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Replacing ultra-processed foods with fresh
foods to meet the dietary recomendations: a
matter of cost?

Substituir alimentos ultraprocessados por alimentos
frescos para atender as recomendacdes
alimentares: uma questdo de custo?

¢Reemplazar comidas ultraprocesadas por comida
fresca para cumplir con las recomendaciones
dietéticas: una cuestién de coste?

Abstract

The study aimed to analyze the economic impact of the adoption of optimized
and nutritionally balanced diets to Brazilian families, considering the Brazil-
ian dietary guidelines and the economic disparities of the population. Data
from the Brazilian Household Budget Survey from 2008-2009 (550 strata;
55,970 households) were used. About 1,700 foods and beverages purchased by
the Brazilians were classified into 4 groups according to NOVA system. Lin-
ear programming models estimated isoenergetic diets preserving the current
diet as baseline and optimizing healthier diets gradually based on the “golden
rule” of the Brazilian dietary guidelines, respecting nutritional restrictions for
macronutrients and micronutrients (based on international recommendations)
and food acceptance limits (10th and 90th percentiles of the per capita calorie
distribution from the population). The diet cost was defined based on the sum
of the average cost of each food group, both in the current and optimized diets
(BRL per 2,000Kcal/person/day). The economic impact of the Brazilian di-
etary guidelines to Brazilian household budget was analyzed by comparison
the cost of the optimized diets to the cost of the current diet, calculated for the
total population and by income level. Three healthier diets were optimized.
Current diet cost was BRL 3.37, differed among low- and high-income strata
(BRL 2.62 and BRL 4.17, respectively). Regardless of income, diet cost de-
creased when approaching the guidelines. However, low-income strata com-
promised their household budget more than two times the high-income strata
(20.2% and 7.96%, respectively). Thus, the adoption of healthier eating prac-
tices can be performed with the same or lower budget.
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Introduction

The non-communicable diseases (NCD) are the leading causes of death worldwide; however, their
greatest burden can be seen among low- and middle-income countries. In 2016, NCD were respon-
sible for 78% of deaths in these countries, resulting in major burden not only to population’s health
and quality of life, but also to workforce productivity and country’s economic prosperity 1. Thus,
efforts must be focused on reducing the prevalence of major risk factors for NCD, with special focus
on unhealthy food consumption 2.3.

In this sense, food-based dietary guidelines offer a unique opportunity to benefit population
health. According to the Food and Agriculture Organization of the United Nations (FAO) 4, these
guidelines provide context-specific advice and principles on healthy diets and lifestyles to establish a
basis for public food and nutrition policies, promote healthy eating and prevent diseases. Brazil has
an innovative and a worldwide-recognized dietary guideline 5, based on the NOVA food classification
system 6. This system has been used in several countries not only to effectively address the quality of
diets and their effect on all forms of malnutrition, but also on the sustainability of food systems 6. The
consumption of fresh food (unprocessed or minimally processed foods) is enforced as the basis of food
consumption, whereas the consumption of ultra-processed foods is discouraged 6.

Appropriate knowledge about the relation between diet and health is not enough for the adop-
tion of a healthy diet. Economic factors have also been emphasized as a primary determinant of food
choices 7. A robust set of evidences from high-income countries indicates that fresh foods with low
energy density and high nutritional value (such as fresh meat, fruits and vegetables) cost more by
calories than lower-quality ultra-processed foods 89, suggesting that healthy diets could be unafford-
able for an expressive share of the population. In Brazil, the price variation between foods classified
as unprocessed or minimally processed is high, ranging from cheapest foods such as rice, beans, roots
and tubers, to more expensive foods such as vegetables, fish, meats and fruits 10. Thus, the diet cost to
meet the Brazilian dietary guidelines recommendations is still uncertain.

Diet cost can only be partially understood by the comparison between the prices of different food
groups, which requires more complex studies for an accurate conclusion, using techniques such as the
linear programming mathematical method. This method can be used to optimize a function (healthy
diets, for example) from a set of constraints (such as nutritional recommendations of the country).
This approach was already used to develop cost-minimized nutritionally adequate food baskets both
in studies among high-income countries 911 and in studies among middle- and low-income countries
12,13, However, these studies tend to focus exclusively on the nutritional profile of the diet to define
healthy eating. Thus, the objective of our study was to analyze the economic impact of the adoption
of optimized and nutritionally balanced diets on Brazilian household budget, considering the recom-
mendations of the Brazilian dietary guidelines and the economic disparities of the population.

Methods

Study design, sampling and data collection

We performed an ecological study based on data from the last Brazilian Household Budget Survey (POF
2008-2009) conducted by the Brazilian Institute of Geography and Statistics (IBGE).

The POF 2008-2009 used a complex clustered sampling procedure in two-stages with the random
selection of census tracts in the first stage and of households in the second stage, resulting in a repre-
sentative sample of households in the country. Initially, the 12,800 census tracts of the country (from
the 2000 Demographic Census) were organized into strata with high geographic and socioeconomic
homogeneity. Census tracts were then randomly selected from each stratum, proportionally to the
number of households in the stratum. Households from each tract were selected by simple random
selection without replacement. The selected census tracts and their households were distributed
uniformly throughout the four quarters of the year of data collection to cover all seasonal variations
in expenditures and family income in each stratum. The final sample was composed of 550 strata,
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involving 4,696 census tracts and 55,970 households. A detailed description of the sampling process
is available on IBGE 14,

The data collection of POF 2008-2009 was conducted from May 2008 to May 2009 through
seven questionnaires in each selected household. Information of food and beverage purchased for
household consumption and family income were the main information from the POF 2008-2009
used in our study. All foods and beverages purchased for household consumption were registered in
an electronic booklet by the head of the household for seven consecutive days (supported by a trained
interviewer, if necessary). Detailed information was registered for each purchase, such as the name
of the product, the amount acquired (in shopping units and in grams or milliliters) and the total value
expended. Data from 1,700 foods and beverages were available. Once POF 2008-2009 were collected
over a year, IBGE deflated expenditure values to a reference date in the middle of the data collection
period (January 15,2009) 14. More details on the deflation process used by IBGE can be obtained from
the system report 14.

