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Abstract

There is an inverse association between bioactive compounds intake and disease risk. The knowledge of its consumption according to socio-
economic strata is important, which allows identification of potential intervention targets. Thus, we aimed to investigate bioactive compounds
intake according to income level in Brazilian population. Data were obtained from the Brazilian Household Budget Survey, a cross-sectional
survey which included data on individual food intake of 34,003 subjects aged 10 years and over collected using two 24-h dietary records.
Polyphenol and carotenoid content of foods was identified using published databases. Total polyphenol and carotenoid intake were determined
according to per capita income, as well as main food sources. Total polyphenols and flavonoids intake increased with income level, and subjects
with lower income showed higher phenolic acids intake than individuals in highest income (p =0.0001). Total carotenoids and classes intake
(with exception to f-cryptoxanthin and zeaxanthin) were higher among subjects in highest income quartile, compared to the lowest quartile
(p=0.0001). Coffee was major source to total polyphenols and phenolic acids intake, and orange juice was main flavonoid provider in indi-
viduals from all income levels. In the upper income quatrtile, total carotenoid was supplied mainly by tomato and kale, and fruits had important
contribution to carotenoid intake in the lowest income quartile. There is important influence of income level on diet quality regarding intake of
foods with bioactive compounds, and individuals with lower income may experience lower quality diets due to less availability of foods with
bioactive compounds.
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During the last decades, socio-economic changes contributed to
modifications in dietary habits worldwide, particularly marked
by increase in processed food intake and replacement of tradi-
tional meals with high-energy foods, rich in fat and added
sugars”. In Brazil, data from the Brazilian National Dietary
Survey revealed an elevated prevalence of saturated fat and sugar
intake higher than the recommended limit (82 and 61 %, respec-
tively)®. Foods rich in solid fat and added sugar contributed with
more than half of daily energy intake in the population®, in addi-
tion to physical inactivity, contributing to increased risk of chronic
non-communicable diseases, e.g. diabetes, cancer and CVD®,
Public policies designed to promote healthy lifestyles through
adequate eating habits are crucial in the context of increasing
global burden of non-communicable diseases. There is signifi-
cant evidence on the role of regular consumption of plant-based

foods and beverages (e.g. fruits, vegetables, nuts, coffee and tea)
(=7 potentially
due to the presence of bioactive compounds. Bioactive com-

to reduce risk of non-communicable diseases

pounds comprise a heterogeneous and widespread group of
metabolites present in small amounts in diverse foods, including
carotenoids and polyphenols which exhibit anti-inflammatory
and antioxidative properties that modulate gene expression
and several metabolic pathways associated with risk and pro-
gression of diseases®1%,

Considering the importance of bioactive compounds intake
for health maintenance, understanding its consumption in the
population is important, especially according to socio-economic
strata, which allows identification of potential intervention tar-
gets. There is lack of evidence regarding the bioactive com-
pounds intake according to income level; most studies focus

Abbreviation: HBS, Household Budget Survey.
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on general features of unhealthy dietary patterns among subjects
in low-income strata'?. Thus, the objective of the study was to
assess bioactive compounds intake and its main food contribu-
tors across income ranges in the Brazilian population.

Methods
Study population

The data of the present study were retrieved from the Brazilian
National Dietary Survey, conducted along with the 2008-2009
Household Budget Survey (HBS). HBS is a nationwide represen-
tative cross-sectional study carried out by the Brazilian Institute
of Geography and Statistics and designed to assess Brazilian fam-
ily’s consumption structures. Briefly, the 2008-2009 HBS used
two-stage cluster sampling involving census sectors stratified
according to different geographical areas and socio-economic
classes. In the first stage, the sectors were randomly selected
from each stratum with probability proportional to the number
of households present, and in the second stage, the households
were selected by simple random sampling, resulting in 55 970
households for HBS. A subsample of approximately 25 % house-
holds was randomly selected for data collection on individual food
intake. Thus, NDS sample included 13 596 households, correspond-
ing to 34 003 individuals aged > 10 years old®. Information was
collected through the 12-month research period, including all
socio-economic/geographic strata to ensure representativeness in
the four quarters of the year. The research protocol was approved
by the Ethics Commiittee of the Institute of Social Medicine of the
State University of Rio de Janeiro (CAAE 0011.0.259.000-11).

