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ABSTRACT




There is a range of different factors, health and non-health related, influencing peoples’ values and
preferences about meat consumption. The identification and incorporation of people’s values and
preferences in dietary guideline development process ensures that recommendations will be more

easily accepted, implemented, and adhered to by those intended to benefit from the guidelines.

The objective of this thesis is to develop a methodological process to identify, synthesise, evaluate,
and integrate evidence on people’s meat values and preferences in the formulation of

recommendations for dietary guidelines.

This thesis work is presented as a compendium of three articles, published in peer-reviewed journals.

In the first study, we conducted a mixed-methods systematic review in order to identify peoples’ health-
related values and preferences regarding meat consumption. This evidence was used to inform an

international guideline panel for the formulation of meat recommendations.

In the second study, we conducted a cross-sectional explanatory sequential mixed-methods study to
assess people’s values and preferences about meat consumption, and specifically their willingness to

modify their intake when informed of the potential cancer risks associated with meat consumption.

In the third study, we conducted a mixed-methods systematic review in order to investigate to what extent
environmental concerns may influence meat consumption behaviours, as the environmental impact of

meat is a highly debatable subject and health is not the only aspect people consider.

In the first study, we included 41 studies and found that people are attached to meat and are unwilling to
change their behaviour. Participants' willingness to change meat consumption was generally low. People
considered meat an essential component of a healthy diet, enjoyed eating meat, felt that meat is a part of
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their traditions, and believed they lack the knowledge and cooking skills to prepare an adequate meal without

meat.

In the second study, 304 participants participated in the survey, seven agreed to participate in the semi-
structured interviews and, eight in the follow-up assessment. We observed that, when informed about the
cancer incidence and mortality risks of meat consumption, most respondents were not willing to reduce their

intake, and men were appreciably less willing to reduce meat consumption.

In the third study, we included 70 studies and found that regardless of people’s general beliefs about meat
and its impact on the environment, most people were unwilling to change their meat consumption, and,
among those who did already reduce their meat intake in the past, environmental concerns were not always

the main reasons but often a contributory factor among others.

People are highly attached to meat consumption and wish to maintain their dietary habits, regardless of the
potential harmful impact that meat might have on their health and/or the environment. Organizations
developing dietary guidelines should ensure that their recommendations consider this type of evidence. This
thesis provides a methodological basis for obtaining, evaluating, and integrating peoples' values and

preferences in the context of FBDGs.
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Existe una gama de diferentes factores, relacionados con la salud y otros aspectos, que influyen en los valores
y preferencias de las personas sobre el consumo de carne. La identificacién e incorporacion de los valores y
preferencias de las personas en el proceso de desarrollo de las guias alimentarias asegura que las
recomendaciones sean mas facilmente aceptadas y cumplidas por aquellos que se beneficiardn de las

pautas.

El objetivo de esta tesis es desarrollar un proceso metodoldgico para identificar, sintetizar, evaluar e
integrar evidencia sobre los valores y preferencias relacionadas con el consumo de carne, enla

formulacion de recomendaciones para guias alimentarias.

Este trabajo de tesis se presenta como un compendio de tres articulos publicados en revistas revisadas por

pares.

En el primer estudio, realizamos una revisién sistematica de métodos mixtos para identificar los valores y
preferencias relacionados con la salud de las personas con respecto a la ingesta de carne. Esta evidencia se

utilizé para informar al panel de la guia para la elaboracién de recomendaciones sobre la carne.

En el segundo estudio, realizamos un estudio transversal explicativo secuencial de métodos mixtos con
el objetivo de evaluar los valores y preferencias de las personas sobre el consumo de carne v,
especificamente, su disposicién a modificar su ingesta cuando se les informa sobre los posibles riesgos de

cancer asociados con el consumo de carne.

En el tercer estudio, llevamos a cabo una revision sistematica de métodos mixtos para investigar en qué
medida las preocupaciones ambientales pueden influir sobre el consumo de carne, ya que el impacto
ambiental de la carne es un tema muy discutible y la salud no es el Unico aspecto que las personas

consideran cuando eligen consumir carne.
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En el primer estudio, incluimos 41 estudios y descubrimos que las personas estan arraigadas a la carne y no
estan dispuestas a cambiar su comportamiento alimentario. La disposicidon de los participantes a cambiar la
ingesta de carne fue generalmente baja. Las personas consideraban que la carne era un alimento saludable
y esencial, disfrutaban comiendo carne, sentian que la carne era parte de sus tradiciones y creian que

carecian del conocimiento y las habilidades culinarias para preparar una comida adecuada sin carne.

En el segundo estudio, 304 participantes participaron en la encuesta, siete aceptaron participar en la
entrevista semiestructurada y ocho en la evaluacién de seguimiento. Observamos que, cuando se les informd
sobre la incidencia de cancer y los riesgos de mortalidad de la ingesta de carne, la mayoria de los encuestados
no reduciria su consumo y los hombres estaban considerablemente menos dispuestos a reducir la ingesta de

carne que las mujeres.

En el tercer estudio, incluimos 70 estudios y encontramos que, independientemente de las creencias
generales de las personas sobre la carne y su impacto en el medio ambiente, la mayoria no estaba dispuesta
a cambiar su ingesta de carne y, entre aquellos que ya redujeron su consumo de carne en el pasado, las
preocupaciones ambientales no siempre fueron las principales razones, pero a menudo fue un factor

contribuyente entre otros.

Las personas estan muy arraigadas al consumo de carne y desean mantener sus habitos alimentarios
independientemente del potencial factor de riesgo que la carne pueda tener sobre su salud y/o el medio
ambiente. Las organizaciones que desarrollan guias alimentarias deben asegurarse de que sus consideren
este tipo de evidencia. Esta tesis proporciona una base metodoldgica para obtener, evaluar e integrar los

valores y preferencias de las personas en el contexto de las guias alimentarias.
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Hi han diferents factors, relacionats amb la salut i altres aspectes, que influeixen en els valors i les
preferéncies de les persones sobre la ingesta de carn. La identificacid i incorporacié dels valors i
preferéncies de les persones en el procés d'elaboracié de les guies alimentaries garanteix que les
recomanacions siguin més facils d'acceptar i complir per part dels que pretenen beneficiar-se de

les directrius.

L'objectiu d’aquesta tesi és desenvolupar un procés metodologic per sintetitzar, avaluar i integrar
evidéncia sobre les valors i les preferéncies de les persones relacionat amb la ingesta de carn, en la

formulacio de recomanacions per a les guies alimentaries.

Aguest treball de tesi es presenta com un compendi de tres articles publicats en revistes revisades per parells.

En el primer estudi, vam realitzar una revisié sistematica de metodes mixtos per identificar els valors i
les preferéncies relacionades amb la salut de les persones pel que fa a la ingesta de carn. Aquesta

evidencia es va utilitzar per informar al panel de la guia per a I'elaboracié de recomanacions de carn.

En el segon estudi, vam dur a terme un estudi seqliencial explicatiu transversal de metodes mixtos amb
I'objectiu de avaluar la voluntat de les persones de modificar la seva ingesta quan s'informava dels

possibles riscos de cancer associats a la ingesta de carn.

En el tercer estudi, vam realitzar una revisid sistematica de metodes mixtos per investigar fins a quin punt
les preocupacions ambientals poden influir en els comportaments de consum de carn, ja que
I'impacte ambiental de la carn és un tema molt discutible i la salut no és I'Uinic aspecte que la gent té en

compte a I'hora d’escollir el consum de carn.

En el primer estudi, vam incloure 41 estudis i vam trobar que la gent esta arrelada a la ingesta de carn i no
esta disposada a canviar el seu comportament alimentari. La voluntat dels participants de canviar la ingesta

de carn va ser generalment baixa. La gent considerava la carn com un aliment saludable i essencial, li agrada
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menjar carn, considerava que la carn forma part de la seva tradicid i creia que no té els coneixements i les

habilitats de cuina per preparar un apat adequat sense carn.

En el segon estudi, 304 participants van participar en I'enquesta, set van acceptar a participar en I'entrevista
semiestructurada i vuit en l'avaluacié de seguiment. Vam observar que quan se'ls va informar sobre la
incidéncia de cancer i el risc de mortalitat associats a la ingesta de carn, la majoria dels enquestats no
reduirien la seva ingesta i els homes estaven considerablement menys disposats a reduir la ingesta de carn

que les dones.

En el tercer estudi, vam incloure 70 estudis i vam trobar que, independentment de les creences generals de
la gent sobre la carn i el seu impacte en el medi ambient, la majoria no estava disposada a canviar la seva
ingesta de carn i, entre els que ja van reduir la seva ingesta de carn en el passat, les preocupacions
ambientals no sempre van ser les raons principals, sind que sovint van ser un factor que contribuia entre

d'altres.

Les persones estan molt arrelades al consum de carn i volen mantenir els seus habits alimentaris
independentment del potencial factor de risc que la carn pugui tenir sobre la seva salut i/o el medi ambient.
Les organitzacions que desenvolupen guies alimentaries han d'assegurar-se que les recomanacions
considerin aquest tipus d'evidéncia. Aquesta tesi proporciona una base metodologica per obtenir, avaluar i

integrar els valors i les preferéncies de les persones en el context de les guies alimentaries.
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1. INTRODUCTION
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A healthy diet throughout life is key for the overall health of each individual (1). People’s diet is defined by
the dietary pattern individuals adhere to, which in turn is composed by the foods they eat and, the food
components and nutrients the foods are made of (2). Foods are therefore essential to people's health,
whereas food components and the corresponding included nutrients are necessary for meeting the
appropriate nutrient requirements (2). Recognizing and understanding this interdependent relation between
dietary patterns, foods, foods’ components and nutrients, is essential in developing appropriate dietary

guidelines (2).

In the past, nutritional related health problems were mainly associated with undernutrition and nutrition
deficiencies, and, for this reason, nutritional epidemiological studies mostly followed a single nutrient
approach by focusing on the quantities of individual nutrients that people should consume to achieve a
healthy nutrition state. Nowadays, instead, the nutrition related complications are influenced mainly by
chronic diseases, as a result of a complex interaction between the food or food groups intake and other
determinants affecting the overall diet quality, shifting the focus more towards dietary patters and foods

consumed, if single nutrients intake (2).

There is a large body of evidence showing the beneficial health effects of a proper diet, as it promotes healthy
pregnancy outcomes (3); supports normal growth (4) and healthy development and ageing (5); helps to
maintain a healthy body weight (6); it prevents and treat mental health disorders, such as depression and

anxiety (7) and, it reduces the risk of chronic diseases (8).

The world, however, faces an alarming nutrition situation with 88% of countries suffering between two to
three serious forms of malnutrition (9) including: acute and/or chronic undernutrition, micronutrient
deficiencies, obesity and diet-related diseases (including type Il diabetes, cardiovascular diseases and certain

types of cancer) (10).

The prevalence of chronic conditions and the number of deaths related to noncommunicable diseases has
increased over time (11). According to the Global Burden of Disease Collaborative Network, in 2019, it was
estimated that chronic conditions caused almost 42 million deaths worldwide (11) and, in the Global Burden
of Diseases, Injuries, and Risk Factors Study 2017, it was estimated that one in five deaths worldwide - mainly

related to cardiovascular diseases and cancers - can be attributed to an unhealthy diet (8).

As food plays a vital role in supporting health and in response to the increased prevalence of chronic diseases
(8), more recent experimental studies have investigated how food and nutrition interventions - named as
well “food is medicine” interventions- can prevent, manage, treat and in some cases even cure illnesses (12).
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This emerging body of evidence highlights even more the key role that food and nutrition play in individuals’
health, and suggests how food and nutrition interventions, if implemented on a broader scale, may improve
the overall health of the general population (12). For this reason, several scientific communities including the
American Society for Nutrition, strongly support these “food is medicine” interventions, highlighting their

effectiveness in response to serious health conditions affected by diet (13-15).

Nevertheless, in the clinical encounter, clinicians normally do not emphasize much on the role that nutrition
might play on their patient’s health (16). Lack of time at the clinical consultations, insufficient nutrition
training as well as the lack of consistent and trustworthy nutritional evidence, makes it challenging for

clinicals to provide appropriate nutritional counselling (17).

In response to, one hand, the large evidence on nutrition as an important contributor to human health and,
to the other hand, the lack of consistent and trustworthy nutrition evidence, public health bodies and
organizations have placed healthy nutrition amongst their priorities and are developing food-based dietary
guidelines aimed at improving diet quality for better health, prevention of diet-related diseases, and

reduction of the burden of malnutrition (18,19).
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Food-based dietary guidelines (FBDGs) -also known as dietary guidelines- provide advice on foods, food
groups and dietary patterns in order to promote healthy eating and prevent noncommunicable diseases (20).
The Food and Agriculture Organization of the United Nations (FAO) describes them as guidelines that
“provide context-specific advice and principles on healthy diets and lifestyles which are rooted on sound
evidence and respond to a country’s public health and nutrition priorities, food production and consumption
patterns, sociocultural influences, food composition data, and accessibility, among other factors. Typically,
FBGDs propose a set of recommendations in terms of foods, food groups and dietary patterns to provide the
required nutrients to promote overall health and prevent chronic diseases” (10). A concisely and shorter
definition was provided by the European Food Safety Authority (EFSA), describing the FBDGs as “science-

based recommendations in the form of guidelines for healthy eating” (21).

FBDGs translate nutritional guidelines (e.g., recommended sugar daily intake) into dietary messages for
consumers, by using nontechnical language, enabling individual consumers to compose their daily diet based
on the recommended food groups, in the suggested proportions for a healthy diet (22). Overall, FBDGs are
key for guiding and facilitating the formulation of a wide range of policies and programmes about food and
nutrition, health, agriculture and nutrition education. Therefore, they represent a unique opportunity to

favourably impact diets and the food system, from production to consumption (23).

Usually, FBDGs are developed for the general healthy population, whereas separate guidelines are developed
for population sub-groups with specific nutritional needs, such as pregnant, lactating omen and the elderly
(23). More recently, there is an increasing number of studies suggesting the need of shifting form the
traditional population-based recommendation to individualized recommendations (24,25). This new
perspective of “personalized nutrition” aims to provide targeted nutritional advice, founded in evidence-
based science to individuals, considering information on individual characteristics to promote dietary

behaviour change that may result in measurable health benefits (24,25).

FBDGs should be country-specific and should consider aspects related to the context to which they apply,
including: the practicality of implementation, the local foods, access and availability of foods, and the social-
economic situation of a given country (20). Moreover, dietary guidelines should include brief and easy to
understand messages, that are based on the most recent and highest-quality evidence available (20-22). The
messages reported should be, therefore, simple and, include graphics about local foods, food groups and

lifestyle choices (22,26).
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Herforth et al. 2019 provided a global review of existing FBDGs and assessed differences and similarities of
recommended healthy dietary behaviours across the globe and established which FBDG included key
messages aligned with the World Health Organization (WHO) recommendations. Although this review found
several common messages across countries aligned with the WHO recommendations (to consume a variety
of foods; to consume some foods in higher proportion than others; to consume fruits and vegetables,
legumes, and animal-source foods; and to limit sugar, fat, and salt), recommendations on dairy, red meat,
fats and oils, and nuts varied considerably. In the case of meat, for instance, the differences across countries
might be related to the different consumption levels in each country. In some populations (e.g., Guatemala)
with low consumption levels, meat intake is recommended to avoid anaemia, whereas, in other populations
with high levels of meat intake (e.g., the Netherlands), a reduction of meat consumption is recommended to

reduce health related risks and environmental sustainability (27).

Different graphical representations of FBDGs exist, for example, they can be presented as plates or food
pyramids, food pots, rainbows, spin tops, or oyster shell. (22,28). Three examples of existing guidelines are
provided below in Figure 1, 2 and 3. Typically, each country can decide which graphic to use that it is most
representative for the population, as well as the number of recommendations, its indented target group, and
the food groups to be displayed following the national health and nutrition agenda (28). Guidelines and
specifically FBDGs are an excellent tool to stay up to date, they help reducing unjustified variability in clinical
practice, promote knowledge transfer, as they translate scientific evidence to clinical practice in the form of
recommendations, facilitate decision-making process of health decisions, and ultimately improve the use of

resources (29,30).
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FBDGs are therefore of key importance for the general public, as well as for health professionals, when faced
with clinical scenarios of uncertainty for making an informed health decision, by providing evidence-based
dietary recommendations. These guidelines have the potential to influence dietary advice given by health

professionals to patients, the public’s dietary choices, as well as food labelling and research priorities (33,34).

Currently, there are 20,390 references indexed in MEDLINE related to FBDG published between 1960 and
2022 (MEDLINE search, via PubMed). The interest aroused by FBDG can be clearly reflected in the increase

in the number of publications related to dietary guidelines, in recent decades (Figure 4).

Number of publications

Figure 4. Number of publications related to dietary guidelines indexed in MEDLINE (via PubMed).

1.2.2 Development of food-based dietary guidelines

In general, FBDGs are developed by a guideline development working group composed by interdisciplinary
teams, including members with expertise in different areas (35,36). Depending on the institution or
organization developing the guideline, suggested and included members can range from the food science
and nutrition field to the agriculture and food industry (35,36). According to the FAO, the working group
should include representatives of agriculture, health, food science, nutritional science, consumers, food
industry, communications, and anthropology (35). Other organizations suggest and/or require the inclusion
of other technical experts, such as for example, epidemiologists, experts on processes and methods for
developing evidence-based guidelines, or health economists. (36). Although members of the guideline's
development working group are generally invited through the launching a public call for experts (37,38), each
organization establishes its own approach for selecting the members, that may or may not be explicitly
reported in their methods.
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With regard to the process for developing FBDGs, the overall process of developing FBDGs has changed over
time, and it varies depending on the countries, institutions and/or organizations developing the guideline
(21,39-41). A 9-step structured process for developing FBDGs was first proposed in 1998 by a collaboration
between WHO and FAO (39). After approximately 10 years, EFSA - under the request of the European
Commission - provided a scientific opinion on the process for developing FBDGs (21). EFSA proposed a 7-step
approach including the identification of: 1) diet-health relationships, 2) country specific diet-related health
problems, 3) nutrients of public health concern, 4) foods relevant for food-based dietary guidelines and 5)
food patterns, and 6) testing of food based dietary guidelines and finally 7) development of graphical

representations of the FBDGs (21).

The process for developing optimal dietary guidelines is continuously evolving, in fact, as an example, FAO
and other national guidelines organizations (e.g., Swedish and Brazilian FBDGs) are currently revising the
overall methodology for developing FBDGs to ensure that the dietary recommendations take into account
the associated environmental impact (42). Despite the differences in terms of number of steps and the
timing, generally, dietary guideline development includes: a) identification and formulation of the research
guestions, b) the creation of the working group and panel composition, c) search and selection of scientific

evidence, d) formulation of recommendations, and e) dissemination.

Table 1 below provides an overview of the first developed FBDGs processes, and some of the most recent
ones. The first ever proposed approach by FAO/WHO collaboration reports following a nine steps approach
described in a published World Declaration and Plan of Action for Nutrition (39), the WHO currently follows
a three steps approach, which is described in a published handbook for guideline development (36, 43) and
finally, the U.S. Department of Agriculture (USDA) 2020-2025 dietary guideline reported following a five steps
approach, described in a published Scientific Report of the 2020 dietary guidelines (41).
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Table 1. Overview of FBDGs overall approach

FAO/WHO (39)

WHO (36,43)

USDA (41)

1 | Working group should be
formed, including
representatives of agriculture,
health, food science,
nutritional science, consumers,
food industry,
communications, and
anthropology.

Planning.

Defining the scope, identifying

funding and potential contributors,
and preparing a planning proposal.
Formulation of key questions to be

addressed by the guideline, following

the PICO format (P: population; I:
intervention or exposure, C:
comparator and, O: outcome).

Identify the scientific questions.

Identify topics and supporting
scientific questions to be
examined. HHS and USDA
propose that scientific questions
for the new guideline should be
based on relevance, importance,
potential federal impact, and by
avoiding duplications.

2 | Appropriate technical focal
points provide material on
nutrition-related diseases, and
on food availability and food
intake patterns in the country.
Members of the working group
are invited to suggest
nutritional objectives.

Development.

It involves retrieving, synthesizing,
and evaluating the evidence. Based
on the evidence and other
considerations, recommendations
are formulated, and the guideline is
written.

Appoint the advisory committee.
Appoint a Dietary Guidelines
Advisory Committee. HHS and
USDA request nominations for
the Dietary Guidelines Advisory
Committee (Committee) and
select the Committee through
launching a call of experts.

3 | Working group identifies,
through full discussion, a set of
major nutrition-related health
problems for which dietary
guidelines could be useful.
Working group also evaluates
the general food production
and supply situation by
considering current practices,
subsidies and other
governmental policies and
problems, to see if FBDG can
be implemented under the
present situation.

Publishing and updating.

It involves designing the guideline
format and layout; creating
derivative products for various end
users, translate the guidelines to
other languages, and disseminating
to the target audience.

Advisory Committee reviews
scientific evidence. Advisory
Committee reviews scientific
evidence on nutrition and health
across the life span, discusses its
evidence review during public
meeting, considers public
comments as it reviews the
evidence and develops its
scientific reports, and finally
submits s scientific report to the
secretaries of HHS and USDA.

4 | Set of draft "food-based
guidelines" are formulated.

Develop the Dietary Guidelines.
HHS and USDA work together to
develop the Dietary Guidelines.
Each edition of the Dietary
Guidelines builds upon the
preceding edition, with the
scientific justification for revisions
informed by the scientific report
of the new Dietary Guidelines
Advisory Committee, and
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consideration of public and
Federal agency comments.

Background/back-up
statements for each "food-
based guidelines" are
prepared, and each statement
is circulated to all working
group members.

Implement the Dietary
Guidelines. Implement the
Dietary Guidelines through
Federal programs. HHS and USDA
release the updated Dietary
Guidelines and work with
Federal, state, and local partners
to implement the new edition.

Working group or committee
meets again and each
background statement is
critically reviewed and revised.
Wording of guideline
statements is pilot tested with
consumer groups, revised as
needed, and carefully checked.

Background statements are
finalized, synthesized, and sent
to interest groups in the
country for comment (possibly
also to international advisers).

Working group meets again to
consider changes, in view of
the comments received.

Working group secretary puts
together draft of final report;
working group concludes draft,
adopts, publishes, and
disseminates final report, and
implementation begins.

U. S. Department of Agriculture; HHS= Health and Human Services.

Abbreviations: FAO= Food and Agriculture Organization of the United Nations; WHO= World Health organization; USDA=

Systematic reviews are an important methodological approach for the identification, evaluation, and
synthesis of evidence collected, according to pre-specified eligibility criteria in order to answer a specific
research question (44,45). According to evidence-based medicine (EBM) principles, not all evidence is the
same and, the quality and the amount of evidence available varies (46). An evidence pyramid was created to
visually describe the hierarchy of the different types of evidence, placing systematic review evidence at the

top of the pyramid, as the highest quality but less common type of evidence (46).
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Systematic reviews are conducted in order to support informed decision-making processes about an
intervention, diagnostic test, prognostic factor or any other health or healthcare related topic by providing
an up-to-date summary of the state of research knowledge on the topic of interest (44). In addition,
systematic reviews aim to minimize bias by following methods explicitly reported previously in a protocol

(44).

A definition of a systematic review by the Institute of Medicine is “a scientific investigation that focuses on a
specific question and that uses explicit, planned scientific methods to identify, select, assess, and summarize
the findings of similar but separate studies, and can help clarify what is known and not known about the

potential benefits and harms of drugs, devices, and other healthcare services” (47).