The short reference period (7 consecutive days) used in the POF 2008-2009 to record food expen-
ditures does not allow the identification of the usual food purchase patterns of each household stud-
ied. Thus, the 550 household strata were defined as units of analysis. These units of analysis allowed
the identification of the annual food purchase pattern with great precision, without compromising
the geographic and socioeconomic variation in the data 15.

Data organization and classification of foods

Initially, the records of each food item purchased by the families of the same stratum were added.
When appropriate, the inedible fraction of foods was excluded using the corresponding correction
factors 16. The total amount of each food was converted into energy (Kcal), using the Brazilian Food
Composition Table (TACO) 17 or, in a complementary way, the official food composition table for the
United States 18. The total energy amount (Kcal) purchased and the costs were divided by seven and
by the number of individuals in the stratum to express daily per capita consumption and a propor-
tional expenditure value. Monthly per capita income, expressed in Reais (BRL), was estimated by
dividing the sum of the income of all households in the stratum by the total number of individuals in
the stratum.

Foods were classified into 4 groups and 35 subgroups according to NOVA food classification
system used in the Brazilian dietary guidelines 6: (i) unprocessed or minimally processed foods (13
subgroups: rice; bean; pasta; wheat flour; cassava flour; fruits; vegetables; roots and tubers; milk and
plain yoghurt; poultry and fish; beef and pork; eggs; other unprocessed or minimally processed foods),
(ii) processed culinary ingredients (6 subgroups: sugar; salt; spice; plant oils; animal fats; other pro-
cessed culinary ingredients), (iii) processed foods (4 subgroups: fresh bread; processed cheeses; pro-
cessed meats; processed vegetables), and (iv) ultra-processed foods (12 subgroups: industrial bread;
cookies, cakes and pastries; ice creams, chocolates and other candies; crackers and salty snacks; soft
drinks; other non-alcoholic sweetened beverages; ultra-processed meats and sausages; ready meals
and industrial blends; sauces and broths; breakfast cereals; margarine; ultra-processed cheeses).

Model of optimization by linear programming and data analysis

All foods and beverages were grouped in the 35 aforementioned subgroups, distributed in the four
major food groups. Current diet was defined based on the average per capita amount of each subgroup
(adjusted to represent a 2,000Kcal diet). Subsequently, the average contribution of each food group on
total calories was estimated to represent the current diet. The current diet was preserved as baseline
and optimized diets presented gradually increasing limits to increasingly meet the Brazilian dietary
guidelines towards a healthy eating.

The model of optimization by linear programming is defined by three features: the goal function,
the decision variables and the list of linear constraints 13. Briefly, a goal function was defined to sum-
marize the distance between the nutritional composition of the optimized diets and the current diet
(DBCOD). This function was defined as the sum of standardized difference (“Z;”) between each sub-
group portion size selected by linear programing (“X;”) (with i = 1 to n, in which n is equal to the total
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number food subgroups in the analysis) and the mean portion sizes (“M;”) observed in the Brazilian
population for the related subgroup, divided by M;. However, for our analysis, the total difference can-
not be estimated simply by adding absolute values of difference for each subgroup, since this would
lead to a nonlinear function 1. Thus, a constraint must be imposed to Z; to always ensure a positive
value for each standardized difference, as follows:

DBCOD=Z,+Zy+..+Z,
Z;is equivalent to positive value for each:

Zl > (Ml - Xl)/Ml and Zl > _(Ml - Xl)/Ml!
ZZ > (MZ - Xz)/Mz and ZZ > '(M2 - Xz)/Mz...
7, > M, - X,)/M, and Z,, > -(M, - X,)/M,

The decision variables were the relative contribution (%) of the four food groups from NOVA
system. The linear constrains were: (i) nutritional restrictions for macronutrients (carbohydrates,
free sugars, protein, total and saturated fat and total fiber) and micronutrients (sodium, calcium, iron,
vitamins C and A, and potassium), based on international recommendations from the World Health
Organization (WHO) and the U.S. Institute of Medicine, and (ii) acceptability constrains, limited to
the 10th and 90th percentiles of the per capita calorie distribution in the strata to prevent the models
from resulting in non-acceptable diets (adjusted to represent a 2,000Kcal diet).

Detailed information about the decision variables and the linear constraints used in the models of
optimization by linear programming is available in Tables 1 and 2.

The decision variables of linear programming were defined based on the “golden rule” of the Bra-
zilian dietary guidelines: “Always prefer natural or minimally processed foods and freshly made dishes and
meals to ultra-processed foods” 20 (p. 47). Thus, quintiles of participation of unprocessed and minimally
processed foods and of ultra-processed foods on total calories were estimated to provide acceptable
limits for the optimized diets (isoenergetic diets — 2,000Kcal). Briefly, the optimization of healthier
diets comprised, at the same time, the following conditions: (i) gradual increase of unprocessed or
minimally processed foods (until it exceeded the average acquisition of this food group in its fifth
quintile of the relative contribution - largest acquisition), (ii) decrease of processed culinary ingre-
dients and processed foods (relative contribution of these groups were equal or less than the current
diet), and (iii) gradual decrease of ultra-processed foods (until it exceeded the average acquisition of
this food group in its first quintile of the relative contribution — lowest acquisition).

The diet cost was defined based on the sum of the average cost of each food group, both in the
current and optimized diets (BRL per 2,000kcal/person/day). Thus, the economic impact of the Bra-
zilian dietary guidelines on the Brazilian household budget was analyzed by comparing the cost of the
optimized diets with the cost of the current diet, estimated for the total population and according to
economic level of the families (tertiles). Additionally, the food budget share was also estimated con-
sidering the economic level of the total population (BRL 887.6), of the low-income strata (strata from
the first tertile of per capita income distribution, BRL 389.8) and of the high-income strata (strata
from the third tertile of per capita income distribution, BRL 1,570.6). Daily food expenditures were
multiplied by 30 to reflect the entire month.

