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ABSTRACT: Objective: To investigate the food consumption according to the degree of  processing and 
associations with sociodemographic characteristics. Methods: A cross-sectional study of  the Estudo Pró-Saúde 
(Pro-Health Study), with 520 civil servants of  university campuses, Rio de Janeiro, 2012–13. A food frequency 
questionnaire was used to classify food consumption: 1) in natura, minimally processed, food preparations based 
on these foods; 2) processed foods; 3) ultra-processed foods. The relative energy contribution of  each group 
was determined, and a seemingly unrelated equations regression (SUR) regression model was used to estimate 
associations with sociodemographic characteristics. Results: The in natura food group (1) contributed with 
59% of  the energy consumption and was directly associated with age [45–49 years (β = 1.8 confidence interval 
of  95% — 95%CI -1.2; 4.8); 50–54 (β = 1.5 95%CI -1.5; 4.5); 55–59 (β = 2.9 95%CI -0.4; 6.3) and ≥ 60 (β = 4.6 
95%CI 1.1; 8.2)], compared to age ≤ 44. In contrast, the group of  ultra-processed foods contributed 27% and 
were inversely associated with age [45–49 (β = -1.7 95%CI -4.3; 0.9); 50–54 (β = -1.8 95%CI -4.3; 0.9); 55–59 
(β = -4.9 95%CI -8.0; -2.0); ≥ 60 (β = -4.5 95%CI -7.6; -1.5)]. Gender, income and schooling were not associated 
with food consumption. Conclusion: Younger adults had higher consumption of  ultra-processed foods, indicating 
the need for interventions mainly in this age group. The absence of  association with other sociodemographic 
characteristics may be due to the influence of  contextual factors.
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INTRODUCTION 

Overall, the food system has undergone changes, from the form of  production to the 
distribution of  food1. In several medium- and high-income countries, one of  the main 
changes has been the increase in the supply and consumption of  ultra-processed foods2,3-

6. The same trend has already been detected in Brazil, accompanied by a reduction in 
consumption of  in natura foods, minimally processed, and of  culinary ingredients based 
on these foods7.

In addition to the low nutritional quality of  ultra-processed foods8,9, its high con-
sumption has been associated with adverse health outcomes, such as obesity in all ages10, 
metabolic syndrome in adolescents11, changes in the lipid profile of  children12 and risk 
of  breast cancer13.

Due to this scenario, the new edition of  the Food Guide for the Brazilian Population 
(Guia Alimentar para a População Brasileira)14 adopted the NOVA15 classification as theoretical 
reference for its recommendations, which considers the purpose and extent of  industrial 
processing of  food. This classifies food in the following categories: in natura or minimally 
processed foods, culinary ingredients, processed and ultra-processed foods14-16.

Few studies have investigated the independent association between sociodemographic 
characteristics and food consumption, according to the degree of  processing, mainly 
because the NOVA classification is relatively recent. Among the international studies, there 
was an inverse association between the consumption of  ultra-processed foods with age17-20. 
Regarding the association with schooling and income, results were controversial18,20. Most of  

RESUMO: Objetivo: Investigar o consumo alimentar segundo o grau de processamento e associações com 
características sociodemográficas. Métodos: Estudo transversal de subamostra do Estudo Pró-Saúde, com 520 
funcionários públicos de campi universitários, Rio de Janeiro, 2012–13. Questionário de frequência alimentar foi 
utilizado para classificar o consumo alimentar: 1) in natura, minimamente processados, preparações culinárias à 
base desses alimentos; 2) alimentos processados; 3) alimentos ultraprocessados. Determinou-se a contribuição 
energética relativa de cada grupo, e foi utilizado modelo de regressão seemingly unrelated equations regression (SUR) 
para estimar associações com as características sociodemográficas. Resultados: O grupo de alimentos in natura (1) 
contribuiu com 59% do consumo energético e foi diretamente associado à idade [45–49 anos (β = 1,8 intervalo 
de confiança de 95% — IC95% -1,2; 4,8); 50–54 (β = 1,5 IC95% -1,5; 4,5); 55–59 (β = 2,9 IC95% -0,4; 6,3) e ≥ 60 
(β = 4,6 IC95% 1,1; 8,2)], comparado à idade ≤ 44. Em contraste, ultraprocessados contribuíram com 27% e 
foram inversamente associados à idade [45–49 (β = -1,7 IC95% -4,3; 0,9); 50–54 (β = -1,8 IC95% -4,3; 0,9); 55–59 
(β = -4,9 IC95% -8,0; -2,0); ≥ 60 (β = -4,5 IC95% -7,6; -1,5)]. Sexo, renda e escolaridade não foram associados ao 
consumo alimentar. Conclusão: Adultos mais jovens apresentaram maior consumo de ultraprocessados, indicando a 
necessidade de intervenções principalmente nessa faixa etária. A ausência de associação com demais características 
sociodemográficas pode ser por conta da influência de fatores contextuais..
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these studies did not find a statistically significant association between gender and food con-
sumption according to the degree of  processing18-20. 

