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Abstract

Objective

The present study aims at evaluating trends and determinants of socioeconomic inequalities
in consumption of bioactive compounds in representative sample of the Brazilian population
the period from 2008—2009 to 2017—-2018.

Methods

Data from two cross-sectional population-based surveys were analyzed in the study, using
descriptive analysis and estimation of inequalities in consumption. Trends in polyphenol and
carotenoid intake were estimated using food consumption data from National Dietary Sur-
vey (NDS) 2008—-2009 (n = 34,003) and 2017—2018 (n = 46,164). Evolution and determi-
nants of inequalities in bioactive compounds intake were identified using analysis of
inequality based on concentration index.

Results

Consumption of total polyphenols, phenolic acids, flavonoids and carotenoid classes
(except for zeaxanthin) was significantly associated with per capita income after adjustment
for potential confounders, being higher income associated with higher intake of bioactive
compounds. Disaggregation of inequalities showed that education was the main factor
associated with consumption of flavonoids, other polyphenols and B-cryptoxanthin in 2008—
2009; whilst income was the main barrier to intake of polyphenols and carotenoids in 2017—
2018.
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Conclusion

Income level and educational attainment have been important determinants to inequalities
in bioactive compounds intake in the Brazilian population throughout the period of analysis,
being higher intake of bioactive compounds-rich foods and beverages associated with
higher income.

Introduction

Socioeconomic status represent important determinant of dietary intake, particularly in low-
and middle-income countries marked by high inequalities like Brazil. Studies in diverse coun-
tries showed that individuals with higher income usually consume higher-quality diets with
greater amounts of fruits and vegetables, and fewer sugar-sweetened beverages, than individu-
als with lower income [1-5]. In addition, our previous investigations showed that income level
influenced dietary intake of bioactive compounds in 2008-2009, indicating higher consump-
tion among Brazilian individuals with higher income in comparison to their counterparts [6,
7].

Bioactive compounds comprise a large and complex group of plant secondary metabolites,
being widespread in plant-based foods and beverages [8, 9]. There is an increasing interest in
health effects of bioactive compounds during the last decade, since several studies have showed
inverse associations between their intake and the risk of chronic diseases, e.g., cardiovascular
diseases (CVD) [10-12], type 2 diabetes [13, 14], and neurodegenerative disease [15, 16]. Con-
sidering the importance of bioactive compounds intake to health maintenance, it is important
to understand long-term trends and inequalities in their consumption according to socioeco-
nomic status, allowing the implementation of public health interventions and identification of
potential intervention targets.

To date, studies have explored the socioeconomic and demographic factors related to food
consumption and nutrient intake, with income, educational attainment and race being the
main characteristics associated with access to healthy foods [4, 17-20]. In Brazil, previous
research that analyzed trends of social inequalities in food consumption between 2008 and
2019 showed an increase in disparities in fruits and vegetables intake across levels of education
[21]. Nevertheless, there is lack of evidence on the evolution and factors associated with socio-
economic inequalities in bioactive compounds intake in the Brazilian population. Thus, the
aim of the present study was to evaluate trends and determinants of socioeconomic inequali-
ties in consumption of bioactive compounds in representative sample of the Brazilian popula-
tion the period from 2008-2009 to 2017-2018.

Materials and methods
Study population

Data of the present study were retrieved from the National Dietary Survey (NDS) 2008-2009
and 2017-2018, a cross-sectional survey conducted along with the Brazilian Household Budget
Survey (HBS), which comprises a nationwide survey designed to determine the pattern of con-
sumption and expenditures of the Brazilian population. The HBS adopted complex sample
design, using two-stage cluster sampling with random selection of census tracts according to
their geographical location and socioeconomic status. Detailed description on sampling proce-
dures is available on previous publications of the Brazilian Institute for Geography and
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Statistics [22, 23]. Individuals within strata selected for data collection were evaluated over
12-month period to ensure representativeness and capture differences in seasonality during
the year. The data collection of 2008-2009 NDS started on May 19™ 2008 and ended on May
18" 2009. For 2017-2018 NDS, data collection occurred from July 11" 2017 to July 9™ 2018.

In the 2008-2009 NDS, a random subsample of 13 596 (24.3%) households included in the
HBS edition were assessed for individual food intake, corresponding to 34 003 subjects >10
years old. In the 2017-2018 NDS, individual food intake was collected in a random subsample
0f 20 112 (34.7%) households included in the HBS, encompassing a sample of 46 164 subjects
>10 years old.

Dietary intake

In the 2008-2009 NDS, individual food intake data were collected from two non-consecutive
dietary records. Participants were instructed to register detailed information on foods and bev-
erages consumed throughout the day, including portion sizes, cooking methods, time and
place of meals (at home or away from home). Trained researchers reviewed the dietary records
along with participants, registering missing or incomplete information if necessary and typing
the data into a digital database created for the survey.

In the 2017-2018 NDS, individual food consumption data were obtained through two non-
consecutive 24-hour dietary recalls (24HR). Trained researchers conducted personal inter-
views following sequential stages based on the U.S. Department of Agriculture Automated
Multiple-Pass Method [24]. Participants were asked about foods and beverages consumed on
the previous day, and information on recipes, portion sizes, cooking methods, time and place
of meals were recorded during the interview.

In order to provide reliable data on dietary bioactive compounds intake, recipes mentioned
in the two NDS editions were converted into ingredients to estimate the amount of ingredients
in mixed dishes. Daily intake of bioactive compounds was estimated based on the two dietary
records (2008-2009 NDS) and the two 24HR (2017-2018 NDS).

Food composition database and estimation of intake on bioactive
compounds

The Phenol-Explorer database (www.phenol-explorer.eu/) was used to retrieve the contents of
polyphenols (Fig 1) in foods consumed by individuals interviewed in the two NDS editions.
Data on the majority of polyphenols were determined by reverse-phase high-performance liq-
uid chromatography (HPLC), except for proanthocyanins for which normal phase HPLC were
used. Foods containing polyphenols linked to the food matrix that cannot be released under
normal extraction conditions (e.g., lignans, ellagic acid in walnuts and hydroxycinnamic acids
in cereals, beans and olives), data corresponding to HPLC after basic or acid hydrolysis were
considered [25].

In addition to the Phenol-Explorer, regional foods and beverages (e.g., acai and yerba mate
tea) and other items highly consumed by the Brazilian population (e.g., rice, beans and
orange), we used data from foods collected and analyzed in Brazil through HPLC, and infor-
mation available in the Brazilian Food Composition Database (TBCA, available in www.tbca.
net.br/), an online database with data on flavonoid content (expressed as aglycone) identified
and analyzed using HPLC [26]. In the case of overlapping data between Brazilian data and
Phenol-Explorer database, Brazilian data had priority. Cooked foods reported in NDS dietary
collection data, retention factors (RF) from Phenol-Explorer database were applied to allow
accurate measurements of polyphenol intake [27].
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Fig 1. Chemical structure of the four major classes of polyphenols.

https://doi.org/10.1371/journal.pone.0292006.9001

Polyphenol intake was calculated as aglycone equivalents for foods containing polyphenols
in forms of glycosides and esters, by removing the contribution to molecular weight of the
non-phenolic part of the molecule for each polyphenol.