Linear programming models were executed in the function Solver of the Microsoft Office Excel
2010 (https://products.office.com/). The Stata statistical software, version 14.2 (https://www.stata.
com), was used in the organization and analysis of the data, allowing the use of weighting factors and
all aspects of the complex sampling of the dataset.
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Table 1

ULTRA-PROCESSED FOODS VS. FRESH FOODS

Relative contribution (%) of food groups to total energy availability. macro- and micronutrient constraints in the three optimized diets * by linear
programming models. for the total population and for levels of income. Brazil. 2008-2009.

Variables Total Tertiles of per capita income distribution
1st ** 3rd ***
Cur- Optimized diets Cur- Optimized diets Cur- Optimized diets
rent 1 2 3 rent 1 2 3 rent 1 2 3
diet diet diet
Relative
contribution (%) of
food groups to total
energy availability
Unprocessed 48.9 48.9-549 54.9-60.8 =60.8# 55.3 55.3-61.5 61.5-67.7 =267.7# 434 43.4-46.8 46.8-50.2 =250.2#
or minimally
processed foods
Processed 243 <243 <243 <243 25.4 <254 <254 <254 22.8 <228 <228 <228
culinary
ingredients
Processed foods 8.9 <8.9 <8.9 <8.9 7.5 <75 <75 <75 9.5 <9.5 <95 <95
Ultra-processed 17.8 17.8-13.5 13.5-9.1 <9.1 ## 11.8 11.8-9.0 9.0-6.2 <6.2# 243 243-21.1 21.1-17.8 <17.8##
foods
Macronutrients
Carbohydrates 59.1  55-75### 55-75### G55-75### 633  55-75### 55-75 ### L5575 ### 558  55-75### G55-75 ### 5575 ###
(%E)
Free sugars (%E) 16.0 <10 ### <10 ##HF <10 ### 16.1 <10### < 10### < 10### 156 <10 ## <10 ##F <10 ###
Protein (%E) 11.31  10-15## 10-15### 10-15###  10.8  10-15### 10-15### 10-15### 11.7  10-15### 10-15### 10-15 ###
Total fat (%E) 29.6  15-30### 15-30 ### 15-30### 259 15-30### 15-30### 15-30### 325 15-30### 15-30 ### 15-30 ###
Saturated fat 8.2 <10##H <10 ### <10 #H# 6.8 <10#H# < 10##  <10## 94 <10#H <10 #H <10 #H#
(%E)
Total fiber (g) 19.5 >318 >3158 2318 20.9 >318 23158 23158 21.4 >3158 >318 2318
Micronutrients
Sodium (mg) 3.951.2 <3.951 <3951 <3951 44340 <4434 <4434 <4434 36993 <3699 <3699 <3.699
Calcium (mg) 314.0 2315 >315 2315 268.2 > 269 > 269 > 269 380.6 > 381 > 381 > 381
Iron (mg) 1.7 =210.7% =210.7% =>10.7% 114 =210.7% =>10.7% =>10.7% 134 =>10.7% =>10.7% =>10.7%
Vitamin C (mg) 28.5 >29 >29 >29 21.9 >22 >22 >22 38.6 > 39 =39 >39
Vitamin A (pg) 1,115.1 =8035% >8038% >803% 967.5 =>8035% >803% >803% 1.434.6 =>8035% >803% >803%8
Potassium (mg) 1,402.3 =1,403 > 1,403 >1,403 1,445.2 =1,446 >1,446 =>1446 14785 21479 > 1,479 > 1,479

* These diets explicit three gradual situations of approximation to the Brazilian dietary guidelines recommendations (increasing from 1 to 3). For further
information, see the Methods section;
** Strata from the first tertile of per capita income distribution (BRL 389.80 per month; n = 262 strata);
*#* Strata from third tertile of per capita income distribution (BRL 1,570.60 per month; n = 146 strata);
# Average acquisition of the unprocessed or minimally processed food group in its fifth quintile of the relative contribution - largest acquisition;
## Average acquisition of the ultra-processed food group in its first quintile of the relative contribution - lowest acquisition;

### According to the World Health Organization 40;

§ According to the U.S. Institute of Medicine 41;

88 Derived from the estimated average requirement 414243,
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Table 2

Acceptability constraints on food content (Kcal/day), by income level (tertiles of per capita income distribution), imposed by the linear programming
model. Brazil, 2008-2009.

Food groups and subgroups Total Tertiles of per capita income distribution
1st 3rd
Lower Upper Lower Upper Lower Upper
10th 90th 10th 90th 10th 90th

percentile  percentile percentile percentile percentile percentile

Unprocessed or minimally processed foods 387.82 942.87 352.44 839.35 431.10 848.76
Rice 36.85 203.76 38.83 215.84 32.55 151.38
Bean 14.66 59.67 17.14 66.90 11.33 36.86
Pasta 5.63 24.47 5.15 25.95 5.92 23.28
Wheat flour 1.1 39.14 0.66 20.79 2.17 40.72
Cassava flour 0.66 63.11 2.16 89.61 0.00 14.04
Fruits 23.89 131.21 17.47 92.75 53.47 169.78
Vegetables 22.69 92.48 15.71 62.63 41.98 105.13
Roots and tubers 6.65 47.25 3.17 34.40 14.38 47.61
Milk and plain yoghurt 25.04 237.62 16.01 167.50 74.75 255.38
Poultry and fish 23.72 83.22 25.51 95.63 24.21 70.98
Beef and pork 30.32 95.12 28.05 86.70 33.95 92.64
Eggs 4.28 18.30 3.25 15.24 5.77 18.84
Other unprocessed or minimally processed foods * 4.27 58.97 5.27 83.26 3.65 21.24