Among the national studies, a direct association was observed between the consump-
tion of  ultra-processed foods and women, schooling21 and income7,22, however, these stud-
ies did not evaluate the association with age, with two them referring to family acquisition 
of  food, not to the real consumption of  the study population7,22.

In the present study, food consumption was investigated according to the degree of  
processing and the association with sociodemographic characteristics, in a population of  
Brazilian adults participating in the Pro-Health Study (Estudo Pró-Saúde – EPS).

METHODS

This is a cross-sectional study in a subsample of  participants from the EPS. The EPS is 
a longitudinal study competing with effective technical-administrative employees of  uni-
versity campuses in the state of  Rio de Janeiro, with a focus on the investigation of  social 
and behavioral determinants related to health23. To date, four phases of  data collection have 
been carried out (1999, 2001–2, 2006–7 and 2011–13). In phase 4, a subsample of  520 indi-
viduals (16% of  the baseline) was randomly selected in strata of  gender, age and schooling, 
considering the proportions of  these strata among baseline participants. In this sub-sam-
ple, additional measurements and face-to-face interviews were conducted, including the 
application of  the Food Frequency Questionnaire (FFQ). Data collection was performed 
by trained interviewers, between July 2012 and 2013.

FOOD CONSUMPTION EVALUATION

In order to evaluate the food consumption, the semiquantitative FFQ, validated by Sichieri 
and Everhart24, was used containing 82 foods or food groups with predefined quantities pre-
sented in household measures or per unit of  food. 

Respondents were asked to indicate the frequency (> 3 times/day; 2–3 times/day; 1 time/
day; 5–6 times/week; 2–4 times/week, 1 time/week; 1–3 times/month; never or almost 
never) and the mean amount of  consumption for the last six months.

CONSTRUCTION OF THE OUTCOME VARIABLE

The amount of  the portion reported in the FFQ was transformed into the equivalent 
home-measured amount in grams or milliliters. The reported frequency of  consumption 
was transformed into daily frequency and, subsequently, associated with the amount of  the 
portion reported to calculate the energy value of  each food item. Information on the energy 
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value of  food items was obtained from the United States Department of  Agriculture25 and 
the Brazilian Table of  Food Composition26. Then, each food item was divided by the total 
of  calories consumed per day, for each individual, obtaining the relative percentage of  cal-
ories of  the food item. 

FFQ foods and preparations were classified into three groups: 
1.	 in natura, minimally processed or food preparations based on these processed foods; 
2.	 processed food;
3.	 ultra-processed foods. 

We chose to classify foods into three groups27 (instead of  four, according to the classifi-
cation NOVA), including culinary preparations based on in natura or minimally processed 
food, in the first group, because of  the few FFQ items for that group. 

Considering that some foods could be classified into more than one group, it was decided 
to divide, by means of  an estimate, the participation of  these foods in more than one group, 
according to the consumption observed in the Brazilian Family Budget Survey (Pesquisa de 
Orçamento Familiar Brasileira) (2008–9)28 and in the National Food Survey (Inquérito Nacional 
de Alimentação)27. Thus, for the item “French bread or bread loaf ”, the calories were allo-
cated in the proportion of  75% in the group of  processed foods and 25% in the ultra-pro-
cessed one27. The same was done for the items “butter or margarine” (17 and 83%, respec-
tively)28 and for pizzas and “pasta, such as lasagna, gnocchi, ravioli”, with half  the calories 
allocated to each group.

