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Abstract: The flexitarian diet, which emphasizes a reduction in meat consumption, has been identified as a
crucial factor in transitioning to sustainable food systems that can help combat climate change and improve
food and nutritional security, particularly in areas where food choices are abundant. Despite Brazil being a
major meat producer, meat consumption among Brazilians has been decreasing in recent years, with a growing
portion of the population adopting meat-free and meat-reduced dietary models. In this study, we conducted
the first non-industry funded scientific investigation of Brazilian flexitarians, with the goal of characterizing
their socio-economic and demographic characteristics, motivations for adopting flexitarianism, frequency of
animal-based meat consumption, and main substitutes consumed. Data was collected from 1029 self-identified
flexitarians in Brazil. Our findings indicate that the flexitarian food model is primarily adopted by women and
is motivated by concerns about the environmental impact of meat consumption, personal health, and animal
welfare. Flexitarians were found to have a consumption profile that can be divided into three groups: low
(consuming meat 36 times a week), medium (consuming meat 7 times a week), and high (consuming meat 4
times a week). The flexitarian meals pattern is characterized by lower consumption of beef (less than 2 times
per week) and higher consumption of chicken (3 times per week) and is supplemented by plant-based protein
sources and eggs as the main meat substitutes.

Keywords: meat consumption; flexitarianism; sustainable development; protein transition; Brazil

1. Introduction

In recent years, there has been ongoing discussion about the need to shift population food
patterns in order to create sustainable systems that respect planetary limits and enhance food and
nutritional security [1-3]. The increasing threat of environmental crises [4] and global food insecurity
[5] has made it clear that it is necessary to reduce the consumption of animal-based foods [2,5],
particularly in situations where food choices are abundant.

Flexitarianism may be a potential path towards transitioning to sustainable food systems. This
term is based on the concept of "flexible vegetarianism," in which practitioners occasionally consume
meat [6]. Flexitarianism is a dietary model that involves significantly reducing meat consumption,
either in terms of the amount consumed (kg) or the number of meals per week [7,8], and increasing
the consumption of seasonal plant-based foods [5], gaining increasing attention in recent years
around the world. The interest on this topic, for instance, can be seen in the search metrics for the
term on Google Trends [9] since 2019 and by the growing number of studies being conducted on the
topic literature [8,10-12].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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The flexitarian diet has the potential to increase the effectiveness of nutritional interventions that
focus on reducing meat consumption [13] and for mitigating climate change [14] especially in high-
income countries [5]. While it may seem difficult to envision a dietary pattern with reduced meat
consumption in countries like Brazil, which has intensive livestock farming and high meat
consumption [15], flexitarianism may present itself as a possibility for constructing healthy and
sustainable food practices [16]. However, studies of this nature have focused on food systems in the
global North [12], demonstrating the need for research on the socio-environmental issues related to
animal-based food systems in the Global South [17], where meat plays a complex role [18]. In
response to the call for prioritizing research to overcome these problems in the Global South [19], we
focus our analysis on identifying socio-economic factors related to adherence to flexitarianism in
Brazil. To date, this is the first non-industry funded scientific study! that conducted a population-
based survey on flexitarianism and its characteristics in Brazil. Our research aims to answer four
questions: (i) What are the main socio-economic and demographic characteristics of Brazilian
flexitarians? (ii) What motivations lead these individuals to adopt flexitarianism? (iii) What is the
frequency of consumption of animal-based meats? (iv) What are the main substitutes consumed by
the flexitarian population?

2. Materials and Methods

2.1. Sampling and inclusion criteria

The target population of our study are people who identify as flexitarians and live in Brazil. We
established the following inclusion criteria for participants in the characterization of Brazilian
flexitarians in this cross-sectional study: [i] people with a minimum age of 18 years; [ii] residents in
the country; [iii] who intentionally exclude meat from at least one meal during the week; and [iv]
who are not vegetarian or vegan. We included this last criterion so that only the target audience (i.e.,
flexitarians) would participate in the study, thus avoiding the risk of characterizing them
inaccurately.