Processed culinary ingredients 58.77 184.49 62.20 173.23 48.86 159.86
Sugar 31.15 113.64 37.37 112.48 22.83 93.38
Salt 2.94 21.60 3.77 21.82 2.09 18.63
Spice 0.12 4.84 0.00 3.55 0.36 7.07
Plant oils 11.20 43.58 10.51 40.68 10.06 43.77
Animal fats 0.39 6.50 0.21 3.48 1.75 8.65
Other processed culinary ingredients ** 0.33 13.40 0.43 16.46 0.36 10.08

Processed foods 18.57 90.49 11.26 79.54 40.20 99.30
Fresh bread 8.06 68.52 4.69 63.85 24.43 69.23
Processed cheeses 0.58 14.56 0.00 8.01 4.81 20.99
Processed meats 0.67 13.06 0.71 15.85 1.10 9.89
Processed vegetables 0.55 6.96 0.27 3.89 1.97 10.01

Ultra-processed foods 65.01 322.04 50.50 170.89 179.88 409.91
Industrial breads 0.35 16.15 0.00 6.16 3.82 2717
Cookies, cakes and pastries 5.22 25.73 3.61 17.15 10.03 31.73
Ice creams, chocolates and other sweets 1.65 23.57 0.86 8.11 8.88 34.09
Crackers and salty snacks 2.44 14.04 2.64 15.98 3.00 13.04
Soft drinks 22.95 147.78 12.69 80.36 56.56 183.30
Other non-alcoholic sweetened beverages 2.64 37.92 1.33 15.72 14.25 69.86
Ultra-processed meats and sausages 5.05 30.84 2.32 18.69 12.70 34.93
Ready meals and industrial blends 2.56 30.25 1.1 15.27 10.36 40.19
Sauces and broths 1.02 13.43 0.52 6.83 4.75 17.38
Breakfast cereals 0.00 10.28 0.17 12.59 0.18 9.33
Margarine 2.07 9.86 1.62 8.25 3.01 10.17
Ultra-processed cheeses 0.00 2.01 0.00 0.70 0.32 3.56

* Seafood; other cereals; other flours; legumes; nuts and seeds; normal or organic pure soy protein; dry/dehydrated fruits, legumes and vegetables;
** Other sugars; coconut milk.
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Results

About half (48.9%) of the calories in the current diet were from unprocessed or minimally processed
foods, 24.3% from processed culinary ingredients, 8.9% from processed foods and 17.8% from ultra-
processed foods. According to income distribution, the relative contribution of unprocessed or mini-
mally processed foods and of processed culinary ingredients in the current diet was greater among
low-income strata when compared with the high-income strata (55.3%, compared to 43.4% and
25.4%, compared to 22.8%, respectively), whereas the relative contribution of processed and ultra-
processed foods was greater in the high-income strata (9.5%, compared to 7.5% and 24.3%, compared
to 11.8%, respectively) (Table 3).

Three diets were optimized, presenting gradually increased contributions on their nutritional
profile. Thus, the third optimized diet met even more the Brazilian dietary guidelines (Table 3). The
relative contribution of unprocessed or minimally processed foods gradually increased in the opti-
mized diets from 54.9% to 69.4% (compared to 48.9% from the current diet), the relative contribution
of processed foods remained stable (8.9%), whereas the relative contribution of processed culinary
ingredients and ultra-processed foods decreased from 18.4% to 12.7% (compared to 24.3% from the
current diet) and from 17.8% to 9.1% (compared to 17.8% from the current diet), respectively. A simi-
lar scenario was observed in the analysis according to income distribution (Table 3).

For the optimized diets, the nutritional constraints for macronutrients were adequately accepted
in the linear programming model. However, it was not possible to find a feasible solution when
the constraints for micronutrients were imposed on the linear programming model. The infeasible
micronutrients were sodium, calcium, vitamin C and potassium. In this sense, a feasible solution was
obtained after relaxing the constraints for these micronutrients in order to improve the nutritional
profile of the optimized diets in relation to the current diet (Table 3).

The average cost of the current diet was BRL 3.37 per 2,000Kcal/person/day, ranging from BRL
1.90 for the purchase of unprocessed or minimally processed foods to BRL 0.20 for the purchase of
processed culinary ingredients (Table 4). As optimized diets became healthier, their diet cost gradually
decreased (from BRL 3.17 to BRL 2.91, compared to BRL 3.37 from the current diet). In the compari-
son, it represented a decrease of 13.65% (from BRL 3.37 to BRL 2.91) with the changes based on the
Brazilian dietary guidelines towards a healthy eating (Table 4). According to income distribution, the
current diet cost was lower among low-income strata (BRL 2.62) when compared with high-income
strata (BRL 4.17) (Table 4). The cost of optimized diets decreased for both levels of income when com-
parison with current diet costs, representing a reduction of 5.34% for low-income strata (from BRL
2.51 to BRL 2.48, compared to BRL 2.62 from the current diet) and of 8.15% for high-income strata
(from BRL 4.06 to BRL 3.83, compared to BRL 4.17 from the current diet) (Table 4).

The commitment of food budget share from current diet was 11.38% for the total population,
being greater among low-income strata (20.2%) when compared with high-income ones (7.96%)
(Table 4). Food budget share decreased as the adoption of the Brazilian dietary guidelines were gradu-
ally increasing in the optimized diets, especially between the optimized diet 3 and the current diet:
-1.55 percentage points (p.p.) for the total population (from 11.38% to 9.83%, a reduction of 13.62%),
-1.10p.p. for low-income strata (from 20.2% to 19.1%, a reduction of 5.45%) and -0.65p.p. for high-
income strata (from 7.96% to 7.31%, a reduction of 8.17%) (Table 4).

The relative contribution (%) of food subgroups to total energy availability and its cost for the
current diet and optimized diets are available on Table 5, both for the total population and for the
income distribution.
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Table 3

Relative contribution (%) of food groups to total energy availability, macro- and micronutrient for the current diet and optimized diets * by linear
programming models, for the total population and for levels of income. Brazil, 2008-20009.