Variables

Dietary intake assessment. Dietary intake was evaluated dur-
ing the 12 months of research to encompass seasonal variations
in food intakes. Individual food intake data were obtained using
two 24-h dietary records applied in non-consecutive days.
Participants were instructed to record foods and beverages
consumed within 24-h period, including amount (houseware
standards or weight/volume measurements), food preparation
technique (e.g. baking, broiling, frying and roasting), period of
the day and place of consumption (at home or out). When the par-
ticipant was unable to record food intake, it was done by another
household resident. An instruction manual including photographs
of foods and beverages was used to facilitate estimation of portion
sizes. Trained professionals reviewed dietary records with the par-
ticipant to prevent potential absence of items consumed.

Recipes were converted into ingredients to estimate nutri-
tional value and composition of food intake, using the software
‘ILST: Analysis of the average food consumption per capita of the
Brazilian population”?, which contains information regarding
amounts of foods included in 100 g of recipes mentioned in
2008-2009 HBS dietary records.

Estimation of bioactive compounds intake. Data on poly-
phenol content in foods were obtained from Phenol-Explorer
(www.phenol-explorer.eu/), comprehensive database which
contain food composition data for known polyphenols in foods,
e.g. phenolic acids, flavonoids, stilbenes and lignans. Individual

polyphenols were determined by reverse-phase HPLC, except for
proanthocyanidins, which correspond to normal-phase HPLC!?,

Data from Brazilian Food Composition Database (TBCA,
available in www.tbca.net.br/) were used to complement
Phenol-Explorer database in the case of few regional foods.
TBCA was developed by the University of Sao Paulo, containing
data on flavonoid content in regional and other foods commonly
consumed in Brazil, analysed by HPLC!'?. Additionally, effects
of food processing on polyphenol content were estimated using
retention factors included in Phenol-Explorer database.

Carotenoid concentrations in foods (a-carotene, f-carotene,
p-cryptoxanthin, lycopene, lutein, neoxanthin, violaxanthin
and zeaxanthin) were obtained from published databases con-
taining data on carotenoid contents in foods harvested in
Brazil, analysed by HPLC, including TBCA“# and Ibero-
American Food Carotenoids Database!’?. Data on carotenoid
contents in foods harvested in other countries were used in
the case of few food items without carotenoid food composition
available for food collected and analysed in Brazil'’-', Data on
carotenoid concentrations corresponded to raw or cooked
foods, depending on how it was consumed.

Dietary bioactive compounds intake was estimated using two
dietary records. Polyphenol and carotenoid intake from each
food was calculated by multiplying contents of each bioactive
compound by daily amount of each food consumed and dividing
by 100. Total polyphenol and carotenoid intake was calculated
by summing up compound intakes from all food sources
reported in dietary records. Particularly in relation to poly-
phenols present in foods as glycosides and esters forms, the
polyphenol intake was calculated as aglycone equivalents by
removing the contribution to molecular weight of the non-phe-
nolic part of the molecule for each individual polyphenol.

The main food contributors to the intake of polyphenols were
determined by percentage of contribution. In this analysis, we
aggrouped prepared foods that had the same main food (‘rice
with egg’ and ‘carretero’s rice’ were considered as rice; instant
coffee and powder coffee were considered as coffee). In respect
to ‘others polyphenols’, since the intake was very low and wheat
flour was the main source, we aggrouped ‘cracker’ and ‘bread’ as
‘wheat flour products’.

Socio-economic and demographic characteristics. Interviews
were conducted by trained professionals from Brazilian Institute
of Geography and Statistics, using a structured questionnaire on
socio-economic and demographic characteristics, including age,
race/ethnicity, educational attainment and income. Additional
household characteristics included geographic region and area
(urban or rural).

Information on income included monetary and non-
monetary sources of household revenues (including donations
and participation in income transfer programmes), converted
into monthly household income per capita dividing by house-
hold residents.