The methodological approach followed by Cochrane — an organization whose mission is to promote evidence-
based informed decision making — is considered the gold standard of systematic review development. Good
quality systematic reviews should follow methods outlined in the Cochrane Handbook for systematic review
development (44) and, should adhere to a set of standards agreed across other communities of guidelines
developers and systematic reviews methodologists (48), including: adherence to the PRISMA (Preferred
Reporting Items for Systematic reviews and Meta-Analyses) statement for reporting of systematic reviews
and meta-analyses (49), as well as to the Standards for Systematic Reviews produced by the Institute of
Medicine (47), and finally, the quality of the individual studies as well as the overall quality of the evidence
produced should be assessed following the Grading of Recommendations Assessment, Development and

Evaluation (GRADE) approach (50).

There are different types of systematic reviews. They can be either quantitative, qualitative or mixed
methods. The main difference is the type of studies and evidence that will be considered eligible and
therefore the type of results that will be produced. For quantitative or meta-analysis systematic reviews,
quantitative studies -for example randomized controlled trials of treatment effects - will be considered
eligible and the quantitative results — pooled estimates or meta-analysis - will be presented in graphical and
tabular formats, for qualitative systematic reviews, qualitative studies such as cross-sectional studies
conducting focus groups discussions will be included, and findings will be presented as narrative themes
synthesis, for mixed-methods systematic reviews both types of studies will be included in which typically,

both components will be presented as narrative and in tables (51).

Among guidelines' development groups, there is high consensus that guidelines should be based on
systematic review evidence (47,48,52,53). Overall, systematic reviews can assist members of a guideline
panel in formulating recommendations by facilitating a similar interpretation of a comprehensively collected
and rigorously assessed body of evidence (53); this will lead to the development of guidelines through a

systematic and transparent approach (48).
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Systematic reviews have been established as the preferred approach also in the context of dietary guidelines
development (38, 54), as they can inform through a systematic and transparent approach guideline panels

about the health effects of the consumption of specific foods.

However, the nutrition field faces few more methodological challenges for the application of good quality
systematic reviews (45). In face of the scarce availability of randomized controlled trials in nutrition, dietary
guidelines rely often on observational studies results, which are at potentially higher risk of bias (54,55).
There are several examples of cohort studies and randomized controlled studies showing inconsistent results
(54,56); for instance, cohorts' studies showed that people who consumed a diet rich in antioxidants (i.e.,
beta-carotene, vitamin A, vitamin C, vitamin E, selenium) had a lower risk for developing cardiovascular
disease and cancer (57), whereas a Cochrane systematic review and meta-analysis of 78 RCTs (n = 296,707)
revealed no evidence to support antioxidant supplements for primary or secondary prevention (58). These
inconsistencies demonstrate that relying on observational studies may result in misleading inferences and

less trustworthy recommendations (56).

In order to overcome these challenges and strengthen the credibility of dietary recommendations, it is
suggested that systematic reviews of the nutritional literature should consider observational studies
separately from randomized trials (56), risk of bias of included studies should be assessed with the Cochrane
Risk-of-Bias tool and the ROBINS-I tools respectively (54) and, the certainty (quality) of the pooled estimates

should be assessed independently from the meta-analyses evidence (56).

Finally, as nutritional epidemiological studies are at higher risk of bias mostly due to validity and reliability of
dietary measures, prevalent-user designs, inappropriate comparators, and residual confounding (55), a
standardised format for conducting and reporting nutritional research study is crucial to mitigate such
limitation (59). For this reason, the Strengthening Reporting of Observational Studies in Epidemiology
(STROBE) initiative proposed a set of recommendations for improving the quality of reporting for Nutritional
epidemiology, called STROBE-nut (59). The STROBE-nut guideline consists in a checklist including 24
recommendations. The use of this checklist is highly recommended to ensure and improve clarity,

completeness and, transparency of research reports and ultimately increase the overall quality (59).

International groups, including the Institute of Medicine (60), the WHO (36), and the Guidelines International
Network (GIN) (48), over the years, have established a set of standards for the development of trustworthy
and good quality guidelines. These standards include: transparency details on guideline development and
funding explicitly reported, management of conflicts of interest, a multidisciplinary guideline group
composition with methodological expertise and including patient and community members, use of

systematic reviews and meta-analysis, certainty assessment of the evidence and rating the strength of
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recommendations, clear articulation of recommendations and, external review by a full spectrum of

stakeholders (e.g., scientific and clinical experts, patients and community representatives) (60).

Despite the high consensus on the methodological approach for guidelines development, many clinical
practice guidelines (CPGs) still lack of methodological robustness and quality (61). A previous systematic
review of clinical guidelines showed that that although the quality of CPGs has increased over time, according

to the AGREE instrument evaluation, quality scores have remained moderate to low (61).

Similarly, in the context of nutrition and health, previous evaluations reported several methodological
limitations in the development of dietary guidelines (62-68). In a recent overview of reviews of studies
assessing the quality of nutritional guidelines using the AGGREE tool, it was found that the overall quality of
FBDGs varied and had not improved over time (66). The main limitations reported were related with
stakeholder involvement including lack of transparency in the formation of the guideline working group and
the panel composition (69); lack of reporting of conflicts of interest (69); rigor of development, applicability,

and editorial independence of the guideline (66).

In another review investigating the methods used for synthesizing the evidence and grade the
recommendations in FBDGs, it was found that only a minority of FBDGs conducted systematic reviews
specifically for the guideline, and that the methods used to conduct the evidence reviews were poorly
reported (65). In addition, none of the recommendations were graded based on their strength, using a

consensus approach or through a more structured process, such as GRADE (65).

Another limitation referred to the lack of involvement of patients or patients' representatives and community
members in the development of the recommendations; for example, many guidelines related to sugar

consumption did not describe how they obtained the values and preferences of their target population and

those guidelines that did, did not explicitly report the process they followed (62).
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On a daily basis, people need to choose from a wide range of foods and, their choices are influenced by the
interaction of many different factors (70), including biological, psychological, social, cultural, and historical
influences (71,72). Food choice is broad term that comprehend a series and complex dynamics and decisions

that ultimately determine people’s food behaviours in relation to what they buy, cook, eat and store (73).

As defined by the Food Standards Agency, food choice is "the selection of foods for consumption, which
results from the competing, reinforcing, and interacting influences of a variety of factors. These range from
sensory, physiological, and psychological responses of individual consumers to interactions between social,
environmental, and economic influences including the variety of foods and food industry activities to promote
them” (74). Regarding environmental influences for example, and specifically nutritional claims about what
might improve or harm peoples' well-being, over the past two decades, people have been and are constantly
exposed to numerous nutrition related messages through different information sources, ranging from

scientific research publications to social media posts and news (75).

What people eat, why they eat it and under which circumstances, defines overall peoples’ food culture (76).
Food culture is an overarching and comprehensive concept underpinned by peoples' values and preferences
as well as the context of structure and norms in which food is formed and consumed (77). Although the
concept of food culture is not broadly used in nutrition research, it has existed since the mid-1980s (77), and,
it was defined by the American ethnologist Lucy Long as “the practices, attitudes, and beliefs as well as the

networks and institutions surrounding the production, distribution, and consumption of food” (77).

With respect to red and processed meat, the image and culture around meat consumption suffered an
important shift in the past decades. In light of recent studies showing an association between consumption
of unprocessed red meat and processed meat and undesirable health consequences, such as all-cause
mortality, cardiovascular mortality, and stroke (78-83), most dietary guidelines suggest limited consumption

of meat (84-86).

In addition, although, some authors have questioned the current consensus because of the weaknesses of
the epidemiological signals and the lack of clear causal associations (87-90), the image of meat has changed
not only under the lens of health concerns, but also because of the claimed environmental impact of meat
production. Meat production is considered as a major source of anthropogenic greenhouse gas emissions

and freshwater depletion, that ultimately favour global warming and environmental degradation (91,92).

Overall, the emerging evidence and the ongoing debate about the potential health and environmental impact
of meat have shaped the food culture and the image around meat. Therefore, in order to develop appropriate
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food-based dietary guidelines, it is fundamental to follow, investigate and understand people’s current values

and preferences that ultimately shape their food choices.

According to a literature research study investigating the theoretical concept of values and preferences (93),
the term “value” refers to the extent to which something is considered desirable or undesirable, whereas
“preference” for one thing over another demonstrates that the former is valued more than the latter (93).
Values are therefore not measurable entities, but instead are inferred by the individuals' preferences and for

these reasons are often used as synonymies (93).

In the nutrition field, the concept of “people’s values and preferences” over the years became increasingly
popular; however, till today there is no agreed term nor definition. In the published research literature, the
terms "values", "predispositions ", "preferences”, “attitudes”, “goals”, “likes vs. dislikes", and "beliefs" are
often used interchangeably. Although there is not a proposed nor agreed definition within the context of
dietary guidelines, several studies have referred to the overall concept “values and preferences” in relation
to food by providing different explanations. Studies report it as either: individuals’ predisposition to either
favour (like) or not favour (dislike) a specific food (94); individuals’ despondency or pleasure to consume
certain foods (95); peoples’ reasons for eating or not specific foods (96-98); people’s willingness to pay for
specific foods (99,100); or as people’s willingness to change their dietary behaviour (101). With regard to
willingness to change, our group has reported it as either individuals’ willingness stop, reduce, or increase

the consumption of a specific food (102).

Similarly, the equivalent concept used in the context of clinical practice guidelines, referring to patients’
perspective, has not reached an agreed definition either. However, many terms that are interchangeably
used for referring to patients values and preference have been coined by different organizations within the
field of CPGs development. For example, GIN refers to “patient and caregiver preferences and concerns”
(103), whereas within the AGREE Il tool the overarching concept is defined as the “views and preferences of
the target population (patients, public, etc.) (104). One of the most common terms seen in the literature, is
the term "values and preferences of the patients”, which was proposed by the GRADE working group (105)
and defined as " an overarching term that includes patients' perspectives, beliefs, expectations, and goals for
health and life ". Furthermore, it also referred, more precisely, to “the processes that individuals use when
considering the potential benefits, risks, costs, and inconveniences of the management options in relation to

one another” (106,107).

Finally, more recently, with the development of the Evidence to Decision (EtD) frameworks -tools that help
panel members and people in making an informed decision through a structured and transparent approach

in the context of health care decisions including recommendations -the concept “patients values and
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preferences” has been specified as the importance of the outcomes or health states of interest (108,109),
according to which, preferences for or against an intervention are determined by the importance given to

the outcomes of interest (110).

The consideration of patients’ preferences in the clinical setting is a concept that forms part of the practice
of evidence-based medicine since the late 90s (111). This consists of integrating people’s preferences in the

decision-making process at the time of choosing between different options and/or treatments (111).

As a matter of fact, one of the three fundamental principles on which the EBM approach is based on, states
that “evidence alone is never sufficient to make a clinical decision” (112). In addition to clinicians' expertise
in understanding the patient dilemma (from a clinical, social, and economic perspective) and in identifying
the best evidence to suggest the appropriate treatment, the values and preferences of the patient should
also be considered and guide the decision about the treatment options available (113). According to the EBM,
“decision makers must always trade off the benefits and risks, burden, and costs associated with alternative
management strategies and, in doing so, consider their patients' unique predicament and values and

preferences” (113).

Over the last decades, patients’ perspective and their participation in medical care has become of central
importance in many public health initiatives, programs, and interventions (113-120). In the same way, in the
context of CPGs, patients' perspectives as well as their involvement during the guideline development

process has been gradually integrated in the overall guideline development process (118,119,121,122-127).

Several reasons have been reported for incorporating patient values and preferences in the development of
guidelines (110,119), but mostly importantly, it is suggested that recommendations that consider the values
of the target population may be more easily accepted and therefore implemented and adhered to (110).
Further motives for incorporating patient values and preferences in guideline include: 1) ethical
considerations related to patients’ increased willingness of being active participants in the decision-making
process (119, 128-130); 2) in case of lack of evidence and/or uncertain results, decisions are driven by
patient’s preferences (131); 3) preferences can vary regardless of the evidence and related certainty (132-
134); 4) more options with similar or equal effectiveness may co-exist (135), and finally, 5) patient
preferences and motivation for treatment can positively affect treatment outcomes in randomized controlled

trials in musculoskeletal medicine (136).

Likewise, in the context of dietary guidelines, the integration of people's values and preferences in the
development of recommendations in strongly advocated (30). According to FAO, FBDGs should “provide

context-specific advice and principles on healthy diets and lifestyles, which are rooted on sound evidence, and
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respond to a country’s public health and nutrition priorities, food production and consumption patterns,
sociocultural influences, food composition data, and accessibility, among other factors” (10). The
consideration of the dietary habits and socio-cultural and religious preferences of the target population is
strongly recommended by several other health organizations, suggesting that the integration of people’s
values and preferences will increase the recommendations to be culturally acceptable and implementable

(10,21,41).

Despite the increased awareness regarding the importance of following healthy lifestyles and how diet can
strongly contribute to health, compliance, and adherence to recommended lifestyles and/or dietary
behaviours is not guaranteed (137,138). According to the Healthy Eating Index (HEI), for Americans ages 2
and older, HEI-2015 scores indicate that intakes are not consistent with recommendations for a healthy
dietary pattern (139). Another study assessing the compliance with 4 healthy lifestyle recommendations -
including “consuming 5 fruits and vegetables per day” - conducted in 164,940 adult participants in the 2000
National Behavioural Risk Factor Surveillance System, found that only 3% of the U.S. adults surveyed followed
all 4 modifiable lifestyle characteristics (140). These results showed that regardless of the advocacy and
publicity on the importance of diet to health, people continued with their current consumption (137,138).
This could be explained by the lack of considerations of socioeconomic, cultural, and political factors, as well

as people’s values and preferences that ultimately influence people’s food choices (138,141).

Peoples' food values and preferences are decisive for individual’s dietary intake and dietary behaviour, thus,
tailoring public health messages and dietary recommendations accordingly may improve overall compliance
as well (56). This will also improve the quality of the diet of the individuals and, consequently, contribute to
the overall health and quality of life (137,138). In addition, offering alternative dietary pattern options
tailored to people’s values and preferences may increase the likelihood of long-term success of maintaining
a healthy dietary pattern (30). Overall, the evaluation and integration of the target population values and
preferences may improve the quality of dietary guidelines and their relevance to end-users, especially

patients and community members (56)

Over the years, with the increased recognition of needing to consider people’s perspective in health research,
several health and guidelines organizations have proposed several frameworks for the identification and
integration of peoples’ perspective (130,142,143). However, currently there is no standardized method on

how to obtain people’s values and preference and on how to incorporate them in the development of FBDGs.

Guidelines organizations may adopt a variety of methods to involve the public and consider their values and
preferences in the development of a guideline, as stated by the GIN: “there is definitely not a one size-fits-all
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approach” (144). GIN has developed a specific toolkit describing the different approaches for patient and
public involvement in guidelines (145). Depending on the communication flow between the guideline
organization and the public involved, we can distinguish three main categories of strategies: 1) consultation
- information is collected from patients and the public, 2) participation - information is exchanged between
the public and other guideline developers- and 3) communication - information is communicated to patients
and the public. Figure 5 describes overall goals and examples of methods used for each of these three
categories. However, it is also common to combine different strategies across these three categories to have

a more comprehensive involvement (145).
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Figure 5. Strategies and methods to involve patients in the development of clinical practice guidelines,
adapted from the G-I-N Public Toolkit table, p. 15 (145).

A systematic review on CPGs incorporating patients’ values and preferences found that despite the majority
of included guidelines suggested including patients' perspective in the development process, guidance on
how to implement it was limited (provided by the 47.5% of included studies) (146). The methods reported
were mainly regarding how to identify and recruit patients or patient's representative and how to obtain
their values and preferences (sources of patients’ perspective). For the latter, the most frequently reported
sources for patients’ views were: i) the consultation with patients or their representatives; ii) considering the
judgement provided by the guideline panel; iii) the development of original (de novo) research; iv) conducting

of systematic reviews of relevant evidence (146).
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An international cross-sectional survey conducted in 2018, described how guideline developers identify,
incorporate and report patient preferences (147). This study found that many guideline developers used a
combination of different approaches to identify patient's' preferences but mostly by engaging patients as
panellists and by extracting patient’s preferences from published research (147). Similarly, different
approaches to incorporate patient’s preferences were identified, the most frequently reported were the use
of patient preferences to generate recommendations, specify treatment preferences, or establish guideline
guestions (147). Finally, regarding the methods on how to report and describe patients' preferences in their
guideline, a smaller number of organizations explicitly reported the identified preferences or how they
influenced the formulation of recommendations. Patients' preferences were implicitly reported in the

formulation of guideline recommendations, questions, or point of- care communication tools (147).

In our setting, a recent systematic review assessing the methodological quality of Spanish dietary guidelines
(published between 2007 and 2019), found that many of the FBDGs did not report how they sought the
values and preferences of their target population, nor they obtained value and preference data to inform
any food-based dietary recommendations (148). However, in the past decade, published dietary guidelines
and relevant health organizations such as the FAO and WHO highlighted the importance of customizing the

dietary recommendations based on the values and preferences of the individuals (10,36).

In the USDA 2020-2025 dietary guideline, one of the four general formulated guidelines for ‘nutrition and
health across the lifespan’ states the following: “Customize and Enjoy Food and Beverage Choices to Reflect
Personal Preferences, Cultural Traditions, and Budgetary Considerations”. This guideline aims to provide a
framework to assist people in making informed healthy dietary choices in respect to their individual needs,
personal preferences, as well as the foodways of the diverse cultures in the United States and including
budgetary considerations (149). However, no guidance is provided with respect to how and through which
methodological approach people’s values and preference can be obtained and incorporated in the
development of dietary recommendations. The investigation and development of specific methods to
incorporate dietary diversity including food preferences has been suggested by the USDA guideline working
group for the updated guideline as stated in the future directions section of the technical report of the overall

guideline process (150).

According to the WHO handbook for guideline development, values and preferences data of the target
population for which the recommendations are intended for can be either quantitative (e.g., utilities of
different health states) or qualitative (e.g., interviews transcripts) and a systematic review is considered a
first approach to synthesize peoples' values and preferences (36,56). Moreover, although the lack of
consensus and refinement on the best methodological process, mixed-methods systematic reviews are

becoming an important and common approach that can provide a more complete and comprehensive view
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on a specific phenomenon of interest with; a first guidance was provided by the Joanna Briggs Institute (JBI)
Mixed Methods Review Methodology Group (151). On the other hand, in case of lack of data in the published
literature, observational studies (both quantitative and qualitative) have also shown to be an efficient
strategy to capture the values and preferences of the public (36). Conducting a survey or interviewing the
stakeholders who will be affected by the guideline may provide valuable data about the importance they
place on the benefits and harms of an intervention or treatment (36,56). Finally, when primary data are not
available and cannot be collected, as an alternative approach, members of the guideline working group can
provide inputs to inform the discussion, although the insights that can be provided will not accurately
describe the perspectives of people affected by a recommendation and therefore, should be considered

cautiously (36).

The most important question to consider is about how people seem to value the health outcomes linked with
an intervention, and how much variation across populations exists. This will determine the strength of the
recommendation (50, 152,153). When there is significant uncertainty or heterogeneity around people’s
values and preferences, a conditional recommendation is more likely to be warranted (36), on the other
hand, high concordance of peoples’ values and preference will strengthen the degree of the recommendation

(154,155).

The inclusion of people's values and preferences in the development of guidelines can be challenging.
Different studies have highlighted the barriers and facilitators for the identification and integration of
people's values and preferences (147,156-158). Challenges were mainly related to the resources needed and
the processes to be followed to involve impatiens (147). The most common barriers were: the difficulty in
identifying patients of diverse characteristics (147), the resources needed for including patients values and
preferences (147,156,157), the workload expected by the patients (158), as well as the possibility of facing
divergent opinions between patients and professionals (157). Other important barriers include the difficulties
for patients in understanding the medical terminology (156), uncertainty among the participants about the
roles and objectives of their participation in the process (157) and, difficulty of assessing the contribution
patients make to the decision-making process is not only seen in guideline development but in other decision-

making processes as well (156).

A series of potential facilitators have also been identified to overcome these challenges. The most common
reported facilitators were training and support (147,157,158). Training for patients refereed to providing
patients with seminars and/or workshop to tutor them regarding scientific and technical aspects, whereas
training for clinicians referred to train them in understanding patients' preferences and conducting research

to capture and use patient preferences. Support consisted in providing assistance by telephone and/or email
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to patients' participants. The active involvement of patients in all phases of guideline development was also
seen as a potential facilitator (157), although some organizations found it challenging (147). Other facilitators
included clarifying the role and objective of patients' involvement (157,158), involving a group of patients
rather than a single patient (158) and finally, involving researchers with qualitative methodology experience

and skills in obtaining patients preferences (147).

The Nutritional Recommendations (NutriRECS) working group began in the year 2017 as an informal
collaboration of people with an interest in addressing the limitations and challenges of developing evidence-
based dietary and nutritional recommendations. NutriRECS is an international and independent group with
clinical, nutritional, and public health content expertise, skilled in the methodology of systematic reviews and

practice guidelines, which are unencumbered by institutional constraints and conflicts of interest (159).

NutriRECS aim is to produce trustworthy dietary and nutritional guideline recommendations based on the
values, attitudes and preferences of patients and community members, by following a systematic and
transparent approach through the GRADE system (160). NutriRECS is based on six main cornerstones:

application, integration, dissemination, growth, education, and advancement (Figure 6) (159):

1. Application of the best systematic review and practice guideline methods to investigate the association
of dietary patterns, food, and nutrients with health outcomes (e.g., cardiovascular disease).

2. Integration of patient and community values, attitudes, and preferences into guideline
recommendations.

3. Dissemination of NutriRECS work via open-access, user-tested evidence summaries and decision aids for
clinicians, patients, and members of the community.

4. Growth in the number of well-trained experts in nutritional guideline methodology worldwide.

5. Education of clinicians, policymakers, patients, and members of the public in the principles and practice
of evidence-based nutrition.

6. Advancement in the methodology of systematic reviews, meta-analysis, and practice guideline

development in nutrition.
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1.4.3 NutriRECS methods

NutriRECS group developed and published - in the BMC Medical Research Methodology Journal - a specific
protocol including the methods for the development of trustworthy dietary and nutritional
recommendations (56) (Annex 2A). Briefly, based on the eight standards set by the Institute of Medicine (29)
and the Appraisal of Guidelines for Research & Evaluation Instrument (AGREE 1) (104), NutriRECS proposes
a nine steps approach underpinned by the GRADE methodology, to move from the formulation of the health
research question to the formulation of dietary recommendations, informed by systematic reviews of the

best available evidence (56). Figure 7 illustrates step-by-step the NutriRECS methods.
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Figure 7. NutriRECS methods
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The first project selected by the NutriRECS working group was about red and processed meat consumption
and, the guideline panel was composed through a very strict and transparent approach including screening
and reporting on panel members previous intellectual public positions, eating habits, and funding over the

previous three years. The initial research question was formulated as follows:

“Among adults, what is the impact of dietary patterns higher in red and processed meat versus diets
lower in red and processed meat intake (replacement with fish, white meats or vegetarian or vegan diet) on
the risk of outcomes important to patients and community members (i.e., overall and cardiovascular
mortality, cancer, weight, quality of life, satisfaction with diet, type Il diabetes, and cardiovascular outcomes
[fatal and non-fatal coronary heart disease, non-fatal stroke, non-fatal myocardial infarction, major adverse
cardiac events (MACE)]) and on factors that may have a causal relation to cardiovascular outcomes

(hypertension and cholesterol), or other adverse outcomes (haemoglobin)?”

In order to provide a rigorous estimate on the balance of the health benefits and risks of eating red and
processed meat, we performed four parallel systematic reviews, addressing the following: clinical (161) and
observational evidence (81) on the effect of red and processed meat on cancer and cardiometabolic
outcomes, observational studies on the effect of red and processed meat on cancer outcomes (82), and the
effect of red and processed meat dietary patterns on cardiometabolic and cancer outcomes (83). In addition,
we conducted a mixed-methods systematic review to identify people’s values and preferences regarding
meat and their willingness to change their consumption (91) (Study 1 of the thesis). This information was
important in order to consider the balance of benefits and harms from the perspective of the population that
is affected by the recommendations. On the basis of these reviews, a guideline panel, supported by the
NutriRECS working group, developed recommendations for red and processed meat and health outcomes

(162) (Annex 2B).