To calculate the sample size, we established the minimum number of 576 valid responses,
considering a confidence level of 5% (d), design effect (EDFF) equal to 1, and hypothetical frequency
of 50% (p) in an infinite population (N), using the formula presented by Kasiulevicius et al. [20],
calculated with the help of the OpenEpi® program.

[EDFF * Np(1 —p)]

(o —&u (N =1 +p*(1-p)]

We considered 50% as the expected frequency for two reasons: (i) there are no previous primary
data studies that can estimate the flexitarian population in Brazil; and (2) the larger the variability of
a frequency, the larger the number of samples required. The proportion of 50% indicates the
maximum variability in a population and is frequently used to estimate outcomes with unknown
frequencies, as it determines a sample size that may be larger than if the true variability of the
population attribute were used. Finally, we increased n (n=384) by 50% — reaching the final n of 576
to ensure bias control and high non-response rates.

n =

I Recently, The Good Food Institute Brasil carried out a survey focusing on the potential of the plant-based market in the
country, which was financed by multinational companies in this sector, such as ADM, GPA, Ingredion, Kerry, NotCo,
N.ovo, Plant Plus, R&Amp; S Blumos, Incrivel!, Unilever, and Vida Veg. You can find more information at:

https://forbes.com.br/forbesagro/2022/12/28-dos-brasileiros-dizem-ser-flexitarianos/.
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2.2. Data Collection

2.2.1. Participant recruitment strategies

We conducted a pilot study (n=58) to identify any inconsistencies in our questionnaire and assess
the reach of our outreach strategy. This allowed us to identify ways to reduce biases caused by gaps
in reach by seeking new partners for outreach and volunteers to cover regions where we had low
response rates. We also included social media platforms that were not initially included in our work
plan, which included the use of only two social networks (Instagram and Facebook). This step took
place between March 19th and 25th, 2022. From March 26th to June 30th, 2022, we conducted our
data collection with the support of various groups, educational and research institutions, professional
boards, and digital influencers. We had at least one volunteer in each Brazilian state to help promote
our collection instrument in both the pre-collection and collection stages. Through this strategy, we
were able to cover all regions and states of the country, achieving a total of 1048 responses, of which
1029 were considered valid for meeting the research participation criteria. Based on the established
criteria, this convenience sample reached almost double the estimated sample size in our design. The
strategies used for recruiting participants were conducted online through the promotion of the
research questionnaire on social media (Instagram, Facebook, Twitter, Telegram, and WhatsApp),
websites, and institutional emails, as well as through paid research advertisements on Instagram. All
strategies were assisted by volunteers.

2.2.2. Instrument for data collection

We used an online form (Google Forms) with two modules of questions: a module with socio-
economic and demographic questions and a second module with the Food Frequency Questionnaire
(FFQ) focused on the frequency of consumption of meats, processed foods, and potential substitutes
for these foods. In the first module, we collected self-reported information on "ethnicity" (white,
Asian, multiethnic, black, indigenous, and preferred not to answer), "education” (elementary, high
school, undergraduate, master's degree, doctorate), "area of residence" (with the options: rural,
urban), "income" (USD), "political orientation" (left, neutral, right), "gender" (cisgender woman,
transgender woman, cisgender man, transgender man, non-binary, and preferred not to answer),
"sexual orientation” (heterosexual, LGBT, preferred not to answer), "federal unit" (UFs), and "age"
(years). We grouped the UFs based on the geographical regions of the country, creating the variable
"region" (central, northeast, north, southeast, and south) and converted the income to Brazilian reais
(R$) to US dollars (USD), using the exchange rate of 29/12/2022, where 1 dollar is equivalent to the
value of 5.28 Brazilian reais [21].

In a second module we used a portion of the "Adult Food Frequency Questionnaire" by Fisberg
et al. [22], maintaining the formatting and text of the original questions, and selecting only the food
items of interest for this research. The instrument was previously evaluated for reproducibility [23].
However, as it did not contain some essential food item specifications for the research, we opted to
add the descriptions of these foods as they are used in the collection instrument of the Brazilian
Institute of Geography and Statistics - IBGE, expressing the national standard; in some cases, we also
grouped items that express our analytical categories also extracted from the IBGE without any
prejudice to the pre-existing information in the FFQ.