Carotenoid concentration (a-carotene, -carotene, B-cryptoxanthin, lycopene, lutein, neox-
anthin, violaxanthin and zeaxanthin, Fig 2) of foods was obtained from the literature. The pri-
ority was to use data from foods harvested and analyzed in Brazil by high performance liquid
chromatography (HPLC). We also used data from TBCA, which contains data on carotenoid
content of Brazilian foods analyzed by HPLC [26].

In the case in which the carotenoid composition was not available for a food collected in
Brazil, the data were obtained from HPLC analysis from Spain (avocado, asparagus, beetroot,
onion, and apricot), Argentina (chard), China (persimmon), Indonesia (cashew nut), Iran (saf-
fron), Italy (grape), Mexico (egg) and Portugal (cherry). Information collected on carotenoid
concentrations corresponded to raw or cooked foods, depending on consumption characteris-
tics described by interviewees.

The daily intake of polyphenols and carotenoids was estimated based on the two dietary
records (2008-2009 NDS) and the two 24-h dietary recalls (2017-2018 NDS), using the same
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Fig 2. Disaggregation of income-related inequality in carotenoid intake. Brazil, 2008-2009 and 2017-2018.

https://doi.org/10.1371/journal.pone.0292006.9002

food composition data. Polyphenols and carotenoids intake from each food was calculated by
multiplying contents by daily consumption amount of each food and dividing by 100, consid-
ering that food composition data is reported in mg/100 g. Total polyphenols and carotenoids

intake was calculated by summing up intakes from all foods consumed.

Socioeconomic and demographic characteristics

NDS interviews were conducted by trained researchers using a structured questionnaire
including socioeconomic and demographic characteristics of individuals, and supplementary
information on households (e.g., household members, ownership of goods, etc.). Information
on household income included monetary and nonmonetary sources of household revenues
(including donations and participation in income transfer programs), which were converted
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into monthly household income per capita by dividing household income by household resi-
dents. In order to ensure appropriate comparison of monetary values between periods, house-
hold income per capita from individuals interviewed in 2008-2009 were updated to 2017-
2018 using the Brazilian Broad Consumer Price Index (Indice de Pregos ao Consumidor
Amplo, IPCA) from the Brazilian Institute for Geography and Statistics. Monetary values were
subsequently converted into international monetary units using purchase power parity con-
version factors to the reference data of 2017, based on information available at the World Bank
platform, to allow comparison with data from other countries.

Statistical analysis

Data were presented in median for continuous variables, and frequencies or percentages for
categorical variables. Polyphenol and carotenoid intake data from the two dietary records
(2008-2009 NDS) and the two 24HR (2017-2018 NDS) were statistically adjusted for the usual
intake distribution and removal of intrapersonal variation using the statistical technique Mul-
tiple Source Method. Logistic regression was performed to explore the associations between
compounds intake and per capita income.

Estimation of evolution and determinants of socioeconomic inequalities in the consump-
tion of bioactive compounds were based on the concentration indexes according to type of
compound and year of the survey, following Almeida and Sarti (2013) [28]. The concentration
index measure inequality according to socioeconomic position of individuals (Eq 1).

2 N
cr==S"yR -1 1
nu%;y (1)

Being: 4 = mean of y (consumption of polyphenols); R; = fractional rank of i"". individual in
income distribution; and N = sample size. Therefore, it is possible to measure inequality
among groups of individuals with different personal characteristics through the horizontal
inequality index (HI) by calculating differences between concentration indexes (CI) and con-
centration indexes controlled by individual characteristics (CN).

The method allows disaggregation of the concentration index according to main determi-
nants, showing inequalities attributable to two dimensions: individual characteristics and
external factors. The contribution of external factors allows to indicate features from the indi-
viduals’ environment that influence polyphenols consumption (e.g., socioeconomic back-
ground, regional characteristics, etc.), whilst individual characteristics identify individuals’
characteristics (sex, age, and skin color/ethnicity) contributing to inequalities. CI disaggre-
gation is performed using linear regression models with dependent variable represented by the
concentration index, y* (Eq 2).

y =P .X+p,Z+¢ (2)

Being: Sk = coefficient of explicative variable k; X = matrix of variables of individual character-
istics (sex, age, skin color/ethnicity); Z = matrix of variables of external factors (socioeconomic fea-
tures, household characteristics, and geographical location variables); and £ = error term.

Analyses were performed using Stata software version 17.0, considering the complex sam-
pling design, and p values <0.05 were considered significant.

Results

Information on 34 003 participants from the 2008-2009 NDS and 46 164 individuals from the
2017-2018 were available for analysis. The associations between polyphenol intake and income
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Table 1. Associations between polyphenols* and carotenoids intake in relation to per capita income. Brazil, 2008-2009 and 2017-2018.

Bioactive compounds

Polyphenols
Phenolic acids (mg/d)

Hydroxybenzoic acids (mg/d)

Hydroxycinammic acids (mg/d)

Flavonoids (mg/d)
Flavan-3-ols (mg/d)
Flavones (mg/d)
Flavonols (mg/d)
Flavanones (mg/d)
Anthocyanins (mg/d)
Isoflavonoids (mg/d)
Other (mg/d)

Total polyphenols (mg/d)

Carotenoids
a-carotene (mg/d)
B-carotene (mg/d)
B-cryptoxanthin (mg/d)
Lycopene (mg/d)
Lutein (mg/d)
Neoxanthin (mg/d)
Violaxanthin (mg/d)
Zeaxanthin (mg/d)

Total carotenoids (mg/d)

(*) Aglycone equivalents.

Per capita income
Lowest Highest
113.9 348.9
0.6 1.7
113.1 348.1
47.0 1558.5
3.5 67.1
4.4 10.7
2.2 10.6
9.3 1487.5
0.02 2.3
0.0 0.2
2.3 9.4
271.0 1740.6
0.7 9.4
4.1 34.8
0.1 0.5
0.9 5.5
1.7 5.3
0.1 1.1
0.5 3.1
0.4 1.1
12.4 60.5

2008-2009
P value
Unadjusted Adjusted*
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.0001 0.9380
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.0215 0.0001
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.1106 0.2811
0.0001 0.0001

Per capita income

Lowest

112.5
1.2
109.0
62.4
3.3
5.6
13.2
8.5
0.7
0.0
5.8
272.3

0.7
5.0
0.1
1.5
2.5
0.3
0.8
0.4
15.8

Highest

350.7
8.2
346.7
1162.2
57.8
12.3
33.9
1092.4
12.6
0.1
50.3
1366.3

6.1
30.5
0.7
6.9
10.3
1.9
4.6
1.1
60.1

(**) Adjustment for sex, age, ethnicity, Brazilian region, area (urban or rural), educational level, and energy and fiber intake.

https://doi.org/10.1371/journal.pone.0292006.t001

2017-2018
P value
Unadjusted Adjusted**
0.0142 0.0070
0.0001 0.0001
0.0705 0.0020
0.0001 0.0001
0.0001 0.0001
0.0010 0.1760
0.0001 0.0001
0.0001 0.0020
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.0001 0.0001
0.1265 0.5999
0.0001 0.0001

in the 2008-2009 and 2017-2018 NDS are presented in Table 1. Total polyphenols, phenolic
acids and flavonoids intakes were significantly associated with income after adjustment for
sex, age, ethnicity, Brazilian region, area of residence, educational level, and energy intake

(p<0.0070) in both NDS editions.