This thesis is part of the NutriRECS red and processed meat project, and it contributed by providing evidence
on people’s values and preferences about meat consumption for the formulation of meat recommendations

(162).

Peoples’ food values and preferences and, therefore, their food choices are influenced by a wide range of
factors that can be classified as rational decisions - for example, health conscious or sustainable food choices
- or unconscious decisions that are part of peoples’ inner beliefs and culture that cannot be easily changed

(71,72). Investigating people's food values and preferences, whether they are dictated by a rational decision
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or unconsciously, is essential to better understand what factors and determinants influence their choices

and, therefore, what is their predisposition towards a potential dietary change.

To produce dietary recommendations that are likely to be effective, we need to be able to make valid
predictions about the consequences of the proposed recommendations, and for this, we need a better
understanding of peoples' food choices determinants. Therefore, the identification and incorporation of
people’s values and preferences in dietary guideline development process ensures that recommendations

will be more easily accepted, implemented, and adhered to by those intended to benefit from the guidelines.

With respect to red and processed meat consumption, most dietary guidelines suggest limited consumption
of meat, because of the reported association with cancer (84-86) and other adverse health outcomes, such
as all-cause mortality, cardiovascular mortality, and stroke (78-83). However, limited information exists
regarding how much people value meat in their diet in relation to their health and, their willingness to reduce
meat consumption in the face of these undesirable health effects. Moreover, health is not the only aspect
that people consider when consuming meat; other aspects - for example, the climate impact of meat that
has become a highly discussed topic - can influence how people value meat in their diet. All these factors,

health and non-health related, play an important part in people’s meat choices.

In addition, despite the fact that the incorporation of peoples’ values and preferences in the FBDG is
increasingly advocated, it is unclear what are the most appropriate methods that dietary guideline
development organizations should follow. In fact, in the case of FBDGs, it is unknown what it is
recommended, nor which approach has been used, if any. Currently, there is no guidance nor consensus on
the most appropriate methods to be followed, to ensure the inclusion of the public perspective in the

elaboration of dietary recommendations.

Finally, there is no current and standard definition of people’s values and preferences in the context of FBDG,
and for the development of this thesis, we used the term “values and preferences” referring as to what
people are inclined to do (people’s actions) in terms of food choices and behaviours. In the same way, we
used the term “people” referring to the general population, for who the meat recommendations developed

by the NutriRECS group are intended for.

This thesis is articulated in three studies on the synthesis and integration of people’s meat values in the
development of dietary recommendations for meat consumption. The three studies followed a mixed-
methods approach by combining both, quantitative and qualitative methods, to ensure a comprehensive

representation of the investigated topic.
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Although, the methodological approach on how to conduct quantitative and qualitative systematic reviews
is well established - thanks to the methodological advances of the Cochrane collaboration and the JBI
Collaboration (44,151)-, there is no consensus on the most appropriate approach regarding the synthesis,
integration, and the certainty assessment of mixed-methods scientific evidence. Therefore, we attempted to

refine and propose a robust methodological approach for mixed-methods systematic reviews.
Rationale for the first study

Carrying out a mixed-methods systematic review on people’s values and preferences about meat
consumption will produce new knowledge on people’s preferences about meat and their willingness to
accept and follow meat recommendations. This evidence can then be used to inform FBDGs panels for the

elaboration of meat recommendations.

The incorporation of the public perspective is especially relevant in situations where the balance between
the benefits and risks of a recommendation is very uncertain and debatable. In this type of situation, the
decision depends a lot on the context of the individuals receiving the recommendation and their

perspectives.

Considering the increased debate around the allegedly harmful health impacts of meat intake, peoples’

health-related values and preferences are fundamental in the development of meat recommendations.

Rationale for the second study

In our first study, we found that reasons for meat consumption varied and that people’s willingness to change
their meat consumption in the face of health concerns was generally low (96). However, in most of the
included studies, participants were not presented with the possible adverse health consequences of meat
consumption in ways that captured the current evidence and its uncertainty, and therefore we could not

make an overall conclusion on what people would be willing to do when informed.

We therefore developed and conducted a cross-sectional explanatory sequential mixed-methods study, in
order to evaluate adults’ values and preferences regarding unprocessed red meat and processed meat intake.
Specifically, we aimed to assess people’ willingness to change their intake in the face of possible undesirable
health consequences based on the dose-response meta-analysis systematic reviews of meat and cancer risk

(82).

To increase the trustworthiness of the study we first developed and published a protocol reporting the overall
methodology to allow others to replicate our investigation (Annex 2C). Additionally, we conducted a pilot
study in the general community in Nova Scotia and Prince Edward Island, Canada in order to collect feedback

on the study’s procedures and improve the study’s implementation. In parallel to our implementation,
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another centre in Poland - as part of the NutriRECS working group - conducted the same study following the

protocol methodology (97).
Rationale for the third study

Individuals’ food choices are influenced by a wide range of factors. Health is not the only aspect people
consider when choosing to consume meat; other factors such as concern for the environmental impact of
meat (production and distribution) can influence people’s meat choices and thus its consumption (96). This
was also showed in our second study (102) in which, included participants, who had previously reduced their
meat intake (prior to their participation in the study), reported to have reduced their meat consumption

manly due to the environmental concerns and animal welfare rather than health concerns.

We therefore conducted a mixed-methods systematic review to further investigate to what extent
environmental concerns may influence meat consumption behaviours. In addition, based on the
methodological learning experiences acquired through Study 1, in this study, we attempted to improve and

better define the methodological approach to be followed for mixed-methods systematic reviews.
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2. OBJECTIVES
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Develop the methodological process to synthesise, evaluate and integrate evidence on people’s food values
and preferences, specifically on meat consumption, in the formulation of recommendations on meat for

dietary guidelines.

1. Identify, synthetize, and evaluate the quantitative evidence on people’s values and preferences related

to meat Consumption.

2. ldentify, synthetize, and evaluate the qualitative evidence on people’s values and preferences related to

meat consumption.

3. Conduct a de novo mixed-methods study to identify, describe and synthetize current people’s values and

preferences on meat consumption.

4. Synthetize, evaluate, and integrate evidence on values and preferences into the Evidence to Decision

(EtD) frameworks for the development of meat recommendations for NutriRECS guidelines.
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2. METHODS
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This PhD thesis, which is presented as a compendium of publications, is based on three studies: 1) a mixed-
methods systematic review of people’s health related values and preferences regarding meat intake; 2) a
cross-sectional explanatory sequential mixed-methods study on peoples’ health related values and
preferences regarding meat; and 3) a mixed methods systematic review of peoples’ values and preferences

about meat consumption in view of the potential environmental impact of meat.

The methods of the thesis are those corresponding to the methods of these three studies.

Mixed-methods systematic review on people’s health related values and preferences on meat intake. We

registered the protocol in PROSPERO (CRD42018088854) (163) and adhered to the PRISMA statement (49).

Before beginning each aspect of the review process, we conducted calibration exercises in which reviewers
assessed the same articles and discussed any disagreement, leading to a clarification and a common
understanding of criteria and process. Pairs of reviewers conducted the different steps of the review; in cases

of disagreement, reviewers reached consensus with assistance from a third reviewer.

We designed and conducted a search in MEDLINE (via PubMed), EMBASE (via Ovid), Web of Science (Institute
for Scientific Information), Centre for Agriculture and Biosciences Abstracts (via CABI), International System
for Agricultural Science and Technology, and Food Science and Technology Abstracts from inception to June
2019. We combined search terms related to meat consumption, consumer behaviour, and values and
preferences with the controlled vocabulary from each database. We did not restrict our search by publication
status, language, or date of publication. We also reviewed reference lists of the included articles, and relevant

systematic reviews.

We included studies exploring health-related values and preferences on meat consumption, if more than
80% of participants were adults (aged 218 years). We considered quantitative (cross-sectional design),
qualitative (interviews, focus groups), and mixed-methods studies. We included only studies conducted in

Europe, Australia, Canada, the United States, and New Zealand.
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We excluded studies that focused on meat alternatives (for example, cultured, in vitro, functional products,
or genetically modified), types (for example, organic), quality (composition, sensory quality or palatability
factors, or origin),safety (for example, food handling, chemical hazards or contamination, or storing or
preserving), industry (for example, market research to inform or meet consumers' demands), consumption
trends, and specific populations (for example, cancer survivors or pregnant women). After calibration,
reviewers independently screened titles and abstracts of all retrieved references. Subsequently, reviewers
independently reviewed the full text of articles, deemed potentially eligible during title and abstract

screening.

We used two ad hoc data extraction forms for quantitative and qualitative research. Teams of reviewers
independently abstracted information from each study, including study identification, objectives or research
questions, population characteristics, design and methods, risk of bias or methodological limitations, and
findings. For quantitative studies, we used an adapted version of the GRADE approach to assess risk of bias

of studies on importance of outcomes or values and preferences (110).

We considered five items grouped in three domains: selection of participants, missing outcome data, and
measurement instruments’ validity. We rated studies as having high risk of bias if the measurement
instrument was not validated or was unclear, and as having moderate risk if it was validated but two or more
items had high risk of bias. For qualitative studies, we used the Critical Appraisal Skills Pro-gramme (CASP)
qualitative research checklist, which consists of the following items: aim of the research, qualitative
methodology appropriateness, research design, ap-propriate recruitment strategy, data collection,
investigator and participants' relationship, ethical issues, data analysis, findings, and value of the research
(164). We rated studies as having “serious methodological limitations” if more than two items had serious

concerns and as having “moderate methodological limitations” if they had two items with serious concerns.

We synthesized results from studies using a four-step approach that involved simultaneous quantitative and
qualitative data collection and analysis. First, we selected a few eligible articles per study design, identified
key themes, and coded them in categories. Second, we used these categories to design ad hoc data extraction
forms. Third, using an iterative process, we compared the key themes of the categories identified across all
studies and developed analytic themes. Fourth, we applied the critical meta-narrative synthesis to transform
the quantitative data into qualitative data (165,166). For the last step, we used four systematic profiles and

several critical questions, to extract the identified narratives and to guide our synthesis of data.
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We synthesized and narratively reported the findings according to participants' meat consumption. We
defined those who consumed meat as omnivores and analysed them separately from persons who typically

avoided meat, whom we defined as vegetarians, including lacto-ovo vegetarians or low-meat consumers.

For quantitative studies, we assessed the certainty of evidence for each review finding, according to GRADE
domains (risk of bias, imprecision, inconsistency, indirect-ness, and publication bias) (50, 167). For qualitative
studies, we assessed the certainty of evidence according to GRADE-CERQual (Confidence in the Evidence
from Reviews of Qualitative Research) domains (methodological limitations, relevance, coherence, and
adequacy) (168). Findings were initially considered as high certainty and were downgraded (from high to very
low) by one or more levels, if serious or several minor or moderate concerns were detected in one or more

domains.

Cross-sectional explanatory sequential mixed-methods study that included a quantitative assessment
through an online survey, a qualitative inquiry through semi-structured interviews, and a follow-up
assessment through a telephone survey. Our team conducted the study in Spain between November 2020
and March 2021, based on a previously published study protocol where further details on the methods are

provided (169). The report followed STROBE guidelines (170).

People learned about this study thorough the Cochrane website and Twitter, where we published all
Information related to the study, eligibility criteria, contact information of the researcher carrying out the
study, and the related link to access the online survey. People interested in participating, completed the
online consent form, and accessed to the survey. Respondents included adults between 18 and 80 years of
age who currently consume URM and/or PM. We excluded adults who had active cancer; those who have
suffered a major cardiovascular event such as: stroke, angina, myocardial infarction, heart failure,
symptomatic peripheral arterial disease, as well as pregnant women, and those unwilling or unable to provide

informed consent.
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The questionnaire was first developed and reviewed by experts on the topic to ensure the validity of the
included items in the questionnaire; secondly, we pilot-tested it in English in a convenience sample of
participants (98). On the basis of the pilot study, our team modified the questionnaire, performed a
translation into Spanish - one researcher translated the survey that was reviewed and confirmed by a second
researcher-, and finally, we developed an online version that we tested in 34 Spanish participants to establish
clarity and understanding. Based on the findings of the pre-testing, we refined the survey to improve face

and content validity.

The questionnaire addressed participants’ demographic characteristics, their medical history, and meat
consumption beliefs and behaviours, as well as including a direct choice exercise. This exercise presented
scenarios tailored to each individual’s weekly meat consumption and included, based on a prior systematic
reviews and dose-response meta-analysis, the best estimates of the risk reduction of overall lifetime cancer
incidence and cancer mortality associated with a decrease of (unprocessed red meat) URM and/or processed

meat (PM) consumption (82).

In order to keep the presentation understandable and assimilable, we decided to focus only on cancer and
thus, we omitted possible cardiovascular effects. The scenarios also presented the corresponding certainty
of the evidence for the potential risk reductions. The questionnaire was tailored to participants’ individual
meat consumption (i.e., after they had stated their mean consumption, subsequent questions referred to
those prior responses) and participant’s willingness to change their meat intake (those unwilling to change
responded to additional questions regarding whether higher quality evidence or a larger effect would change

their willingness).

The questionnaire was structured following a conditional formatting, allowing respondents to skip certain
questions based on their answers to other questions. The more unwilling to change, the more questions were
presented to participants; thus, in case of expressing unwillingness to stop and/or reduce, participants would
move to the next question following the logic reported in figure 8, whereas in case of a positive response,
participants would skip to the next cancer scenario and then type of meat. This logic of questions was applied

for both types of meat (URM and PM) and for both cancer incidence and cancer mortality scenarios.
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Figure 8. Questions framework for the direct-choice cancer incidence exercise for unprocessed red meat.

Abbreviations: URM= unprocessed red meat; Q1=Question 1; Q2=question2; Q3=Question3; Qa=Question a; Qb=Question b.
Q1-Q2-Q3: Willingness to stop, reduce and increase meat intake was based on a 7-point Likert-scale with 1 (meaning definitely not)
and 7 (meaning definitely yes).

Qa: Willingness to stop and reduce meat intake with higher certainty was based on a 7-point Likert-scale with 1 (meaning definitely
not) and 7 (meaning definitely yes).

Qb: Willingness to stop and reduce processed meat consumption with a larger risk reduction was formulated as a multiple-choice
question.

This logic of questions was applied for both types of meat and for both cancer incidence and cancer mortality scenarios.

* For the mortality scenarios “developing cancer” was changed into “dying from cancer”.

Two additional questions invited respondents to participate in a semi-structured interview and the follow up
assessment at 3 months. If respondents agreed to participate in the semi-structured interviews, we arranged
a meeting (through a secured Skype/Zoom call or by telephone) in which we reviewed and discussed their
answers from the online survey and asked additional questions addressing their motives to change or

continue with their current URM and/or PM consumption. At 3 months after the online survey, we conducted
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follow-up interviews via email and/or phone and asked the participants who agreed to be contacted if they

had made any changes in their meat consumption.

All statistical analyses were performed using RStudio (version 1.2.5033) (171). Data were checked for normal
distribution using the Kolmogorov-Smirnov test. An independent samples t-test (normal distribution) or a
Mann-Whitney U test (non-normal distribution) was used to assess the difference between two groups. For
categorical variables, differences between groups were analysed by chi-square test. Missing values were

excluded from the analysis.

We described participants’ demographic and medical history information as well as meat consumption
behaviours using mean + standard deviation or as median and inter-quartile-range (IQR), and number
(percentage). Because the data were not normally distributed, we presented participants’ willingness to stop,
reduce and increase meat consumption in the face of undesirable cancer as medians and IQR. We performed
separate logistic regression analysis for each dependent variable to explore the determinants of participants
willingness to change meat consumption in the direct choice scenarios. The dependent variables were the
choice (unwilling versus willing) to stop and reduce eating URM and/or PM in the face of cancer incidence
risks as well as cancer mortality risks. The team identified independent variables sex, age, level of education,
occupational status and religious belief a priori as known potential confounders and were included in each
statistical model. Linear regression was not performed as planned in the protocol because the assumption of
linearity was violated. We calculated the number and percentage of participants who made any changes in

their meat consumption at three months of follow-up.

After collecting the data and transcribing the semi-structured interviews, we conducted an iterative, thematic
analysis, using constant comparison within and across the transcripts of study’s participants by following a
six-step approach (i.e., familiarising with the data, generating initial codes, searching for themes, reviewing

the themes, defining, and naming themes and producing the final report) (172).

We conducted a sequential analysis of the quantitative and qualitative components of the data. We analysed
each dataset separately and then, at the end of the study, listed the findings from each component of our
study and draw meta-inferences. Findings of interest from both data sets were compared and contrasted for
convergence (whether findings from each data set agree), complementarity (whether findings offer

complementary information on the same issue), dissonance (appear to contradict each other) and “silence”
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(a particular finding could only be explored in one data set) (173). The integrated data were presented using
a joint display (173), which presents each theme from the qualitative analyses according to the proportion

obtained from the relevant online survey questions.
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This is a mixed-methods systematic review on people’s health related values and preferences regarding meat
intake in the face of environmental concerns. We registered the protocol with PROSPERO (CRD42018088854)
(163) and adhered to the PRISMA statement (49).

We designed and conducted an exhaustive search in MEDLINE (via PubMed), EMBASE (via Ovid), Web of
Science (Institute for Scientific Information), CAB abstracts (via CABI; Centre for Agriculture and Bioscience),
AGRIS (International System for Agricultural Science and Technology), and FSTA (Food Science and
Technology Abstracts) from inception to June 2020. We defined search terms related to meat consumption;
consumer behaviour; and values, preferences, and attitudes and combined them with relevant terms from
the controlled vocabulary from each database. We did not restrict our search by publication status or date

of publication. We also reviewed reference lists of the included articles and relevant systematic reviews.

We included studies exploring how environmental values and preferences can in-fluence meat consumption
in adults (280% of the sample were 18 years or older). If studies did not report the participants’ age, we
assumed that >80% of the participants were > 18 years old. We included studies that obtained data by
qualitative (e.g., inter-views, focus groups), quantitative (e.g., cross-sectional survey), or mixed methods
(e.g., both interviews or focus groups and a cross-sectional survey). We included only studies published from
2000 onwards conducted in Europe, Australia, Canada, and the United States (USA) because we considered
them a homogeneous set of countries reflecting similar socio-economic characteristics and values. If a study
was conducted in multiple countries, including countries that did not fulfil the eligibility criteria, it was
included. We excluded experimental/intervention studies and studies focusing on: meat alternatives (e.g.,
cultured meat, in vitro meat, functional meat products, or genetically modified meat); meat quality (meat
composition, sensory quality, and/or palatability factors or origin of meat); meat safety (e.g., food handling,
chemical hazards/meat contamination, or storing/preservation of meat); meat industry (e.g., market
research to inform or meet consumers’ demands); meat consumption trends; and studies focusing on specific

populations (e.g., cancer survivors or pregnant women).

Following a calibration exercise, teams of two reviewers independently screened the titles and abstracts of

all retrieved references from the search. Subsequently, teams of two reviewers independently reviewed the
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full text of articles deemed potentially eligible in the title and abstract screening. In case of disagreement,

reviewers reached consensus with the help of a third reviewer.

We used two ad hoc data extraction forms for quantitative and qualitative studies. For mixed-methods
studies, the quantitative and qualitative evidence was extracted separately in the corresponding extraction
form. After calibration, two reviewers independently abstracted information from each study including: 1)
study identification; 2) objectives or research questions; 3) participant characteristics; 4) general design and
methods; 5) risk of bias/methodological limitations; and 6) findings. In case of disagreement, reviewers

reached consensus with assistance from a third reviewer.

For quantitative studies, we used an adapted version of available GRADE guidance to assess the risk of bias
(RoB) of studies on the importance of outcomes on values and preferences (110). We considered five items
grouped in three domains: 1) selection of participants; 2) missing outcome data; and 3) the measurement
instruments’ validity. We rated studies as high risk of bias if the measurement instrument did not have
evidence of validity, or it was unclear, and as moderate risk if it was validated but two or more items proved

at high risk of bias.

For qualitative studies, we used the Critical Appraisal Skills Programme (CASP) qualitative research checklist
to assess the methodological limitations (ML) of the studies, consisting of the appropriateness of the
following items: 1) aim of the research; 2) qualitative methodology; 3) research design; 4) recruitment
strategy; 5) data collection; 6) researcher and participants relationship; 7) ethical issues; 8) data analysis; 9)
summary of findings; and 10) value of the research (164). We rated studies as “serious methodological
limitations” if three or more items had serious concerns, as “Moderate methodological limitations” if they
had two items with serious concerns, “minor methodological limitations” if one item had serious concerns,
and “No or minor concerns” if no items had serious concerns. A pair of reviewers independently assessed

RoB/ML; in case of disagreement, they reached consensus with the help of a third senior methodologist.

For mixed-methods studies, we used the mixed methods appraisal tool (MMTA) consisting of the
appropriateness of the five following items: 1) use of mixed-methods design, 2) integration of different
components of the study, 3) interpretation of qualitative and quantitative components, 4) reporting of
inconsistencies between quantitative and qualitative results, and 5) quality criteria of quantitative and

qualitative evidence (174).

We synthesised our findings into narrative forms following an iterative four-step approach that involved

simultaneous quantitative and qualitative data collection and analysis. First, we selected two to three eligible
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articles per study design, identified key themes, and coded them in different categories. Second, we used
these categories to design ad hoc data extraction forms. Third, through an iterative process, we compared
the key themes of the different categories identified across all studies, categorised them into different groups
depending on the type of population (e.g., women, vegetarians, elderly) and developed analytic themes.
Finally, we applied a critical meta-narrative synthesis to transform the quantitative data into qualitative data
(165,175,176). For the latter, we used four systematic profiles and several critical questions (e.g., “Modal
pro-file” refers to the most occurring different attributes, and therefore if most study participants reported
to consume meat, they were described as omnivores) to extract the identified narratives and to guide our
synthesis of data) (165). We synthesised and narratively reported the findings according to the identified
themes. Within each identified theme, we divided the findings into different subsections (if applicable)

according to the following criteria:

e Type of data: whether the findings were from quantitative (e.g., questionnaire) or qualitative (e.g.,
interview) data sets.

e Previous knowledge/information on the environmental impact of meat: whether the participants
had been informed about the environmental impact of meat be-fore being asked about their beliefs,

preferences, and/or behaviours.

We compared the narratively reported findings from the quantitative and qualitative data sets, searching for
similarities and differences (177). We integrated them into joint displays, which present findings from both
guantitative and qualitative data sets per theme (177-179), and assessed whether findings from each data

set agreed, offered complementary information, or contradicted each other (178).

We assessed the confidence in the integrated evidence using the GRADE-CERQual approach (168). This is the
most appropriate approach for assessing the extent to which a review finding is a reasonable representation
of the phenomenon of interest—in our case the phenomenon of interest was people’s values and
preferences regarding meat consumption related to environmental impact. Therefore, we assessed the
confidence in the evidence considering the following GRADE-CERQual domains: methodological limitations,
relevance, coherence, and adequacy, with the exception that we used different appraisal tools for the risk of
bias or methodological limitations depending on whether the evidence was quantitative or qualitative as

explained above.

To increase consistency and transparency in the overall assessment, we assigned a number value to each of
the GRADE-CERQual levels of the concerns as follows: no or very minor concerns were valued as 0; minor

concerns as 1; moderate concerns as 2 and serious concerns as 3. Based on the sum of values per domain
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and per theme, we judged the overall confidence for all the identified themes as: high confidence (values
between 0 and 1); moderate confidence (values between 2 and 4); low confidence (values between 5 and 8);

and very low confidence (values between 9 and 12).
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4 .RESULTS

4.1. Study 1: “Health-related values and preferences regarding meat consumption: a mixed-

methods systematic review”

4.1.1. Summary of Study 1 results

4.1.1.1 Study selection
The search yielded 19,172 articles, of which 456 were deemed potentially eligible on the basis of title and
abstract. We excluded 402 studies. After full-text appraisal, we included 41 quantitative and 13 qualitative

studies.