Statistical analysis

Analysis focused on the 33-861 participants who were aged > 10
years. We chose to exclude data on individuals whose energy
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intake was implausible (lower than 500 energy content or higher
than 4000 energy content), in order to focus on realistic data on
intake of bioactive compounds in Brazil. However, the exclusion
of these participants did not change the estimates of bioactive
compounds intake. Data were presented in median for continu-
ous variables, and frequencies or percentages for categorical var-
iables. Bioactive compounds intake data obtained from the two
24-h dietary records were statistically adjusted for the usual
intake distribution and removal of intrapersonal variation using
the statistical technique Multiple Source Method. The monthly
per capita income was divided in quartiles, as follows: quartile
1 < US$92.68; US$92.69 < quartile 2 < US$174.61; US$174.62
< quartile 3 < US$328.13; quartile 4>US$328.14. Bioactive com-
pounds intake distribution was analysed using Kolmogorov—
Smirnov test and did not present normal distribution. Thus,
Kruskal-Wallis test with Dunn post hoc (significance values
adjusted by Bonferroni correction) was used to test differences
according to income quartiles. Main food contributors to poly-
phenol and carotenoid intake were determined according to per-
centage of contribution. Estimates were performed using sample
weights to allow population representativeness, with signifi-
cance level of 5% (P <0-05), using Stata software version 14.

Results

Information on 34 003 participants was available for analysis,
comprising 15 700 men and 18 303 women (46-2 and 53-8 %,
respectively). Socio-economic and demographic characteristics

according to sex are presented in Table 1. We also presented
sociodemographic characteristics of studied population stratified
by monthly per capita income in online Supplementary Table S1.

Total, classes and subclasses of polyphenol intake across
monthly per capita income quartiles are presented in Table 2.
Total polyphenols and flavonoids intake increased with income
level, with flavonoids intake three-fold higher in the highest
quartile compared with the lowest quartile (P=0-0001). The
highest income group consumed higher amounts of all flavonoid
classes than the lowest income group (P=0-0001), especially
flavanones (98-3 v. 22-6 mg/d, highest v. lowest quartile of
income, P=0-0001).

Conversely, subjects with lower income showed a higher
phenolic acids intake, as well as hydroxycinnamic acids, than
did those in the highest quartile of income (P=0-0001). The
intake of other classes was very low, but stilbenes and others
polyphenols consumption were higher in the upper quartile
of income, compared with the lowest quartile (P=0-0001).
These results were similar after adjustment for energy intake (on-
line Supplementary Table S2).

The total and classes of carotenoids intake are presented in
Table 3. The intake of total carotenoids, a-carotene, f-carotene,
lycopene, lutein, neoxanthin and violaxanthin was higher
among subjects in the highest income quartile, compared with
the lowest quartile (P=0-0001). The opposite was found for
p-cryptoxanthin and zeaxanthin intake, whose median consump-
tion was higher in the lowest income group than the highest income
group (P=0-0001). These results were also similar after adjustment
for energy intake (online Supplementary Table S3).

Table 1. Socio-economic and demographic characteristics of the population. Brazil, 2008—2009

(Numbers and percentages)

Men Women Total population

Characteristics n % n % n %
Age group (years)

10-13 1515 97 1569 86 3084 91

14-18 1905 121 1950 107 3855 113

19-59 10 287 65-5 12 455 68-0 22742 66-9

>60 1993 12.7 2329 12.7 4322 12.7
Race/ethnicity

White 6184 394 7521 411 13 705 40-3

Others 9516 60-6 10782 58-9 20 298 59.7
Educational level*

Elementary school 1870 39-6 2096 34-4 3966 36-7

Secondary school 2157 45.7 2981 49.0 5138 475

University 693 14-6 1012 16-6 1705 15-8
Monthly per capita income

Quartile 1 (lowest) 3900 248 4605 252 8505 25.0

Quartile 2 3891 24.8 4606 25.2 8497 25.0

Quartile 3 3951 252 4550 248 8501 25.0

Quartile 4 (highest) 3958 25.2 4542 248 8500 25.0
Brazilian region

North 2513 16-0 2761 151 5274 155

Northeast 5748 366 6867 375 12615 371

Midwest 2130 136 2515 137 4645 137

Southwest 3351 213 3951 216 7302 215

South 1958 12.5 2209 121 4167 123
Household situation

Urban 11519 73-4 14 234 77-8 25 753 757

Rural 4181 26-6 4069 222 8250 243

* Only adults and elderly.
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Table 2. Polyphenols intake (mg/d) according to monthly per capita income, Brazil, 2008—2009