The total relative percentage of  calories from food items belonging to each group was 
distributed to each of  them, thus obtaining the outcome variable (continuous): the relative 
energy participation of  food groups according to the degree of  processing.

COVARIATES

Covariates studied were gender, age (categorized in ≤ 44, 45 to 49, 50 to 54, 55 to 59, 
≥ 60 years), schooling (up to complete elementary school, including incomplete secondary 
school, complete secondary school, including incomplete college, and complete college 
degree or more) and equivalent household income (categorized as ≤3 minimum wages, 
3-6 minimum wages and > 6 minimum wages), considering the minimum wage of  R$ 622 
or US$ 428, in 2012.

The household income question had a pre-coded format, containing the open top cat-
egory (> R$ 7,000, or US$ 3,139). The average value of  the last category (open category) 
was estimated at R$ 9,429.16, using formulas based on the Pareto curves of  income dis-
tribution described by Parker & Fenwick29. For the calculation of  equivalent household 
income30, the mean points of  each category of  the household income divided by the square 
root of  the number of  people dependent on the income were used, thus, considering the 
weight of  each individual in the total cost of  living of  the family.
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DATA ANALYSIS

A descriptive analysis was performed of  the relative energetic participation of  each 
food group and its food items, for the population studied. The relative energy par-
ticipation of  each of  the three food groups was described according to sociodemo-
graphic variables. 

To analyze the association between the consumption of  each of  the food groups and 
the sociodemographic characteristics of  the participants, the seemingly unrelated equa-
tions regression (SUR) model was used. This model, initially applied in econometrics31, is a 
generalization of  the linear regression model. In the SUR regression, dependent variables 
are modeled simultaneously and their correlation is considered in the modeling, increasing 
the precision of  the estimates. When compared to the traditional method, with separate 
regressions for each of  the food groups, the correlations between the dependent variables 
and between the errors of  the equations are not considered32. As the food consumption of  a 
group, according to the degree of  processing, is related to the consumption of  foods of  the 
other groups, the analyses were carried out including, simultaneously, the three food groups. 
This method is recommended when samples are small and when models do not have the 
same amount of  explanatory variables and are not nested33. The final model included the 
covariates age, gender, equivalent income and schooling. Additionally, simple and quantile 
linear regression models were used to evaluate the proposed association. All statistical ana-
lyzes were performed in the software Stata version 13.034.

ETHICAL ASPECTS

The study was approved by the Research Ethics Committee, CAAE no. 0041.0.259.000-
11, on October 18, 2011, and CAAE no. 04452412.0.0000.5260, on September 6, 2012, of  the 
Institute of  Social Medicine of  the Universidade do Estado do Rio de Janeiro. 

RESULTS

Of  the 520 participants in the study, approximately half  were women; aged 45-54, with 
full tertiary education, and 2/5 of  the participants had per capita income of  three to six 
minimum wages. 

For the average energy consumption of  2.470 kcal, the group of in natura and mini-
mally processed food or food preparations based on these processed items contributed with 
more than half  of  the energy total (60%), followed by the group of  ultra-processed foods, 
which contributed about one third of  the total energy (27%) (Table 1). Fruits and beef  or 
pork were the largest energy contributors in the in natura food group, corresponding to 9 
and 6.5% of  the total energy, respectively. Among processed foods, French bread was the 
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Table 1. Means and 95% confidence intervals (95% CI) of relative food consumption according to 
the degree of processing. Estudo Pró-Saúde, Rio de Janeiro, Brazil, 2012–13. 