4.1.1.2 Study characteristics

Of the 41 quantitative studies, 21 were conducted in Europe, 11 in the United States, 7 in Australia, 1 in
Canada, and 1 in New Zealand. Eighteen studies were done between 1988 and 2009, and 23 were done
between 2011 and 2019. Of the 13 qualitative studies, 7 were done in Europe, 3 in the United States, and 3
in Australia. Six were done between 1991 and 2010, and 7 were done between 2011 and 2018. The number
of participants ranged from 100 to 22 935 (aged 18 to >65 years) in the quantitative studies and from 19 to
460 (aged 16 to >75 years) in the qualitative studies. Among the included studies, 41 reported data on meat

in general, 6 reported data on both meat in general and red meat, and 7 reported data on red meat only.

4.1.1.3 Findings
We identified 2 main themes: reasons for meat consumption (38 quantitative [62 963 participants] and 10
qualitative [419 participants]) and willingness to reduce meat consumption in the face of undesirable health

effects (5 quantitative [8983 participants] and 4 qualitative [616 participants]).

Of the quantitative studies, 23 of 38 (60.5%) reporting “reason for meat consumption” and 5 of 5 (100%)
reporting “willingness to reduce meat consumption in the face of undesirable health effects” were assessed
as having high risk of bias due to lack of validation of the measurement instruments. Of the qualitative
studies, 1 of 12 (8.3%) reporting “reason for meat consumption” had serious methodological limitations due
to lack of reporting of the investigator and participants' relationship, lack of detail about the data analysis

process, and unclear reporting of findings.

4.1.1.3.1 Reasons for meat consumption

4.1.1.3.1.1 Quantitative studies
Nineteen studies reported on reasons for omnivores' meat consumption. Most consumed meat because they

enjoyed it, they perceived it as being part of a complete and healthy diet, and they considered it part of their
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culture. In addition, lack of food alternatives and lack of cooking skills to prepare a tasty dish without meat

were often reported as barriers to reducing meat consumption.

Ten studies reported that, overall, men had a more positive attitude toward meat consumption than women
and that they considered meat as part of a healthy diet and their culture. Women were substantially more
concerned about health consequences and more frequently avoided eating meat because of health and
ethical concerns. Three studies reported inconsistent results on how elderly persons value meat
consumption. In 2 studies, these persons noted potential undesirable health consequences and the presence
of diet-related diseases as important reasons to reduce meat consumption. Another study, however,
reported that older people were no more concerned about health than younger people, with both groups
believing that meat was necessary for maintaining health. Seventeen studies reported on reasons for
avoiding meat among vegetarians or low-meat consumers. All participants reported health (for example, risk
for cancer, heart diseases) as 1 of the main reasons for avoiding meat. Other reasons for avoiding meat

included animal welfare or environmental concerns.

The overall certainty of the evidence was rated as low because 20 of 38 (53%) studies proved to be at high
risk of bias due to lack of validation of the measurement instruments and likely selectivity of study

populations (Annex 3A).

4.1.1.3.1.2 Qualitative studies
Three studies reported on the reasons omnivores consume meat: enjoyment, the perception that meat was

part of a healthy diet, and the belief that it was part of their culture. Lack of food alternatives and cooking
skills to prepare a tasty dish without meat were often mentioned as barriers to reducing consumption. Two
studies reported that older people believe that aging is associated with a decline in food intake and thus a
reduction in meat consumption, with a particular focus on red meat. Many elderly participants viewed fish
as a healthier alternative to red meat and were aiming to regularly incorporate fish into their diet. Most older
people believed that people ate too much meat and that it was the cause of the increase the frequency of

cancer, high blood pressure, diabetes, and heart disease.

Six studies explored reasons for avoiding meat among vegetarians and low-meat consumers and suggested
that motivations for vegetarianism and meat avoidance vary and change over time. Persons might initially
avoid meat because of 1 motivation or concern (for example, health) and later integrate other beliefs or
reasons to support their behaviour (for example, animal welfare and environmental concerns). For many
vegetarians, concern about health (for example, to avoid genetic health problems, such as heart disease) was
the primary motivation to stop eating meat, but ethical concerns (for example, animal welfare) were also

often reported as a major reason.
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The overall certainty of the evidence was rated as low because of methodological limitations due to lack of
reporting of the investigator and participants' relationship (8 of 10 [80%] studies), limited information on the
data analysis process and the likely selectivity of study populations (3 of 10 [30%] studies), and adequacy

concerns (small number of participants) (Annex 3A)

4.1.1.3.2 Willingness to change meat consumption in the face of health concerns

4.1.1.3.2.1 Quantitative studies

Five studies evaluated willingness to change meat consumption when faced with health concerns. One study
provided participants with a World Health Organization report on the risk for colorectal cancer associated
with red meat consumption. Another study provided participants with a fictional newspaper article reporting
potentially undesirable health effects of meat consumption, including risk for stroke, heart attack, diabetes,
and cancer. In both studies, most participants reported that they would not reduce meat consumption in the
future, partially because they mistrusted the information provided. In 1 study, many of the participants
believed additives used in the production process were the real health problem rather than the meat
consumption itself. Men attached greater importance to possible barriers for reducing meat consumption,
considering it as part of a healthy diet and their culture, whereas most women expressed environmental

concerns and animal welfare as motivations for reducing meat consumption.

Two additional studies asked participants what changes they would make to improve or maintain their
health, and meat reduction was not among the most frequently reported; other dietary or lifestyle changes,
such as exercise or eating more fruits and vegetables, were, among 10 options, selected more often. One
study that asked what future changes participants would make specifically regarding meat consumption
found that most, especially men, had no intention of changing meat consumption. Many participants already

believed that they had reduced their meat consumption in the past and did not plan any further reductions.

The overall certainty of the evidence was rated as low because all studies proved to be at high risk of bias
due to lack of validation of the measurement instruments, and for indirectness because 3 of 5 (60%) studies
did not inform participants about the undesirable health effects of meat consumption and the likely

selectivity of populations (Annex 3B).

4.1.1.3.2.2 Qualitative studies
Four studies evaluated willingness to change meat consumption in the face of health concerns. Two studies

asked participants how they perceived the possibility of changing meat consumption habits to minimize
undesirable health effects. Most participants reported that they would not reduce consumption. One study
asked participants their opinion about consumption of fewer animal-derived products and consuming more
plant-based foods. Participants were concerned about reducing meat consumption because they perceived

meat as an important component of a healthy diet. Reasons participants reported not desiring to change
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consumption included belief that they already ate small quantities and did not need to reduce further (this
reason was more frequently cited when discussing reduction of red meat than other types of meat), that
they had already reduced meat consumption in the past, that the consequences of meat consumption were
trivial compared with other behaviours (for example, smoking tobacco), and that they did not trust the
available scientific information. In another study, participants were presented with nutritional information
about lamb meat and then asked about their future meat consumption intentions. Most participants believed
they would continue with their current consumption, with the most common reasons being the belief that

they needed protein and the enjoyment of eating meat.

The overall certainty of the evidence was rated as low because of methodological limitations due to lack of
reporting of the investigator and participants' relationship (3 of 4 [75%] studies), because of concerns in
relevance due to not informing participants about the undesirable health effects of meat consumption and
the likely selectivity of populations (4 of 4 [100%] studies), and because of adequacy concerns (small number

of participants) (Annex 3B).

Valli C, Rabassa M, Johnston BC, Kuijpers R, Prokop-Dorner A, Zajac J, Storman D, Storman M, Bala MM,
Sola |, Zeraatkar D, Han MA, Vernooij RWM, Guyatt GH, Alonso-Coello P; NutriRECS Working Group. Health-
Related Values and Preferences Regarding Meat Consumption: A Mixed-Methods Systematic Review.

Ann Intern Med. 2019;171(10):742-755.

Annals of Internal Medicine Journal (2019): impact factor 21.317, first quartile Q1 (Internal Medicine;

Medicine (miscellaneous)).
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Background: A person's meat consumption is often deter-
mined by their values and preferences.

Purpose: To identify and evaluate evidence addressing health-
related values and preferences regarding meat consumption.

Data Sources: MEDLINE, EMBASE, Web of Science, Centre for
Agriculture and Biosciences Abstracts, International System for
Agricultural Science and Technology, and Food Science and
Technology Abstracts were searched from inception to July
2018 without language restrictions.

Study Selection: Pairs of reviewers independently screened
search results and included quantitative and qualitative studies
reporting adults' health-related values and preferences regard-
ing meat consumption.

Data Extraction: Pairs of reviewers independently extracted
data and assessed risk of bias.

Data Synthesis: Data were synthesized into narrative form, and
summaries were tabulated and certainty of evidence was as-
sessed using the GRADE (Grading of Recommendations Assess-
ment, Development and Evaluation) approach. Of 19 172 initial
citations, 41 quantitative studies (38 addressed reasons for meat
consumption and 5 addressed willingness to reduce meat con-
sumption) and 13 qualitative studies (10 addressed reasons for

meat consumption and 4 addressed willingness to reduce meat
consumption) were eligible for inclusion. Thirteen studies re-
ported that omnivores enjoy eating meat, 18 reported that these
persons consider meat an essential component of a healthy diet,
and 7 reported that they believe they lack the skills needed to
prepare satisfactory meals without meat. Omnivores are gener-
ally unwilling to change their meat consumption. The certainty of
evidence was low for both “reasons for meat consumption” and
“willingness to reduce meat consumption in the face of undesir-
able health effects.”

Limitation: Limited generalizability of findings to lower-income
countries, low-certainty evidence for willingness to reduce meat
consumption, and limited applicability to specific types of meat
(red and processed meat).

Conclusion: Low-certainty evidence suggests that omnivores
are attached to meat and are unwilling to change this behavior
when faced with potentially undesirable health effects.

Primary Funding Source: None. (PROSPERO: CRD42018088854)

Ann Intern Med. 2019;171:742-755. doi:10.7326/M19-1326
For author affiliations, see end of text.

This article was published at Annals.org on 1 October 2019.
* For members of the NutriRECS Working Group, see the Appendix, avail-
able at Annals.org.
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People need to choose from a wide range of foods
on a daily basis to meet their nutritional require-
ments (1). Consumption of different foods may yield
both desirable and undesirable health effects (2). In
light of recent studies showing an association between
consumption of unprocessed red meat and processed
meat and adverse health consequences, including in-
creased risk for cancer (3), all-cause (4) and cardiovas-
cular mortality (5), and stroke (6), dietary guidelines
have generally endorsed limiting meat intake (7-9).
However, these guidelines have neglected to identify
and incorporate their target populations' values and
preferences on meat consumption (10-13), which are
major influences on what foods people eat (14-16). Un-
derstanding people's health-related values and prefer-
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ences on meat consumption may improve the trustwor-
thiness of dietary recommendations (17).

Therefore, we conducted a systematic review ad-
dressing people's health-related values and prefer-
ences on meat consumption. This review was done as
part of Nutritional Recommendations and Accessible
Evidence Summaries Composed of Systematic Reviews
(NutriRECS), an initiative that aims to develop trustwor-
thy nutritional recommendations (18). We performed 4
parallel systematic reviews addressing the following:
experimental (19) and observational evidence (20) on
the effect of red and processed meat on cancer and
cardiometabolic outcomes, observational studies on
the effect of red and processed meat on cancer out-
comes (21), and the effect of varying red and pro-
cessed meat dietary patterns on cardiometabolic and
cancer outcomes (22). On the basis of these reviews,
we developed recommendations for red and pro-
cessed meat and health outcomes (23).

METHODS

We registered the protocol with PROSPERO
(CRD42018088854) (24) and adhered to the PRISMA

This article has been corrected. The specific correction appears on the last page of this document. The original version (PDF) is available at www.annals.org.
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(Preferred Reporting ltems for Systematic reviews and
Meta-Analyses) statement (25).

Data Sources and Searches

We designed and conducted a search in MEDLINE
(via PubMed), EMBASE (via Ovid), Web of Science (In-
stitute for Scientific Information), Centre for Agriculture
and Biosciences Abstracts (via CABI), International Sys-
tem for Agricultural Science and Technology, and Food
Science and Technology Abstracts from inception to
July 2018, and an updated search of MEDLINE and
EMBASE through June 2019. We combined search
terms related to meat consumption, consumer behav-
jor, and values and preferences with the controlled vo-
cabulary from each database. We did not restrict our
search by publication status, language, or date of pub-
lication (Supplement Table 1, available at Annals.org).
We also reviewed reference lists of the included articles
and relevant systematic reviews.

Study Selection

We included studies exploring health-related val-
ues and preferences on meat consumption if more than
80% of participants were adults (aged =18 years). We
considered quantitative (that is, cross-sectional design),
qualitative (that is, participant interviews, focus groups),
and mixed-methods studies. If studies did not report
the participants' ages, we assumed that more than 80%
were aged 18 years or older. We included only studies
done in Europe, Australia, Canada, the United States,
and New Zealand because we considered them to be
homogeneous countries reflecting similar socioeco-
nomic characteristics and values. We excluded studies
that focused on meat alternatives (for example, cul-
tured, in vitro, functional products, or genetically mod-
ified), types (for example, organic), quality (composi-
tion, sensory quality or palatability factors, or origin),
safety (for example, food handling, chemical hazards or
contamination, or storing or preserving), industry (for
example, market research to inform or meet consum-
ers' demands), consumption trends, and specific pop-
ulations (for example, cancer survivors or pregnant
women).

Before beginning each aspect of the review pro-
cess, we conducted calibration exercises in which re-
viewers assessed the same articles and discussed any
disagreement, leading to a clarification and a common
understanding of criteria and process. After calibration,
teams of 2 reviewers independently screened titles and
abstracts of all retrieved references. Subsequently,
teams of 2 reviewers independently reviewed the full
text of articles deemed potentially eligible during title
and abstract screening. In cases of disagreement, re-
viewers reached consensus with assistance from a third
reviewer.

Data Extraction and Quality Assessment

We used 2 ad hoc data extraction forms for quan-
titative and qualitative research (Supplement Tables 2
and 3, available at Annals.org). After calibration exer-
cises similar to the ones described earlier, teams of re-
viewers independently abstracted information from
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each study, including study identification, objectives or
research questions, population characteristics, design
and methods, risk of bias or methodological limitations,
and findings. In cases of disagreement, reviewers reached
consensus with assistance from a third reviewer.

For quantitative studies, we used an adapted ver-
sion of the GRADE (Grading of Recommendations As-
sessment, Development and Evaluation) approach to
assess risk of bias of studies on importance of out-
comes or values and preferences (26). We considered
5 items grouped in 3 domains: selection of participants,
missing outcome data, and measurement instruments'
validity. We rated studies as having high risk of bias if
the measurement instrument was not validated or was
unclear, and as having moderate risk if it was validated
but 2 or more items had high risk of bias. For qualita-
tive studies, we used the Critical Appraisal Skills Pro-
gramme qualitative research checklist, which consists
of the following items: aim of the research, qualitative
methodology appropriateness, research design, ap-
propriate recruitment strategy, data collection, investi-
gator and participants' relationship, ethical issues, data
analysis, findings, and value of the research (27). We
rated studies as having “serious methodological limita-
tions” if more than 2 items had serious concerns and as
having “moderate methodological limitations” if they
had 2 items with serious concerns. Reviewers indepen-
dently assessed risk of bias or methodological limita-
tions. In cases of disagreement, reviewers reached con-
sensus with assistance from a third reviewer.

Data Synthesis and Analysis

We synthesized results from studies using a 4-step
approach that involved simultaneous quantitative and
qualitative data collection and analysis. First, we se-
lected 2 to 3 eligible articles per study design, identi-
fied key themes, and coded them in categories. Sec-
ond, we used these categories to design ad hoc data
extraction forms. Third, using an iterative process, we
compared the key themes of the categories identified
across all studies and developed analytic themes.
Fourth, we applied the critical meta-narrative synthesis
to transform the quantitative data into qualitative data
(28, 29). For the last step, we used 4 systematic profiles
and several critical questions to extract the identified
narratives and to guide our synthesis of data (Supple-
ment Table 4, available at Annals.org).

We synthesized and narratively reported the find-
ings according to participants' meat consumption. We
defined those who consumed meat as omnivores and
analyzed them separately from persons who typically
avoided meat, whom we defined as vegetarians, in-
cluding lacto-ovo vegetarians or low-meat consumers.

For quantitative studies, we assessed the certainty
of evidence for each review finding according to GRADE
domains (risk of bias, imprecision, inconsistency, indirect-
ness, and publication bias) (30, 31). For qualitative stud-
ies, we assessed the certainty of evidence according to
GRADE-CERQual (Confidence in the Evidence from Re-
views of Qualitative Research) domains (methodological
limitations, relevance, coherence, and adequacy) (32).
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Figure. Evidence search and selection.
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Findings were initially considered as high certainty and
were downgraded (from high to very low) by 1 or more
levels if serious or several minor or moderate concerns
were detected in 1 or more domains.

Role of the Funding Source
The study received no funding.

RESULTS

The search yielded 19 172 articles, of which 456
were deemed potentially eligible on the basis of title
and abstract. We excluded 402 studies (Supplement
Table 5, available at Annals.org). After full-text ap-
praisal, we included 41 quantitative (33-73) and 13
qualitative studies (74-86). The Figure presents the
flow diagram with the search results and selection of
studies.

Study Characteristics

Table 1 presents the characteristics of the 54 in-
cluded studies. Of the 41 quantitative studies, 21 were
done in Europe, 11 in the United States, 7 in Australia,
1 in Canada, and 1 in New Zealand. Eighteen studies
were done between 1988 and 2009, and 23 were done
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between 2011 and 2019. Of the 13 qualitative studies,
7 were done in Europe, 3 in the United States, and 3 in
Australia. Six were done between 1991 and 2010, and
7 were done between 2011 and 2018. The number of
participants ranged from 100 to 22 935 (aged 18 to
>65 years) in the quantitative studies and from 19 to
460 (aged 16 to >75 years) in the qualitative studies.
Among the included studies, 41 reported data on meat
in general, 6 reported data on both meat in general
and red meat, and 7 reported data on red meat only.

Findings

We identified 2 main themes: reasons for meat
consumption (38 quantitative [62 963 participants] and
10 qualitative [419 participants]) and willingness to re-
duce meat consumption in the face of undesirable
health effects (5 quantitative [8983 participants] and 4
qualitative [616 participants]). Table 2 shows the main
findings and their certainty (Supplement Tables 6 and
7, available at Annals.org). Of the quantitative studies,
23 of 38 (60.5%) reporting “reason for meat consump-
tion” and 5 of 5 (100%) reporting “willingness to reduce
meat consumption in the face of undesirable health ef-
fects” were assessed as having high risk of bias due to

Annals.org


http://www.annals.org
http://www.annals.org
http://www.annals.org

REVIEW

Health-Related Values and Preferences Regarding Meat Consumption

abed buimojjoj uo panunuo)

sabueyd
a1nin} papusiul pue

sabueyo 1sed pajess yioq
Buliepisuod ‘siswnsuod

ystuuiy Buowe (¥9) zL0z
ybIH |esauab urjesy 0S €291 N Kanins auljuQ puejuiy4 aAnemueND susened uondwnsuod 1es|y ‘le1s ejenre
podal OHM
a1 Jaye uonduwinsuod (ev)9L0z
ybIH 1esw pay 09 691 N Kening eneor) sAneIueND 1e5W 92Npas 01 ssaubul||ip ‘le 19212eA0)
J0IABYSQ JOWNSUOD
|ea1dAy wouy sayip
$19WNSUO0D 1e8W-MO| (¥S) €102
Mo |esauab uljesy LS 956 EREIVENTLlo} Ksning Kuewusy aAneIueND JesW piemoy seapniny ‘e 1o Jashey|
s|ewiue piemoy
sepnime pue spnpoid
Jewiue jo uondwnsuod (€9) 1102
EICIETII] |esauab uijesy N ceve 92UBIUBAUOD) Kanins auijuQ eljensny aAneIueND sy} usamiaq diysuone|ay yd pue 1iwz|
SI9A0|
1edW paJ pue ‘Jualayipul
[POO} 's19A0| POO} SNOLIRA (8G) 6002
's191ey ysij 'sI9A0| ysi4 ‘uss|O Jeno
21e18po |esauab uijesy Z20S 1801 wopuey MBIAIS)UI 9D8)-0)-80B eissny aAneIuEND :saoualajaid pooy ueissny pue usuesuoH
(1s)zioz
024 sao10yd ‘'skeBio4
ybIH |esauab urjesy 68 192 N pue auteuuonsanb uiened Buney sa1els paun aAneIuEND POOJ 10} SUOIIBAIIO| pue 3poisianey
1eaw Jo adAj siy1 piemoy
J0IABYSQ JBWNSUOD UO
J99q pue san|eA Joaq jo uondaoiad (99) 8102
ybIH |esauab uljes |y 4N 001 UN aJlleuuonsanb Aening puejod aAneynuenD 12WNSU0D JO 108443 ‘|e 19 eYsmoyIng
S9IOAIUWO O} SUBLIBLIXD|}
alieuuonsanb pue ‘sueliejoBaniwas
auljuo dn-moj|o} pue ‘suerie}aBan-oosad
salleuuonsanb H3O ‘D4 ‘1v3 ‘suelie}aban Jo sioineyaq (6€) 2102
YyBiIH lesw pay 00l ove 9dUdludAUGD '13/034L 'SA ‘N4 'O44 'I44-03N seiels pauun aaneueny alfasay| pue suqey Aserelg ‘|e 38 ||9358104
aoueplone
jeaw 1o} suoseal (£¥) €002
ybIH |esauab uijes|y 5G9 Shé AN Kanins paseq-gap ssjels pauun aAneIuEeND pue uondwnsuod 1es|y ‘le 1o 19|ssa4
aseasip
pue spooy} usamiad yul|
MaIAIBIUI S} JO SSBUBIBME JO [9A3| (¥¥) 9002
ybIH |esauab uijesy z5 6202 NN auoyda|ey paisisse-1aindwor epeue) aAneIIuEND suelpeue)) ssasse 0} Aoaing "Yoieasay ewidaq
suele}oban
swodaq suosiad
Aym pue oym jnoge
ulea| ‘wsiuenelaban
yBIH |esauab uijesy N 008 UN Kaning 2IUBAOIS aAneIuEeND JO 90Ud|eAdld (£€) £10Z 21U
1e3W 10} puewsp
uo uondwnsuod Jeaw
Jo seIngune aanebau (9e)v1L02
ybIH |esauab urjesy 1’8y 065 N Kanins auljuQ Kueuway aAneIuEeND SY} UO UONBWLIOUI JO 19847 ‘le 1 s1piod)
CRUIEZRIONZ (S€) 6661
1esw pue uondwinsuod ‘uewhig
ybiH |esauab uljes |y €08 0S¢ 9DUBIUBAUOD aileuuonssnb paisisiuiwpe-}ag wopbury panun aAneynuenD 1eaw Jo suiened Buibuey) pue yuomspieag
uonduwinsuod 1eaw (7€) 0661 @O
ybIH |esauab uijesy N 911 AN Kaning wopBury payun aAneIuEND pJemoy sepnine uo Aaaing Kaning jeajeay ay |
dn-moj|o}
A-01 soye sopmime Bunes (€S) £102
ybIH |esauab ujesy 996 2LSY N suonsanb anielenb pue D44 uredg aAneIuEeND Ayijeay panisoiad-jjas ‘le 1o spelpuy
suoneywI]
|es160j0poyia N % 'x3§ u Apms (92ua19)9y)
/seig Jo sy 1ea\ Jo adA ajeway ‘sjueddieg Buidweg SPOYIaAl UOND3[|0D) eleq Anuno) joadKy sndo4 Kiewnd aea) ‘Apmis