Variables Total Tertiles of per capita income distribution
1st ** 3rd ***
Current Optimized diets Current Optimized diets Current Optimized diets
diet 1 2 3 diet 1 2 3 diet 1 2 3

Relative contribution (%)

of food groups to total

energy availability
Unprocessed or 48.9 54.9 60.8 69.4 # 55.3 61.5 67.7 71.9# 43.4 46.8 50.2 62.4 #
minimally processed

foods
Processed culinary 24.3 18.4 16.9 12.7 254 19.2 15.8 14.6 22.8 19.4 19.3 10.3
ingredients
Processed foods 8.9 8.9 8.9 8.9 7.5 7.5 7.5 7.3 9.5 9.5 9.5 9.5
Ultra-processed foods 17.8 17.8 13.5 9.1 ## 11.8 11.8 9.0 6.2 ## 24.3 24.3 21.1 17.8 ##
Macronutrients
Carbohydrates (%E) 59.1  64.3### 671 ### 722 ### 633  66.4 ### 705 #H# 71,9 #Hi# 55.8  59.4### 613 ### 69.6 ###
Free sugars (%E) 16.0 O.5 ### B4 ### 7.8 #H# 16.1 10.0 ### 9.6 ### 9.0 ### 15.6 10.0 ### 10,0 ### 7.9 ###
Protein (%E) 11.3  10.9### 10.8 ### 10.7 ### 10.8 10.6 ### 10.8 ### 10.9 ### 11.7 1.1 #4112 ### 11.3 ###
Total fat (%E) 29.6 248 ### 222 ## 7.1 #4259  23.0### 18.8### 172 ### 32.5  29.5### 275 #4191 ###
Saturated fat (%E) 8.2 6.6 ### 6.0 ### 5,0 ### 6.8 5.9 ### 52 ### 4.9 #iH 9.4 8.2 ### 7.7 #HH# 6.1 #iHE
Total fiber (g) 19.5 31.08 31.08 31.08 20.9 31.08 31.28 31.28 21.4 31.08 31.08 31.08
Micronutrients
Sodium (mg) 3,951.2 3,951.0 3,320.3 3,449.2 4,434.0 3,364.0 3,366.0 3,717.4 3,699.3 3,699.0 3,1549 2,910.5
Calcium (mg) 314.0 315.0 315.0 315.0 268.2 291.6 305.3 314.4 380.6 381.0 381.0 381.0
Iron (mg) 11.7 16.5% 1568 14.858 11.4 15.18 14.3%8 13.688 13.4 17988 17.188 16.4 88
Vitamin C (mg) 28.5 41.4 43.6 44.6 219 32.0 33.6 339 38.6 54.9 55.7 56.7
Vitamin A (ug) 1,115.1 960.085 925.65 813.45 967.5 861.5 5 904.45% 913.65 1,434.6 1,345.455 1,202.15 803.088
Potassium (mg) 1,402.3 1.748.1 1,797.9 1,8489 14452 1,819.2 18827 19415 14785 17155 1,7450 1,798.0

* These diets explicit three gradual situations of approximation to the Brazilian dietary guidelines recommendations (increasing from 1 to 3). For further
information, see the Methods section;

** Strata from the first tertile of per capita income distribution (BRL 389.80 per month; n = 262 strata);

**% Strata from third tertile of per capita income distribution (BRL 1,570.60 per month; n = 146 strata);

# Average acquisition of the unprocessed or minimally processed food group in its fifth quintile of the relative contribution - largest acquisition;

## Average acquisition of the ultra-processed food group in its first quintile of the relative contribution - lowest acquisition;

### According to the World Health Organization 40;

§ According to the U.S. Institute of Medicine 41;

88 Derived from the estimated average requirement 414243,

Cad. Saude Publica 2021; 37 Sup 1:e00107220



ULTRA-PROCESSED FOODS VS. FRESH FOODS

Table 4

Cost (BRL per 2,000Kcal/person/day) of food groups and commitment of income for the current diet and optimized diets * by linear programming
models, for the total population and for levels of income. Brazil, 2008-2009.

Variaveis Total Tertiles of per capita income distribution
1st ** 3rd ***
Cur- Optimized diets Delta Cur- Optimized diets Delta Cur-  Optimized diets  Delta
rent 1 2 3 (3-cur- rent 1 2 3 (3-cur- rent 1 2 3 (3-cur-
diet rent diet rent diet rent
diet) diet) diet)

Diet cost (BRL)

Unprocessed 1.90 1.81 1.94 2.07 0.17 1.71 1.68 1.78 1.85 0.14 209 207 217 234 0.25
or minimally

processed foods

Processed 020 016 0.15 0.12 -0.08 0.18 0.15 0.13 0.12 -0.06 0.22 020 0.19 0.12 -0.10
culinary

ingredients

Processed foods 0.36 034 034 035 -0.01 0.26 0.25 0.26 0.26 -0.01 0.45 043 044 041 -0.04
Ultra-processed 0.92 0.86 0.63 037 -0.54 0.47 043 035 0.26 -0.21 141 137 1.18 095 -0.45
foods

Total 3.37 3.17  3.06 291 -0.46 2.62 2.51 2.50 2.48 -0.14 417 4.06 3.98 3.83 -0.34
Food budget share 11.38 10.72 10.33 9.83 -1.55 20.20 19.33 19.28 19.10 -1.10 79 7.76 7.61 7.31 -0.65
(%)

* These diets explicit three gradual situations of approximation to the Brazilian Dietary Guidelines (increasing from 1 to 3). For further information, see
the Methods section;

** Strata from first tertile of per capita income distribution (BRL 389.8 per month; n = 262 strata);

*#% Strata from third tertile of per capita income distribution (BRL 1,570.6 per month; n = 146 strata).