Compound Quartile 1 (lowest) Quartile 2 Quartile 3 Quartile 4 (highest) P
Phenolic acids 1711 164-6 155.2 1367 0-0001
Hydroxybenzoic acids 07 07 08 0-8 0-0001
Hydroxycinnamic acids 175-3 163-9 154.-3 134.7 0-0001
Flavonoids 70-4 937 1168 1705 0-0001
Flavan-3-ols 4.5 58 6-1 99 0-0001
Flavones 4-8 58 62 65 0-0001
Flavonols 23 3:0 36 5.0 0-0001
Flavanones 226 311 575 98-3 0-0001
Isoflavonoids 0-0 0-0 0-0 0-0 01111
Anthocyanins 0-05 0-04 0-05 0-07 0-0001
Stilbenes 0-0004 0-0004 0-0005 0-0005 0-0001
Lignans 1.0 11 11 1.0 0-0001
Others polyphenols 1.4 1.8 1.9 21 0-0001
Total polyphenols 3411 350-4 362-9 392.7 0-0001

* Comparisons across quartiles were performed by using Kruskal-Wallis test.

Income levels: Quartile 1 < US$92-68; US$92-69 < Quartile 2 < US$174-61; US$174-62 < Quartile 3 < US$328-13; Quartile 4 > US$328-14. Values in US dollar were obtained using
conversion from Brazilian reais using exchange rate from the Brazilian Central Bank in 15 January 2009 (HBS 2008-2009 reference date, R$2-3803 per US$1).

Table 3. Carotenoids intake (mcg/d) according to monthly per capita income, Brazil, 2008—2009

Compound Quartile 1 lowest) Quartile 2 Quartile 3 Quartile 4 (highest) P

a-Carotene 787 90-3 915 121.2 0-0001
p-Carotene 688-6 7655 8236 1026-5 0-0001
B-Cryptoxanthin 435 335 323 381 0-0001
Lycopene 7551 9575 11811 1530-2 0-0001
Lutein 3585 3584 3546 362.7 0-0001
Neoxanthin 2:4 23 23 2.7 0-0001
Violaxanthin 40-3 40-6 395 494 0-0001
Zeaxanthin 162.7 145.8 139.7 1387 0-0001
Total carotenoids 2808-0 2997.2 3200-6 39621 0-0001

* Comparisons across quartiles were performed by using Kruskal-Wallis test.

Income levels: Quartile 1 < US$92-68; US$92-69 < Quartile 2 < US$174-61; US$174-62 < Quartile 3 < US$328-13; Quartile 4 > US$328-14. Values in US dollar were obtained using
conversion from Brazilian reais using exchange rate from the Brazilian Central Bank in January 15, 2009 (HBS 2008—2009 reference date, R$2-3803 per USA$1).

Three food items with higher contribution to total, classes and
subclasses of polyphenol intake are shown in Table 4. Coffee
was the food item that most contributed to total polyphenols,
phenolic acids and hydroxycinnamic acids intake in all income
levels, with higher intakes in the lowest income group compared
with the highest income group.

Coffee had also contributed to other polyphenols intake in
two lowest quartiles of income. Orange juice and orange were
second and third dietary sources for polyphenol intake, and first
and second contributors to flavonoid intake, respectively, with
higher intakes in the upper quartile of income, compared with
the lowest quartile.

Main sources of flavan-3-ols in the population were chocolate,
chocolate powder and banana. Bean was the main source of flavo-
nols intake in the lowest quatrtile of income, while kale was primary
food item contributing to subclass intake in other income quartiles.

Alcoholic beverages like beer and wine contributed to
hydroxybenzoic acids, anthocyanins, stilbenes and others
polyphenols intake but were consumed in higher amounts
by subjects with higher income than in lowest quartile of
income. Cabbage, orange and nuts were major food suppliers
to lignans intake in all income groups.

Main food contributors to carotenoid intake within each
income group are shown in Table 5. Pumpkin was the food
source with higher contribution to total carotenoid intake in low-
est and medium-income quartiles. In upper quartile, total carot-
enoid was supplied mainly by tomato and kale. Fruits like mango
and red guava had important contribution to total carotenoid
intake in lowest income quartile. Pumpkin was the primary food
item contributing to a-carotene and p-carotene intake in all
income groups. Carrot had an important contribution to a-caro-
tene intake, especially in highest quartile of income.

