, and “sometimes” were classified as low
availability. This dichotomisation was based on a previous study conducted with the same
population and municipalities and was further supported by the low frequencies observed

in intermediate categories, which could compromise model stability [20].

2.4. Explanatory Variables: Perception of the Food Environment

To assess perception of the neighbourhood food environment, we used questions
adapted from a national study [21] that were based on the Nutrition Environment Measures
Survey Perceived (NEMS-P), an instrument validated for use in Brazil [22], including state-
ments on perceived access to fruits and vegetables (FV) and ultra-processed foods (UPF):
“It is easy to buy fruits and vegetables in your neighbourhood”; “Fruits and vegetables are
of good quality in your neighbourhood”; “There is a wide variety of fruits and vegetables
in your neighbourhood”; “Fruits and vegetables are cheap in your neighbourhood”; “It is
easy to buy soft drinks, cookies, packaged snacks, sweets and other treats in your neigh-
bourhood”; “There is a wide variety of soft drinks, cookies, packaged snacks, sweets and
other treats in your neighbourhood”.

These statements represent unprocessed foods (fruits and vegetables) and ultra-
processed foods (soft drinks, cookies, packaged snacks, sweets and other treats), according
to the NOVA classification and the Brazilian Dietary Guidelines [23,24]. Respondents indi-
cated their level of agreement on a five-point Likert scale ranging from “strongly disagree”
to “strongly agree”. For analysis, responses were dichotomised into “agree” (agree and
strongly agree) and “do not agree” (neutral, disagree, and strongly disagree) due to small
cell counts in some categories.

2.5. Covariables

Sociodemographic characteristics included information related to the head of the
household (i.e., the person with the highest income): sex (male/female), educational
level (elementary, high school, university), marital status (married /not married), age
(18-35 years/36-45 years/46—60 years/61 or older), and skin colour (black, including
brown and black; or white). Categories such as Asian and Indigenous had no responses in
the sample.

Household characteristics included income (minimum wage at the time was US$ 207.27;
categories: up to half a minimum wage/1-2 minimum wages/3 or more minimum wages),
receipt of social benefits (yes/no), number of adults in the household (1/2/3 or more), and
number of children (1/2/3 or more).

COVID-19 related variables included receipt of emergency financial aid (yes/no),
decrease in family income during the pandemic (yes/no), and perceived impact of income
loss (none/small—including very small and small; medium; large—including large and
very large).

2.6. Data Analysis

Data were analysed using Stata 14.2. Absolute and relative frequencies (%) and
95% confidence intervals (95%CI) were used to describe variables by food availability
level (low/high). Pearson’s chi-square test was used to compare distributions at a 5%
significance level. Perceptions of the food environment were described for the overall
sample and stratified by household availability of unprocessed and minimally processed
foods and ultra-processed foods (low /high).
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To examine the association between food environment perception (explanatory vari-
able) and household food availability (outcome: low /high), univariate and multivariate
logistic regression analyses were performed, considering a binary outcome. Odds ratios
(OR) and 95% confidence intervals (95%CI) were estimated (p < 0.05). Multivariate models
were adjusted for sociodemographic factors associated with household food availability in
descriptive analyses (p < 0.05) and supported by theoretical relevance: decrease in family in-
come during the pandemic, sex and educational level of the head of household, marital sta-
tus, participation in social programmes, receipt of emergency aid, and number of children
in the household. All covariates were entered simultaneously in the multivariable models.
Multicollinearity among covariates was assessed using variance inflation factors (VIF), and
no evidence of problematic collinearity was observed. These variables were conceptualised
as potential confounders, as they may independently influence both food environment
perception and household food availability, rather than as mediators of the relationship
between them. All analyses were conducted using STATA 18.0 statistical software.

This study was approved by the Ethics Committee of the Federal University of Ouro
Preto (CAAE: 32005120.6.0000.5150). Verbal informed consent was obtained from all
participants prior to data collection. Participants were informed about the study’s purpose,
procedures, potential risks and benefits, and their right to withdraw at any time without
penalty. Consent was recorded in MP4 format by the interviewer, in accordance with
ethical approval.