Food groups and consumer items
Percentage of total  
energy intake (%)

95%CI 

 in natura foods and minimally processed foods or 
food preparations based on these processed foods

59.9 58.9 – 60.9

Fruits 8.8 8.3 – 9.4

Beef and pork 6.1 5.7 – 6.5

Rice 5.5 5.1 – 5.8

Chicken meat 5.3 5.0 – 5.7

Milk 5.2 4.7 – 5.6

Pasta 5.0 4.6 – 5.5

Bean 4.7 4.4 – 5.1

Fresh fish 2.4 2.2 – 2.6

Greens and vegetables 2.4 2.3 – 2.5

Addition sugar 2.4 2.1 – 2.6

Pulp or fruit juice 2.0 1.7 – 2.2

Roots and tubers 1.9 1.8 – 2.1

Barbecue 1.6 1.4 – 1.8

Eggs 1.2 1.1 – 1.3

Other foods* 5.7 5.4 – 5.9

Processed food 13.2 12.6 – 13.7

French bread 6.9 6.5 – 7.3

Cheese 2.9 2.6 – 3.1

Processed meats** 1.0 0.9 – 1.2

Milk-based sweets 1.5 1.2 – 1.7

Fruit-based sweets 1.0 0.8 – 1.2

Canned vegetables*** 0.1 0.1 – 0.2

Ultra-processed foods 26.9 26.0 – 27.7

Sweets (candies, chocolates, ice cream) 4.1 3.8 – 4.5

Salted crackers, popcorn, peanuts 3.3 3.1 – 3.6

Sausages**** 3.0 2.7 – 3.2

Cake 2.7 2.4 – 3.1

Continue...
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largest contributor (7%), and, among ultra-processed foods, sweets (candies, chocolates, 
ice cream) followed by salted cookies, which contributed with 4 and 3% of  energy intake, 
respectively (Table 1). 

It was observed the presence of  traditional foods of  the Brazilian food culture, such 
as rice and beans, contributing to the in natura, minimally processed or food preparations 
food group. In the group of  processed foods, we highlight French bread (6.9%), charac-
teristic food of  the Brazilian breakfast (5.5%). In the group of  ultra-processed foods, soft 
drinks were highlighted by contributing with the same energy percentage from natural 
fruit juice, of  the group of  in natura and minimally processed food or food preparations 
based on these processed items.

The mean energy percentages of  the three food groups, with their respective 95% con-
fidence intervals (95%CI), according to sociodemographic characteristics, are described in 
Table 2. For the three food groups, similar consumption caloric intakes were observed in the 
strata of  gender, schooling and income, with the maintenance of  the in natura, minimally 
processed or food preparations food group as the major energy contributor. Among the 
elderly strata, there was an increase in the consumption of  in natura and minimally pro-
cessed foods or food preparations, concomitantly to the discrete reduction of  consumption 
of  ultra-processed foods.

In the multiple analysis (Table 3), when compared to younger subjects (≤ 44 years), 
those aged ≥ 60 years presented higher intakes of  in natura and minimally processed foods 
or food preparations based on these processed foods (β = 4.6 95%CI 1.1; 8.2). In contrast, 
ultra-processed consumption was lower in individuals aged between 55 and 59 years 
(β = - 4.9 95%CI -8.0; - 2.0) and ≥ 60 years (β = -4.5; 95%CI -7.6; -1.5), compared to 
younger ones (≤ 44 years). No association was found with the other sociodemographic 
characteristics investigated.

Table 1. Continuation. 

Food groups and consumer items
Percentage of total  
energy intake (%)

95%CI 

Loaf bread  2.3 2.2 – 2.4

Margarine 2.3 2.1 – 2.4

Soft drinks 1.9 1.7 – 2.1

Sweet biscuits 1.9 1.6 – 2.2

French fries, potato sticks and chips 1.7 1.5 – 1.9

Other ultra-processed foods***** 3.3 3.0 – 3.5

*Cassava flour, mush, peas/lentils, lasagna/gnocchi / ravioli, butter, pizza, viscera, snacks (coxinha/rissole), coffee and tea; 
**sardines/canned tuna, bacon, meat/fish preserved in salt, cod, beef jerky; ***peas, palm hearts, olives, etc.; 
****hamburger, sausages, mortadella, hams, formed hams, salami; *****lasagna, gnocchi, ravioli, pizza, cream cheese, 
yogurt, mayonnaise.
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DISCUSSION