Discussion

This is the first study to analyze the economic impact of the NOVA food classification system on
Brazilian household budget. Based on the current population diet, three healthier diets were opti-
mized by linear programming according to the Brazilian dietary guidelines, respecting nutritional
constraints and acceptability. These optimized diets involved a gradual increase in the contribution
of unprocessed or minimally processed foods, a reduction or stability of culinary ingredients and
processed foods, and a gradual reduction of ultra-processed foods. The current diet cost (BRL 3.37
per 2,000Kcal/person/day) was lower in low-income strata (BRL 2.62) than in high-income ones (BRL
4.17). Regardless of income distribution, diet cost and the food budget share decreased with the adop-
tion of the Brazilian dietary guidelines.

The Brazilian dietary guidelines do not provide quantitative recommendations for food group
consumption, but offer a more holistic approach to a healthier eating 20. The greater advantage of
this approach remains in the direct communication with the entire population, since no technical
knowledge is necessary to apply the guidelines and benefit from it. As a result, individuals accessing
the guidelines probably see this kind of recommendation as something closer to reality and thus,
something feasible 21. Our study is based on the core guidelines on how to choose foods: “(i) make
natural or minimally processed foods the basis of your diet (mainly of plant origin), (ii) use oils, fats, salt, and
sugar in small amounts for seasoning and cooking foods, and to create culinary preparations, (iii) limit the use
of processed foods, consuming them in small amounts as ingredients in culinary preparations or as part of meals,
based on natural or minimally processed foods, and (iv) avoid ultra-processed foods” 6 (p. 11).
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Table 5

Relative contribution (%) of food subgroups to total energy availability and its cost (BRL per 2,000Kcal/person/day) for the current diet and optimized

diets *, estimated for the total population and for levels of income. Brazil, 2008-2009.

Relative contribution (%) of Total Tertiles of per capita income distribution
food subgroups to total energy Ist ** 3rd ***
availability Current Optimized diets Current Optimized diets Current Optimized diets

diet 1 2 3 diet 1 2 3 diet 1 2 3

Unprocessed or minimally processed

foods
Rice
Bean

Pasta

Wheat flour
Cassava flour

Fruits

Vegetables

Roots and tubers

Milk and plain yoghurt
Poultry and fish

Beef and pork

Eggs

14.94 16.79 18.61 22.34 17.38 14.00 16.21 15.51 12.59 14.82 16.18 23.85
5.30 10.19 10.16 10.19 7.09 1133 11.35 11.40 3.83 6.29 6.29 6.29
2.41 217 238 275 2.51 243 267 3.00 2.39 223 231 3.88
2.14 1.85 198 225 1.28 117 1.29 144 2.55 235 238 3.99
2.93 402 546 7.29 6.16 10.78 12.62 14.92 0.80 0.79 0.87 1.56
2.49 416 428 436 2.00 335 349 350 3.17 517 525 5.25
0.80 1.20 134 1.34 0.60 0.88 092 0.93 0.99 1.51 1.51 1.51
1.10 1.21 1.40 1.72 0.83 0.87 097 1.09 1.25 130 1.59 1.88
4.56 3.84 396 3.98 3.61 3.04 326 342 5.06 490 539 5.76
4.21 218 213 212 5.03 3.31 3.28 3.36 3.50 207 207 207
5.07 268 269 268 4.73 3.18 317  3.27 5.10 299 299 2.99
0.71 0.55 054 058 0.66 0.57 0.62 0.69 0.73 0.57 0.53 0.40

Other unprocessed or minimally 2.28 402 588 7.76 3.47 6.59 7.82 9.33 1.40 1.78 279 291

processed foods #

Processed culinary ingredients

Sugar
Salt
Spice

Plant oils
Animal fats
Other processed culinary
ingredients ##
Processed foods
Fresh bread
Processed cheeses
Processed meats

Processed vegetables

11.61 6.21 6.21 6.21 13.54 7.58 764 7.77 9.40 526 629 455
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.04 0.03 0.03 0.04 0.02 0.02 0.02 0.03 0.05 0.05 0.05 0.06
11.21 10.88 9.20 5.04 10.31 10.11  6.54 5.15 11.92 12.76  11.63 4.53
0.77 0.63 065 0.8 0.47 042 046 048 0.91 0.83 0.77 0.52
0.71 0.65 0.76 0.80 1.00 1.04 115 1.16 0.54 054 055 0.67

6.62 7.08 7.05 6.89 5.77 6.01 5.89  5.60 6.62 714 710 775
1.03 0.78 0.76  0.79 0.47 0.41 045 0.49 1.66 1.28 1.15 0.72
0.91 0.68 0.63 0.63 1.04 0.86 092 0.97 0.78 0.59 0.53 0.20
0.32 034 044 057 0.22 0.21 0.24  0.27 0.42 0.47 070 0.81

(continues)

However, transforming these recommendations in numeric parameters is a complex task that
could be conducted in multiple ways. Since the Brazilian dietary guidelines has a qualitative proposal,
international nutritional parameters were necessary to complement our analysis. In this sense, the
main concern of our study was to provide alternatives that gradually reduce the gap between the cur-
rent diet and the guidelines that are also feasible and acceptable by the population. The adoption of
a plant-based diet could be difficult for many people, since it may require significant changes in food
consumption and behavior 22. Analogous reasoning can also be applied to the considerable reduc-
tion or even removal of ultra-processed foods from the population diet. Thus, we chose to obtain the
guiding parameters of the estimated diets direct from the Brazilian population, considering cultural
and traditional factors, which could strongly affect food choices 23. For such a purpose, the linear
programming models were optimized to satisfy acceptability constraints, limited between the 10th
and the 90th percentiles of the per capita energy distribution of each food in the total population
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Table 5 (continued)

Relative contribution (%) of Total Tertiles of per capita income distribution

food subgroups to total energy 1st ** 3rd ***

availability Current  Optimized diets  Current  Optimized diets  Current Optimized diets
diet 1 2 3 diet 1 2 3 diet 1 2 3

Ultra-processed foods

Industrial breads 1.20 2.37 2.39 2.40 0.46 0.53 0.56 0.56 2.05 4.02 4.02 4.02
Cookies, cakes and pastries 3.20 522 283 1.3 2.23 3.17 234 0.75 4.19 588 277 2.01
Ice creams, chocolates and other 2.07 0.74 0.29 0.29 0.82 0.63 0.54 0.32 3.46 1.54 1.54 1.54
sweets