3. Results

A total of 475 households were assessed. High availability of unprocessed or minimally
processed foods (NOVA Group 1) was found in 7.4% (n = 35) of households, and high
availability of ultra-processed foods (NOVA Group 4) was observed in 92.6% (n = 440).
These proportions are not mutually exclusive, as a household could have high availability
of both food groups simultaneously; indeed, all households with high availability of NOVA
Group 1 foods also had high availability of NOVA Group 4 foods.

The distribution of sociodemographic characteristics according to household food
availability is presented in Table 1. Low availability of unprocessed and minimally pro-
cessed foods (n = 440) and UPF (n = 61) was more prevalent in households headed by
women (50.6% and 62.3%, respectively), with heads of household who had completed
upper secondary education (60.3% and 55.7%, respectively), with an income of 1 to
2 minimum wages (64.3% and 62.3%, respectively), and who experienced a large reduction
in income during the COVID-19 pandemic (39.5% and 59.1%, respectively). In contrast,
high availability of unprocessed and minimally processed foods (n = 35) was more frequent
in households in which the head of household was married (72.3%), had an income of three
minimum wages or more (32.5%), had not received emergency financial aid (85.6%), and
had not experienced a decrease in family income during the pandemic (53.0%) (Table 1).

Regarding respondents” perceptions of the food environment, overall, 64% found
it easy to buy FV in the neighbourhood, 67.6% considered these foods of good quality,
57.9% agreed that there was a wide variety of these foods, and 20.6% considered them
inexpensive. Regarding UPF, 85.9% of respondents had a positive perception of the ease of
buying them in the neighbourhood, and 78.9% agreed that a wide variety of these products
was available (Table 2).

Regarding perceptions of the food environment and its association with household
food availability, statistically significant associations were observed only for ultra-processed
food availability (Table 2). Among respondents who agreed that it is easy to buy FV in the
neighbourhood, 65.9% had high availability of UPF (p = 0.022). A positive perception of
FV quality in the neighbourhood was more prevalent among households with high UPF
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availability (69.5% vs. 54.1%; p = 0.016). Similarly, a positive perception of FV variety in
the neighbourhood was more frequent in households with high UPF availability (60.5%
vs. 40.9%; p = 0.004). Finally, a positive perception of UPF variety in the neighbourhood
was more prevalent in households with high availability of these foods (80.4% vs. 68.9%;
p =0.038).

In the univariate analysis, results indicated that positive perceptions of the food
environment were associated with household UPF availability. For example, the perception
of ease in buying FV was associated with lower odds of high UPF availability (OR = 0.53;
95% CI: 0.31-0.91). Similarly, considering FV in the neighbourhood to be of good quality
was associated with lower odds of high UPF availability (OR = 0.51; 95%CI: 0.29-0.88),
and perceiving a wide variety of FV was associated with lower odds of UPF availability
(OR = 0.45; 95%CI: 0.26-0.78). Conversely, the perception of a wide variety of UPF in
the neighbourhood was associated with higher odds of high UPF availability at home
(OR = 1.85; 95% CI: 1.02-3.36) (Table 3).

In the multivariate analysis, after adjustment for sociodemographic characteristics,
the perception of ease in buying FV (OR = 0.65; 95%CI: 0.34-1.09), FV quality (OR = 0.63;
95%ClI: 0.35-1.12), FV price (OR = 0.77; 95%CI: 0.35-1.71), ease of buying UPF (OR = 1.84;
95%ClI: 0.89-3.82), and variety of UPF (OR = 1.54; 95%Cl: 0.81-2.93) were not statistically
significant. Only the perception of a wide variety of FV in the neighbourhood remained
statistically significant, associated with lower odds of high UPF availability (OR = 0.54;
95%CI: 0.30-0.97). Results for all covariates included in the adjusted models are presented
in Table 3.
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Table 1. Sociodemographic characteristics of households according to the availability of unprocessed or minimally processed foods (NOVA Group 1) and
ultra-processed foods (NOVA Group 4)—ESANP, 2021.