Phenolic acids were the most consumed polyphenols class in the lowest income group,
despite of slight decrease in consumption from 2008-2009 to 2017-2018. The contribution of
flavonoids to total polyphenol intake increases according to increase in income, although it
also showed small reduction over the period, being the main polyphenol class consumed by
individuals in the highest income category. Consumption of phenolic acids and flavonoid sub-
classes by individuals in the highest income level showed significant differences (p<0.0020)
compared with individuals in the lowest income category, except for flavones.

Total carotenoid intake and classes (with exception of zeaxanthin) were significantly associ-
ated with income after adjustment for potential confounders (p<0.0001) in both NDS edi-
tions. B-carotene was the most consumed carotenoid class in the both income groups and
NDS editions, followed by lutein and lycopene.

The three major food sources of total, classes and subclasses of polyphenols in 2017-2018
NDS are shown in Table 2. Coffee was the food item that most contributed to total polyphe-
nols, phenolic acids and hydroxycinnamic acids intake, although the percentage of
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Table 2. Comparison of the main food sources of polyphenols according to per capita income in Brazil (2017-2018).

Polyphenol classes and subclasses Rank Lowest per capita income Highest per capita income
Food item % Food item %
Phenolic acids 1 Coffee 89.3 Coffee 81.1
2 Rice and preparations 3.9 Rice and preparations 3.1
3 Bread 1.5 Bread 0.7
Hydroxybenzoic acids 1 Tea 20.8 Tea 33.2
2 Beer 9.8 Beer 14.3
3 Rice and preparations 8.2 Wine 10.5
Hydroxycinnamic acids 1 Coffee 90.3 Coffee 83.2
2 Rice and preparations 3.9 Rice and preparations 3.1
3 Bread 1.5 Bread 0.7
Flavonoids 1 Bean and preparations 49.5 Bean and preparations 29.5
2 Orange juice 12.6 Orange juice 15.0
3 Tea 3.7 Tea 6.6
Flavan-3-ols 1 Tea 20.1 Tea 30.3
2 Chocolate 8.0 Wine 16.9
3 Chocolate powder 6.3 Chocolate 9.3
Flavones 1 Bread 39.1 Bread 36.6
2 Pasta 25.3 Pasta 22.1
3 Cracker 6.0 Cracker 3.5
Flavonols 1 Bean and preparations 60.2 Bean and preparations 36.4
2 Salads 6.6 Salads 12.2
3 Apple 5.3 Apple 6.5
Flavanones 1 Orange juice 83.7 Orange juice 79.6
2 Orange 12.6 Orange 16.1
3 Lemon 0.5 Fruit salad 1.5
Anthocyanins 1 Bean and preparations 19.8 Grape juice 16.9
2 Agai 21.3 Acai 15.9
3 Grape juice 10.1 Bean and preparations 10.2
Other 1 Coffee 28.1 Coffee 19.2
2 Wheat flour products 7.3 Orange juice 10.4
3 Orange juice 5.1 Wheat flour products 5.1
Total polyphenols 1 Coffee 57.4 Coffee 49.8
2 Bean and preparations 16.8 Bean and preparations 12.5
3 Orange juice 4.5 Orange juice 5.9

https://doi.org/10.1371/journal.pone.0292006.t002

contribution decreases according to increases in income. The contribution of beans and prepa-
rations to total polyphenols, total flavonoids, flavonols and anthocyanins also decreases in the
highest income group compared with the lowest income category. The intake of total flavo-
noids, flavanones and flavan-3-ols from orange, tea and salads increases with income, similarly
to the contribution of alcoholic beverages (beer and wine) to hydroxybenzoic acids and flavan-
3-ols intake. On the other side, the contribution of wheat flour products (bread, pasta and
cracker) to flavones and other polyphenols intake decreases with the increase of income.

The main food contributors to carotenoid intake, according to income level, are shown in
Table 3. Pumpkin contribution to a-carotene, -carotene and total carotenoids intake was
greater in the lowest income group compared to the highest income. Corn and preparations
consumption presented a higher contribution to lutein and zeaxanthin intake for individuals
with lower income than higher income group. Salads had an important contribution to a-
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Table 3. Comparison of the main food sources of carotenoids according to per capita income in Brazil (2017-2018).

Polyphenol classes and subclasses Rank Lowest per capita income Highest per capita income
Food item % Food item %
a-carotene 1 Salads 10.1 Salads 13.6
2 Pumpkin 8.2 Pumpkin 6.4
3 Carrot 44 Carrot 7.4
[B-carotene 1 Pumpkin 11.9 Salads 13.1
2 Salads 10.3 Pumpkin 7.8
3 Carrot 3.9 Carrot 5.2
B-cryptoxanthin 1 Orange juice 14.5 Orange juice 16.0
2 Papaya 6.7 Papaya 13.2
3 Tangerine 4.1 Tangerine 8.4
Lycopene 1 Tomato 15.3 Tomato 27.3
2 Tomato sauce 14.8 Tomato sauce 12.8
3 Papaya 2.0 Papaya 5.3
Lutein 1 Salads 12.6 Salads 182
2 Corn and preparations 8.4 Eggs 5.7
3 Eggs 6.3 Corn and preparations 2.0
Neoxanthin 1 Salads 22.1 Salads 28.8
2 Mango 4.5 Kale 5.4
3 Kale 3.5 Mango 32
Violaxanthin 1 Salads 20.1 Salads 28.9
2 Mango juice 8.7 Mango 5.9
3 Mango 8.5 Mango juice 5.2
Zeaxanthin 1 Corn and preparations 38.8 Corn and preparations 15.1
2 Orange juice 8.2 Orange juice 11.3
3 Mango 4.4 Orange 4.2
Total carotenoids 1 Salads 9.5 Salads 15.0
2 Pumpkin 6.3 Pumpkin 5.6
3 Tomato 3.1 Tomato 5.3

https://doi.org/10.1371/journal.pone.0292006.t003

carotene, f3-carotene, lutein, neoxanthin, violaxanthin and total carotenoids intake, especially
in the highest income group. The contribution of fruits and vegetables in general, such as car-
rot, orange juice, papaya, tangerine, tomato, kale and orange to all carotenoid classes intake
increased in the highest income group compared with the lowest income group.

Concentration indexes (CI) and coefficients of horizontal inequality (HI) indicate decrease
in socioeconomic inequalities in favor of individuals with higher income regarding the con-
sumption of flavonoids, other phenolic compounds, S-carotene, -cryptoxanthin, lycopene
and neoxanthin during the period of analysis (Table 4).