SaIpN1S PeapN[aU| 8y} JO sonsuaeIeyD) T aqD]

Annals of Internal Medicine « Vol. 171 No. 10 * 19 November 2019 745

Annals.org


http://www.annals.org

Health-Related Values and Preferences Regarding Meat Consumption

abed buimojjoy uo panunuo)

S9LUNOD
Buiwnsuod-jesw ybiy
J8Y10 pue $31eIS PaUN
S Ul SI0IABYSC UONONPaI
JedW UO Yoessal snonaid

Annals.org

REVIEW

jesw o1 yidap ppe pue uo p|ing
passadoud 0} pue ‘uononpal jesul
pue qesw paemoy suondaoiad pue
pai ‘|esausb sepnne ‘s|eaw ssopeaw (69) 8102
ybIH urjes|y 1S ZLLL wopuey Kanins paseq-gap sa1elg pauun aAneIIuEND Ul US1ea S| JeyM INOGe UIea| O] ‘le19 JJoN
uswom ueneeban
6unoA jo yyeay
pue ‘uondwnsuod pooy
suonsanb pasopd pue uado Jo susened ‘pooy piemoy (29) €661
ybIH |esauab uljesy 00l /91 92UBIUBAUOD) Yum alreuuonsanb paje|dwod-jjag wopBury pauun aAleIIuEND sspminie ay1 jo Apnig ‘le1e ajeaN
uone|ndod ueibjeg
ay1 Buowe uondwnsuod
suonsanb asjoyo-ajdinnw 1eaw pue wsiuelelaban (8€) £10Z
ybIH |esauab uijesy 6% /S€2 NI yum alieuuonsanb auljuQ wnibjeg aAneIueND 1noqe sjaljaq pue sepmmy UEREREEIIN
uonoalal siyy 10j suoseal
|ednynooio0s Bulkspun
oyoads awos pue (zs) L00Z
sa|eos Bunes ploae Ajaanoe syuspnis ‘uinogepn
yBIH |esauab uijesy 05 cLL EREIVENTTlo} paulensai-dluopay pue 1snbsip ‘|4 salels pauun aAneIuEeND 269|102 pooy jo sadA| pue Asuooly
uondwnsuod
uo suondadiad
9say) Jo @duanjjul
84} pue joeq plemoy (95) €002
yBIH (492q) 1e0W POy NIN 00€ wopuey Kaning wopBury payun aAneIuEND suondadiad Jawnsuo) ‘le 1o AyueDdo
USWOM puE UsW Ul 1eaul (89) 8102
paemoy sepnune 1d1|dxe ‘BSMOXIING
Mo |esauab urjesy 59 €zl N Kaning eljensny aAnemuEeND pue poijdwi ainseaw o pue ano
uondwinsuod 1eaw
Buip.iebau sioineyaq
pue ‘suoneanow
‘sspnipe siawnsuod (£9)8l02
Mo |esauab urjesy 05 178 wopuey Kanins suruQ puejeaz mapN aAnEIUEND puejesaz ma a1ebnseaul o] ‘le 1o zaua
181p uenelaban
e Jo uondwnsuod
Cn SLEIIES] [P SRV (9¥) €002
Mo |esauab uljes |y 8'9G 109 wopuey Kanins |e1sod eljensny aAneynuenD panlediad siownsuo) ‘Ae|siop pue ea
quie| Jo joaq
Ajjeoyoads sujeuaq
Jeaw wopueiuou yijeay apiao.d s1a1p
pai pue Aped ueneyaban jeys jaijeq (S¥) €002
Mo |eisusb urjesy N 10L pue wopuel Ajeq Ksnins [e1sod eljensny sAneueND Sy} Y1Im pajerdosse sioloe ‘Ra|siopp pue ea]
quie| 1o joaq
Kj|eoyoads Ayyeayun Ajjeaisutnui si
Jeaw wopueiuou 1eaw jeyy uondadiad ayy
pai pue Kjued UM pa1eIdosse si03oey (L) 2002
moT |esauab uljes |y 95 869 pue wopuel Ajuiey aileuuonsanb yimispjoog eljensny aAneIueND oiydeisBowsp pue jaijeg ‘As|siop pue ea
sonsiaeleyd
oiydesBowsp
pue 's924n0s UoneuLIou!
pooy/uonuInu/yiesy
40 1snJ3} pue ul asn ‘s1ayo
juediubis ueelobon jo
Jaquinu ‘sanjea [euosiad
'sya1p ueelaban
Jo syjauaq pue
wopueiuou Yum sannoip paaisdiad
Apred ‘uoniINU pue Jeaw Inoge (59) L00Z
Mo |esauab urjesy N 10 pue wopuel Ajueq Kanins [e1soy eljensny aAneIUEND sya1jaq ‘uondwnsuod 1ea ‘Ra|siopp pue ea]
suoneywI]
|es160j0poyia N % 'x3§ u Apms (92ua19)9y)
/seig Jo sy 1ea\ Jo adA ajeway ‘sjueddieg Buidweg SPOYIaAl UOND3[|0D) eleq Anuno) joadKy sndo4 Kiewnd aea) ‘Apmis

panunuo)—1 31qp,

746 Annals of Internal Medicine « Vol. 171 No. 10 « 19 November 2019



http://www.annals.org

REVIEW

Health-Related Values and Preferences Regarding Meat Consumption

abed buimojjoy uo panunuo)

yb1H

ybIH

Yyb1H

91eISpPOA

Mo

ybIH

21e49pPON

moT

21e49pON

moT

|esauab uijes|y

|esouab uijes|y

|esauab uljes|y

|esaushb uljesy

(quiey)
jeaw _wa._

|esauab uljes |y

|esauab uijes |y

|esouab uljes|y

|esauab uijes |y

|esouab uljea |y

L'6L

L8

L8

S

0S

€98

¢SS

AE]

¢'SL

8G1L

ol

14%4

14%4

00l

8L0L

0681l

S6¢

142743

G€6 CC

AN

BdUdIUBAUOD

AN

AN

4N

aN

wopuey

4N

ERIEIVENTe)

4N

alleuuonsanb asuepione-1ea|y
1e3W ploAe 0} suoseal a|qissod

O 1S1|/SOP ML JUSLIND JO

sBunei/saireuuonsenb pspus-usdQ

Kaning

Kanins 181p pue 3N

alleuuonsenp

Kanuns |e1sod

Kanuns |e1sod

Kaning

Kanins suljuo

Kenuns auljuQ

wopbBury pauun aAneIUEND

se1e1g palIuN aAneyueND

se1e1g payun aAnEIUEND

sa1e1g payun aAReHIuEND

uredg aAneyuenD

wopbury panun aAneyuenD

puejuiy4 aAneyuenD

so1e1g payIun aAneyuenD

eljensny aAneyueND

aouel4 aAneyuenD

paisal
a1am ysiy Ajjeuly pue
‘Jeaw 81lym uayy 1esw
paJ Buneuiwije jo uiened
e MO||0} pP|NOM ddUeploAE
1eawW jey) suoneyoadxs ay |
wsluelelaban jo urewop
a1 ul seouanbasuod
S} pue uonezijeoln
1eaw piemol 1snBsip pue
Jo Bupyi pue Aejiwis
|ewiue-uewny u
joljeq :sueleloban s
wouy -lwas ejediewsp
Aew jeyy suoisuswip
|BI9ASS UO S3SNJ0J pue
Kouedauosip ay) 1o} suoseay
191p 01 ‘A|luepuodss
‘pue AGerens uoneoynsnf
Bunea-jeaw jo 9d10yd
01 pajejal oq Aew topusb
MOy pue asn sisjes
jeaw jey} suopesynsnp
1eaw quie| Y61 Buipietel
uondaoiad Aiosuss pue
‘send Ayjenb ‘seousisjeid
'sjal|aq] ‘sioIneyad ‘sapnyme
S1OWINSUOD UO JUSWSA|OAUI
JO @dUBN|jUI By} pUR 1RSI
| JO SIBWINSUOD
jo sajyoid ayp Anuspr o
wsiueleaban
pue Bunes jesw
Bunebisanul syusns aining
191p paseg-ueld
e Bundope pue sjan9)
uondwnsuod 1eaw sy}
Bupiamo| 03 s;ewnsuod
Aq paniediad sislieg
jeaw
Bunes Jo asuajop ul Joyo
S2J0AIUWO suonedysnf
snosuejuods
Jo aleys s,uoj|
ayy se abiaws pjnom
SN 941 Jeyleymisar o
sjewiue
10 8sn plemol sspnime
\SIUBPNIS B[eW pUE djewa4
ewws|ip ou Buiuodai
as0y) yum suosiad
asayy jo Aijenb Kieyaip syy
Buuedwod pue ‘sewws|ip
Bunuodai suosiad Jo
sa|iyoud olydesSowspornos
oy Buiuiwieiep
‘spnpoud Aiep pue ‘ysiy
“leaw Buiseydund usym
SOAOW [}USWUOIIAUS pue
|eay usemiaq sewwa|ip
O @dULSIX® B} deBISAAUI O |

(59) 9661

‘ylo0g pue sojuesg

(09) 661
‘le 1@ u1zoy

(8v)€Lo0z
1aquabyloy

(6v) ¥10C
1aqlabyioy

(zL) 6102
‘eaued pue |jodiy

(£8) €661
‘|e 12 uosp.eydly

(65)S102
‘le1e usure|jolyoy

(72XC])
pue e| Apnis)
G10Z ‘e 1o ezzeld

(ov)0LoZ
‘le1e sd

(0£) L10T
‘le 18 neaugyd

suoneywi
|es16ojopoyia
/selg jo s

1ea\ Jo adA

% 'X3S
ajeway

u
‘sjueddieg

Buidweg

SPoYyIa|Al uond3||0) eleq

Apmsg
Anuno) joadKy

sndo4 Kiewnd

(@duaiaay)
aea) ‘Apmis

panunuo)—1 31qp,

Annals of Internal Medicine < Vol. 171 No. 10 * 19 November 2019 747

Annals.org


http://www.annals.org

Health-Related Values and Preferences Regarding Meat Consumption

REVIEW

abed buimojjoj uo penunuo)

snouag

91eI3PON

EXCIETI]

ojelspoy

Joulw A1aA 10 ON

yb61H

ybIH

yb1H

ybIH

ybIH

1e9W pal pue
|esouab urjea|y

|esouab uijes |y

|esauab uljes |y

(>pod pue
JEETe) BEETREN]

(quiey)
1e0W pay

|esauab uljes|y

|esauab uljes|y

jesw psy

|edouab urjesy

|esouab uljes |y

00l

4N

4N

9'6S

4N

4N

JAST]

v'es

4N

Sy

9L

9L

S9

091

78S

[4%34

6LCl

6819

£S8

Buidwes
llegmous

Buidwes
[|legmous

Buidwes
|leqmous

wopuey

ERIEIVENTe

@DUBIUBAUOD

wopuey

AN

wopuey

4N

MB3IAIBIUI paINIdNIIsIWes

MaINIBIU|

MBIAISIUI PRINIONIISILISG

uoissnosip dnoub snoo4

sasuodsal papus-uadQ

Kanuns 1dedieiul 19015

Koning

Ksnins suljuQ

Kaning

D44 payipow pue aileuuonsanb
wened Ayeay-20q Ayresy

se1e1g PalIuUN

wopbury payun

wopbury payun
wopbury
[P
pue ‘aduely
‘uleds ‘Auewsany

eljensny

wopbury panun

sa1e1g payun

puejury

puepazimsg

so1e1g palIun

aAneyjenp

anneyenD

anneyenD

<OAIEHEND

LOAIRHEND

aAlEIUEND

aAneyueND

aAReMIuEND

aAneyueND

aAneyuEeND

suelie}oban
‘leuswdojanap
Jo ‘Budnoeud Aimau ioy
SAOW JO S8LIB|NQed0A
pue suiened Buneg (z8) L10Z '@/hfog
aoueplone
pooj pue uonds|es
pooj jo susened
ERLBEM U A2 SUEIEY] (18) 2661 ‘1o
|ea1BojoI00s pue [einynD) pue yuomspieag
sueBan pue suelelaban
Buonoeud jo sapmime (S8) 1661 119X
pue ‘sya1|9q ‘SUOI}RAOIA pue ypomsplieag
>jiod pue jeeq
Buipiebal seouslsjeid
pue sepnime siawnsuod (€8) 0102
pue suszijd ueadoing ‘le 18 93aquap
H Yyum pajedosse
21e1s 9AIDBYjE 9AllRGaU
a1 pue edueuossIip
aAniuBod eonpul
01 ssadoud uononpoud
1esw sy Jnoge
s|ie1ep pue Ayjeuosiad
pue souabijjeur sjewiue
1Noge uoleullojul
Bunuesaid Aq
UOI1D8UUOD [ewlUe-1eaW (98) 8102
ay1aulwexs o ‘le 1@ pasmoq
@ouenjul ul Buiuieb
aq Aew ey} s1010e} 1810
01 uonejal ul ‘spnpoud (0S) 8861
1eaW 10 j1esW Jo aseyding 'pieMpPOOAN
10YO0D 8y} Ul S8I0AIUWO
yum weyy patedwod
pue Apnis yiesy
,suemIsAyd Uswopn
ay1 ut suelielaban
JO sonslielRIEYD (19) 6661
pue adous|enald ‘|e 3@ dUYM
skem jualayip
Ul uoleW.IOUl 0}
pusne sjaip paseq-jue|d
pue paseqg-jeaw
JO siawinsuod
Jay1oym auiwexa
0] pue 92UspIAS 2 1
Aqg pedulAu0d 10U
ale s}aIp paseg-leaw jo
sloawnsuod Aym aio|dxs o (€4) 610 'olurep
uondwnsuod
1e9W 9oNpal 0}
ssaubul||Im sIaWNsUod
pue siolneyaq
yons 1dope o3 ssaub
J1ayy pue uondwinsuod
pooy [ea160j02 (lv) L10Z
1noge sjaljaq ,siawnsuo)) ‘le1o J9|qo
sueLie}aBan
52 UepERIE RIS
SUUBPITES (2R TG 42 (e€) L00T
$9]e|9110D pUR 8dUS|eASI] ‘le 19 Jodouadsg

suoneywi
|es16ojopoyia
/selg jo s

1ea\ Jo adA

% 'X3S
ajeway

u
‘sjueddieg

Buidweg

SPoYyIa|Al uond3||0) eleq

Anuno)

Apmsg
joadKy

(@duaiaay)
sndo4 Kiewnd aea) ‘Apmis

panunuo)—1 31qp,

Annals.org

748 Annals of Internal Medicine « Vol. 171 No. 10 « 19 November 2019


http://www.annals.org

REVIEW

Health-Related Values and Preferences Regarding Meat Consumption

‘papnpoul a1om eiep aaneljenb Ajuo ing ‘ubisap Apnis poylow-paxiAl

‘uoneziueBiQ YyyeaH PHOA = OHM ‘Buiess Alauen = gA

‘K1opusnul Bunes/aileuuonsany buieg Joye4-ea1y] = |3/034 ] ‘parodaijou = YN ‘Alojuanu| jo1oe4-aai4 OJN = [44-OIN ‘uoneoynsnl Bunes-lesw = r3\ ‘sugey Bunes |eisualb = 439 ‘eiqoydosu
pooy = N ‘edieuuonsanb Aouanbaiy pooy = D44 ‘adreuuonsany ad1o0yD pPoo4 = DD ‘AI0IUSAU| 8OUBPIOAY POOH = |4 159 sepnimy Buneg = |y3 ‘9d1u pue ‘Aiessadau ‘[ewliou ‘|einjeu = SNy

uondwnsuod jeaw
8onpal 01 ssaub
S}l pue pooj jo

Burjdwes smainilul suoyda|ay 109}J9 |BIUSWUOLIAUS By} (08) 9102
Jouiw A1an 10 oN |esauab uijesy S /8 anisoding pue aoej-01-a0e} pue sdnoib snao4 wopBury payun aAneuenp jo ssaualeme s d1qnd ay | ‘|e 1o pluteipoe|y
S}JNISPOO} SnoLIeA Jo
S|jo- uondwinsuod pue sugey (¥8) L661
s1el8poy |essusb urjesy 0S 0L |e10103|3 WOl MOIAIBIU| 929010) sAneyenD POOJ PaAISSTO 10} suOseay ‘le 18 sunoyy
ssadoud

ay} Jo Buipuejsiapun
|eonaloayy dojsnsp

Buidwes MBIAIBIUI PBINIDNIISIWISS o1 pue abueyd Lieyaip (S/) 8661
Jouiw Kian 1o oN |esauab urjes |y 89 61 ||leqMmousg ‘papus-uado ‘ydap-u| se1e1g palun aAleleND Bupjew ur paajoaul sio1oe4 ‘le1e sqep
spoo}

01 uone|al ul spadse
|elusWUOIAUS pUe
yiesy piemoy sspnime
MaIAIBUI pue ‘seousliadxe (£2) 102

Joujw A1sA 1o oN |esauab uljesy 95 62 Buijdwes eyonp 80}-03-808} [BNUIA PBINIONISIWISS eljensny aAneenD ‘suondediad Jawinsuo) ‘le 18 320H
wsiueBaA Inoge seap!
10N1ISUOD SBIOAIUWO
‘sjaljaq Buikpuapun
Buusydioep ioj abeis ayr
se saJoAluWo pue sueban

Buidwes usamiaq sIjjuod pue
Jouiw A1an 1o oN |esauab urjes|y €5 61 ||legmous MBIAIBIU| sa1e1g panun aAneyjenD suonoeialul jeuosiadialul (7£) #10g 'uueng
CERELR [JTHLLEY (6£)¥10T
Joulw A1an 1o oN |esauab uljes |y 529 ot 9DUBIUBAUOD sdnoub snoo} painioniisiwes |ebnyuoy aAielenD ssa| pJemol suqey abuey) ‘le1e eddelg
smainloul dn-mojjo) suelie}oban (8/) 8002
Jourw Kian 10 ON _mx_mr_wm ulles|p 0L ce 8dUuUsalusAuo) pue mr_OEvmij Um_ucm‘r_wao Eo_nvmc,v_ pauun |Alel|enp ul yyesay Jo smaip ‘ﬂu;_m>> pue xo4
101p Ayjeay e 0y uoneal (92) €102
1eaW pal pue Buidwes ul sueljessny Jap|o jo ‘spno)
Joulw A1an 1o oN |esouab uljes |y 6/ 62 |legmous dnouB snoo4 eljensny anneyjenD seonoe.d pue suondedisy pue alumoug
suoneywI]
|es160j0poyia N % 'x3§ u Apms (92ua19)9y)
/seig Jo sy 1ea\ Jo adA ajeway ‘sjueddieg Buidweg SPOYIaAl UOND3[|0D) eleq Anuno) joadKy sndo4 Kiewnd aea) ‘Apmis

panunuo)—1 31qp,

Annals of Internal Medicine < Vol. 171 No. 10 * 19 November 2019 749

Annals.org


http://www.annals.org

REVIEW

lack of validation of the measurement instruments (Sup-
plement Table 8, available at Annals.org). Of the qual-
itative studies, 1 of 12 (8.3%) reporting “reason for meat
consumption” had serious methodological limitations
due to lack of reporting of the investigator and partici-
pants' relationship, lack of detail about the data analy-
sis process, and unclear reporting of findings (Supple-
ment Table 9, available at Annals.org).

Reasons for Meat Consumption
Quantitative Studies

Nineteen studies reported on reasons for omni-
vores' meat consumption (35, 38, 42, 45-47, 56-59,
65-73). Most consumed meat because they enjoyed it
(38, 46, 56-59, 65, 66, 71), they perceived it as being
part of a complete and healthy diet (38, 42, 47, 56-59,
65, 66, 68-73), and they considered it part of their cul-
ture (58, 71). In addition, lack of food alternatives and
lack of cooking skills to prepare a tasty dish without
meat were often reported as barriers to reducing meat
consumption (38, 45, 59, 65, 69).

Ten studies reported that, overall, men had a more
positive attitude toward meat consumption than
women (34-36, 38, 51, 52, 65, 66, 68, 69) and that they
considered meat as part of a healthy diet and their cul-
ture (36, 38, 48, 69). Women were substantially more
concerned about health consequences (34, 36, 38, 51,
65, 66) and more frequently avoided eating meat be-
cause of health and ethical concerns (34, 40, 52). Three
studies reported inconsistent results on how elderly
persons value meat consumption (51, 65, 66). In 2 stud-
ies, these persons noted potential undesirable health
consequences (51) and the presence of diet-related
diseases (66) as important reasons to reduce meat con-
sumption. Another study, however, reported that older

Health-Related Values and Preferences Regarding Meat Consumption

people were no more concerned about health than
younger people, with both groups believing that meat
was necessary for maintaining health (65).

Seventeen studies reported on reasons for avoid-
ing meat among vegetarians or low-meat consumers.
All participants reported health (for example, risk for
cancer, heart diseases) as 1 of the main reasons for
avoiding meat (37-39, 41, 43, 45, 46, 49-51, 54, 55,
60-63, 67). Other reasons for avoiding meat included
animal welfare or environmental concerns (37, 43, 46,
51, 54, 55, 60-63, 67, 69).

The overall certainty of the evidence was rated as
low because 20 of 38 (53%) studies proved to be at
high risk of bias due to lack of validation of the mea-
surement instruments and likely selectivity of study
populations.

Qualitative Studies

Three studies reported on the reasons omnivores
consume meat (74, 77, 83): enjoyment (74, 77), the per-
ception that meat was part of a healthy diet (74, 77, 83),
and the belief that it was part of their culture (77). Lack
of food alternatives and cooking skills to prepare a tasty
dish without meat were often mentioned as barriers to
reducing consumption (74, 77).

Two studies reported that older people believe
that aging is associated with a decline in food intake
and thus a reduction in meat consumption, with a par-
ticular focus on red meat (76, 84). Many elderly partic-
ipants viewed fish as a healthier alternative to red meat
and were aiming to regularly incorporate fish into their
diet (76). Most older people believed that people ate
too much meat and that it was the cause of the increase

Table 2. Review Finding Table and Certainty of Evidence

Review Finding
(Reference)

Type of Research Evidence

Certainty of Evidence

Reasons for meat consumption
Most omnivores were highly attached to meat
65-73)

Qualitative (74, 77, 83)

Men had a more positive attitude toward meat
consumption than women 68, 69)

Elderly omnivores were generally concerned
about health in respect to their food choices

Elderly omnivores believed that aging is
associated with a decline in food intake

All vegetarians or low-meat consumers
reported health as 1 of the main reasons for
not eating meat

For many vegetarians, health concern was the
primary motivation to stop eating meat

Willingness to change meat consumption in
the face of undesirable health effects
Most omnivores reported low willingness to
reduce meat consumption

Quantitative (35, 38, 42, 45-47, 56-59,

Quantitative (34-36, 38, 51, 52, 65, 66,

Quantitative (34, 40, 52)

Qualitative (76, 84)

Quantitative (37-39, 41, 43, 45, 46, 49,
50, 51, 54, 55, 60-63, 67)

Qualitative (73-75, 78, 81, 85)

Quantitative (36, 42, 44, 53, 64)
Qualitative (77, 79, 80, 86)

Low: Risk of bias and indirectness

Low: Minor methodological limitations, minor
relevance and adequacy concerns and limited
information on the data analysis process

Low: Risk of bias and indirectness

Low: Risk of bias and indirectness

Low: Minor methodological limitations, minor
relevance and adequacy concerns and limited
information on the data analysis process

Low: Risk of bias and indirectness

Low: Minor methodological limitations, minor
relevance and adequacy concerns and limited
information on the data analysis process

Low: Risk of bias and indirectness

Low: Minor methodological limitations, moderate
concerns about relevance, minor adequacy
concerns and limited information on the data
analysis process
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in the frequency of cancer, high blood pressure, diabe-
tes, and heart disease (84).