Tropical fruits were main food sources to f-cryptoxanthin
intake in all income levels. Papaya consumption presented increas-
ing contribution from income quartiles 1 to 4. Tangerine was third
food source to f-cryptoxanthin consumption in all income groups.
Lycopene, most consumed carotenoid source, was supplied mainly
from red guava in the first income quartile. In medium- and upper-
income quartiles, tomato was primary food contributing to class
intake. As well as tomato, papaya contribution to lycopene intake
increased according to income.

Major dietary sources to lutein intake were pumpkin and kale
in lowest income quartiles. Kale contribution to lutein intake
increased according to income, being primary food source to
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Table 4. Main food contributors to total, classes and subclasses of polyphenol intake according to quartiles of monthly per capita income, Brazil, 2008—2009

Quartile 1 (lowest) Quartile 2 Quartile 3 Quartile 4 (highest)

% % % %
Total polyphenols
First Coffee 76-4 Coffee 729 Coffee 62-4 Coffee 46-4
Second Orange juice 8:6 Orange juice 117 Orange juice 19-3 Orange juice 29-4
Third Orange 24 Orange 33 Orange 5.4 Orange 79
Phenolic acids
First Coffee 95.7 Coffee 94.2 Coffee 931 Coffee 887
Second Potato 1.6 Potato 21 Potato 27 Potato 3-8
Third Bean 1.2 Bean 1.2 Bean 1.0 Bean 04
Hydroxybenzoic acids
First Rice 701 Rice 61.9 Rice 54.7 Rice 369
Second Beer 36 Beer 70 Beer 89 Beer 129
Third Wine 2:4 Wine 1.8 Wine 4.5 Wine 92
Hydroxycinnamic acids
First Coffee 96-3 Coffee 94.9 Coffee 93-5 Coffee 89-5
Second Potato 1.6 Potato 21 Potato 27 Potato 38
Third Bean 1.2 Bean 1.2 Bean 1.0 Bean 04
Flavonoids
First Orange juice 534 Orange juice 54.6 Orange juice 60-8 Orange juice 63-9
Second Orange 146 Orange 153 Orange 189 Orange 171
Third Chocolate 55 Chocolate 72 Chocolate 35 Chocolate 51
Flavan-3-ols
First Chocolate 394 Chocolate 55.7 Chocolate 402 Chocolate 61
Second Chocolate powder 15 Chocolate powder 178 Chocolate powder 148 Chocolate powder 96
Third Banana 4 Banana 23 Banana 2-3 Banana 1.6
Flavones
First Bread 34-4 Bread 329 Bread 32-3 Bread 30-5
Second Orange juice 181 Orange juice 176 Orange juice 17-3 Orange juice 185
Third Cracker 2:4 Cracker 2.2 Cracker 1.9 Cracker 1.3
Flavonols
First Bean 327 Kale 295 Kale 34.7 Kale 316
Second Kale 20-5 Orange juice 159 Apple 134 Apple 179
Third Orange juice 131 Bean 15 Orange juice 133 Orange juice 141
Flavanones
First Orange juice 751 Orange juice 751 Orange juice 74-8 Orange juice 759
Second Orange 215 Orange 22.2 Orange 21-3 Orange 20-7
Third Lemon 0-5 Lemon 04 Lemon 04 Fruit salad 1.2
Anthocyanins
First Acai 92.9 Acai 85-9 Acai 66-6 Acai 39
Second Grape 38 Grape 82 Grape 20 Grape 325
Third Wine 2:2 Wine 23 Wine 9-3 Wine 211
Stilbenes
First Grape 865 Grape 86-1 Grape 867 Grape 867
Second Peanut 6-9 Peanut 51 Peanut 5 Peanut 4.5
Third Wine 21 Wine 39 Wine 4.2 Wine 5
Lignans
First Cabbage 348 Cabbage 414 Cabbage 52 Cabbage 45
Second Orange 164 Orange 171 Orange 162 Orange 16-1
Third Nuts 21 Nuts 29 Nuts 31 Nuts 32
Others polyphenols
First Wheat flour products 78 Wheat flour products 70-6 Wheat flour products 24.8 Olive 45.2
Second Coffee 71 Beer 167 Beer 31-6 Wheat flour products 372
Third Beer 3-6 Coffee 5.6 Virgin olive oil 158 Virgin olive oil 136

class intake in upper-income quartile. Sources of violaxanthin
were mango, kale and orange juice. Orange, maize and mango
were main suppliers to zeaxanthin intake.