In this dietary survey, we only collected data once from each participant. We presented four
time measures (day, week, month, and year) and frequencies of consumption ranging from "Never"
to "10 times" to gather information on food consumption (Box Supplementary 1). Each participant
chose the time measure that best corresponded to their consumption. In order to standardize the time
measures, those were converted to "week". For example, responses for the "day" measure were
multiplied by 7 (number of days in a week) and grouped in a new database; the "month" measure
was divided by 4 (number of weeks in a month); and the "year" measure was divided by 52 (number
of weeks in a year). We classified flexitarians into three groups (i.e., low, medium, and high) based
on their weekly meat consumption average. The high-flex consumption profile corresponds to the
average of the first tertile, the medium-flex profile corresponds to the average of the second tertile,
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and the low-flex profile corresponds to the average of the last tertile. We used this classification as
the dependent variable (i.e., "frequency of meat consumption per meal per week") and "gender,"
"income," and "education” as independent variables.

2.3. Data Analysis

For categorical variables, we used Kruskal-Wallis tests followed by Dunn's post-hoc tests and
considered p < 0.001 as significant. For the numerical variable "income," we conducted a Spearman
correlation test with 99% confidence. We checked the normality of our data using the Kolmogorov-
Smirnov test and conducted all analyses using R in the RStudio interface (version R 4.1.0). We
analyzed the presence of outliers and found that the variability present in our results is not the result
of systematic errors, but rather natural variability in food consumption, so we decided not to exclude
them.

3. Results

3.1. Socioeconomic and demographic characteristics of flexitarians

Flexitarians self-identified as white at a rate of 60%. They primarily lived in urban areas and
were concentrated in the Northeast (44%) and Southeast (28%) regions. This population was
predominantly female (76%), with sexual orientation divided between heterosexual (72%) and LGBT
(24%). They also aligned with the political left (68%), as shown in Table 1.

Table 1. Socioeconomic and demographic characteristics of flexitarians, Brazil, 2022.

Ethnicity n % 99% CI
White 624 60.64 56.61 — 64.53
Asian 25 0.24 0.14-0.40
Multiethnic 280 27.21 23.74 - 30.97
Black 71 0.68 0.50-0.92
Indigenous 12 0.11 0.05-0.24
Preferred not to answer 17 0.16 0.08 - 0.30
Region n % 99% CI
Central 86 8.35 6.35-10.90
Northeast 453 44.02 40.04 - 48.08
North 61 5.92 4.25-8.17
Southeast 292 28.37 24.85-32.17
South 137 13.31 10.77 - 16.33
Housing area n % 99% CI
Urban 967 93.97 91.71 - 95.65
Rural 62 0.60 0.43-0.83
Gender N % 99% CI
Female 786 76.38 72.76 - 79.66
Male 203 19.72 16.68 - 23.16
Nonbinary 07 0.06 0.02-0.17
Preferred not to answer 33 0.32 0.20 - 0.50
Sexual Orientation n % 99%CI
Heterosexuals 745 72.40 68.62 —75.88
LGBT 253 24.58 21.25-28.25
Preferred not to answer 31 0.30 0.18 - 0.47
Political Orientation n % 99%CI
Left 707 68.70 64.82 - 72.34
Neutral 279 27.11 23.65 - 30.87

Right 43 0.41 0.28 - 0.61

doi:10.20944/preprints202302.0001.v1
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Education n % 99%CI

Elementary 03 0.02% 0.005-0.12
High School 109 10.59% 0.83 -13.37
Undergraduate 545 52.96% 48.90 — 56.98
Master's Degree 220 21.37% 18.23 - 24.90
Doctorate 152 14.77% 12.10-17.89

Per capita income (Mean + SD)

R$ 3910.76 + 3876.01 — U$D 740.67
Age (Mean * SD)
Years old 37.92 £12.98

In summary, the majority of the population that considers itself flexitarian investigated in our
research was composed of people who self-identified as white, lived in urban areas in the Northeast
and Southeast regions, and had a high level of formal education, with 52% being undergraduate and
21% having a master's degree. Educational level varied by gender: 52% of female flexitarians were
undergraduate, 20% had a master's degree, and 15% had a doctorate; while 50% of male flexitarians
were undergraduate, 26% had a master's degree, and 12% had a doctorate. The average family/total
income of these people was USD 1723.44, equivalent to seven and a half minimum wages in 2022. Per
capita income ranged from USD 236.74 to USD 8207.07.