All Availability of Unprocessed and 1 1e1e
(n = 475) Minimaily Processed Foods Availability of Ultra-Processed Foods
. * *
Variables " 95% €D % (95%CI) % (95%CI) p-Value % (95%CI) % (95%CI) p-Value
o Low (n = 440) High (n = 35) Low (n = 61) High (n = 414)
Head of Household
Sex
Male 50.1 (45.6-54.6)  49.4 (44.6-53.9)  60.0 (42.9-74.9) 0.224 37.7 (26.3-50.5)  52.0 (47.0-56.7) 0.038
Female 499 (45.3-54.3)  50.6 (46.0-55.3)  40.0 (44.6-53.9) 62.3 (49.4-73.6)  48.0 (43.2-52.9)
Referred Skin colour
White 19.2(15.8-23.1)  18.8(15.4-22.8)  24.2(12.4-41.8) 0.451 19.4 (15.7-235)  18.3(10.3-30.3) 0.846
Blacks (brown/black) 80.8 (76.8-84.1)  81.2(77.1-84.5)  75.8 (58.1-84.5) 80.6 (76.4-84.2)  81.7 (69.6-89.6)
Age
Between 18 and 35 years 30.1 (26.1-34.3) 29.8 (25.6-34.2) 34.3 (20.4-51.4) 37.7 (26.3-50.5) 29.0 (24.8-33.5)
Between 36 and 45 years 40.4 (36.0-44.9)  40.6 (36.1-45.3)  37.2 (22.7-54.2) 0.853 34.4(23.5-47.2)  41.3 (36.6-46.1) 0.535
Between 46 and 60 years 23.2 (19.5-27.1) 23.5 (19.6-27.6) 20.0 (9.7-36.7) 23.0 (14.0-35.2) 23.2 (19.3-27.5)
61 years or older 6.3 (4.4-8.9) 6.1 (4.2-8.8) 8.5 (2.7-23.8) 49 (1.5-14.3) 6.5 (4.5-9.3)
Educational level
Elementary 293 (252-33.5)  30.3(26.2-34.8)  14.8 (6.1-31.1) 42.7 (30.7-553)  27.3(23.1-31.7)
High school 60.4 (55.8-64.7)  60.3 (55.5-64.7)  61.7 (44.4-76.5) 0.013 55.7 (43.0-67.7)  61.1 (56.2-65.6) 0.008
University 10.3 (7.9-13.4) 9.4 (6.9-12.4) 23.5 (12.0-40.7) 1.6 (0.2-10.9) 11.6 (8.9-15.1)
Marital status
Married 61.6 (57.2-65.9)  59.5 (54.4-64.2)  72.3 (61.6-80.9) 0.029 52.4 (39.9-64.7)  63.1 (58.2-67.5) 0.112
Not married 38.4(34.0-42.7) 405 (35.7-45.5)  27.7 (19.0-38.3) 47.6 (352-60.6)  36.9 (32.4-41.7)
Household
Family income
Up to half the minimum wage 19.5(16.2-234)  21.7(17.8-26.0) 9.7 (4.8-18.2) <0.001 36.1 (24.9-48.8)  17.2(13.8-21.1) <0.001
1 to 2 minimum wages 63.2 (58.7-67.3)  64.3(59.3-68.8)  57.8 (46.9-68.0) : 62.3 (49.4-73.6)  63.2 (58.5-67.8) :
3 minimum wages or more 17.3 (14.1-20.9)  14.0 (10.9-17.8) 32.5(23.2-43.3) 1.6 (0.2-10.8) 19.6 (16.0-23.6)
Benefits (social programmes)
Yes 454 (40.9-49.8) 452 (402-50.1)  43.4 (33.0-54.2) 0.767 60.6 (47.8-72.1)  42.6 (37.8-47.3) 0.008
No 54.6 (50.1-59.0)  54.8 (49.8-59.7)  56.6 (45.7-66.9) 39.4 (27.8-52.1)  57.4 (52.6-62.1)
Number of adults in the household
1 Adult 15.8 (12.7-19.3)  08.6 (02.9-22.4)  16.4 (13.2-20.1) 0951 24.6 (15.5-36.7)  14.5(11.4-18.2) 0.096
2 adults 68.6 (52.0-81.4)  54.8 (50.1-59.4) : 459 (34.0-58.3)  57.2 (52.4-61.8) :