Discussion

The study explored polyphenol and carotenoid intake according
to income groups in a nationally representative sample of the

Brazilian population. Results showed higher intake of total poly-
phenols, flavonoids and others polyphenols by individuals with
higher income in comparison with lowest income. The findings
are similar to evidence previously reported in Mexico®?,
Korea®?, USA®? and Mallorca Island®®. Carotenoid intake
distribution across income quartiles showed higher total carote-
noids and classes consumption (with exception to f-cryptoxan-
thin and zeaxanthin) in highest quartile, corroborating evidence
previously reported in Vietnam®®.
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Table 5. Main food contributors to total and classes of carotenoid intake according to quartiles of monthly per capita income. Brazil, 2008—2009

Quartile 1 (lowest) Quartile 2 Quartile 3 Quartile 4 (highest)

% % % %
Total carotenoids
First Pumpkin 156 Pumpkin 167 Pumpkin 172 Tomato 131
Second Mango 138 Mango 9-5 Tomato 11 Kale 108
Third Red guava 9.7 Kale 8-3 Kale 108 Pumpkin 94
a-Carotene
First Pumpkin 35.7 Pumpkin 34-1 Pumpkin 379 Pumpkin 36-8
Second Carrot 32 Carrot 5 Carrot 81 Carrot 209
Third Banana 41 Buriti 31 Banana 25 Banana 2
p-Carotene
First Pumpkin 30-8 Pumpkin 31.8 Pumpkin 34-6 Pumpkin 21
Second Mango 11 Kale 8-5 Kale 119 Kale 13
Third Sweet potato 10-5 Sweet potato 77 Sweet potato 55 Carrot 94
p-Criptoxanthin
First Orange 32 Orange 32-8 Papaya 38-6 Papaya 41.2
Second Papaya 25-3 Papaya 32 Orange 315 Orange 309
Third Tangerine 26 Tangerine 253 Tangerine 237 Tangerine 278
Lycopene
First Red guava 30-9 Tomato 23-6 Tomato 29 Tomato 30-9
Second Tomato 14.8 Red guava 174 Papaya 173 Papaya 259
Third Watermelon 11.3 Tomato sauce 13-4 Tomato sauce 12.8 Watermelon 109
Lutein
First Pumpkin 246 Pumpkin 262 Kale 304 Kale 325
Second Kale 164 Kale 254 Pumpkin 26-3 Pumpkin 151
Third Maize 4.3 Maize 2.7 Maize 22 Maize 1.6
Neoxanthin
First Mango 56-9 Mango 47-4 Kale 45.4 Kale 41.7
Second Kale 164 Kale 307 Mango 336 Mango 22.8
Third Mango juice 81 Mango juice 8-3 Mango juice 8-2 Mango juice 8:6
Violaxanthin
First Mango 51-3 Mango 39-2 Mango 29-5 Mango 24.4
Second Kale 6-4 Kale 12 Kale 19-1 Kale 214
Third Orange juice 4 Orange juice 41 Orange juice 4 Orange juice 6.7
Zeaxanthin
First Orange 52 Orange 52.5 Orange 51.9 Orange 51
Second Maize 20-2 Maize 153 Maize 15-8 Maize 117
Third Mango 139 Mango 115 Mango 84 Tangerine 146

It is well known that socio-economic status is an important
determinant of diet quality. Whilst high-income groups usually
consume higher-quality diets, low-income individuals tend to
consume energy-dense diets and low fruits and vegetables con-
sumption!?_ A potential explanation relies on lower price per
energy of foods with high energy content in comparison with
foods with high micronutrient density, e.g. fruits and vegeta-
bles®”, which may indicate lower consumption of bioactive
compounds in low-income groups, since fruits and vegetables
are main source of polyphenols and carotenoids in diet.

The disparities in bioactive compounds intake across income
groups in Brazil were further illustrated by analysing food
sources with higher contribution to polyphenol and carotenoid
intake. The contribution of some fruits and fruit juices (e.g.,
orange juice and orange) on polyphenol intake increases with
higher income, similarly to apple, grape and kale contributions
to flavonoid intake. Other foods with high bioactive compounds
density (e.g., chocolate and wine) also presented increasing con-
tribution in diet according to income level, supporting evidence
from previous studies in USA®”, Mexico®® and Netherlands®?.