Crackers and salty snacks 1.58 259 284 287 1.88 3.51 242 215 1.43 200 252 288
Soft drinks 1.63 042 043 042 0.88 0.53 039 029 2.23 1.01 1.01 1.01
Other non-alcoholic sweetened 0.53 0.38 0.26 0.07 0.23 0.20 0.20 0.20 0.88 0.72 037 037
beverages

Ultra-processed meats and 2.48 0.67 0.67 0.67 1.53 0.65 032 035 3.22 165 1.65 1.65
sausages

Ready meals and industrial blends 2.18 389 241 034 1.06 1.08 1.00 0.69 3.46 533 533 313
Sauces and broths 0.41 0.34 0.28 0.17 0.18 0.16 0.17 0.17 0.60 0.52 0.37 0.25
Breakfast cereals 0.67 0.51 0.35 0.02 0.96 0.69 055 0.22 0.57 0.55 044 0.03
Margarine 1.78 0.62 062 0.62 1.56 0.64 049 049 2.00 091 050 0.90
Ultra-processed cheeses 0.12 0.09 0.09 0.09 0.03 0.03 0.03 0.03 0.22 0.18 0.14 0.04

* Optimized diets by linear programming models. These diets explicit three gradual situations of approximation to the Brazilian dietary guidelines
(increasing from 1 to 3). For further information, see the Methods section;

** Strata from first tertile of per capita income distribution (BRL 389.8 per month; n = 262 strata);

**% Strata from third tertile of per capita income distribution (BRL 1,570.6 per month; n = 146 strata);

# Seafood; other cereals; other flours; legumes; nuts and seeds; normal or organic pure soy protein; dry/dehydrated fruits, legumes and vegetables;
## Other sugars; coconut milk.

and for levels of per capita income distribution (tertiles). Moreover, threshold levels of contribution
of unprocessed or minimally processed foods and decrease of contribution of ultra-processed foods
were based on levels of consumption for these groups have proven feasibility, considering that they
are already adopted by about one out of five individuals in the country. It is worth mentioning that
studies investigating effective food consumption data (based on 24h dietary recall or food record)
suggested that even more aggressive limits for the contribution of ultra-processed foods in the diet
could be feasible (about 2%) 24. However, we chose for the conservative approach, since we are model-
ing different kind of data (food purchases for household consumption for 7 days). Models with more
aggressive threshold levels were estimated and reinforced our results (data not shown).

The impossibility to find a feasible solution when the constraints for micronutrients were imposed
means that changes more aggressive than the one allowed here would be necessary to satisfy these
constrains. However, when working with dietary guideline parameters estimated directly based on
the Brazilian population, our results identified a feasible improvement in the nutritional profile.
Besides, the international recommendations have been met to the maximum, since the Brazilian
dietary guidelines do not provide quantitative recommendations for nutrients (macro or micro).

The relationship between diet cost and the adoption of healthy diets has been intensely studied
worldwide 89. In a nationally representative sample of French adults (20-79 years), the diet cost
increased for most individuals after reaching nutritional adequacy, and less adequate diets were asso-
ciated with lower income individuals 9. A representative sample of Japanese adults (20 or more years)
also showed that the diet cost was inversely associated with dietary energy density. Lower diet cost
was associated with a lower intake of vegetables, fruits, fish, meat and dairy products, and a higher
intake of grain, eggs, fats and oils 8. Unlike developed countries, where healthy diets are considerably
more expensive than unhealthy diets, our results showed that Brazilian dietary guidelines could be
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adopted without compromising the total cost of the diet. Although this is the first study to analyze the
economic impact on families related to the adoption of the most recent Brazilian dietary guidelines,
evidence suggesting that Brazilian traditional diets based on rice and beans can help achieve these
recommendations without increasing costs has already been available for a few years 10. The data of
our study complement this information, showing that the greater the consumption of unprocessed
or minimally processed foods (with the exception of foods of animal origin) with the reduction of the
consumption of ultra-processed foods, the lower the diet cost for the population and the better the
nutritional composition of the diet.

The inverse relationship between income and food budget share is known for more than a century
25 and has been demonstrated in low, middle and high-income countries. Our results also reinforce
this relationship, since the population in the first tertile of per capita income distribution compro-
mises their budget more than two times the ones from the third tertile (20.2%, compared to 7.96%,
respectively). This scenario favors the exposure of the lower income population to unhealthy eating
practices that added to limited access to health services result in a disproportionate increase in the
burden of obesity and associated NCD in this population 26,27. According to our study, incorporat-
ing the Brazilian dietary guidelines to current diet would benefit more low-income population
strata (food budget share decreased 1.10p.p.) than high-income population strata (food budget share
decreased 0.65p.p.). Thus, the viability of adopting the Brazilian dietary guideline emerges as an
important tool for improving diet without increasing the cost and contributing to the reduction of
these health inequities.

Although our results demonstrate the viability of Brazilian dietary guidelines, this is conditioned
to other environmental factors such as availability, accessibility of retail food stores, the rapidity in the
consumption of no-cook meals, the aggressive advertising and marketing of brands and others 28,29,
Changes in the price scenario presented in this work may also make the Brazilian dietary guidelines
unfeasible. The WHO has encouraged action to change the food prices to improve population diet 3.
Three common pricing strategies may be adopted by the governments: (i) exemption of selected goods
from a tax, (ii) taxes on specific foods, and (iii) subsidies or voucher systems targeted to high-risk
groups 3031, Recently, the strategy most practiced has been the sugary drinks tax, since it is an easily
defined category of products that are energy-dense and nutrient-poor, but with healthier substitutes
32,33, However, Brazil is going the opposite way, often subsiding the production of ultra-processed
foods with generous fiscal incentives 3435. For instance, since 1990, tax exemptions have been granted
by the Brazilian government to the big soda industry, totaling an exemption of about USD 2.0 billion
of tax in little less than three decades 35.36. Several bills aiming at correcting this scenario are currently
under discussion on the Brazilian National Congress (such as Bill n. 8541/2017 37), but with strong
opposition from the big food and soda industries, which often finance groups of Federal Legislators 38.