3.2. Factors that motivate adherence to flexitarianism

The decision to adhere to a flexitarian diet was motivated by different factors among this
population: 35% of participants cited environmental concerns related to the production and
consumption of meat as their motivation; 33% were motivated by personal health concerns; and 21%
were motivated by ethical considerations for animal welfare. Other factors such as religion, beliefs,
and spirituality (4%), and aversions, allergies, or intolerances to meat intake (5%) were also cited as
motivations.

3.3. Meat consumption frequency: consumption profile among different groups

Based on the different consumption trends presented by the flexitarian population investigated
in this research, we divided flexitarians into three groups: (i) low flexitarians: those who consume
meat thirty-six times during the week; (ii) medium flexitarians: those who consume meat seven times
during the week; and (iii) high flexitarians: those who consume meat four times during the week.
Each of these groups exhibits variations in the type and frequency of meat consumed, as shown in
Figure 1.
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Figure 1. Average frequency of consumption of meat (i.e., chicken, beef, fish, pork, goat, and wild
meat) and processed meat, in meals per week, considering the three profiles found in our sample
(low, medium, high), in Brazil in 2022.

Low consume more chicken (5x) beef (3x) and processed meat (2x); medium consume more
chicken (2x), highlighting a lower consumption of processed meat (less than once a week); and high
flex maintains the trend of greater consumption of chicken (1x) and fish (1x), with less than once a
week consumption of the other groups, except for processed meats that were never consumed.

Despite the difference in average frequency of consumption between these groups, they have a
homogenous consumption profile in terms of the types of meat consumed. This trend is also similar
when comparing the reduction profile among the different groups of the flexitarian population,
especially in relation to the gender of the participants (Figure 2).
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Figure 2. (A) Average frequency of consumption of meat (i.e., chicken, beef, fish, pork, goat, and wild
meat) and processed meat, in meals per week, among Brazilian flexitarians, considering gender
differences, in Brazil in 2022.There is no significant difference in the types of meat consumed between
males and females among flexitarians. (B) Average frequency of consumption of meat and processed
meat, in meals per week, among the Brazilian flexitarian population, based on level of education.
Although chicken is the most commonly consumed meat, in general, there is no significant difference
in the types of meat consumed among flexitarians of different education levels, except for fish, which
shows significant differences between those with high school and doctorate degrees.

Our results suggest that although there is a predominantly female population in the
characterization of flexitarianism in our research, there is no significant relationship between gender
(p>0.001) and meat consumption frequency. Men and women have similar consumption profiles,
mainly for beef and fish with an average of less than two meals per week. When compared to men,
women tend to consume less (p<0.001) pork, goat, and hunted animal meat. Among all types of meat,
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chicken is the most consumed by flexitarians, with an average of more than three meals per week. In
this population, higher levels of formal education may influence the consumption of certain types of
meat. Our results suggest that, similar to the analysis of flexitarianism trends based on gender, the
consumption profile in different levels of education is homogeneous among the groups. As shown in
Figure 2, pork is consumed more by those with elementary education; chicken is consumed more by
those with high school and undergraduate; beef is consumed more by those with a master's degree;
and fish is consumed more by those with a PhD. Our results showed that fish consumption, which is
more common among flexitarians with a higher level of education, has significant differences
(p<0.001) only between those with middle education and those with a PhD. Additionally, when we
analyzed the relationship between meat consumption frequency and the per capita income of
flexitarians, we did not find a correlation between meat reduction behavior and the income of these
individuals (Supplementary Table 2).