Six studies explored reasons for avoiding meat
among vegetarians and low-meat consumers and sug-
gested that motivations for vegetarianism and meat
avoidance vary and change over time (81, 85). Persons
might initially avoid meat because of 1 motivation or
concern (for example, health) and later integrate other
beliefs or reasons to support their behavior (for exam-
ple, animal welfare and environmental concerns) (78,
82). For many vegetarians, concern about health (for
example, to avoid genetic health problems, such as
heart disease) was the primary motivation to stop eat-
ing meat, but ethical concerns (for example, animal
welfare) were also often reported as a major reason
(73-75, 78, 81, 85).

The overall certainty of the evidence was rated as
low because of methodological limitations due to lack
of reporting of the investigator and participants' rela-
tionship (8 of 10 [80%] studies), limited information on
the data analysis process and the likely selectivity of
study populations (3 of 10 [30%] studies), and ade-
quacy concerns (small number of participants).

Willingness to Change Meat Consumption in the
Face of Health Concerns
Quantitative Studies

Five studies evaluated willingness to change meat
consumption when faced with health concerns (36, 42,
44, 53, 64). One study provided participants with a
World Health Organization report on the risk for colo-
rectal cancer associated with red meat consumption
(42). Another study provided participants with a fic-
tional newspaper article reporting potentially undesir-
able health effects of meat consumption, including risk
for stroke, heart attack, diabetes, and cancer (36). In
both studies, most participants reported that they
would not reduce meat consumption in the future, par-
tially because they mistrusted the information provided
(36, 42). In 1 study, many of the participants believed
additives used in the production process were the real
health problem rather than the meat consumption itself
(42). Men attached greater importance to possible bar-
riers for reducing meat consumption, considering it as
part of a healthy diet and their culture, whereas most
women expressed environmental concerns and animal
welfare as motivations for reducing meat consumption
(36).

Two additional studies asked participants what
changes they would make to improve or maintain their
health, and meat reduction was not among the most
frequently reported; other dietary or lifestyle changes,
such as exercise or eating more fruits and vegetables,
were, among 10 options, selected more often (44, 53).
One study that asked what future changes participants
would make specifically regarding meat consumption
found that most, especially men, had no intention of
changing meat consumption (64). Many participants al-
ready believed that they had reduced their meat con-
sumption in the past and did not plan any further re-
ductions (64).
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The overall certainty of the evidence was rated as
low because all studies proved to be at high risk of bias
due to lack of validation of the measurement instru-
ments, and for indirectness because 3 of 5 (60%) stud-
ies did not inform participants about the undesirable
health effects of meat consumption and the likely selec-
tivity of populations.

Qualitative Studies

Four studies evaluated willingness to change meat
consumption in the face of health concerns (77, 79, 80,
86). Two studies asked participants how they perceived
the possibility of changing meat consumption habits to
minimize undesirable health effects. Most participants
reported that they would not reduce consumption (79,
80). One study asked participants their opinion about
consumption of fewer animal-derived products and
consuming more plant-based foods. Participants were
concerned about reducing meat consumption because
they perceived meat as an important component of a
healthy diet (77). Reasons participants reported not de-
siring to change consumption included belief that they
already ate small quantities and did not need to reduce
further (this reason was more frequently cited when dis-
cussing reduction of red meat than other types of meat)
(80), that they had already reduced meat consumption
in the past (80), that the consequences of meat con-
sumption were trivial compared with other behaviors
(for example, smoking tobacco) (79, 80), and that they
did not trust the available scientific information (79). In
another study, participants were presented with nutri-
tional information about lamb meat and then asked
about their future meat consumption intentions. Most
participants believed they would continue with their
current consumption, with the most common reasons
being the belief that they needed protein and the en-
joyment of eating meat (86).

The overall certainty of the evidence was rated as
low because of methodological limitations due to lack
of reporting of the investigator and participants' rela-
tionship (3 of 4 [75%] studies), because of concerns in
relevance due to not informing participants about the
undesirable health effects of meat consumption and
the likely selectivity of populations (4 of 4 [100%] stud-
ies), and because of adequacy concerns (small number
of participants).

Di1scUSSION

Key findings from our systematic review include the
reasons omnivores consume meat: They consider meat
an essential component of a healthy diet, they enjoy
eating meat, they feel that meat is a part of their tradi-
tions, and they believe they lack the knowledge and
cooking skills to prepare an adequate meal without
meat. Study participants' willingness to change meat
consumption in response to health concerns is gener-
ally low. Our findings were consistent across the 2 bod-
ies of evidence (quantitative and qualitative research).
The overall certainty of evidence was low, predomi-
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nantly because of risk of bias or methodological limita-
tions, lack of validation of the questionnaires, issues of
indirectness or relevance, and issues of adequacy.

Strengths of this review include explicit eligibility
criteria, an extensive search, and duplicate assessment
of eligibility and risk of bias or methodological limita-
tions. The use of 2 complementary bodies of evidence
(mixed-methods) and the use of the GRADE approach
to assess the certainty of the evidence allowed greater
confidence in the interpretation of results (87).

This study also has limitations. We included studies
done only in Europe, Australia, Canada, the United
States, and New Zealand, reflecting food values and
preferences of populations living in high-income coun-
tries. Therefore, we cannot generalize these findings to
other populations. In addition, the studies reporting
willingness to reduce meat consumption in the face of
health concerns did not provide participants with suffi-
cient information about the certainty of the evidence,
nor about the effect meat consumption has on health.
Studies failed to consistently report participants' socio-
economic status, educational level, and religious be-
liefs, precluding exploration of the effect of these char-
acteristics on dietary values and preferences. Another
limitation is related to the applicability of our results to
the NutriRECS red meat recommendation because
most of the included studies do not focus on red or
processed meat, but rather meat in general. Finally, our
systematic review focuses only on the influence of
health effects and does not address other reasons that
influence meat consumption, such as animal welfare
and environmental concerns.

We performed a search of MEDLINE through June
2019 to identify relevant previous reviews. More recent
study results are consistent with those of earlier studies:
During the past 2 decades, omnivores have remained
highly attached to meat, and willingness to change
consumption has remained generally low (88, 89). Re-
garding prior systematic reviews, 1 review evaluated
omnivores' perceptions and behaviors regarding pro-
tein consumption in general and not red meat in par-
ticular (88). That systematic review concluded that om-
nivores' willingness to change consumption in terms of
reducing or substituting meat (for example, by eating
insects or meat substitutes) is low. One recent narrative
review evaluated psychological aspects of meat con-
sumption in general and concluded that eating meat is
entrenched in Western culture (89), which is consistent
with our findings. Other existing narrative reviews ex-
plored motivations for consuming or avoiding meat
and suggested, in keeping with our results, that the
reasons for consuming meat are complex and diverse
and may vary according to age and sex (90, 91).

Our findings have direct implications for stakehold-
ers making both public health and clinical nutritional
recommendations. Our results highlight the inappro-
priateness of assuming that informed persons would
choose to reduce meat consumption on the basis of
small and distant health benefits, particularly if the ben-
efits are uncertain (10, 92). The results suggest that it
may be similarly inappropriate to assume that informed
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persons would choose to modify their preferred diet in
other ways on the basis of small and uncertain health
benefits. However, studies generally did not present
the possible adverse health consequences of meat con-
sumption in ways that captured the current evidence
and its uncertainty. Optimal insight into people's values
and preferences, and in particular into willingness to
reduce meat consumption, requires such a presenta-
tion. Subsequent research should address this issue.
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4.2.1.1.1 Participants’ Characteristics
Of the 304 individuals who participated in our study, typical respondents were women around 40 years old

with a university degree (85%), employed (81%), and having at least one comorbidity (74%).

4.2.1.1.2 Participants’ Meat Consumption Behaviour
Many participants reported consuming less than three servings of meat per week (76% of URM and 57% of

PM), 24% of participants consumed three or more servings of URM and 43% of PM. The type of URM most
frequently consumed was beef or veal (76.0%) and, for PM, Serrano ham or shoulder ham (71.4%). The three
main reasons for meat consumption among the participants included flavour, cost and availability, and were
similar for URM and PM (Annex 4A presents the reasons for meat consumption for unprocessed red meat

and processed meat).

With regard to URM consumption, 27.3% had previously reduced consumption for health; for PM, the same
was true of 38.2% of participants, whereas 38.5% reported to have reduced their intake of meat in general
for other non-health-related reasons. Among the eight different non-health-related reasons participants

could choose from, animal welfare and environmental concerns were the most frequently reported.

Unprocessed red meat was defined as mammalian meat (e.g., beef, pork, lamb), and processed meat was
defined as white or red meat that was preserved by smoking, curing, salting, or by the addition of
preservatives (e.g., hot dogs, charcuterie, sausage, ham, and cold cut deli meats). One serving corresponded

to 120 g for unprocessed red meat and 50 g for processed meat.

4.2.1.1.3 Willingness to Change Meat Consumption (Questions 1, 2 and 3)
The majority of participants were unwilling to introduce any changes to their URM and PM consumption in

the face of the associated reductions in overall cancer-incidence and cancer-mortality risks. Most
respondents were unwilling to stop their intake (URM: 78.6%; PM: 77.9%); of those unwilling to stop, most
were also unwilling to reduce (URM: 81.1%; PM: 91.5%) their intake when presented with the cancer-
incidence scenario; likewise, most participants were unwilling to stop (URM: 75.4%; PM: 76.4%), and of those
unwilling to stop, to reduce (URM: 85.7%; PM: 80%) when presented with the mortality scenario. Similarly,

none of the participants were willing to increase their URM and/or PM intake.
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4.2.1.1.4 Willingness to Change Meat Consumption with Higher Certainty (Questions a)
The availability of higher-certainty evidence affected the participants’ willingness to change their

consumption in a minority of respondents who were unwilling to stop or reduce in response to the initial
evidence presentation: 26.6% participants were willing to stop and 6.7% were willing to reduce their URM
intake when they were presented with the cancer-incidence scenario. Similarly, with the cancer-mortality
scenario, 19.0% were willing to sop and 6.9% were willing to reduce their intake. For PM, 35.8% of
participants were willing to stop and 10.3% to reduce their intake when presented with the cancer incidence

scenario; similarly, for the cancer-mortality scenario, 29.2% were willing to stop and 13.6% to reduce.

4.2.1.1.5 Willingness to Change Meat Consumption with a Larger Risk Reduction (Questions b)
The availability of a hypothetically larger reduction in cancer risk affected the willingness to change the meat

consumption of some participants who were unwilling to stop or reduce in response to higher-certainty
evidence: 37.0% participants reported to be willing to stop and 56.0% to reduce their URM intake when
presented with the cancer-incidence scenario. Similarly, with the cancer-mortality scenario, 42.0%
participants reported to be willing to stop and 54.0% to reduce their URM intake. For PM, 38.0% of
participants were willing to stop and 50.0% to reduce their PM intake when presented with the cancer
incidence scenario, whereas in the cancer-mortality scenario, 55.0% of participants reported to be willing to

stop and 53.0% to reduce their PM intake.

4.2.1.1.6 Predictors of Willingness to Change Meat Consumption
In the logistic regression analysis, gender appeared to be the only significant predictor of willingness to stop

PM consumption in the cancer-incidence scenario (OR: 0.40; 95% Cl: 0.15-0.93) and URM consumption in
the cancer-mortality scenario (OR: 0.34; 95% Cl: 0.11-0.88), with men being less willing to stop compared to
women. Men also appeared to be less willing to stop eating PM (OR: 0.43; 95% Cl: 0.18—0.96) and URM (OR:
0.27; 95% Cl: 0.08-0.74) if the certainty was higher when presented with the cancer-incidence and cancer-
mortality scenarios, respectively. Age, level of education, occupational status and religious belief did not

appear to be significant predictors for any other dependent variables of willingness.

4.2.1.2.1 Participants’ Characteristics
Of the 304 participants, seven agreed to participate in the semi-structured interviews; there were four men

and three women, with a mean age of 38.6 years (SD = 5.0). All participants (100%) reported having a
university degree, being employed, and six (86%) reported not having any comorbidity. Annex 4B presents

the participants’ sociodemographic and medical history.

4.2.1.2.2 Participants” Meat Consumption Behaviour
Participants’ meat consumption varied. Three participants consumed between 3 and 4 servings of PM per

week, one participant consumed between 11 and 12 servings per week and three participants declared
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consuming less than one serving per week. Regarding URM, three participants declared to consume less than
one serving per week, two declared consuming between 1 and 2 servings per week and two consumed
between 3 and 4 servings per week. When asked if they had reduced their meat consumption in the past for
health reasons and/or for other reasons, three participants declared having reduced both their URM and PM
intake in the past due to health reasons, two participants reported having reduced their intake for animal
welfare and environmental concerns and one participant reported cost as the main reason for having reduced
his consumption. From the survey, none of the participants reported to be willing to stop or reduce their

meat intake in the future.

4.2.1.2.3 Meat Consumption Preferences
We have identified three main themes reflecting the participants’ preferences: 1) Social and/or family

context of meat consumption, 2) Health- and non-health-related concerns about meat, and 3) Uncertainty of

the evidence. Here we present some quotations from research participants.
Social and/or Family Context Meat Consumption

Two participants did not consider themselves regular meat eaters and reported eating meat mainly in social
contexts, one participant reported consuming meat for its nutritional properties and mainly in social contexts

and, another participant reported consuming meat mainly for the health and nutritional needs of her family.
Health- and Non-Health-Related Concerns about Meat

Two participants reported health as the main reason for having reduced their meat intake in the past,
whereas other two participants highlighted other aspects that should be of concern when consuming meat.
Animal welfare and/or environmental concerns were stated as important aspects to be considered when

consuming meat.
Uncertainty of the Evidence

Three participants reported that the certainty of the evidence was not sufficiently convincing to cause

changes in their meat consumption.

The data from the quantitative (online survey) and qualitative (semi structured interviews) analyses are
integrated and presented in a joint display (Annex 4C), which allows a deeper understanding of the
participants’ values and preferences around meat consumption. The quotes from the transcripts that most

clearly represent the participants’ views have been included in the right column.
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4.2.1.4 Follow-Up Assessment at 3 Months

The same seven participants who participated in the semi-structured interviews completed the follow-up
assessment, with the addition of one-woman participant; four men and four women with a mean age of 39.3
years (SD = 5.0) participated. Five participants (63%, three men and two women) reported not having made
any changes in their URM and PM consumption, two participants (25%, one man and one woman) reported
having increased their meat intake—one participant for URM and the other for PM—and finally, one woman

participant (12%) reported having reduced the intake of PM.

Valli C, Santero M, Prokop-Dorner A, Howatt V, Johnston BC, Zajac J, Han M-A, Pereira A, Kenji Nampo F,
Guyatt GH, Bala MM, Alonso-Coello P, Rabassa M. Health Related Values and Preferences Regarding Meat
Intake: A Cross-Sectional Mixed-Methods Study. International Journal of Environmental Research and

Public Health. 2021; 18(21):11585.
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Abstract: Background. In addition to social and environmental determinants, people’s values and
preferences determine daily food choices. This study evaluated adults’ values and preferences
regarding unprocessed red meat (URM) and processed meat (PM) and their willingness to change
their consumption in the face of possible undesirable health consequences. Methods. A cross-
sectional mixed-methods study including a quantitative assessment through an online survey, a
qualitative inquiry through semi-structured interviews, and a follow-up assessment through a
telephone survey. We performed descriptive statistics, logistic regressions, and thematic analysis.
Results. Of 304 participants, over 75% were unwilling to stop their consumption of either URM
or PM, and of those unwilling to stop, over 80% were also unwilling to reduce. Men were less
likely to stop meat intake than women (odds ratios < 0.4). From the semi-structured interviews,
we identified three main themes: the social and/or family context of meat consumption, health-
and non-health-related concerns about meat, and uncertainty of the evidence. At three months,
63% of participants reported no changes in meat intake. Conclusions. When informed about the
cancer incidence and mortality risks of meat consumption, most respondents would not reduce their
intake. Public health and clinical nutrition guidelines should ensure that their recommendations are
consistent with population values and preferences.

Keywords: health; values and preferences; red meat; processed meat; cross-sectional study; mixed
methods; explanatory sequential; survey
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1. Introduction

Many believe that people’s dietary choices have important consequences for their
health. All individuals face the daily choice regarding what to eat, and in what quantity [1].
People’s food choices, in addition to social and environmental determinants, may depend
on their beliefs regarding health effects, their beliefs about the environmental effects of
their diet, the pleasure they take in eating, their social and cultural milieu and the relative
importance they place on these issues.

When developing guidance for public dietary behaviour, respect for individual au-
tonomy requires understanding the health-outcome-related values and preferences that
are linked to diet among members of the public. Most dietary guidelines have, however,
not only failed to conduct systematic reviews (SRs) of people’s values and preferences, but
have also neglected this issue when making their recommendations [2,3].

With regard to meat, given the association between unprocessed red meat (URM) and
processed meat (PM) consumption and adverse health outcomes (cancer and cardiovascular
events) [4], dietary guidelines have generally recommended limiting meat intake [5-7].
In developing a guideline regarding meat consumption, our group undertook a SR that
addressed relevant health-related values and preferences. We found that reasons for meat
consumption varied and that people’s willingness to change their meat consumption is
generally low [8], but because researchers had never undertaken the most relevant studies
to inform the question, the evidence was only low quality.

We therefore developed and conducted a cross-sectional explanatory sequential mixed-
methods study in order to evaluate adults” values and preferences regarding URM and
PM intake and their willingness to change their intake in the face of possible undesirable
health consequences based on the dose-response meta-analysis SR of meat and cancer
risk [9]. Unprocessed red meat was defined as mammalian meat (e.g., beef, pork, lamb),
and processed meat was defined as white or red meat that was preserved by smoking,
curing, salting, or by the addition of preservatives (e.g., hot dogs, charcuterie, sausage,
ham, and cold cut deli meats). One serving corresponded to 120 g for unprocessed red
meat, and 50 g for processed meat [10].

2. Methods
2.1. Study Design and Setting

This cross-sectional explanatory sequential mixed-methods study included a quantita-
tive assessment through an online survey, a qualitative inquiry through semi-structured
interviews, and a follow-up assessment through a telephone survey. Our team conducted
the study in Spain between November 2020 and March 2021, based on a previously pub-
lished study protocol where further details on the methods are provided [11]. The report
follows STROBE guidelines [12].

This work constitutes one part of NutriRECS (Nutritional Recommendations; www.
nutrirecs.com, accessed on 26 November 2020), an initiative that aims, by following a
rigorous and transparent approach based on the methods promoted by the National
Academy of Medicine, Guideline International Network and GRADE, and that includes the
incorporation of values and preferences of the public [13], in order to develop trustworthy
nutritional recommendations.

2.2. Study Population

People learned about this study thorough the Cochrane website and Twitter, where we
published all of the information related to the study, eligibility criteria, contact information
of the researcher carrying out the study, and the related link to access the online survey. Peo-
ple who were interested in participating completed the online consent form and accessed
the survey. Respondents included adults between 18 and 80 years of age who currently
consume URM and/or PM. We excluded adults who had active cancer and those who had
suffered a major cardiovascular event such as: stroke, angina, myocardial infarction, heart
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failure, symptomatic peripheral arterial disease, as well as pregnant women and those
unwilling or unable to provide informed consent.

2.3. Questionnaire and Study Procedures

The questionnaire was first developed and reviewed by experts on the topic in order
to ensure the validity of the included items in the questionnaire; secondly, we pilot-tested it
in English in a convenience sample of participants [14]. On the basis of the pilot study, our
team modified the questionnaire, performed a translation into Spanish—one researcher
translated the survey that was reviewed and a second researcher confirmed it—and finally,
we developed an online version that we tested on 34 Spanish participants to establish
clarity and understanding. Based on the findings of the pre-testing, we refined the survey
to improve face and content validity. See Supplementary Materials for the Spanish version
of the online survey.

The questionnaire addressed the participants” demographic characteristics, their med-
ical history and meat consumption beliefs and behaviours, and it also included a direct-
choice exercise. This exercise presented scenarios that were tailored to each individual’s
weekly meat consumption and included, based on a prior SR and dose-response meta-
analysis, the best estimates of the risk reduction of overall lifetime cancer incidences and
cancer mortality that is associated with a decrease in URM and/or PM consumption [9].
In order to keep the presentation understandable and assimilable, we decided to focus
only on cancer and thus, we omitted the possible cardiovascular effects. The scenarios
also presented the corresponding certainty of the evidence for the potential risk reductions.
The questionnaire was tailored to participants’ individual meat consumption (i.e., after
they had stated their mean consumption, subsequent questions referred to those prior
responses) and participants” willingness to change their meat intake (those unwilling to
change responded to additional questions regarding whether higher quality evidence or a
larger effect would change their willingness).

Participants first considered the cancer-incidence scenario and expressed their will-
ingness to “stop” their URM and PM intake using a 7-point Likert-scale with 1 (meaning
definitely unwilling) and 7 (meaning definitely willing) (Question 1). If participants were
unwilling to stop (<4 of the Likert-scale), they were asked, using a 7-point Likert-scale
question (Question a), if they would stop their intake if the certainty of the evidence was
higher. If they were still unwilling to stop (<4 of the Likert-scale), we asked them, using a
multiple-choice question (Question b), if they were willing to stop if the evidence showed a
larger risk reduction. If, after the above questions, participants were still unwilling to stop,
we presented them with an additional 7-point Likert-scale question about their willingness
to “reduce” their intake (Question 2). Similar to what was reported above, participants
unwilling to reduce their intake (<4 of the Likert-scale), were presented with the questions
about the certainty of the evidence (Question a) and, if still unwilling, the magnitude of
the risk (Question b). If participants were also unwilling to reduce their intake (<4 of
the Likert-scale), they were finally presented with a question about whether they were
instead willing to increase their meat consumption using a 7-point Likert-scale question
(Question 3). This logic of questions was applied for both types of meat and for both the
cancer-incidence and cancer-mortality scenarios (Figure 1).

Two additional questions invited respondents to participate in a semi-structured
interview and a follow-up assessment at 3 months. If the respondents had agreed to
participate in the semi-structured interviews, then we arranged a meeting (through a
secured Skype/Zoom call or by telephone) in which we reviewed and discussed their
answers from the online survey and asked additional questions addressing their motives
to change or continue with their current URM and/or PM consumption. At 3 months after
the online survey, we conducted follow-up interviews via email and/or phone and asked
the participants who had agreed to be contacted if they had made any changes in their
meat consumption.
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We performed a separate logistic regression analysis for each dependent variable in
order to explore the determinants of the participants’ willingness to change meat consump-
tion in the direct-choice scenarios. The dependent variables were the choice (unwilling
versus willing) to stop and reduce eating URM and/or PM in the face of cancer-incidence
risks as well as cancer-mortality risks. The team identified the independent variables of sex,
age, level of education, occupational status and religious belief a priori as known potential
confounders and they were included in each statistical model. Linear regression was not
performed as planned in the protocol because the assumption of linearity was violated.

We calculated the number and percentage of participants who had made any changes
in their meat consumption at the follow-up after three months.

2.4.2. Qualitative Analysis

After collecting the data and transcribing the semi-structured interviews, we con-
ducted an iterative, thematic analysis, using constant comparison within and across the
transcripts of the study’s participants by following a six-step approach (i.e., familiarisation
with the data, generating initial codes, searching for themes, reviewing the themes, defining
and naming the themes and producing the final report) [16].