Some limitations of our study should be cited. First, although the Brazilian dietary guidelines
do not provide quantitative recommendations for macro- and micronutrients, these international
recommendations were used to guarantee the variety of foods in the optimized diets. According to
Brazilian dietary guidelines, varieties within the same food group imply not only the diversity of fla-
vors, aromas, colors and textures of the food and the supply of nutrients, but are also indispensable
to accommodate regional and personal preferences 20. Second, only food and beverages purchased
for household consumption were analyzed, since data of food consumption away from home was not
available with sufficient information (most registers involved aggregated items — such as “fast food
meal” or “breakfast buffet”- without specific details on weights or the specific foods). However, in
2008-2009, household food consumption responded by about 70% of total food consumption 14 and
about 84% of the calories consumed among Brazilians 39. Therefore, such fraction has been enough
to provide information with good validity. Last, income levels were defined according to per capita
income levels. This approach has the advantage of its simplicity and widespread use in similar studies;
however, it prevents considering differences in the demographic composition of the strata.

The results showed that Brazilian population could meet the Brazilian dietary guidelines with the
improvement of their diet quality and a lower diet cost. Regardless of household income, the diet cost
decreased with the adoption of the Brazilian dietary guideline. Although small changes in food prices
do not tend to invalidate our conclusions, more acute variations (especially in relative prices) could.
Thus, food price surveillance and policies capable to preserve economic advantage related to healthy
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eating practices are necessary to ensure the current viability of the Brazilian dietary guidelines for the
coming years. Food price surveillance (of healthy and unhealthy foods) is required not only to guide
future public actions, but also to indicate to the population more affordable ways to engage in healthy

eating practices.
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Resumo

O objetivo desse estudo foi analisar o impacto
economico da adocdo de dietas otimizadas e nu-
tricionalmente balanceadas para familias brasilei-
ras, considerando as diretrizes alimentares para a
populacao brasileira e as disparidades econdomicas
da populacao. Foram usados dados da Pesquisa
de Orcamentos Familiares de 2008-2009 (550
estratos; 55.970 domicilios). Cerca de 1,7 mil ali-
mentos e bebidas adquiridos pelos brasileiros fo-
ram classificados em quatro grupos de acordo com
o sistema NOVA. Modelos de programacao linear
estimaram dietas isoenergéticas preservando a
dieta atual como linha de base e otimizando die-
tas mais sauddveis gradativamente com base na
“regra de ouro” das diretrizes alimentares, respei-
tando restri¢des nutricionais para macronutrien-
tes e micronutrientes (com base em recomendacdes
internacionais) e limites de aceitacdo alimentar
(100 e 900 percentis da distribuicao de calorias per
capita da populacao). O custo da dieta foi definido
a partir da soma do custo médio de cada grupo de
alimentos, tanto na dieta atual quanto na otimiza-
da (R$ por 2.000Kcal/pessoa/dia). O impacto eco-
nomico das diretrizes alimentares para o orcamen-
to familiar brasileiro foi analisado comparando-se
o custo das dietas otimizadas com o custo da dieta
atual, calculado para a populagao total e por nivel
de renda. Trés dietas mais sauddveis foram otimi-
zadas. O custo da dieta atual era de R$ 3,37, dife-
rindo entre os estratos de baixa e alta renda (R$
2,62 vs. R$ 4,17). Independentemente da renda,
o custo da dieta diminuiu com a abordagem das
diretrizes. No entanto, os estratos de baixa renda
comprometeram seu orcamento familiar mais de
duas vezes que os estratos de alta renda (20,2% vs.
7,96%). Assim, a adocdo de prdticas alimentares
mais sauddveis pode ser realizada com orcamento
igual ou inferior.
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Resumen

El objetivo del estudio fue analizar el impacto
economico de la adopcion de dietas optimizadas
y nutricionalmente equilibradas en familias bra-
silefias, considerando las guias alimentarias y las
disparidades economicas de la poblacién. Los datos
se recopilaron de la Encuesta de Presupuestos
por Hogares desde 2008-2009 (550 estratos; 55
970 hogares). Se clasificaron alrededor de 1.700
comidas y bebidas, adquiridas por brasilefios en
4 grupos, segiin el sistema NOVA. Los modelos
de programacion lineal estimaron dietas isoener-
géticas, preservando la dieta actual como base de
referencia, y optimizando las dietas mds sanas
gradualmente, basadas en la “regla de oro” de las
guias alimentarias, respecto a restricciones nu-
tricionales en macronutrientes y micronutrientes
(basadas en recomendaciones internacionales), y
los limites de aceptacion alimentarios (100 y 900
percentiles de la distribucion caldrica per cdpita de
la poblacion). El coste de la dieta se definié basado
en el total del coste medio de cada grupo de comi-
da, ambos en las dietas actual y optimizada (BRL
por 2.000Kcal/persona/dia). El impacto econémico
de las guias alimentarias para el presupuesto por
hogar se analizé mediante comparacion del coste
de dietas optimizadas con el coste de la dieta ac-
tual, calculado para el total de poblacion y por
nivel de ingresos. Se optimizaron las tres dietas
mds saludables. El coste de la dieta actual fue BRL
3,37, diferenciando los estratos entre bajo- y altos-
ingresos (BRL 2,62y BRL 4,17, respectivamente).
A pesar del ingreso, el coste de la dieta decrecio
cuando se aproximaba a las recomendaciones de
las guias. No obstante, los estratos de bajos ingre-
sos comprometieron su presupuesto doméstico mds
de dos veces, respecto a los estratos de ingresos mds
altos (20,2% y 7,96%, respectivamente). Por ello, la
adopcion de prdcticas alimentarias mds sanas se
puede conseguir con el mismo presupuesto o inclu-
so mds bajo.
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