CI and HI in intake of phenolic acids was negative in 2008-2009, indicating inequality in
favor of individuals with lower income; however, changed in favor of higher income individu-
als in 2017-2018. Therefore, trends in socioeconomic inequalities in consumption of phenolic
acids showed transition towards individuals with higher income throughout time; yet, still
showing lower degree of inequality (CI: 0.017571) compared to intake of flavonoids and other
polyphenols (CI: 0.85244 and 0.068026, respectively).

The consumption of a-carotene, lutein and violaxanthin was concentrated among higher
income individuals in 2008-2009, showing increase in socioeconomic inequality throughout
the period. Zeaxanthin was the only carotenoid presenting concentration index in favor of
lower income individuals in 2008-2009 and 2017-2018. In addition, considering changes in
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Table 4. Concentration indices for polyphenol classes intake. Brazil, 2008-2009 and 2017-2018.

Bioactive compounds 2008-2009 2017-2018 Differences
CI HI CI HI CI HI
Polyphenols classes
Phenolic acids -0.05700 -0.06591 0.01757 0.01211 0.07457 0.07801
Flavonoids 0.10211 0.10211 0.07328 0.08524 -0.02883 -0.01686
Other polyphenols 0.08548 0.07541 0.04638 0.06803 -0.03910 -0.00739
Carotenoids classes
a-carotene 0.03485 0.00496 0.04043 0.01699 0.00558 0.01203
B-carotene 0.09975 0.06622 0.08910 0.06702 -0.01065 0.00080
B-cryptoxanthin 0.10280 0.07390 0.08330 0.08355 -0.01950 0.00965
Lycopene 0.13885 0.11526 0.09020 0.09020 -0.04866 -0.02506
Lutein 0.07578 0.07604 0.08547 0.07203 0.00969 -0.00401
Neoxanthin 0.12680 0.10222 0.10460 0.09788 -0.02220 -0.00434
Violaxanthin 0.04161 0.04161 0.06371 0.04855 0.02211 0.00694
Zeaxanthin -0.00970 0.00284 -0.02255 -0.02281 -0.01285 -0.02565

CI: concentration index, HI: horizontal index.

https://doi.org/10.1371/journal.pone.0292006.t004

concentration index and horizontal inequality, there was increase in socioeconomic inequality
favorable to poorer individuals in zeaxanthin intake, independently of individuals’ characteristics.

The analysis of factors influencing socioeconomic inequalities showed major influence of
educational attainment on inequalities in consumption of flavonoids and other phenolic com-
pounds in 2008-2009, whilst income was main factor of inequality in polyphenols intake dur-
ing 2017-2018 (Fig 1). In relation to carotenoids, income was the main factor of inequality in
lutein, neoxanthin and violaxanthin intake in 2008-2009, and its influence also encompassed
lycopene, -cryptoxanthin, S-carotene and a-carotene in 2017-2018 (Fig 2).

Discussion

The present study explored ten-year trends in the associations between bioactive compounds
intake and income in a representative sample of the Brazilian population. Our results indicated
that dietary intake of polyphenols and carotenoids was significantly associated with income
after adjustments for potential confounders, being higher income associated with higher intake
of bioactive compounds.

The results of the present study are consistent with other data regarding the association
between income level and bioactive compounds intake. Australian adolescents with higher
income consumed more polyphenols than their counterparts (513 and 111 mg/d, respectively)
[29]. US adults with high poverty-income ratio had significantly higher total flavonoids intake
than low poverty-income ratio group (213.9 and 156.2 mg/d, respectively) [30], and Korean
adults in the highest household income level had higher consumption of total flavonoid than
those with lower household income (355.6 and 241.3 mg/d, respectively) [31].

Regarding the associations between income level and carotenoid intake, although data are
still scarce, similar results were reported. Adults from NHANES [32] with higher income had
greater total carotenoid intake than their counterparts (2.2 and 2.8 pg/ kg per day, respec-
tively), and in the American cohort SELF, 5-carotene and lycopene intake was positively asso-
ciated with household income [33]. Socioeconomic status was also positively associated with
plasma concentrations of lutein/zeaxanthin, lycopene, - and f-carotene in the Australian
cohort DRUID [34].
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The findings support the body of evidence showing the substantial influence of socioeco-
nomic status on diet quality, including in developing countries such as Brazil. Lower-income
individuals usually consume diets with limited diversity of foods, fewer fruits and vegetables
(i.e., lower in fiber content), and more energy-dense foods rich in fat, sugar and salt compared
with higher-income individuals [35-41]. A major determinant of socioeconomic gradients in
diet quality refers to higher cost of micronutrient-dense foods in comparison to energy-dense
foods, which are often cheaper sources of calories [35-37]. In addition to lower intake of fruit
and vegetables, which are main sources of polyphenols and carotenoids, individuals with lim-
ited resources tend to consume foods with high contents of fats, sugar and salt, and lower con-
tents of fiber [36-38].

The disparities in eating patterns across income categories are also identified in the Brazil-
ian population. Food intake data from NDS showed that the consumption of energy-dense
foods (e.g., rice, cassava flour, corn, bread, pasta and sausages) is higher among low-income
than high-income groups. In addition, individuals with lower income also presented lower per
capita intake of fruits (e.g., orange, banana, apple, tangerine, papaya, mango, and grape) and
vegetables (e.g., salads, lettuce, kale, cabbage, tomato, carrot, and cucumber) than their coun-
terparts [23]. However, it is important to note that lower-income Brazilians also consume
higher amounts of traditional foods (like rice, beans and corn) in comparison to higher-
income individuals, which comprises a positive finding, supported by previous evidence [42].

The socioeconomic differences also support the variation in contributions of diverse food
sources to bioactive compounds intake according to income. The decrease in phenolic acids
and hydroxycinnamic acids intake across income categories in 2017-2018 compared to 2008-
2009 is consistent with reduction in coffee intake during the period, which was more pro-
nounced in the high-income group comparing with the low-income group. Similarly, the
reduction in flavonoids and flavanones intake in 2017-2018 compared to 2008-2009 across
the highest income group could be justified to the decrease in orange intake [23]. Regarding
carotenoid intake, the greater consumption of carotenoids across income categories in 2017-
2018 compared to 2008-2009 is consistent with higher intake of salad and vegetables in gen-
eral, which is also more pronounced in the high-income group comparing with the low-
income group [23].

Our results showed higher contribution of wine and tea to polyphenol intake according to
income level, which is consistent with previous studies [4, 43]. The contribution of wheat flour
products to intake of flavone and other polyphenols declines according to increase in income,
which is supported by the lower prices of refined-grain foods in comparison with fresh and
whole-grain foods [39, 44-46].

The contribution of corn and preparations to carotenoids intake decreased according to
increase in income, potentially reflecting the nutritional transition process that Brazil is facing
in the last 30 years, considering that comprise traditional foods consumed in some Brazilian
regions (mainly North and Northeast regions). Besides the decrease in consumption of in
natura and minimally processed foods and the increase in ultraprocessed food intake, the low-
income groups tend to preserve some traditional eating habits, such as cereals and roots intake
[47]. This could illustrate the greater contribution of corn and preparations to carotenoids
intake among the low-income group compared with the highest income category.