2.4.3. Integrating Qualitative and Quantitative Analyses

We conducted a sequential analysis of the quantitative and qualitative components of
the data. We analysed each dataset separately and then, at the end of the study, listed the
findings from each component of our study and drew meta-inferences. Findings of interest
from both data sets were compared and contrasted for convergence (whether findings from
each data set agree), complementarity (whether findings offer complementary information
on the same issue), dissonance (appear to contradict each other) and “silence” (a particular
finding could only be explored in one data set) [17]. The integrated data were presented us-
ing a joint display [18], which presents each theme from the qualitative analyses according
to the proportion that was obtained from the relevant online survey questions.

3. Results
3.1. Online Survey
3.1.1. Participants” Characteristics
Of the 304 individuals who participated in our study, typical respondents were women

around 40 years old with a university degree (85%), employed (81%), and having at least
one comorbidity (74%) (Table 1).

Table 1. Participants’ sociodemographic and medical history.

Overall (n = 304)

Sex, n (%)

Women 189 (62.0)
Men 115 (38.0)
Age, years

Mean (SD) 39.8 (10.7)
Median (Q1, Q3) 38.0 (32.0, 46.0)
Education level, n (%)

Primary education 3(1.0)
Secondary education 14 (4.6)
Professional education 24 (7.9)
University education 259 (85.2)
No studies 1(0.3)
Employment status, 1 (%)

Employed 247 (81.2)

Unemployed 34 (11.2)
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Overall (n = 304)

Student 20 (6.6)
Marital status, n (%)

Married 94 (30.9)
Common-law couple 5(1.6)
Living with my partner or family 87 (28.6)
Separated 2(0.7)
Divorced 12 (3.9)
Widow /widower 1(0.3)
Single 100 (32.9)
Children, n (%)

One child 42 (13.8)
Two children 62 (20.4)
Three or more children 14 (4.6)
None 183 (60.2)
Religion, 1 (%)

Catholicism 62 (20.4)
Other 9 (3.0)
None 230 (75.7)
Physical activity intensity ¥, n (%)

Low 82 (27.0)
Moderate 139 (45.7)
High 80 (26.3)
Weight, kg

Mean (SD) 69.9 (14.5)
Median(Q1, Q3) 68.0(59.8, 79.0)
Height, m

Mean (SD) 1.70 (0.1)
Median (Q1, Q3) 1.70 (1.6, 1.8)
BMI

Mean (SD) 24.3 (4.1)
Median (Q1, Q3) 23.6 (21.5, 26.2)
Comorbidities, n (%)

Hormonal system disorders 14 (4.6)
Digestive diseases 12 (3.9)
Musculoskeletal disorders 8 (2.6)
Other 41 (13.5)
None 226 (74.3)
Family history of cancer, n (%)

Yes 198 (65.1)
No 73 (24.0)
I don’t know 30(9.9)

Abbreviations: SD = standard deviation; Q1 = Quartile 1; Q3 = Quartile 3, kg = kilograms; m = meters; BMI = body
mass index. ¥ Physical activity (PA) intensity was categorized as follows: participants who reported doing PA
every day were categorized in the “high” category; who reported doing PA at least once a week was categorized
in the “moderate” one and the rest of participants were categorized in the “low” category.

3.1.2. Participants” Meat Consumption Behaviour

Many participants reported consuming less than three servings of meat per week (76%
of URM and 57% of PM), 24% of participants consumed three or more servings of URM
and 43% of PM. Figure 2 presents the meat-consumption frequency behaviour. The type
of URM most frequently consumed was beef or veal (76.0%) and, for PM, Serrano ham
or shoulder ham (71.4%) (See Supplementary Materials: Figures S1 and S2). The three
main reasons for meat consumption among the participants included flavour, cost and
availability, and were similar for URM and PM (See Supplementary Materials: Table S1).
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Figure 2. Meat consumption frequency behavior.
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With regard to URM consumption, 27.3% had previously reduced consumption for
health; for PM, the same was true of 38.2% of participants, whereas 38.5% reported to have
reduced their intake of meat in general for other non-health-related reasons. Among the
eight different non-health-related reasons participants could choose from, animal welfare

and environmental concerns were the most frequently reported (Table 2).

Table 2. Participants’ meat reduction in the past.

Past reduction due to health reasons

Unprocessed red meat

N 283
No, 1 (%) 200 (65.8)
Yes, n (%) 83 (27.3)
Processed meat

N 283
No, 1 (%) 167 (54.9)
Yes, n (%) 116 (38.2)
Past reduction due to other reasons

Meat in general

N 282
No, 1 (%) 165 (54.3)
Yes, n (%) 117 (38.5)
Other reasons, 1 (%)

Animal welfare 62 (20.4)
Environmental concerns 67 (22.0)
Family preferences 15 (4.9)
Social context 7(2.3)
Availability /accessibility 5(1.6)
Flavour 21 (6.9)
Cost 14 (4.6)
Other 31(10.2)
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Unprocessed red meat was defined as mammalian meat (e.g., beef, pork, lamb), and
processed meat was defined as white or red meat that was preserved by smoking, curing,
salting, or by the addition of preservatives (e.g., hot dogs, charcuterie, sausage, ham, and
cold cut deli meats). One serving corresponded to 120 g for unprocessed red meat and 50 g
for processed meat.

3.1.3. Willingness to Change Meat Consumption (Questions 1, 2 and 3)

The majority of participants were unwilling to introduce any changes to their URM
and PM consumption in the face of the associated reductions in overall cancer-incidence
and cancer-mortality risks. Most respondents were unwilling to stop their intake (URM:
78.6%; PM: 77.9%); of those unwilling to stop, most were also unwilling to reduce (URM:
81.1%; PM: 91.5%) their intake when presented with the cancer-incidence scenario; likewise,
most participants were unwilling to stop (URM: 75.4%; PM: 76.4%), and of those unwilling
to stop, to reduce (URM: 85.7%; PM: 80%) when presented with the mortality scenario.
Similarly, none of the participants were willing to increase their URM and/or PM intake.
Table 3 presents the participants’ willingness to stop, and if unwilling to stop, to reduce, and
if unwilling to reduce, to increase URM and PM consumption in the face of cancer-incidence
and cancer-mortality risks.

Table 3. Willingness to change meat consumption in the face of cancer-incidence and cancer-
mortality risks.

URM PM
Willingness to stop—Question 1
Cancer Incidence
N 126 163
Willing, 1 (%) 27 (21.4) 36 (22.1)
Unwilling, 7 (%) 99 (78.6) 127 (77.9)
Median 3.0 3.0
Q1,Q3 (1.0, 4.0) (2.0, 4.0)
Cancer Mortality
N 118 157
Willing, 1 (%) 29 (24.6) 37 (23.6)
Unwilling, 7 (%) 89 (75.4) 120 (76.4)
Median 3.0 3.0
Q1,Q3 (1.0, 4.0) (2.0, 4.0)

Willingness to stop with higher certainty—Question a

Cancer Incidence

N 94 120
Willing, 7 (%) 25 (26.6) 43 (35.8)
Unwilling, 1 (%) 69 (73.4) 77 (64.2)
Median 3.0 3.0
Q1,Q3 (2.0,5.0) (2.0,5.0)
Cancer Mortality

N 84 106
Willing, 7 (%) 16 (19.0) 31(29.2)
Unwilling, 1 (%) 68 (81.0) 75 (70.8)
Median 3.0 3.0

Q1,Q3 (1.0, 4.0) (2.0, 5.0)
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URM PM
Willingness to stop with a larger risk reduction—Question b
Cancer Incidence
N 68 50
Unwilling, 7 (%) 21 (31.0) 17 (34.0)
Willing, 1 (%) 25 (37.0) 19 (38.0)
Neither unwilling nor willing, 1 (%) 22 (32.0) 14 (28.0)
Cancer Mortality
N 67 74
Unwilling, n (%) 21 (31.0) 17 (23.0)
Willing, n (%) 28 (42.0) 41 (55.0)
Neither unwilling nor willing, n (%) 18 (27.0) 16 (22.0)
Willingness to reduce—Question 2
Cancer Incidence
N 37 47
Willing, 1 (%) 7(18.9) 4(8.5)
Unwilling, 1 (%) 30 (81.1) 43 (91.5)
Median 3.0 2.0
Q1,Q3 (1.0, 4.0) (1.0, 3.0
Cancer Mortality
N 35 30
Willing, 1 (%) 5(14.3) 6 (20.0)
Unwilling, n (%) 30 (85.7) 24 (80.0)
Median 3.0 3.0
Q1, Q3 (1.0, 4.0) (2.04.0)
Willingness to reduce with higher certainty—Question a
Cancer Incidence
N 30 39
Willing, 1 (%) 2(6.7) 4(10.3)
Unwilling, 7 (%) 28 (93.3) 35(89.7)
Median 3.0 3.0
Q1,Q3 (1.0,4.0) (2.0,4.0)
Cancer Mortality
N 29 22
Willing, n (%) 2(6.9) 3 (13.6)
Unwilling, n (%) 27 (93.1) 19 (86.4)
Median 2.0 3.0
Q1,Q3 (1.0,4.0) (1.34.0)
Willingness to reduce with a larger risk reduction—Question b
Cancer Incidence
N 27 20
Unwilling, 1 (%) 12 (44.0) 10 (50.0)
Willing, n (%) 15 (56.0) 10 (50.0)
Neither unwilling nor willing, n (%) 0 (0) 0(0)
Cancer Mortality
N 26 20
Unwilling, 7 (%) 12 (46.0) 10 (50.0)
Willing, 1 (%) 14 (54.0) 10 (50.0)
Neither unwilling nor willing, 1 (%) 0(0) 0 (0)
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Table 3. Cont.

URM PM
Willingness to increase—Question 3
Cancer Incidence
N 22 25
Willing, n (%) 0 0(0.0)
Unwilling, 7 (%) 22 (100.0) 25 (100.0)
Median 1.0 1.0
Q1,Q3 (1.0,2.0) (1.0,2.0)
Cancer Mortality
N 13 13
Willing, n (%) 0(0.0) 0(0.0)
Unwilling, 7 (%) 13 (100.0) 13 (100.0)
Median 1.0 1.0
Q1,Q3 (1.0, 1.0) (1.0,4.0)

Abbreviations: URM = unprocessed red meat, PM = processed meat, Q1 = Quartile 1; Q3 = Quartile 3. Question
1,2,3: Willingness to stop and reduce meat intake was based on a 7-point Likert-scale with 1 (meaning definitely
not) and 7 (meaning definitely yes). Question a: Willingness to stop and reduce meat intake with higher certainty
was based on a 7-point Likert-scale with 1 (meaning definitely not) and 7 (meaning definitely yes). Question b:
Willingness to stop and reduce unprocessed red meat consumption with a larger risk reduction was formulated
as a multiple-choice question. Unwilling =<4 of the Likert-scale, Willing => 5 of the Likert-scale. The sample size
(N) varied across the Willingness and cancer scenarios and type of meat because the questionnaire was tailored
according to the participants’ responses.

3.1.4. Willingness to Change Meat Consumption with Higher Certainty (Questions a)

The availability of higher-certainty evidence affected the participants” willingness to
change their consumption in a minority of respondents who were unwilling to stop or
reduce in response to the initial evidence presentation: 26.6% participants were willing to
stop and 6.7% were willing to reduce their URM intake when they were presented with
the cancer-incidence scenario. Similarly, with the cancer-mortality scenario, 19.0% were
willing to sop and 6.9% were willing to reduce their intake. For PM, 35.8% of participants
were willing to stop and 10.3% to reduce their intake when presented with the cancer-
incidence scenario; similarly, for the cancer-mortality scenario, 29.2% were willing to stop
and 13.6% to reduce. Table 3 presents the participants” willingness to stop and reduce
URM and PC consumption in the face of cancer-incidence and cancer-mortality risks with
higher certainty.

3.1.5. Willingness to Change Meat Consumption with a Larger Risk Reduction
(Questions b)

The availability of a hypothetically larger reduction in cancer risk affected the willing-
ness to change the meat consumption of some participants who were unwilling to stop or
reduce in response to higher-certainty evidence: 37.0% participants reported to be willing
to stop and 56.0% to reduce their URM intake when presented with the cancer-incidence
scenario. Similarly, with the cancer-mortality scenario, 42.0% participants reported to
be willing to stop and 54.0% to reduce their URM intake. For PM, 38.0% of participants
were willing to stop and 50.0% to reduce their PM intake when presented with the cancer-
incidence scenario, whereas in the cancer-mortality scenario, 55.0% of participants reported
to be willing to stop and 53.0% to reduce their PM intake. Table 3 presents the participants’
willingness to stop and reduce URM and PC consumption in the face of cancer-incidence
and cancer-mortality risks with a larger risk reduction.

3.1.6. Predictors of Willingness to Change Meat Consumption

In the logistic regression analysis, gender appeared to be the only significant predictor
of willingness to stop PM consumption in the cancer-incidence scenario (OR: 0.40; 95%
CI: 0.15-0.93) and URM consumption in the cancer-mortality scenario (OR: 0.34; 95% CI:
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0.11-0.88), with men being less willing to stop compared to women. Men also appeared
to be less willing to stop eating PM (OR: 0.43; 95% CI: 0.18-0.96) and URM (OR: 0.27;
95% CI: 0.08-0.74) if the certainty was higher when presented with the cancer-incidence
and cancer-mortality scenarios, respectively. Age, level of education, occupational status
and religious belief did not appear to be significant predictors for any other dependent
variables of willingness.

3.2. Semi-Structured Interviews
3.2.1. Participants’ Characteristics

Of the 304 participants, seven agreed to participate in the semi-structured interviews;
there were four men and three women, with a mean age of 38.6 years (SD = 5.0). All
participants (100%) reported having a university degree, being employed, and six (86%)
reported not having any comorbidity. Table S2 (See Supplementary Materials) presents the
participants’ sociodemographic and medical history.

3.2.2. Participants” Meat Consumption Behaviour

Participants” meat consumption varied. Three participants consumed between 3 and
4 servings of PM per week, one participant consumed between 11 and 12 servings per week
and three participants declared consuming less than one serving per week. Regarding
URM, three participants declared to consume less than one serving per week, two declared
consuming between 1 and 2 servings per week and two consumed between 3 and 4 servings
per week (See Supplementary Materials: Figure S3).

When asked if they had reduced their meat consumption in the past for health reasons
and/or for other reasons, three participants declared having reduced both their URM and
PM intake in the past due to health reasons, two participants reported having reduced
their intake for animal welfare and environmental concerns and one participant reported
cost as the main reason for having reduced his consumption. From the survey, none of the
participants reported to be willing to stop or reduce their meat intake in the future.

3.2.3. Meat Consumption Preferences

We have identified three main themes reflecting the participants’ preferences: (1) Social
and/or family context of meat consumption, (2) Health- and non-health-related concerns
about meat, and (3) Uncertainty of the evidence. Here we present some quotations from
research participants.

Social and/or Family Context Meat Consumption

Two participants did not consider themselves regular meat eaters and reported eating
meat mainly in social contexts.

“I'm not vegetarian and not vegan either, but if it was for me, I wouldn’t choose meat
as part of my daily meals. But once in a while if I go out with friends, I do eat it. I haven’t
eaten meat on a regular basis for a year now” (Female participant, 33 years old)

“I have not eaten meat on a regular basis for many years now. I consume meat
especially for social occasions” (Male participant, 41 years old)

One participant reported consuming meat for its nutritional properties and mainly in
social contexts.

“I have not completely stopped eating meat, as I consider it necessary to have certain
nutritional values such as iron or vitamin B12. In addition, due to my origin one of my
favourite foods is Iberian ham. On the other hand, the meat that I usually consume is of
high quality and does not usually come from large farms. Even, for tradition, I consume
game meat when I return to the family home” (Male participant, 32 years old)

One participant reported consuming meat mainly for the health and nutritional needs
of her family.

“If it was for me, I would follow a more vegetarian diet, but I have to adapt to the
needs of my children and family” (Female participant, 39 years old)
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Health- and Non-Health-Related Concerns about Meat

Two participants reported health as the main reason for having reduced their meat
intake in the past.

“In 2015 when I became a mother, I started to look for information about nutrition
and get more information about what was healthy to take care of me and my son, that is
when I decided to reduce my meat consumption” (Female participant, 39 years old)

“I had this idea that meat was high in fat and more expensive. So, I started to reduce
my meat consumption, especially red meat, and in the end, I was eating mostly chicken.
Gradually, I started to remove all types of meat from my daily meals” (Female participant,
33 years old)

Two participants highlighted other aspects that should be of concern when consuming
meat. Animal welfare and/or environmental concerns were stated as important aspects to
be considered when consuming meat.

“In recent years, there has been a lot of investigative journalism about the situation of
large-scale animal farms and the deplorable conditions in which they are raised. In addition,
livestock farming is directly related to greenhouse gas emissions and the deforestation of
huge regions to grow pasture and feed for livestock. Livestock farming is one of the human
activities that generates the most CO, emissions” (Male participant, 32 years old)

“From what I have read, too much meat can lead to diseases but on the other hand
I am concerned about the sustainability aspects related to its consumption. This doesn’t
mean I don’t eat meat, but I don’t buy processed meat. I do eat beef sometimes and when I
buy it, I go to the butcher so that I can choose the type of meat, the cut, and make sure of
the origin” (Male participant, 41 years old)

Uncertainty of the Evidence

Three participants reported that the certainty of the evidence was not sufficiently
convincing to cause changes in their meat consumption.

“I have no proof, nor enough evidence to think that I should reduce my consumption.
If the evidence said that there was a real and significant reduction, I would reduce my
consumption.” (Male participant, 39 years old).

“I like meat, and it is for sure a barrier to reduce or quit its consumption, especially
when the evidence is unclear.” (Male participant, 47 years old).

“As far as I can see, the evidence is not valid enough to completely stop eating meat.”
(Female participant, 39 years old).

3.3. Integrated Data

In Table 4, the data from the quantitative (online survey) and qualitative (semi-
structured interviews) analyses are integrated and presented in a joint display, which
allows a deeper understanding of the participants’ values and preferences around meat
consumption. The quotes from the transcripts that most clearly represent the participants’
views have been included in the right column. Table 4 will be interpreted in the discussion.

3.4. Follow-Up Assessment at 3 Months

The same seven participants who participated in the semi-structured interviews
completed the follow-up assessment, with the addition of one woman participant; four
men and four women with a mean age of 39.3 years (SD = 5.0) participated. Five participants
(63%, three men and two women) reported not having made any changes in their URM
and PM consumption, two participants (25%, one man and one woman) reported having
increased their meat intake—one participant for URM and the other for PM—and finally;,
one woman participant (12%) reported having reduced the intake of PM.
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Table 4. Joint display of integrated data from qualitative and quantitative data sets.

Qualitative Data

Quantitative Data

Semi-Structured Interview
Themes

Online Survey Questions

Online Survey Results

Representative Quotes

Interpretation

Social and/or family context meat
consumption

What are the most important factors
that favour your consumption of
red meat and processed meat?
Select all that apply *

Social context was selected as a factor
favouring unprocessed red meat and
processed meat consumption by 52%
and 40% of participants respectively.

“I consume meat especially social
occasions”

Participants reported that social
gatherings influenced their meat
consumption.

Family preference was selected as a
factor favouring unprocessed red meat
and processed meat consumption by
50% and 33% of participants
respectively.

“I have to adapt to the needs of my
children and family”

Participants reported that family
preference influenced their meat
consumption.

Tradition was selected as a factor
favouring unprocessed red meat and
processed meat consumption by 57%
and 33% of participants respectively.

“Even, for tradition, I consume game
meat when I return to the family
home”

Participants reported that tradition
influenced their meat consumption

Health- and non-health-related
concerns about meat

What are the most important factors
that favour your consumption of
unprocessed red meat? Select all

that apply *

Health was selected by 41% of
participants as a factor favouring
unprocessed red meat consumption.

“I consider red meat necessary to have
certain nutritional values such as
iron or vitamin B12”

Participants highlighted the
nutritional value of unprocessed red
meat as a reason for consuming it.

In the past, have you cut back on
red and / or processed meat for
non-health reasons?

Environmental concerns were selected
by 22% of participants.The second
highest selected reason as a
non-health-related reason for having
reduced meat consumption in the past.

“Livestock farming is one of the
human activities that generates the
most CO, emissions”

Non-health-related reasons such as
environmental concerns play an
important role in people’s meat

consumption habits.

Uncertainty of the evidence

What are the most important factors
that favour your consumption of
unprocessed red meat and
processed meat? Select all that

apply *

Taste was selected as a factor favouring
unprocessed red meat and processed
meat consumption by 79% and 49% of
participants respectevely. The most
selected factor.

“I like meat, and it is for sure a
barrier to reduce or quit its
consumption, especially when the
evidence is unclear”

Taste was one of the most voted
factors for consuming meat, and this
could explain why in the face of
uncertain evidence, participants
were unwilling to stop and/or
reduce their intake.

* 11 factors were provided to choose from, see Table S1 in the Supplementary Materials.
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4. Discussion
4.1. Main Findings

In this cross-sectional explanatory sequential mixed-methods study that included more
than 300 adults in Spain, we found that, in the face of the available evidence regarding
cancer-incidence and cancer-mortality risk reductions they would achieve, most people
were unwilling to reduce their meat intake. Men were appreciably less willing to reduce
meat consumption than were women. In the semi-structured interviews, participants
reported consuming meat in social contexts and/or in response to family preferences.
Health proved to be one important factor in favour of consuming meat and other aspects
such as environmental concerns emerged as important considerations. Three of seven
participants reported that the evidence was too uncertain for them to make changes in their
current consumption. Overall, quantitative and qualitative findings were in agreement.

The included participants can be considered as infrequent meat eaters since the
majority consumed between 1 and 2 servings of meat per week versus the estimated
average consumption of three servings of meat per week [19]. This could explain why
people who already had a low meat consumption were not willing to further decrease
their meat intake. In fact, during the semi-structured interviews, some participants did
not consider themselves as regular meat eaters and reported consuming meat occasionally,
mainly in social contexts or because of tradition and /or family preferences. The participants’
unwillingness to reduce or increase consumption suggests that participants were satisfied
with their meat consumption habits and did not feel the need to make any changes; as
emerged during the interviews, people felt that they were already consuming a healthy
amount of meat that did not need to be changed.

4.2. Our Results in the Context of Previous Research

Our results are similar to the findings from a previous mixed-methods systematic
review that was conducted by our team [8]. In this review, we showed that most omnivores
were unwilling to change their meat intake. More recent studies also show a low willingness
to change meat consumption [14,20,21]. Both our review and further studies also showed
that men were more attached to meat consumption, and less willing to change their intake.
In addition, although our results showed that participants were unwilling to reduce their
meat in the face of cancer risks, many had reduced their intake in the past for other
aspects, such as environmental concerns and animal welfare reasons. These aspects, which
emerged during the interviews, are similar to the conclusions of a recent systematic review
that found that environmental motives were already appealing to significant proportions
of Western meat-eaters, who were adopting certain meat-curtailment strategies such as
meat-free days [22].

4.3. Strengths and Limitations

Our study has several strengths. It is the first study, to our knowledge, that has
comprehensively and explicitly evaluated people’s health-related values and preferences,
and their willingness to change meat consumption when informed of the potential adverse
cancer risk and the uncertainty around this evidence. The information that patients received
was based on a recent rigorous dose-response meta-analysis [9]. We developed and
published a protocol reporting this study’s methodology [13]. We followed an explanatory
mixed-methods approach to the collection of both quantitative and qualitative evidence
that enhanced the interpretability of our results. We used health states to ensure a similar
understanding among participants of the presented outcomes.

Our study also has some limitations. Most of the included participants had a university
degree and consumed less than three servings per week, which was the average meat
intake in Spain [19]; therefore, our results might not be representative for the rest of the
Spanish population. Although we provided information about the associated reductions
in cancer risk in different formats, we did not check for understanding. We also only
presented data on cancer risk and did not present other health risks, such as cardiovascular
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effects, in order not to overburden the participants. In addition, while the semi-structured
interviews and follow-up assessment findings were collected from a small proportion
and convenience sample of participants (only 7 and 8 participants agreed to participate,
respectively); however, their sociodemographic characteristics and their meat consumption
behaviours were very similar to the rest of study’s participants. The response rate for
the survey questions on willingness varied. The less willing they were to change meat
consumption, the more questions a participant had to answer (see study procedures).