3.3. Main meat substitutes

There is a similarity in the frequency of meat consumption between men and women, and this
trend is also observed in the consumption trends of eggs and plant proteins among these gender
groups, as shown in Figure 3.

m Overall flexitarian population ™ Female Male ™ Nonbinary
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Figure 3. Average frequency of consumption, in meals per week, of eggs, beans and other legumes,
plant-based proteins (i.e., beef, tofu), mushrooms, and unconventional food plants, among the
Brazilian flexitarian population, considering gender differences, in Brazil in 2022. Egg and beans were
reported as the main substitute of meat. Beans are the substitute most consumed by men.

Women consume an average of five meals with eggs per week, which is above the general
population average, while men consume eggs four times a week and have a higher consumption of
beans (5x). Plant-based protein sources such as legumes and soy-based veggie burgers are consumed
in approximately one meal per week. The main reported substitutes in open-ended questions include
legumes, grains, and vegetables.

The analysis of meat substitutes based on the per capita income of our participants showed
significant results (p<0.001) concerning the consumption of beans and other vegetable protein sources
such as mushrooms and tofu (Table Supplementary 2). Our results indicate the existence of a negative
correlation between bean consumption and lower-income strata among flexitarians. That is, the lower
the income of our participants, the greater the frequency of consumption of beans. On the other hand,
the frequency of consumption of mushrooms, non-conventional food plants, and tofu is higher
among flexitarians who have the highest income.

Animal-based substitutes were also widely cited as an alternative to beef, with a focus on eggs
and cheeses. In addition, 60% of our participants state that flexitarianism is or can be a transitional
path to a plant-based diet, such as vegan or vegetarian diets.
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4. Discussion

In general, our results show that: (i) the flexitarian dietary model is characterized by high rates
of adoption among highly educated women living in urban areas; (ii) these individuals are primarily
motivated by concerns related to the environmental impact of meat consumption; (iii) flexitarians
have different meat consumption profiles and their frequency varies depending on the adherence
profile that we characterize in three groups: low flex (those who consume meat 36 times per week),
medium flex (those who consume meat 7 times per week), and high flex (those who consume meat 4
times per week), and (iv) eggs and plant-based protein sources (beans and other legumes) are the
main substitutes for meat in this population. These factors provide important insights into who these
people are, what they consume, and the reasons behind this behavior.

Our findings on the socioeconomic profile identified in our survey align with a number of
studies that present a relatively homogeneous profile characteristic of meat reduction [11,24-27]. In
summary, these studies show that this population is made up of individuals with a high level of
formal education, relatively high income, and mostly women. The relatively high income of
flexitarians in our study (U$D 740.67), when compared to the average income of the Brazilian
population overall (U$D 256.25) [28], as well as in the overall literature, may suggest that purchasing
power is not an issue for this population. Furthermore, social factors such as self-reported left-wing
political spectrum and LGBT orientation as distinct characteristics of flexitarian identity may indicate
that this dietary flexibility may also be linked to cognitive and psychological issues, as discussed by
Rosenfeld, Rothgerber, and Tomiyama [29].

Our findings show that Brazilian flexitarians have motivations that align with global literature
on the subject. The main reasons for adopting a low-meat diet among Brazilian flexitarians are related
to the ethical implications of meat consumption, encompassing environmental concerns and animal
welfare. These two factors together correspond to 56% of all the motivations that guided our
participants' choices, followed by individual health concerns (33%). Similar findings have been found
by Duckett, Lorenzo-Arribas, Horgan, and Conniff [30] and Kemper & White [26], who analyzed the
motivations associated with adherence to flexitarianism and identified that they include (i) awareness
of the environmental impacts of meat consumption; (ii) individual health concerns; and (iii) animal
welfare concerns. Other studies [29,31-34] also confirm these factors. In summary, these studies
identify that reduced meat consumption trends have two main sets of factors: (i) ethical and moral
motivations related to the environment and animal welfare concerns, and (ii) individual issues
including health concerns, a dislike for the taste of meat, and religious restrictions.