Comparing inequalities in polyphenol intake between 2008-2009 and 2017-2018, our
results indicate reduction in socioeconomic inequality towards richer individuals in consump-
tion of certain polyphenols (flavonoids and other polyphenols) and carotenoids (S-carotene,
B-cryptoxanthin, lycopene, and neoxanthin) during the period. Yet, the disaggregation of con-
centration indexes suggests that income still represents the main barrier to polyphenol and
carotenoid intake in 2017-2018. The finding corroborates concerns regarding the role of
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socioeconomic patterns in determining food consumption patterns and, thus, healthy eating
[4, 17-22, 48].

Furthermore, we point out the potential of many regional fruits and vegetables to increase
bioactive compounds intake in lower income groups. Additionally, the publication of the poly-
phenol and carotenoid composition data of regional foods without a described content, such
as abrico, bacaba, babagu, bertalha, caja-manga, ciriguela, fruta-pao, jambo, jurubeba and
pitomba, can be an important economic strategy to be explored. The promotion of local utili-
zation of these regional foods, as well as the development of new marketable local products,
can play a major role in strengthening rural development, creating business opportunities, and
reducing poverty. Finally, this scenario could contribute to reinforce agrifood systems and the
sustainable development of agriculture [49].

The present study has several strengths. First, we use nationally representative sample of the
Brazilian population, adopting complex sampling design, allowing generalization of results at
population level. Second, the use of Phenol-Explorer data, which is the most comprehensive
database of polyphenols, combined with information on Brazilian food composition obtained
by high-quality analytical methods, increase the robustness of study estimates. Third, the iden-
tification of socioeconomic inequalities in polyphenol intake is useful for establishing public
health policies towards healthy food consumption patterns. However, the present study has
also limitations. First, the two NDS editions collected information on food consumption
through different instruments, although results remained mostly comparable. Second, the
2008-2009 and 2017-2018 NDS present cross-sectional design, thus, it is not possible to estab-
lish causality in polyphenol intake. Nonetheless, it is important to emphasize that the adoption
of the standard procedures in the analysis of the two NDS tend to minimize potential bias in
the results of the study. Third, the consumption of polyphenols and carotenoids was based on
estimation, which may not reflect the exact intake. Other limitations are the lack of informa-
tion of polyphenol and carotenoid composition in some local fruits and vegetables consumed
in Brazil, as well as the lack of information on the content of polyphenol and carotenoid in
cooked foods.

Conclusion

In conclusion, the present study showed that income level is an important determinant of bio-
active compounds intake in the Brazilian population throughout the period between 2008-
2009 and 2017-2018, being the main factor associated with socioeconomic inequalities in poly-
phenols and carotenoids intake in 2017-2018. The main food sources contributing to polyphe-
nols and carotenoids intake according to income corroborates evidence on disparities related
to socioeconomic patterning in eating choices, showing greater contribution of fruits and veg-
etables to bioactive compounds intake according to increase in income. We highlight the
importance of future studies investigating associations between bioactive compounds intake
and chronic diseases risk, specially between low-income individuals. Also, our results may
encourage the monitoring of polyphenols and carotenoids intake among different income
groups, information that may be useful for identification of potential intervention targets and
for improvement in effectiveness of public health interventions towards healthy food con-
sumption patterns in the Brazilian population.

Acknowledgments

The authors thank Food Research Center—-CEPID-FAPESP (Research Innovation and Dissem-
ination Centers, Sdo Paulo Research Foundation) and the National Counsel of Technological
and Scientific Development (CNPq).

PLOS ONE | https://doi.org/10.1371/journal.pone.0292006  October 5, 2023 12/16


https://doi.org/10.1371/journal.pone.0292006

PLOS ONE

Socioeconomic inequalities in bioactive compounds intake in Brazil

Declarations

Ethics approval. The HBS survey is carried out by the Brazilian Institute of Geography and
Statistics (IBGE) and the Brazilian Ministry of Health. The research complies with the Brazil-
ian Federal Law (number 5,534 of November 14, 1968), which presents the confidential nature
of researches conducted by the IBGE. Thus, the ethical review and approval of this study was
waived, since the data are secondary and public, without identification of the subject, address
or telephone number.

Author Contributions

Conceptualization: Franco M. Lajolo.

Formal analysis: Renata A. Carnauba.
Methodology: Renata A. Carnauba, Flavia M. Sarti.
Project administration: Franco M. Lajolo.
Software: Renata A. Carnauba.

Supervision: Franco M. Lajolo.

Writing - original draft: Renata A. Carnauba.

Writing - review & editing: Renata A. Carnauba, Flavia M. Sarti, Neuza M. A. Hassimotto,
Franco M. Lajolo.

References

1. McCullough ML, Chantaprasopsuk S, Islami F, Rees-Punia E, Um CY, Wang Y, et al. Association of
socioeconomic and geographic factors with diet quality in US adults. JAMA Netw Open. 2022; 5(6):
€2216406. https://doi.org/10.1001/jamanetworkopen.2022.16406 PMID: 35679041

2. LongT, ZhangK, ChenY, Wu C. Trends in diet quality among older US adults from 2001 to 2018.
JAMA Netw Open. 2022; 5(3): €221880. https://doi.org/10.1001/jamanetworkopen.2022.1880 PMID:
35275167

3. Mello AV, Sarti FM, Pereira JL, Goldbaum M, Cesar CLG, Alves MCGP, et al. Determinants of inequali-
ties in the quality of Brazilian diet: trends in 12-year population-based study (2003-2015). Int J Equity
Health. 2018; 17(1): 72. https://doi.org/10.1186/s12939-018-0784-2 PMID: 29879999

4. Olstad DL, Nejatinamini S, Victorino C, Kirkpatrick SI, Minaker LM, McLaren L. Socioeconomic inequi-
ties in diet quality among a nationally representative sample of adults living in Canada: an analysis of
trends between 2004 and 2015. Am J Clin Nutr. 2021; 114(5): 1814-1829. https://doi.org/10.1093/ajcn/
ngab249 PMID: 34477821

5. Marchese L, Livingstone KM, Woods JL, Wingrove K, Machado P. Ultra-processed food consumption,
socio-demographics and diet quality in Australian adults. Public Health Nutr. 2022; 25(1): 94—104.
https://doi.org/10.1017/S1368980021003967 PMID: 34509179

6. Carnauba RA, Hassimotto NMA, Lajolo FM. Estimated dietary polyphenol intake and major food
sources of the Brazilian population. Br J Nutr. 2021; 126(3): 441-448. https://doi.org/10.1017/
S0007114520004237 PMID: 33106196

7. Carnauba RA, Sarti FM, Hassimotto NMA, Lajolo FM. Assessment of dietary intake of bioactive food
compounds according to income level in the Brazilian population. Br J Nutr. 2022; 127(8): 1232—1239.
https://doi.org/10.1017/S0007114521001987 PMID: 34100352