In this study, conducted with public servers from the state of  Rio de Janeiro, age 
was associated with food consumption, according to the degree of  processing, among 
the sociodemographic characteristics investigated. Younger adults (≤ 44 years) had 
higher consumption of  ultra-processed foods, concomitantly with the lower con-
sumption of  in natura and minimally processed foods, and food preparations based 

Table 2. Means and 95% confidence intervals (95%CI) of the relative consumption of the food groups 
according to sociodemographic characteristics. Estudo Pró-Saúde, Rio de Janeiro, Brazil, 2012–13. 

 n

in natura and 
minimally processed 

foods, or food 
preparations 

based on 
these foods

Processed food
Ultra-processed 

foods

Mean
(%)

95%CI
Mean
(%)

95%CI
Mean
(%)

95%CI

Gender

Female 270 58.4 57.0 – 59.8 13.4 12.6 – 14.2 27.2 26.0 – 28.4

Male 250 58.8 57.4 – 60.1 12.9 12.2 – 13.6 26.5 25.2 – 27.7

Age (years)

≤ 44 100 56.5 54.5 – 58.5 13.5 12.4 – 14.7 29.4 27.5 – 31.3

45 to 49 115 58.4 56.3 – 60.6 13.0 11.9 – 14.2 27.4 25.7 – 29.2

50 to 54 128 58.2 56.1 – 60.3 12.9 11.8 – 14.0 27.4 25.5 – 29.2

55 to 59 82 59.3 56.7 – 62.0 13.7 12.1 – 15.3 24.7 22.4 – 27.0

≥ 60 95 60.7 58.5 – 62.9 12.7 11.6 – 13.8 24.5 22.6 – 26.5

Schooling

Elementary 
school

49 58.9 55.4 – 62.4 12.7 11.0 – 14.5 25.4 22.1 – 28.7

 Secondary school 184 59.4 57.7 – 61.0 12.9 12.0 – 13.8 26.2 24.9 – 27.6

College 283 58.0 56.6 – 59.3 13.4 12.7 – 14.2 27.5 26.3 – 28.7

Equivalent income

≤ 3 MW 153 59.5 57.8 – 61.3 13.2 12.2 – 14.3 25.8 24.3 – 27.3

3–6 MW 206 57.8 56.2 – 59.4 13.0 12.1 – 13.9 27.6 24.3 – 27.1

 > 6 MW 151 59.1 57.2 – 61.0 13.3 12.4 – 14.3 26.2 24.6 – 27.8

MW: minimum wages.
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on these foodsThis relationship was reversed among older adults, especially among 
the elderly.

The percentage of  energy from ultra-processed foods observed in this study (27%) was 
lower than that found in high income countries such as Canada (48% in 2004)35, the United 
States (58% in 2007–12)20 and the United Kingdom (53% in 2008–12)12,17. Our results were 
similar to those of  studies carried out in Chile (29% in 2010)18 and in Mexico (30% in 2012)19. 
In representative samples of  the Brazilian adult population, in 2008-9, daily consumption of  

Table 3. Association (seemingly unrelated equations regression — SUR) of food consumption 
according to the degree of processing and sociodemographic characteristics. Estudo Pró-Saúde, 
Rio de Janeiro, Brazil, 2012–13. 

in natura 
foods*

Processed 
foods

Ultra-processed  
foods

crude β adjusted β ** crude β adjusted β ** crude β adjusted β ** 

(95%CI) (95%CI) (95%CI)

Gender (reference category: male)

Female
-0.4 

(-2.3; 1.6)
-0.4 

(-2.3; 1.5)
0.5 

(-0.6; 1.6)
0.6 

(-0.5; 1.7)
0.7 

(-1.0; 2.5)
0.6 

(-1.1; 2.3)

Age (reference category: ≤ 44 years)