3 adults or more

55.8 (51.5-60.2)
(

28.4 (24.5-32.6)

22.9 (12.1-39.0)

28.9 (24.9-33.3)

29.5 (19.6-41.9)

28.3 (24.1-32.8)
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Table 1. Cont.
- 1:11175) Avﬁ;ﬁ?ﬁgﬁ;{,gﬂggsgg?sg dasnd Availability of Ultra-Processed Foods
Variables " 055 1 % (95%CD) % (95%CD) p-Value % (95%CD) % (95%CD) p-Value
> (5% CT) Low (n = 440) High (n = 35) Low (n = 61) High (n = 414)
Number of children in the household
1 child 41.5(37.1-459) 31.4(18.6-48.0) 42.3 (37.7-46.9) 0.26 36.1 (25.2-48.6) 42.2 (37.6-47.1) 0.048
2 children 41.7 (37.3-46.1)  42.9 (27.9-59.1) 41.6 (37.1-46.2) : 36.1 (25.1-48.6) 42.6 (37.8-47.3) :
3 children or more 16.8 (13.7-20.4)  25.7 (14.2-42.1) 16.1 (13.0-19.9) 27.8 (18.2-40.2) 15.2 (12.1-19.0)
Received emergency financial aid
Yes 27.8 (23.9-32.0)  30.6 (26.2-35.3) 14.4 (8.3-23.8) 0.003 37.7 (26.3-50.5) 26.4 (22.2-30.8) 0.064
No 72.2(67.9-76.0)  69.4 (64.6-73.7) 85.6 (76.1-91.6) 63.3 (49.4-73.6) 73.6 (69.1-77.7)
Fall in household income during the pandemic
Yes 62.4 (57.8-66.5)  65.5 (60.6-70.1) 47.0 (36.4-57.7) 0.002 80.4 (68.3-88.5) 59.6 (54.8-64.3) 0.002
No 37.6 (33.4-42.1)  34.5(29.8-39.3) 53.0 (42.2-63.5) 19.6 (11.4-31.6) 40.4 (35.6-45.1)
Impact of the fall on household income
No impact 37.5(33.4-42.1)  34.5(29.8-39.3) 53.0 (42.2-63.5) 19.6 (11.4-31.6) 40.4 (35.6-45.1)
Small 4.5 (2.8-6.6) 4.8 (3.1-7.4) 2.4(5.9-9.2) 0.004 3.3 (0.1-12.3) 45 (2.9-7.0) <0.001
Medium 21.5(17.9-254) 21.2(17.3-25.5) 22.9 (15.0-33.2) 18.0 (10.2-29.8) 22.0 (18.2-26.2)
Large 36.5(32.1-40.8)  39.5(34.7-44.4) 21.7 (14.0-31.9) 59.1 (46.2-70.6) 33.1(28.7-37.7)
Note: The minimum wage at the time of the survey was US$ 207.27. * In bold: statistically significant associations according to Pearson’s chi-square test (p < 0.05). 95%CI: 95%
confidence interval.
Table 2. Perception of the food environment according to the total sample and household food availability—ESANP, 2021.
Availability of Unprocessed and a1
All (0 = 475) Minimaily Processed Foods Availability of Ultra-Processed Foods
. * *
Variables Low (n = 440) High (n = 35) p-Value Low (n = 61) High (n = 414) p-Value
% (95%CI) % (95%CI) % (95%CI) % (95%CI) % (95%CI)
. . . Agree 64.0 (59.5-68.2)  64.1 (59.4-68.4)  62.8 (45.7-77.2) 50.8 (38.3-63.1)  65.9 (61.2-70.3)
Itis easy to buy FV in the neighbourhood 15, 2o 00 360 (317-40.4) 359 (31.5-405) 371 (227-542) 0884 4971 (368-61.6) 341(29.6-387) 0022
ce s . Agree 67.6 (63.2-71.6) 67.0(62.4-71.2) 74.2(57.1-86.2) 54.1 (41.4-66.2)  69.5 (64.9-73.8)
FV are of good quality in the neighbourhood 1y, 2 oo 3574 (283367)  33.0(287-375) 258 (13.8428) 0378 459(337-585) 305 (261-350)  0-016
There is a wide variety of FV in Agree 57.9 (53.3-62.2)  57.7(53.0-62.2)  60.0 (42.9-74.9) 0.793 40.9 (29.3-53.7)  60.3 (55.5-65.0) 0.004
the neighbourhood Disagree  42.1 (37.7-46.6)  42.3 (37.7-46.9)  40.0 (25.0-57.0) : 59.1 (46.2-70.6)  39.7 (34.9-44.4) :
. . Agree 20.5(16.8-24.4)  19.8(16.2-23.9)  28.1 (15.1-46.1) 152 (8.0-26.9)  21.3(17.3-25.6)
FV are cheap in the neighbourhood Disagree  79.5 (755-83.1) 802 (76.0-837) 719 (53.8-84.4) 9201 g18(730919) 787 (743-826) 021
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Table 2. Cont.
Availability of Unprocessed and S
All (0 = 475) Minimally Processed Foods Availability of Ultra-Processed Foods
. * *
Variables Low (n = 440) High (n = 35) p-Value Low (0 = 61) High (n = 414) p-Value
% (95%CI) % (95%CI) % (95%CI) % (95%CI) % (95%CI)