8. Liu RH. Dietary bioactive compounds and their health implications. J Food Sci. 2013; 78(1): A18-25.
https://doi.org/10.1111/1750-3841.12101 PMID: 23789932

9. Silva LBAR, Pinheiro-Castro N, Novaes GM, Pascoal GFL, Ong TP. Bioactive food compounds, epige-
netics and chronic disease prevention: Focus on early-life interventions with polyphenols. Food Res Int.
2019; 125: 108646. https://doi.org/10.1016/j.foodres.2019.108646 PMID: 31554120

10. Cassidy A, Bertoia M, Chiuve S, Flint A, Forman J, Rimm EB. Habitual intake of anthocyanins and flava-
nones and risk of cardiovascular disease in men. Am J Clin Nutr. 2016; 104(3): 587—-94. https://doi.org/
10.3945/ajcn.116.133132 PMID: 27488237

PLOS ONE | https://doi.org/10.1371/journal.pone.0292006  October 5, 2023 13/16


https://doi.org/10.1001/jamanetworkopen.2022.16406
http://www.ncbi.nlm.nih.gov/pubmed/35679041
https://doi.org/10.1001/jamanetworkopen.2022.1880
http://www.ncbi.nlm.nih.gov/pubmed/35275167
https://doi.org/10.1186/s12939-018-0784-2
http://www.ncbi.nlm.nih.gov/pubmed/29879999
https://doi.org/10.1093/ajcn/nqab249
https://doi.org/10.1093/ajcn/nqab249
http://www.ncbi.nlm.nih.gov/pubmed/34477821
https://doi.org/10.1017/S1368980021003967
http://www.ncbi.nlm.nih.gov/pubmed/34509179
https://doi.org/10.1017/S0007114520004237
https://doi.org/10.1017/S0007114520004237
http://www.ncbi.nlm.nih.gov/pubmed/33106196
https://doi.org/10.1017/S0007114521001987
http://www.ncbi.nlm.nih.gov/pubmed/34100352
https://doi.org/10.1111/1750-3841.12101
http://www.ncbi.nlm.nih.gov/pubmed/23789932
https://doi.org/10.1016/j.foodres.2019.108646
http://www.ncbi.nlm.nih.gov/pubmed/31554120
https://doi.org/10.3945/ajcn.116.133132
https://doi.org/10.3945/ajcn.116.133132
http://www.ncbi.nlm.nih.gov/pubmed/27488237
https://doi.org/10.1371/journal.pone.0292006

PLOS ONE

Socioeconomic inequalities in bioactive compounds intake in Brazil

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Cassidy A, Mukamal KJ, Liu L, Franz M, Eliassen AH, Rimm EB. High anthocyanin intake is associated
with a reduced risk of myocardial infarction in young and middle-aged women. Circulation. 2013; 127
(2): 188-96. https://doi.org/10.1161/CIRCULATIONAHA.112.122408 PMID: 23319811

Osganian SK, Stampfer MJ, Rimm E, Spiegelman D, Manson JE, Willett WC. Dietary carotenoids and
risk of coronary artery disease in women. Am J Clin Nutr. 2003; 77(6): 1390-9. https://doi.org/10.1093/
ajcn/77.6.1390 PMID: 12791615

Rienks J, Barbaresko J, Oluwagbemigun K, Schmid M, Néthlings U. Polyphenol exposure and risk of
type 2 diabetes: dose-response meta-analyses and systematic review of prospective cohort studies.
Am J Clin Nutr. 2018; 108(1): 49-61. https://doi.org/10.1093/ajcn/nqy083 PMID: 29931039

Jiang YW, Sun ZH, Tong WW, Yang K, Guo KQ, Liu G, et al. Dietary intake and circulating concentra-
tions of carotenoids and risk of type 2 diabetes: A dose-response meta-analysis of prospective observa-
tional studies. Adv Nutr. 2021; 12(5): 1723-1733. https://doi.org/10.1093/advances/nmab048 PMID:
33979433

Shishtar E, Rogers GT, Blumberg JB, Au R, Jacques PF. Long-term dietary flavonoid intake and risk of
Alzheimer disease and related dementias in the Framingham Offspring Cohort. Am J Clin Nutr. 2020;
112(2): 343-353. https://doi.org/10.1093/ajcn/ngaa079 PMID: 32320019

Wang W, Shinto L, Connor WE, Quinn JF. Nutritional biomarkers in Alzheimer’s disease: the associa-
tion between carotenoids, n-3 fatty acids, and dementia severity. J Alzheimers Dis. 2008; 13(1): 31-8.
https://doi.org/10.3233/jad-2008-13103 PMID: 18334754

Rippin HL, Hutchinson J, Greenwood DC, Jewell J, Breda JJ, Martin A, et al. Inequalities in education
and national income are associated with poorer diet: Pooled analysis of individual participant data
across 12 European countries. PLoS One. 2020; 15(5):e0232447. https://doi.org/10.1371/journal.
pone.0232447 PMID: 32379781

XuY, Zhu S, Zhang T, Wang D, Hu J, Gao J, et al. Explaining Income-Related Inequalities in Dietary
Knowledge: Evidence from the China Health and Nutrition Survey. Int J Environ Res Public Health.
2020; 17(2):532. https://doi.org/10.3390/ijerph17020532 PMID: 31952113

Vega-Salas MJ, Caro P, Johnson L, Papadaki A. Socio-economic inequalities in dietary intake in Chile:
a systematic review. Public Health Nutr. 2021; 25(7):1-16. https://doi.org/10.1017/
S1368980021002937 PMID: 34247696

Livingstone KM, Olstad DL, Leech RM, Ball K, Meertens B, Potter J, et al. Socioeconomic inequities in
diet quality and nutrient intakes among Australian adults: Findings from a nationally representative
cross-sectional study. Nutrients. 2017; 9(10):1092. https://doi.org/10.3390/nu9101092 PMID:
28976927

Crepaldi BVC, Okada LM, Rauber F, Levy RB, Azeredo CM. Social inequality in food consumption
between 2008 and 2019 in Brazil. Public Health Nutr. 2022; 25(2):214—224. https://doi.org/10.1017/
S1368980021002950 PMID: 34407905

Brazilian Institute of Geography and Statistics (IBGE, Coordenagéo de Trabalho e Rendimento) (2011)
Pesquisa de Orgcamentos Familiares 2008—2009: Andlise do Consumo Alimentar Pessoal no Brasil
(Household Budget Surveys 2008—2009: Analysis of personal food intake in Brazil). Rio de Janeiro:
IBGE. Available from: https://biblioteca.ibge.gov.br/pt/biblioteca-catalogo?view=detalhes&id=250063.

Brazilian Institute of Geography and Statistics (IBGE, Coordenagéo de Trabalho e Rendimento) (2020)
Pesquisa de Orgcamentos Familiares 2017—-2018: Andlise do Consumo Alimentar Pessoal no Brasil
(Household Budget Surveys 2017—2018: Analysis of personal food intake in Brazil). Rio de Janeiro:
IBGE. Available from: https://biblioteca.ibge.gov.br/index.php/biblioteca-catalogo?view=detalhes&id=
2101742.