45 to 49
1.9

 (-1.1; 5.0)
1.8

 (-1.2; 4.8)
-0.5 

(-2.2; 1.2)
-0.6 

(-2.3; 1.1)
-2.0 

(-4.6; 0.7)
-1.7 

(-4.3; 0.9)

50 to 54
1.7 

(-1.2; 4.6)
1.5 

(-1.5; 4.5)
-0.6 

(-2.2; 1.0)
-0.6 

(-2.4; 1.0)
-2.0 

(-4.6; 0.6)
-1.8 

(-4.3; 0.9)

55 to 59
2.8 

(-0.4; 6.1)
2.9

 (-0.4; 6.3)
0.2 

(-1.6; 2.0)
0.3

 (-1.5; 2.3)
-4.6

 (-7.5; -1.7)
 -4.9 

(-8.0; -2.0)

≥ 60
4.3 

(1.1; 7.4)
 4.6 

(1.1; 8.2)
-0.8 

(-2.6; 0.9)
-1.0 

(-2.9; 1.0)
-4.9 

(-7.6; - 2.1)
 -4.5 

(-7.6; -1.5)

Education (reference category: elementary school)

Secondary 
school

0.4
(-3.1; 4.1)

2.0
(-1.5; 5.7)

0.2
(-1.8; 2.1)

-0.4
(-2.5; 1.6)

0.8
(-2.3; 4.0)

-0.2
(-3.4; 2.9)

College
0.7

(-1.2; 2.6)
1.1

(-2.7; 4.9)
0.7

(-1.2; 2.6)
-0.3

(-2.4; 1.9)
2.1

(-0.9; 5.1)
0.9

(-2.4; 4.3)

Equivalent income (reference category: ≤ 3 MW)

3 to 6 MW
-1.7 

(-4.1; 0.6)
-1.4 

(-3.9; 1.0)
-0.2 

(-1.5; 1.1)
-0.4

 (-1.8; 0.9)
1.8

 (-0.3; 3.9)
1.3 

(-0.9; 3.4)

> 6 MW
-0.4 

(-3.0; 2.1)
 0.1

 (-2.7; 2.9)
0.1 

(-1.3; 1.5)
-0.2

(-1.8; 1.3)
0.4 

(-1.8; 2.6)
-0.5 

(-2.9; 2.0)

*Minimally processed or food preparations based on these processed foods; **adjustment by gender, schooling, age 
(continuous) and income (continuous);  MW: minimum wages.
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21% of  the calories from ultra-processed foods was estimated8, a result similar to that found 
by Martins et al. (25%), using food availability data7. Bielemann et al. analyzed data for 2004-
05 from the Pelotas cohort, located in southern Brazil, and found among young adults (21 to 
23 years old) a contribution of  51.2% of  ultra-processed foods in total energy consumed21. 

When the association between sociodemographic characteristics and food consumption 
according to the degree of  processing was evaluated, it was possible to observe, from the age 
of  55, a reduction in the consumption of  ultra-processed foods and an increase in the con-
sumption of  foods of  the in natura group. This result suggests a possible cohort effect in 
which older participants (from different generations) formed their eating habits in a period 
in which the modern dietary pattern was less pronounced and the traditional food culture 
was more preserved in the country, while younger subjects were more exposed to this new 
pattern36. The increase in the share of  ready-to-eat food concomitantly with the decrease 
of  the in natura and minimally processed foods began to be evidenced in the metropolitan 
areas of  Brazil from the 1980s22. The time at which these changes began coincided with the 
adult life stage of  the participants in the present study over the age of  50 when they had 
already formed their eating habits.

Between 1987-88 and 2008-09, the energy contribution from ultra-processed foods in 
the metropolitan areas of  Brazil increased from 19 to 29%, from in natura or minimally 
processed foods decreased from 44 to 39%7. The expansion of  ultra-processed foods can be 
attributed to the production and supply system concentrated by large transnational corpo-
rations (big food), to the cheapness of  these products and to their characteristics, such as 
convenience and longer shelf  life5,37. 