. . . Agree 859 (824-887) 855 (81.8-884) 915 (76.1-97.2) 787 (66.9-87.1)  86.9 (83.3-89.8)
Itis easy to buy UPF in the neighbourhood 1, 2 00 1471 (112-175) 145 (11.5-18.1) 8.5 (2.7-23.8) 0328 213(127-334) 13.1(10.1-166)  0-083
There is a wide variety of UPF in Agree  789(750-823) 790(750-826) 77.1(602-882) oo 689(561-792) 804(763-839) oo

the neighbourhood Disagree  21.1(17.6-249) 210 (17.3-249)  22.9 (11.7-39.7) : 31.1(20.7-43.8)  19.6 (16.0-23.6) :

Note: * In bold: statistically significant associations (p < 0.05). p-values correspond to Pearson’s chi-square tests comparing the distribution of perception variables between household
food availability subgroups (low vs. high). 95%CI: 95% confidence interval; FV = fruits and vegetables; UPF = ultra-processed foods.

Table 3. Unadjusted and adjusted models of association between perceived food environment and household food availability—ESANP, 2021.

Food Availability
P " £ the Food Envi t Unprocessed and Minimally ~ Unprocessed and Minimally Ultra-Processed Ultra-Processed
erception of the Food tnvironmen Processed Foods Processed Foods Foods Foods
Unadjusted OR (95%CI) Adjusted OR (95%CI) Unadjusted OR (95%CI) Adjusted OR (95%CI)
It is easy to buy FV in the neighbourhood ? 0.94 (0.46-1.93) 0.87 (0.40-1.90) 0.53 (0.31-0.91) 0.65 (0.34-1.09)
FV are of good quality in the neighbourhood ? 1.41 (0.64-3.10) 1.25 (0.52-3.01) 0.51 (0.29-0.88) 0.63 (0.35-1.12)
There is a wide variety of FV in the neighbourhood ? 1.09 (0.54-2.21) 1.13 (0.52-2.48) 0.45 (0.26-0.78) 0.54 (0.30-0.97)
FV are cheap in the neighbourhood ? 1.58 (0.70-3.55) 1.74 (0.72-4.21) 0.66 (0.31-1.41) 0.77 (0.35-1.71)
It is easy to buy UPF in the neighbourhood b 0.55 (0.16-1.85) 0.47 (0.12-1.75) 1.80 (0.91-3.55) 1.84 (0.89-3.82)
There is a wide variety of UPF in the neighbourhood b 1.12 (0.49-2.54) 1.08 (0.41-2.81) 1.85 (1.02-3.36) 1.54 (0.81-2.93)