The meat consumption frequency of Brazilian flexitarians is similar to the worldwide trend
reported in some studies [7,12,33,35]. These studies, as well as Kemper and White [26], show a greater
reduction in beef consumption among flexitarians - with beef being consumed twice a week. The beef
consumption trend of our participants also aligns with the guidance provided by the FAO [5], which
suggests consuming red meat only once a week, as well as the 28% of the Brazilian population that
consumes red meat one or two days per week [36]. Our results showed a higher consumption of
white meats, particularly fish, among individuals with higher levels of education — a fact that may be
linked to income — and align with the results of the Brazilian National Health Survey, which showed
that people with higher levels of income and education have a higher consumption of fish [36]. This
suggests the possibility of a wide relationship between socio-economic factors, motivations (e.g.,
concern for health) and food selection (higher consumption of fish vs. lower consumption of beef).
Additionally, despite different levels of reduction in flexitarianism, the trend of higher consumption
of white meats and lower consumption of red meats is a homogeneous pattern.

Our findings show that the main plant-based meat substitutes among this population are plant
proteins such as legumes, which are consumed between one and five meals per week, as well as soy
derivatives. These frequencies of consumption of legumes used as a substitute for meat by flexitarians
are not significantly higher than the general population or than national dietary recommendations
[36]. The results for the main substitutes for beef also align with the trends presented in studies such
as those conducted by Vainio, Niva, Jallinoja, and Latvala [37], whose main sources of protein are
legumes, beans, and soy derivatives. The consumption trend of meat substitutes also aligns with the
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dietary pattern of plant-based diets such as vegetarianism and veganism in different countries [38,39].
This dietary pattern suggests that flexitarianism may be a step towards transitioning to more
sustainable food systems, particularly considering that a significant percentage of flexitarians claim
that this model is a stepping stone towards vegan and vegetarian diets. Also, the consumption of
biodiverse foods or underutilized foods (e.g., unconventional food plants and mushrooms) [40] as
meat substitutes may be a good indicator of the dietary quality [41].

Our study provides important insights into the adoption of flexitarianism and the main
characteristics of this population in Brazil. However, we have the main limitation of using a non-
probability sampling based on a convenience sample with access to smartphones and the internet.
Although we have outlined strategies to reduce biases in participant reach by widely promoting the
research in all regions of Brazil and in different spaces, we suggest caution in interpreting some
results — such as the concentration of participants in the Northeast and Southeast regions — which
may reflect the reach of the research and not necessarily the characterization of the target audience.
Furthermore, it is important to consider the potential impact of memory bias when using food
frequency questionnaires (FFQs) as a method of assessing dietary intake. FFQs are retrospective in
nature, meaning that they rely on an individual's memory of their dietary intake over a specific period
of time. This reliance on memory can introduce bias into the data collected through FFQs.

5. Conclusions

Our results showed that despite Brazil's deeply rooted culture of meat consumption,
flexitarianism can play a crucial role in transitioning to a more sustainable food system. We provided
evidence demonstrating that the profile of individuals who consider themselves flexitarians in Brazil
is marked by the predominance of white women, a high level of education, and relatively high
income. This profile converges with the pattern of flexitarians in the Global North and diverges
significantly from the socio-economic pattern of the Brazilian population. Therefore, we suggest
caution for educators and decision-makers when using the conclusions of this study to promote
flexitarianism among people who rely on meat as an important resource for ensuring a proper diet.
We recommend that future research on flexitarianism in the Global South should focus on self-
reported adherence to the dietary model rather than the amount of meat consumed. It is important
for researchers to consider the potential confounding factor of income when using meat consumption
as a measure, and to clearly indicate how they are distinguishing flexitarians from people who may
be eating less meat just because they cannot afford it. Our study also found that followers of this
eating model have plant protein sources such as legumes as one of the main meat substitutes, which
opens the door for research on the development of recipes and alternative meat products that use the
richness of Brazilian food biodiversity not only in terms of wild food plants, but also fungi and algae.

Supplementary Materials: The following supporting information can be downloaded at: Preprints.org, Box S1:
Food Frequency Questionnaire (FFQ) used in our research; Table S1: Correlation between meat reduction
behavior and the income of flexitarians (per capita income quintile). Table S2: Relationship between the
frequency of consumption of substitutes for meat and per capita income in the flexitarian population.
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