Moshfegh AJ, Rhodes DG, Baer DJ, Murayi T, Clemens JC, Rumpler WV, et al. The US Department of
Agriculture Automated Multiple-Pass Method reduces bias in the collection of energy intakes. Am J Clin
Nutr. 2008; 88(2): 324—-32. https://doi.org/10.1093/ajcn/88.2.324 PMID: 18689367

Neveu V, Perez-Jiménez J, Vos F, Crespy V, du Chaffaut L, Mennen L, et al. Phenol-Explorer: an online
comprehensive database on polyphenol contents in foods. Database (Oxford). 2010; 2010: bap024.
https://doi.org/10.1093/database/bap024 PMID: 20428313

Coelho KS, Bistriche EG, Grande F, Dias JS, Purgatto E, Franco BDGM, et al. 12th IFDC 2017 Special
Issue—Brazilian Food Composition Table (TBCA): development and functionalities of the online version.
J Food Compos Anal. 2019; 84: 103287.

Rothwell JA, Perez-Jimenez J, Neveu V, Medina-Remon A, M’hiri N, Garcia-Lobato P, et al. Phenol-
Explorer 3.0: a major update of the Phenol-Explorer database to incorporate data on the effects of food
processing on polyphenol content. Database (Oxford). 2013; 2013: bat070. https://doi.org/10.1093/
database/bat070 PMID: 24103452

PLOS ONE | https://doi.org/10.1371/journal.pone.0292006  October 5, 2023 14/16


https://doi.org/10.1161/CIRCULATIONAHA.112.122408
http://www.ncbi.nlm.nih.gov/pubmed/23319811
https://doi.org/10.1093/ajcn/77.6.1390
https://doi.org/10.1093/ajcn/77.6.1390
http://www.ncbi.nlm.nih.gov/pubmed/12791615
https://doi.org/10.1093/ajcn/nqy083
http://www.ncbi.nlm.nih.gov/pubmed/29931039
https://doi.org/10.1093/advances/nmab048
http://www.ncbi.nlm.nih.gov/pubmed/33979433
https://doi.org/10.1093/ajcn/nqaa079
http://www.ncbi.nlm.nih.gov/pubmed/32320019
https://doi.org/10.3233/jad-2008-13103
http://www.ncbi.nlm.nih.gov/pubmed/18334754
https://doi.org/10.1371/journal.pone.0232447
https://doi.org/10.1371/journal.pone.0232447
http://www.ncbi.nlm.nih.gov/pubmed/32379781
https://doi.org/10.3390/ijerph17020532
http://www.ncbi.nlm.nih.gov/pubmed/31952113
https://doi.org/10.1017/S1368980021002937
https://doi.org/10.1017/S1368980021002937
http://www.ncbi.nlm.nih.gov/pubmed/34247696
https://doi.org/10.3390/nu9101092
http://www.ncbi.nlm.nih.gov/pubmed/28976927
https://doi.org/10.1017/S1368980021002950
https://doi.org/10.1017/S1368980021002950
http://www.ncbi.nlm.nih.gov/pubmed/34407905
https://biblioteca.ibge.gov.br/pt/biblioteca-catalogo?view=detalhes&id=250063
https://biblioteca.ibge.gov.br/index.php/biblioteca-catalogo?view=detalhes&id=2101742
https://biblioteca.ibge.gov.br/index.php/biblioteca-catalogo?view=detalhes&id=2101742
https://doi.org/10.1093/ajcn/88.2.324
http://www.ncbi.nlm.nih.gov/pubmed/18689367
https://doi.org/10.1093/database/bap024
http://www.ncbi.nlm.nih.gov/pubmed/20428313
https://doi.org/10.1093/database/bat070
https://doi.org/10.1093/database/bat070
http://www.ncbi.nlm.nih.gov/pubmed/24103452
https://doi.org/10.1371/journal.pone.0292006

PLOS ONE

Socioeconomic inequalities in bioactive compounds intake in Brazil

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M,

42,

43.

44,

45.

46.

47.

Almeida G, Sarti FM. Measuring evolution of income-related inequalities in health and health care utili-
zation in selected Latin American and Caribbean countries. Rev Panam Salud Publica. 2013; 33(2):
83-9. https://doi.org/10.1590/s1020-49892013000200002 PMID: 23525337

Kent K, Charlton K, O’Sullivan T, Oddy WH. Estimated intake and major food sources of flavonoids
among Australian adolescents. Eur J Nutr. 2020; 59(8): 3841-3856. https://doi.org/10.1007/s00394-
020-02218-z PMID: 32170374

Kim K, Vance TM, Chun OK. Estimated intake and major food sources of flavonoids among US adults:
changes between 1999-2002 and 2007—2010 in NHANES. Eur J Nutr. 2016; 55(2): 833—-843. https://
doi.org/10.1007/s00394-015-0942-x PMID: 26026481

Jun S, Shin S, Joung H. Estimation of dietary flavonoid intake and major food sources of Korean adults.
BrJ Nutr. 2016; 115(3): 480-9. https://doi.org/10.1017/S0007114515004006 PMID: 26489826

Zhang W, Li W, Du J. Association between dietary carotenoid intakes and the risk of asthma in adults: a
cross-sectional study of NHANES, 2007—2012. BMJ Open. 2022; 12(6): €052320. https://doi.org/10.
1136/bmjopen-2021-052320 PMID: 35701051

Wise LA, Wesselink AK, Bethea TN, Brasky TM, Wegienka G, Harmon Q, et al. Intake of lycopene and
other carotenoids and incidence of uterine leiomyomata: A prospective ultrasound study. J Acad Nutr
Diet. 2021; 121(1): 92—104. https://doi.org/10.1016/j.jand.2020.08.013 PMID: 33350944

Hodge A, Cunningham J, Maple-Brown L, Dunbar T, O’'Dea K. Plasma carotenoids are associated with
socioeconomic status in an urban Indigenous population: an observational study. BMC Public Health
2011; 11: 76. https://doi.org/10.1186/1471-2458-11-76 PMID: 21288365

Turrell G, Hewitt B, Patterson C, Oldenburg B, Gould T. Socioeconomic differences in food purchasing
behaviour and suggested implications for diet-related health promotion. J Hum Nutr Diet. 2002; 15(5):
355-64. https://doi.org/10.1046/j.1365-277x.2002.00384.x PMID: 12270016

Pechey R, Jebb SA, Kelly MP, Almiron-Roig E, Conde S, Nakamura R, et al. Socioeconomic differences
in purchases of more vs. less healthy foods and beverages: analysis of over 25,000 British households
in 2010. Soc Sci Med. 2013; 92: 22—6. https://doi.org/10.1016/j.socscimed.2013.05.012 PMID:
23849275

Appelhans BM, Milliron BJ, Woolf K, Johnson TJ, Pagoto SL, Schneider KL, et al. Socioeconomic sta-
tus, energy cost, and nutrient content of supermarket food purchases. Am J Prev Med. 2012; 42(4):
398-402. https://doi.org/10.1016/j.amepre.2011.12.007 PMID: 22424253