On the other hand, regional and traditional foods like acai,
rice and bean showed higher contribution to anthocyanin,

hydroxybenzoic acids and flavonol intakes, respectively, among
lower-income individuals. A previous study analysing the prices
of food groups consumed in Brazil showed that, despite fresh
foods (such as fruit and vegetables, sources of bioactive food
compounds) tend to cost more than ultraprocessed foods, dry
grains (such as rice and beans, sources of phenolic acids and fla-
vonoids) are a more economical alternative related to healthy
eating practices®. Thus, the higher intake of rice and beans
among lower-income participants is a positive finding and
should be stimulated.

Wheat-flour products (e.g., bread and cracker) were relevant
to flavone intake in all income ranges, but contribution
decreased on higher-income levels. The lower prices of
refined-grain foods (such as refined-grain cracker and refined-
wheat bread) in comparison with in natura and whole-grain
foods are an important facilitator to their intake in low-income
groupsB1-39,

Regarding carotenoid food sources, although contributors to
total carotenoids and classes intake varied across income ranges,
the same pattern previously mentioned was observed. The con-
tribution of fruits, fruit juices and vegetables (e.g., papaya, tan-
gerine, orange juice, tomato, carrot and kale) to carotenoid
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intake also increases in higher-income groups. The only excep-
tions were certain tropical and regional fruits (red guava, mango,
buriti and caja). The contribution of sweet potato and maize,
foods that are traditionally consumed in some Brazilian regions,
to carotenoid intake decreased with increases in income. This
can be elucidated by the nutritional transition process that
Brazil is facing in the last 30 years, characterised by a decrease
in natura and minimally processed foods intake and an increase
in ultraprocessed food consumption. Previous studies have
reported that the income is an important determinant of these
differences in food intake. Low-income groups still preserve
some traditional and healthy eating habits, such beans, cereals,
roots and tubers intake, which can be illustrated by the greater
contribution of sweet potato and maize to carotenoid intake®?.

A previous analysis showed that the contribution of solid fat
and added sugars to daily energy intake increases with income in
Brazilian population. This is the opposite to our findings, which
illustrates a higher intake of some polyphenols and carotenoids
classes in high-income groups’. However, it is important to
mention that, despite the per capita fruit and vegetable intake
by Brazilian population is very low (69-1 g/d for men and
92.-6 g/d for women), the consumption increases with increasing
income®, which justifies the higher intake of bioactive food
compounds in high-income groups.

In summary, results obtained in the study reinforce the need
to in-depth analysis of inequalities in food consumption, show-
ing that lower-income individuals may experience diets with low
bioactive compounds density. However, it is important to high-
light the possibility of achieving healthier diets without addi-
tional costs in low-income Brazilian households through
incremental changes in dietary patterns encompassing increase
of fruits, beans, whole cereals and vegetables intake, considering
evidence from previous study®”. These changes would contrib-
ute to increase in consumption of diverse nutrients and would
also possibly contribute to the rise of bioactive compounds
intake in low-income strata, which potentially would reduce
the risk of negative health outcomes.

The results of the study have some limitations, especially con-
cerning data sets employed for analysis. First, information on
food consumption used in the analysis were obtained in
2008-2009, approximately 10 years ago. However, at the time
that this analysis was done, it was the only data set with dietary
records available for assessment of food consumption at national
level in Brazil. Second, there was lack of information on food
composition data of certain local fruits and vegetables, which
could underestimate polyphenol and carotenoid intake.
Although they represented <5 % of total fruit and vegetable
intake, the systematic publication of the polyphenol and carot-
enoid food composition data, as well as comprehensive compi-
lation of these information, should be encouraged in order to
facilitate researches on this topic. Nevertheless, considering
the absence of studies evaluating bioactive compounds intake
according to income level in Brazil, the investigation may con-
tribute to the development of public policies towards promotion
of healthier diets in the population.

In conclusion, the present study showed that level of income
may be an important determinant to polyphenols and carote-
noids intake in Brazil. The results may encourage the

investigation of associations between bioactive compound
intake and health outcomes in diverse income groups, particu-
larly among low-income individuals, aiming to reduce the risk
of chronic diseases.
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