Note: In bold: statistically significant associations (p < 0.05). OR = odds ratio; CI = confidence interval. Unadjusted models represent unadjusted logistic regression analyses. Adjusted
models were controlled for decrease in family income during the pandemic, sex and educational level of the head of household, marital status, participation in social programmes,
receipt of emergency financial aid, and number of children in the household. ? Reference category for perception of FV: agree. ® Reference category for perception of UPF: disagree.
Reference category for the outcome: high FV availability at home; low UPF availability at home. FV = fruits and vegetables; UPF = ultra-processed foods.
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4. Discussion

The results of this study show that, overall, more than half of respondents reported ease
of access to FV, whereas ease of access to UPF showed a higher prevalence (approximately
86%). Among individuals with a positive perception of the food environment (particularly
regarding a greater variety of FV), a lower likelihood of high household UPF availability
was observed. Conversely, the perception of a wide variety of UPF in the neighbourhood
was associated with a higher likelihood of households having these foods available.

How individuals perceive their surrounding food environment may be associated
with healthy eating practices within the home, though the directionality of this relationship
remains uncertain [14,15]. Multiple factors, such as household income, physical access, and
lack of information about food and nutrition, influence price perception, food acquisition,
and consumption, especially of healthy foods [25].

Evidence from studies conducted in different contexts shows that characteristics of
the food environment, such as the availability, accessibility, quality, and price of food, can
be associated with the consumption of FV and UPF [26-30]. A cohort study involving
1962 participants across 4 Caribbean countries found that a better perception of the avail-
ability and quality of FV was associated with higher consumption of these foods [31]. The
present findings suggest that a positive perception of FV variety in the neighbourhood was
associated with lower odds of high UPF availability in the household. Although counterin-
tuitive at first glance, this finding is consistent with a substitution hypothesis: households
that perceive their neighbourhood as having good access to FV may be more likely to
acquire these foods, potentially displacing UPF from the household food supply. This
interpretation should be treated with caution, however, given the cross-sectional design of
the study, which precludes causal inference.

Another important aspect of food environment perception concerns the price of foods,
particularly healthy ones. Cost represents a major barrier to accessing these foods and
ensuring the Human Right to Adequate Food (HRAF) [32,33]. During the pandemic, rising
food prices were reported as an obstacle to purchasing food for 32.7% of participants in a
survey conducted in 82 countries. Moreover, participants reported reduced variety (50.4%),
quality (30.2%), and quantity (39.2%) of foods available during this period [29].

Affordability is a key factor in accessing healthy foods, particularly for low-income
populations. Characteristics related to income, such as lower wages and income losses
during the pandemic, were associated with greater household availability of UPF than
FV. It is also important to highlight the high perceived ease of purchase and the variety of
UPF, reflecting their widespread distribution and accessibility in neighbourhoods. This
perception may be related to features of the local food environment, in which there may
be a higher concentration of shops selling UPF and fewer—or even no—shops that sell FV.
Overall, evidence indicates a scarcity of establishments selling healthy foods in socially
vulnerable areas, hindering residents” access to such items, particularly in peripheral
regions with low per capita income [25,32,34,35].

Given the pandemic context, due to the suspension of municipal school activities and
the temporary absence of school meals, some municipalities implemented food distribution
programmes for families. In Mariana, monthly food baskets were distributed to families of
students in the municipal network, funded by the National School Feeding Programme
(PNAE). These baskets contained staple foods such as rice, beans, pasta, oil, coffee, flour,
powdered milk, and UPF such as biscuits. In Ouro Preto, food kits containing vegetables
from family-based agriculture were distributed, although delivery was irregular and did
not cover all students. No distribution of high-biological-value protein sources, such as
meat or eggs, was observed in either municipality [36].
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Physical access to healthy foods alone may be insufficient to promote healthy eating,
highlighting the importance of financial conditions and economic accessibility, particularly
among low-income families. Regarding the food environment specifically, initiatives that
facilitate physical and economic access to healthy foods are urgently needed, alongside
strategies to reduce UPF availability. Taxation of UPF is one of the strategies recommended
by the World Health Organisation [37] and has been adopted in several countries to reduce
consumption of these products. However, strengthening the production and distribution
of unprocessed foods, subsidising their production, and combining these actions with
interventions that ensure physical and economic access to other basic, healthy foods are
also essential. Examples include implementing facilities dedicated to selling FV, such as
street markets, community gardens, and short supply chains [7].