In relation to age, our results were consistent with recent research conducted in the 
United Kingdom in which it was found that elderly people consume less ultra-processed 
foods17. Other international studies have detected an inverse association of  the consumption 
of  ultra-processed products with age18-20. National studies did not indicate an association 
between age and food consumption according to the degree of  processing, however, data 
from the Family Budget Survey (2008-9) revealed a more frequent consumption of  fruits, 
vegetables and improved quality of  food with increasing age36-38. 

In this study, we did not find an association between consumption according to the 
degree of  food processing and gender, as occurred with other international studies18-20. In a 
Brazilian study with young adults (Pelotas), consumption of  ultra-processed foods was 
directly associated with females21.

In our research, we did not see an association between food consumption according to 
the degree of  processing and two socioeconomic status markers (schooling and income). 
This subject has been little investigated in our environment21. 

In relation to schooling, only in Mexico there was an inverse association with ultra-pro-
cessed consumption, but in this study only the schooling of  the head of  the family was 
used. In Brazil, the consumption of  ultra-processed foods was associated with schooling 
only in the Pelotas cohort, being higher among individuals with higher educational levels21.
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Regarding income, in Chile a direct association was found between the consumption of  
ultra-processed foods and family income18, while in the United States this association was 
reversed20. In Brazil, the association with income has not been investigated to date; however, 
according to national data from the Family Budget Survey (2003–9), there was an increase in 
energy participation from ultra-processed foods in all socioeconomic strata, more intensely 
among individuals with lower income levels7. 

The absence of  association of  food consumption with schooling and income in our study 
can be, at least in part, explained by the influence of  factors such as access, availability38,39 
and food price41,42. It is also emphasized that the population of  this study is formed by tech-
nical administrative staff  from the same university campus who experience the same food 
environment on a daily basis43. In addition, approximately 60% of  participants at the low-
est educational level were older than 60 years, which possibly resulted in a reduction in the 
effect of  this socioeconomic marker on our results.

A national study conducted with food acquisition data from the Family Budget Survey 
(2008–9) found that the in natura, minimally processed and culinary ingredients food group 
had the lowest average price per calorie (R$ 1.66/kcal) when compared to processed and 
ultra-processed foods (R$ 2.58/kcal), in the Southeast, however, in natura items, such as 
vegetables, fish and fresh meat, stood out with very high prices. In the same study, it was 
verified that the ratio between the prices paid for in natura and minimally processed foods, 
and food preparations (together) and the price paid for processed and ultra-processed foods 
remained stable among the different income strata, indicating a similar economic scenario42, 
possibly justifying the absence of  association with income in this study. 

The analytical approach used here was emphasized: the SUR regression model for mul-
tiple analysis. The main advantage of  this model is the inclusion of  the three food groups 
in the same regression to estimate the association, since the caloric participation of  each 
food group is always dependent on the participation of  the other groups. In considering 
the correlation between the errors of  the equations, the accuracy of  the estimated param-
eters increases. In any case, our results were similar to those obtained in linear and quantile 
regression analyzes (results not shown). In addition, most of  the studies that used the NOVA 
classification evaluated the relationship between effective food consumption and sociode-
mographic characteristics, focusing only on the consumption of  ultra-processed foods, not 
including other food groups18-21.

The use of  FFQ brought to the study limitations inherent in this method of  assessing 
food consumption, such as difficulties in classifying some items according to the degree of  
processing due to the low level of  detail of  the information collected, when compared to 
the methods of  registration and recall to feed. To minimize classification errors, we used 
the calorie division of  some foods present in the same food item of  the FFQ in different 
processing groups27. 

It is recommended that, in future studies with similar objectives to this work’s, when 
evaluating food consumption according to the degree of  processing, the influence of  con-
textual factors, in addition to sociodemographic characteristics, should be considered.
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CONCLUSION

This study detected an association between age and food consumption according to the 
degree of  food processing, with important participation of  ultra-processed foods in the diet, 
especially among younger adults. This result indicates future trends with negative implica-
tions on the health of  this population. In view of  this, the need for interventions that sub-
sidize public policies aimed at stopping the progression of  consumption of  ultra-processed 
foods and promoting the consumption of  in natura, and minimally processed foods.
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