McKinnon L, Giskes K, Turrell G. The contribution of three components of nutrition knowledge to socio-
economic differences in food purchasing choices. Public Health Nutr. 2014; 17(8): 1814—24. https://doi.
org/10.1017/51368980013002036 PMID: 23920283

French SA, Tangney CC, Crane MM, Wang Y, Appelhans BM. Nutrition quality of food purchases varies
by household income: the SHoPPER study. BMC Public Health 2019; 26: 231. https://doi.org/10.1186/
512889-019-6546-2 PMID: 30808311

French SA, Wall M, Mitchell NR. Household income differences in food sources and food items pur-
chased. Int J Behav Nutr Phys Act. 2010; 7: 77. https://doi.org/10.1186/1479-5868-7-77 PMID:
20977738

Pechey R, Monsivais P. Socioeconomic inequalities in the healthiness of food choices: Exploring the
contributions of food expenditures. Prev Med. 2016; 88: 203-9. https://doi.org/10.1016/j.ypmed.2016.
04.012 PMID: 27095324

Santana ABC, Sarti FM. Mapeamento da qualidade nutricional da alimentagédo em diferentes estados
do Brasil. Confins 2019. https://doi.org/10.4000/confins.18449.

Vieux F, Maillot M, Rehm CD, Drewnowski A. Flavonoid intakes in the US diet are linked to higher socio-
economic status and to tea consumption: Analyses of NHANES 2011-16 data. J Nutr. 2020; 150(8):
2147-2155. https://doi.org/10.1093/jn/nxaa145 PMID: 32470977

Nova E, San Mauro-Martin |, Diaz-Prieto LE, Marcos A. Wine and beer within a moderate alcohol intake
is associated with higher levels of HDL-c and adiponectin. Nutr Res. 2019; 63:42-50. https://doi.org/10.
1016/j.nutres.2018.12.007 PMID: 30824396

Meynier A, Chanson-Rollé A, Riou E. Main factors influencing whole grain consumption in children and
adults-A narrative review. Nutrients. 2020; 12(8): 2217. https://doi.org/10.3390/nu12082217 PMID:
32722381

Nicklas TA, Jahns L, Bogle ML, Chester DN, Giovanni M, Klurfeld DM, et al. Barriers and facilitators for
consumer adherence to the dietary guidelines for Americans: the HEALTH study. J Acad Nutr Diet.
2013; 113(10): 1317-31. https://doi.org/10.1016/j.jand.2013.05.004 PMID: 23871110

Levy RB, Claro RM, Mondini L, Sichieri R, Monteiro CA. Regional and socioeconomic distribution of
household food availability in Brazil, in 2008—2009. Rev Saude Publica. 2012; 46(1): 6—15. hitps://doi.
org/10.1590/s0034-89102011005000088 PMID: 22183512

PLOS ONE | https://doi.org/10.1371/journal.pone.0292006  October 5, 2023 15/16


https://doi.org/10.1590/s1020-49892013000200002
http://www.ncbi.nlm.nih.gov/pubmed/23525337
https://doi.org/10.1007/s00394-020-02218-z
https://doi.org/10.1007/s00394-020-02218-z
http://www.ncbi.nlm.nih.gov/pubmed/32170374
https://doi.org/10.1007/s00394-015-0942-x
https://doi.org/10.1007/s00394-015-0942-x
http://www.ncbi.nlm.nih.gov/pubmed/26026481
https://doi.org/10.1017/S0007114515004006
http://www.ncbi.nlm.nih.gov/pubmed/26489826
https://doi.org/10.1136/bmjopen-2021-052320
https://doi.org/10.1136/bmjopen-2021-052320
http://www.ncbi.nlm.nih.gov/pubmed/35701051
https://doi.org/10.1016/j.jand.2020.08.013
http://www.ncbi.nlm.nih.gov/pubmed/33350944
https://doi.org/10.1186/1471-2458-11-76
http://www.ncbi.nlm.nih.gov/pubmed/21288365
https://doi.org/10.1046/j.1365-277x.2002.00384.x
http://www.ncbi.nlm.nih.gov/pubmed/12270016
https://doi.org/10.1016/j.socscimed.2013.05.012
http://www.ncbi.nlm.nih.gov/pubmed/23849275
https://doi.org/10.1016/j.amepre.2011.12.007
http://www.ncbi.nlm.nih.gov/pubmed/22424253
https://doi.org/10.1017/S1368980013002036
https://doi.org/10.1017/S1368980013002036
http://www.ncbi.nlm.nih.gov/pubmed/23920283
https://doi.org/10.1186/s12889-019-6546-2
https://doi.org/10.1186/s12889-019-6546-2
http://www.ncbi.nlm.nih.gov/pubmed/30808311
https://doi.org/10.1186/1479-5868-7-77
http://www.ncbi.nlm.nih.gov/pubmed/20977738
https://doi.org/10.1016/j.ypmed.2016.04.012
https://doi.org/10.1016/j.ypmed.2016.04.012
http://www.ncbi.nlm.nih.gov/pubmed/27095324
https://doi.org/10.4000/confins.18449
https://doi.org/10.1093/jn/nxaa145
http://www.ncbi.nlm.nih.gov/pubmed/32470977
https://doi.org/10.1016/j.nutres.2018.12.007
https://doi.org/10.1016/j.nutres.2018.12.007
http://www.ncbi.nlm.nih.gov/pubmed/30824396
https://doi.org/10.3390/nu12082217
http://www.ncbi.nlm.nih.gov/pubmed/32722381
https://doi.org/10.1016/j.jand.2013.05.004
http://www.ncbi.nlm.nih.gov/pubmed/23871110
https://doi.org/10.1590/s0034-89102011005000088
https://doi.org/10.1590/s0034-89102011005000088
http://www.ncbi.nlm.nih.gov/pubmed/22183512
https://doi.org/10.1371/journal.pone.0292006

PLOS ONE

Socioeconomic inequalities in bioactive compounds intake in Brazil

48. XuY,ZhuS, ZhouY, Pramono A, Zhou Z. Changing income-related inequality in daily nutrients intake:

A longitudinal analysis from China. Int J Environ Res Public Health. 2020; 17(20):7627. https://doi.org/
10.3390/ijerph17207627 PMID: 33086763

49. Farias TRB, Sanches NB, Petrus RR. The amazing native Brazilian fruits. Crit Rev Food Sci Nutr. 2023.
https://doi.org/10.1080/10408398.2023.2212388. PMID: 37195442

PLOS ONE | https://doi.org/10.1371/journal.pone.0292006  October 5, 2023 16/16


https://doi.org/10.3390/ijerph17207627
https://doi.org/10.3390/ijerph17207627
http://www.ncbi.nlm.nih.gov/pubmed/33086763
https://doi.org/10.1080/10408398.2023.2212388
http://www.ncbi.nlm.nih.gov/pubmed/37195442
https://doi.org/10.1371/journal.pone.0292006