In addition to policies targeting the food environment, social protection measures are
crucial to reducing economic and social inequalities. The COVID-19 pandemic highlighted
the importance of programmes that provide income support to vulnerable populations,
such as Bolsa Familia (2003-2021) and Auxilio Brasil (2021-2022), which were essential
in mitigating the pandemic’s effects on families [38,39]. The literature suggests that such
programmes should be maintained and expanded to ensure that families have access
to quality food [40,41]. Furthermore, the National School Feeding Programme (PNAE)
plays a key role in providing adequate and healthy meals for school-aged children, as
meals are based on unprocessed and minimally processed foods such as FV, and the
purchase of UPF is prohibited. For some students, particularly those in socioeconomically
vulnerable situations, school meals are highly important, often representing their main
daily meal [42,43].

Finally, due to the study’s cross-sectional design, causal relationships cannot be estab-
lished. Although food environment perception may influence household food availability,
it is also possible that food availability itself influences perception, suggesting potential
endogeneity that cannot be formally tested. Additionally, a temporal misalignment exists
between the perception and food availability measures: while perception questions referred
to the current neighbourhood food environment, household food availability was assessed
over the preceding 30 days. Although data collection occurred during a period of relative
stability in the local food environment (between major COVID-19 pandemic waves in
Brazil), the possibility that perceptions may not fully reflect conditions throughout the
entire recall period cannot be excluded.

Regarding analytical decisions, the dichotomisation of the food availability scale
into ‘low” and ‘high’ categories may have resulted in some loss of information, as mean-
ingful differences within intermediate frequency categories could not be captured. The
causal framework underlying the analytical model was not formally specified, which limits
the ability to fully distinguish confounders from potential mediators among the covari-
ates included in the adjusted models. Additionally, the replacement of non-respondents
through new random draws may have introduced selection bias, as households that were
unreachable or unavailable may differ systematically from those included in the study.
Furthermore, the household food availability questionnaire was adapted from a national
study rather than formally validated, which may limit the precision of the availability
estimates; however, the food items included were selected based on their relevance to the
Brazilian diet, as documented in nationally representative dietary surveys. Therefore, the
estimated associations should be interpreted as correlational rather than causal.

5. Conclusions

This study shows that perceptions of the food environment are associated with house-
hold UPF availability. A positive perception of FV variety in the neighbourhood was
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associated with lower odds of high UPF availability, while the perception of a wide variety
of UPF in the neighbourhood was associated with higher odds of high UPF availability at
home. These findings suggest that the neighbourhood food environment, as perceived by
residents, may be relevant to household food availability patterns. In this context, policies
aimed at promoting healthier food environments—such as expanding the supply and
distribution of unprocessed foods and ensuring economic access to them—may be worth
considering, though causal evidence from longitudinal studies is needed to support more
definitive recommendations.

Despite these findings, this study has some limitations, such as the use of telephone
interviews, which included only families with access to a mobile phone or an active
landline, potentially leading to participation bias. This format was adopted due to the
pandemic context during data collection; however, it is worth noting that approximately
96% of the Brazilian population owns a mobile phone for personal use, and 15.6% of
Brazilian households have a landline [44]. In addition, only students enrolled in public
schools were included; therefore, the findings represent students from the municipal public
school network.

Future studies may explore other data collection methods, include students from
private education networks, and investigate additional dimensions of the food environment,
such as the presence of food stores in the neighbourhood. Longitudinal studies may
also help clarify causal relationships between perceptions of the food environment and
household food availability.
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