4.4. Implications for Practice and Research

This study will be informative in the development of both public health and clinical
nutritional recommendations regarding meat consumption. For example, given that people
are unlikely to modify their meat consumption on the basis of small and uncertain health
benefits, panels would be more likely to make conditional rather than strong recommenda-
tions for the reduction of meat consumption for healthcare reasons. Our study provides
guidance on the methods and procedures of how to conduct an exploratory sequential
mixed-methods observational study that aims to identify people’s health-related values
and preferences. Future research is needed to replicate this study in other populations
with higher meat intake and in other settings and cultures. The design we used could be
applicable to other foods and/or nutrients, settings and /or nutritional contexts.

5. Conclusions

When informed about the cancer incidence and mortality risks of meat consumption,
most respondents would not reduce their intake. Organizations developing public health
and clinical nutrition guidelines should ensure their recommendations are consistent with
population values and preferences.
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4.3. Study 3: “Peoples’ values and preferences towards animals’ welfare and environmental
concerns of meat consumption: A mixed-methods systematic review”

4.3.1. Summary of Study 3 results
4.3.1.1 Study selection
We retrieved 23,531 articles. After title and abstract screening, 429 were potentially eligible. We excluded

359 studies. After full-text screening, we included 56 quantitative, 12 qualitative, and 2 mixed-methods

studies.

4.3.1.2 Study characteristics
Of the 56 quantitative studies, 31 were conducted in Europe, 11 in the United States, 4 in the United Kingdom,

4 in multiple countries, 4 in Australia, 1 in New Zealand, and 1 study did not specify where it was conducted.
Forty-five studies were conducted between 2010 and 2020, and fifteen were conducted between 2000 and
2010. The number of participants ranged between 82 and 24,340. Of the 12 qualitative studies, 4 were
conducted in Europe, 3 in the United States, 2 in Australia, 2 were conducted in multiple countries, and 1 in
the United Kingdom. Ten studies were conducted between 2011 and 2019, whereas two studies were
conducted before 2010 (one in 2005 and the other in 2008). The number of participants ranged between 19
and 270. The two mixed-methods studies were conducted in Europe in 2018 and 2019 and included between

42 and 1532 participants.

4.3.1.3 Findings
We identified four main themes: 1) reasons for eating meat (8 quantitative studies (28,923 participants), 1

qualitative study (30 participants)); 2) reasons for avoiding meat (29 quantitative studies (64,651
participants), 7 qualitative studies (457 participants), and 1 mixed-methods study contributing quantitative
evidence (1,532)); 3) willingness to change meat consumption (27 quantitative studies (54,326 participants),
7 qualitative studies (527 participants), and 2 mixed-methods studies contributing qualitative evidence (66
participants)); and 4) willingness to pay more for environmentally friendly meat (2 quantitative studies (2,702

participants)).

4.3.1.3.1 Reasons for eating and/or buying meat

4.3.1.3.1.1 Quantitative data set
Eight studies reported on reasons for eating and/or buying meat. Among these studies, three (37%) provided

participants with data on the environmental impact of meat, while five (63%) did not present participants

with any information.

99



4.3.1.3.1.2 Qualitative data set
One study reported on reasons for eating and/or buying meat and did not provide any information about the

environmental impact of meat to participants.

4.3.1.3.1.3 Integrated evidence and related confidence
Findings from the quantitative and qualitative data sets were deemed complementary and the overall

confidence in the evidence was rated as low because of moderate concerns of methodological
limitations/risk of bias and serious concerns of relevance. Annex 5A presents the integrated evidence and

related confidence (Evidence profile table).

e Consumers chose meat with a lower footprint, when provided with carbon footprint information of
meat production. However, other characteristics such as type of meat, fat content and price were
considered more important.

e The environment (for example, carbon footprint information on the label) was not considered a
significant aspect when buying/consuming meat; other aspects such as: nutritional values, freshness
of the meat, food safety, eating enjoyment/taste, and animal welfare were considered more
important.

e Consumers bought meat products based on tangible aspects such as colours and appearance rather
than intangible characteristics such as environmental aspects of production; only some participants
bought environmentally friendly meat products, the main barriers were the higher price of these

products and the unwillingness to change their diet.

4.3.1.3.2 Reasons for avoiding meat
4.3.1.3.2.1 Quantitative data set
Thirty studies reported on reasons for avoiding meat. None of the studies provided participants with data on

the environmental impact of meat.

4.3.1.3.2.2 Qualitative data set
Seven studies reported on reasons for avoiding meat consumption. One study (14%) provided participants

with information on the environmental impact of meat production, and six studies (86%) did not.

4.3.1.3.2.2 Integrated evidence and related confidence
Findings from quantitative and qualitative data sets were deemed complementary and the overall confidence

in the evidence was rated as low because of minor concerns of methodological limitations/risk of bias, minor
concerns of coherence, and serious concerns of relevance. Annex 5B presents the integrated evidence and

related confidence (Evidence profile table).

e For vegetarians and low meat consumers/meat reducers, the reasons for adopting a vegetarian diet

or limiting their meat intake varied. For many people, environmental concerns were among the most
100



important reasons for avoiding meat consumption, whereas for others, environmental concerns
were not considered one of the main reasons for avoiding meat.

e Environmental concerns were considered a contributory factor rather than the primary driver for
avoiding meat. However, environmental impact of meat production was mentioned as one reason
for avoiding meat intake by some participants, along with other reasons, for example perceived
health. Other reasons such as: animal welfare; health concerns; self-fulfilment and taste or aesthetics
were considered among the main reasons for avoiding meat.

e Women were more likely to avoid meat or eating smaller portions of meat for environmental
reasons, except for one study where men were more likely to report environmental concerns as a
reason for avoiding meat.

e The younger population was more likely to agree that a vegetarian diet leads to environmental
benefits.

e People’s meat consumption behaviour influenced their motivations for avoiding meat intake. The
stricter the diet in terms of avoiding meat consumption and animal products, the more important
environmental concerns were reasons for avoiding meat. Similarly, one study reported that all
vegans found the environment an important issue for meat consumption, while only a minority of

omnivores mentioned it.

4.3.1.3.3 Willingness to change meat consumption

4.3.1.3.3.1 Quantitative data set

Twenty-seven studies evaluated people’s willingness to change meat consumption. Three studies (12%)
provided participants with data on the environmental impact of meat consumption, whereas twenty-four

studies (88%) did not present participants with any information.

4.3.1.3.3.2 Qualitative data set
Eight studies evaluated people’s willingness to change meat consumption when faced with environmental

concerns of meat consumption. One study (12%) provided participants with data on the environmental

impact of meat, and seven studies (88%) did not provide any information.

4.3.1.3.3.3 Integrated evidence and related confidence
Findings from quantitative and qualitative data sets were deemed complementary and the overall confidence

in the evidence was rated as low because of moderate concerns of methodological limitations/risk of bias
and serious concerns of relevance. Annex 5C presents the integrated evidence and related confidence

(Evidence profile table).

e Most of the omnivores were reluctant to reduce meat consumption in the future, even when

informed on the environmental impact of meat consumption.
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e Similarly, when provided with an information sheet about the impact of food production on climate
change, most of the participants showed low awareness of the association between climate change
and meat consumption, and some participants reported considering reducing their meat
consumption or had already reduce their intake in the past. However, environmental concerns
tended to be a contributory factor rather than the primary driver; other aspects were considered
more important for the environment rather than reducing meat consumption.

e Most of omnivores were willing to adopt other strategies to reduce the climate impact rather than
reducing meat intake: eating more organic food, driving less, eating local foods; using alternate
transportation, recycling, using eco-friendly products, reporting the ecological impact on the food’s
labels. On the contrary, three studies reported that most of the participants, when presented with
different sustainable food behaviours they could choose from, they were willing to reduce their meat
intake in terms of quantity rather than eating plant-based meat substitutes and proteins from insects
or buying specific meat such as organic meat or replace most of the meat by vegetables. Omnivores
considered meat consumption to have a trivial effect on the environment and believed that other
behaviours were more effective. Food packaging, food waste, transportation of food, and production
and processing of food in relation to the environmental impact of food were considered more
important.

e Women perceived higher environmental benefit of eating less meat than men and were more willing
to reduce meat intake. Young women were most incline to change their meat consumption.

e Frequent meat consumers were less positive towards a reduction of meat, whereas those with higher
concerns for environmental problems were much more likely to intend to stop eating meat. On the
contrary, one study found that gender, as well as age, meat consumption behaviour (high vs. low
intake) and socio-economic status had no impact on peoples’ belief that eating less meat would help

reducing climate change.

4.3.1.3.4 Willingness to pay more for environmentally friendly meat

4.3.1.3.4.1 Quantitative data set

Two studies evaluated people’s willingness to pay more for environmentally friendly meat and meat
products. None of the studies provided participants with data on the environmental impact of meat

consumption.

Both studies reported that consumers were willing to pay more for meat produced with a significantly lower
environmental impact. Labels indicating that the beef mince had a low or moderate fat content, was organic
meat produced locally, and met animal welfare standards were also significant for consumers. Women and
older people showed higher willingness to pay more for meat with minimal environmental impact. Findings

were only reported from quantitative data sets and the overall confidence in the evidence was rated as
102



moderate because of no or minor concerns of methodological limitations (serious risk of bias), serious
concerns of relevance, and minor concerns of adequacy. Annex 5D presents the evidence and related

confidence (Evidence profile table).
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Abstract: Background: Health is not the only aspect people consider when choosing to consume meat;
environmental concerns about the impact of meat (production and distribution) can influence people’s
meat choices. Methods: We conducted a mixed-methods systematic review, searched six databases
from inception to June 2020, and synthesised our findings into narrative forms. We integrated the
evidence from quantitative and qualitative data sets into joint displays and assessed the confidence
in the evidence for each review finding following the GRADE-CERQual approach. Results: Of the
23,531 initial records, we included 70 studies: 56 quantitative, 12 qualitative, and 2 mixed-methods
studies. We identified four main themes: (1) reasons for eating meat; (2) reasons for avoiding meat;
(3) willingness to change meat consumption; and (4) willingness to pay more for environmentally
friendly meat. The overall confidence was low for the reasons for eating and/or buying meat, for
avoiding meat, and for willingness to change meat consumption, and was moderate for willingness
to pay more for environmentally friendly meat. Conclusions: Regardless of people’s general beliefs
about meat and its impact on the environment, most people may be unwilling to change their meat
consumption. Future research should address the current limitations of the research evidence to
assess whether people are willing to make a change when properly informed.

Keywords: food preferences; consumer behaviour; meat consumption; environmental concerns;

values and preferences; mixed methods; systematic review

1. Introduction

Besides the availability of and access to food, individuals’ food choices are influenced
by a wide range of factors [1], including biological, psychological, social, cultural, and
historical influences [2]. These factors can be unconscious while others are more rational [2].
For example, many people consider meat a healthy food and an important source of
nutrients that must be part of their diet, whereas other people avoid or limit their meat
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intake because they believe that meat is harmful given its alleged association with chronic
diseases such as cancer [3]. Health, however, is not the only aspect people consider when
choosing to consume meat; other factors such as concern for animal welfare and the
environmental impact of meat (production and distribution) can influence people’s meat
choices and thus its consumption [4].

If one believes that guidelines should reflect people’s values and preferences (rather
than prescribing what a panel thinks people should do according to the panel’s values
and preferences), understanding people’s overall meat values and preferences becomes
crucial for producing trustworthy nutritional recommendations [5,6]. However, many
dietary guidelines, including meat recommendations, do not explicitly address their target
population’s values and preferences on meat intake [5,7,8].

Previously, as part of the NutriRECS initiative (www.nutrirecs.com (accessed on
17 March 2020)), we published a systematic review specifically addressing the health-
related values and preferences regarding meat consumption [3]. The evidence informed the
recommendations for unprocessed red meat and processed meat intake [9]. Cognizant of the
increasing evidence suggesting that large-scale meat production facilities, by depleting the
availability of fresh water and as a major source of anthropogenic greenhouse gas emissions,
are a substantive driver for global warming and environmental degradation, some people
have limited their meat consumption as a result of these environmental concerns [10-12].
We have therefore conducted a systematic review to evaluate how environmental concerns
may influence meat consumption behaviours.

2. Methods

We conducted a systematic review according to a protocol registered in PROSPERO
(CRD42018088854) [13] and adhered to the PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses) reporting statement [14].

2.1. Data Sources and Searches

We designed and conducted an exhaustive search in MEDLINE (via PubMed), EM-
BASE (via Ovid), Web of Science (Institute for Scientific Information), CAB abstracts (via
CABI; Centre for Agriculture and Bioscience), AGRIS (International System for Agricul-
tural Science and Technology), and FSTA (Food Science and Technology Abstracts) from
inception to June 2020. We defined search terms related to meat consumption; consumer
behaviour; and values, preferences, and attitudes and combined them with relevant terms
from the controlled vocabulary from each database. We did not restrict our search by
publication status or date of publication (Table S1). We also reviewed reference lists of the
included articles and relevant systematic reviews.

2.2. Study Selection

We included studies exploring how environmental values and preferences can in-
fluence meat consumption in adults (>80% of the sample were 18 years or older). If
studies did not report the participants” age, we assumed that >80% of the participants
were >18 years old. We included studies that obtained data by qualitative (e.g., inter-
views, focus groups), quantitative (e.g., cross-sectional survey), or mixed methods (e.g.,
both interviews or focus groups and a cross-sectional survey). We included only studies
published from 2000 onwards conducted in Europe, Australia, Canada, and the United
States (USA) because we considered them a homogeneous set of countries reflecting similar
socio-economic characteristics and values. If a study was conducted in multiple countries,
including countries that did not fulfil the eligibility criteria, it was included. We excluded
experimental /intervention studies and studies focusing on: meat alternatives (e.g., cultured
meat, in vitro meat, functional meat products, or genetically modified meat); meat quality
(meat composition, sensory quality, and/or palatability factors or origin of meat); meat
safety (e.g., food handling, chemical hazards/meat contamination, or storing/preservation
of meat); meat industry (e.g., market research to inform or meet consumers’ demands); meat
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consumption trends; and studies focusing on specific populations (e.g., cancer survivors or
pregnant women).

Following a calibration exercise, teams of two reviewers independently screened the
titles and abstracts of all retrieved references from the search. Subsequently, teams of two
reviewers independently reviewed the full text of articles deemed potentially eligible in
the title and abstract screening. In case of disagreement, reviewers reached consensus with
the help of a third reviewer.

2.3. Data Extraction

We used two ad hoc data extraction forms for quantitative and qualitative studies
(Tables S2 and S3). For mixed-methods studies, the quantitative and qualitative evidence
was extracted separately in the corresponding extraction form. After calibration, two
reviewers independently abstracted information from each study including: (1) study
identification; (2) objectives or research questions; (3) participant characteristics; (4) general
design and methods; (5) risk of bias/methodological limitations; and (6) findings. In case
of disagreement, reviewers reached consensus with assistance from a third reviewer.

2.4. Risk-of-Bias/Methodological Limitations Assessment

For quantitative studies, we used an adapted version of available GRADE guidance
to assess the risk of bias (RoB) of studies on the importance of outcomes on values and
preferences [15]. We considered five items grouped in three domains: (1) selection of
participants; (2) missing outcome data; and (3) the measurement instruments’ validity. We
rated studies as high risk of bias if the measurement instrument did not have evidence of
validity, or it was unclear, and as moderate risk if it was validated but two or more items
proved at high risk of bias.

For qualitative studies, we used the Critical Appraisal Skills Programme (CASP)
qualitative research checklist to assess the methodological limitations (ML) of the studies,
consisting of the appropriateness of the following items: (1) aim of the research; (2) qual-
itative methodology; (3) research design; (4) recruitment strategy; (5) data collection; (6)
researcher and participants relationship; (7) ethical issues; (8) data analysis; (9) summary of
findings; and (10) value of the research [16]. We rated studies as “serious methodological
limitations” if three or more items had serious concerns, as “Moderate methodological
limitations” if they had two items with serious concerns, “minor methodological limita-
tions” if one item had serious concerns, and “No or minor concerns” if no items had serious
concerns. A pair of reviewers independently assessed RoB/methodological limitations; in
case of disagreement, they reached consensus with the help of a third senior methodologist.

For mixed-methods studies, we used the mixed methods appraisal tool (MMTA)
consisting of the appropriateness of the five following items: (1) use of mixed-methods
design, (2) integration of different components of the study, (3) interpretation of qualitative
and quantitative components, (4) reporting of inconsistencies between quantitative and
qualitative results, and (5) quality criteria of quantitative and qualitative evidence [17].

2.5. Data Synthesis and Analysis

We synthesised our findings into narrative forms following an iterative four-step ap-
proach that involved simultaneous quantitative and qualitative data collection and analysis.

First, we selected two to three eligible articles per study design, identified key themes,
and coded them in different categories. Second, we used these categories to design ad hoc
data extraction forms. Third, through an iterative process, we compared the key themes of
the different categories identified across all studies, categorised them into different groups
depending on the type of population (e.g., women, vegetarians, elderly) and developed
analytic themes. Finally, we applied a critical meta-narrative synthesis to transform the
quantitative data into qualitative data [18-20]. For the latter, we used four systematic
profiles and several critical questions (e.g., “Modal profile” refers to the most occurring
different attributes, and therefore if most study participants reported to consume meat,
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they were described as omnivores) to extract the identified narratives and to guide our
synthesis of data (Table 54) [18]. We synthesised and narratively reported the findings
according to the identified themes. Within each identified theme, we divided the findings
into different subsections (if applicable) according to the following criteria:

1.  Type of data: whether the findings were from quantitative (e.g., questionnaire) or
qualitative (e.g., interview) data sets.

2. Previous knowledge/information on the environmental impact of meat: whether the
participants had been informed about the environmental impact of meat before being
asked about their beliefs, preferences, and /or behaviours.

2.6. Integrating Qualitative and Quantitative Analyses

We compared the narratively reported findings from the quantitative and qualita-
tive data sets, searching for similarities and differences [21]. We integrated them into
joint displays, which present findings from both quantitative and qualitative data sets
per theme [21-23], and assessed whether findings from each data set agreed, offered
complementary information, or contradicted each other [22].

2.7. Confidence in the Evidence

We assessed the confidence in the integrated evidence using the GRADE-CERQual
approach [24]. This is the most appropriate approach for assessing the extent to which
a review finding is a reasonable representation of the phenomenon of interest—in our
case the phenomenon of interest was people’s values and preferences regarding meat
consumption related to environmental impact. Therefore, we assessed the confidence
in the evidence considering the following GRADE-CERQual domains: methodological
limitations, relevance, coherence, and adequacy, with the exception that we used different
appraisal tools for the risk of bias or methodological limitations depending on whether the
evidence was quantitative or qualitative as explained above.

To increase consistency and transparency in the overall assessment, we assigned a
number value to each of the GRADE-CERQual levels of the concerns as follows: no or
very minor concerns were valued as 0; minor concerns as 1; moderate concerns as 2 and;
serious concerns as 3. Based on the sum of values per domain and per theme, we judged
the overall confidence for all the identified themes as: high confidence (values between 0
and 1); moderate confidence (values between 2 and 4); low confidence (values between 5
and 8); and very low confidence (values between 9 and 12).

3. Results
3.1. Study Selection

We retrieved 23,531 articles. After title and abstract screening, 429 were poten-
tially eligible. We excluded 359 studies (Table S5). After full-text screening, we in-
cluded 56 quantitative [25-78], 12 qualitative [79-90], and 2 mixed-methods studies [91,92].
Figure 1 presents the flow diagram with the search results and the selection of studies.

3.2. Study Characteristics

Of the 56 quantitative studies, 31were conducted in Europe, 11 in the United States, 4 in
the United Kingdom, 4 in multiple countries, 4 in Australia, 1 in New Zealand, and 1 study
did not specify where it was conducted. Forty-five studies were conducted between 2010
and 2020, and fifteen were conducted between 2000 and 2010. The number of participants
ranged between 82 and 24,340. Of the 12 qualitative studies, 4 were conducted in Europe, 3
in the United States, 2 in Australia, 2 were conducted in multiple countries, and 1 in the
United Kingdom. Ten studies were conducted between 2011 and 2019, whereas two studies
were conducted before 2010 (one in 2005 and the other in 2008). The number of participants
ranged between 19 and 270. The two mixed-methods studies were conducted in Europe
in 2018 and 2019 and included between 42 and 1532 participants. Table 1 presents the
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characteristics of the 73 included studies. The risk-of-bias and methodological limitation
assessment of the included studies is reported in Table S6-S8.

Records Records Records Records Records Records
identified identified identified identified identified identified
g through through through through through through
‘1‘-‘; PubMed EMBASE Web of AGRIS FSTA CAB
= 5826 5733 Science 1192 7858 6938
- 3171
c
(1) 1
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(n=30718) excluded
" . (n=7187)
£
: l
[
I
S
)
Records screened Excluded
(n=23531) > (n=23102)
—
) v
Full-text articles assessed Full-text articles excluded
F for eligibility (n=359)
= (n=429)
= 246 = No findings of interest
w
34 = No exposure of interest
31 = Exclusion criteria
28 = Conference abstracts or not primary
) research
v 9 = Not retrievable
Quantitative studies 7=Study design
included 2 = Lumped findings
° (n=56) 1 = Uninterpretable findings
=]
% Qualitative studies
= included
(n=12)
Mixed-methods studies
included
(n=2)
—

Figure 1. Flow diagram with the search results and selection of studies.
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Table 1. Study characteristics.

Study Id *

Primary Focus

Country

Type of
Study

Data Collection
Methods

Sampling

Included
Participants

Gender (%
Female)

Akaichi 2020
[74]

To investigate substitution and
complementary effects of beef
mince attributes (with a focus on
labels of Low, Moderate, High
Fat, Local, National, Imported,
Organic, Low, Moderate, and
High Greenhouse Gas Emissions)
on consumers’ preferences and
willingness to pay for the
product, drawing on data from
large choice experiments
conducted in the UK and Spain.

UK and Spain

QUANT

Questionnaire

Quota

2417

60

Apostolidis
2019 [25]

To compare and contrast the
importance of the seven
sustainability-related labels for
three consumer groups (meat
eaters, meat reducers, and
vegetarians).

UK

QUANT

Questionnaire
administered face
to face

Convenience

600

65

Asvatourian
2018 [60]

To identify dietary patterns and
their associated GHG emissions,
then to explore their relationship,
as domain-specific behavioural
patterns, with measures of
environmental attitudes and
behaviours.

South West Scotland

QUANT

Postal survey
questionnaire

Random

422

32

Bryant 2019
[61]

To investigate UK meat-eaters’
views of various aspects of
vegetarianism and veganism.

United Kingdom

QUANT

Questionnaire

Convenience

1000

50

Clonan 2015
[62]

To investigate consumers’
self-reported red and processed
meat consumption (from intake

and purchasing data)
against/towards animal welfare,
human health, and
environmental sustainability.

UK

QUANT

Postal survey
questionnaire

Random

842

60

Cordts 2014
[33]

To determine the effect of
information regarding the
negative attributes of meat
consumption on demand for
meat in Germany, with the focus
on four particular attributes:
animal welfare, human health,
personal image, and climate
change.

Germany

QUANT

Online survey
questionnaire

Quota

590

48

Crnic 2013 [34]

To investigate the fundamental
characteristics of vegetarianism.

Slovenia

QUANT

Questionnaire

Random

NR

NR

de Boer 2013
[63]

To investigate consumers’
behaviours towards meat
consumption and climate change.

Netherlands

QUANT

Online survey
questionnaire

Stratified

1083

50

de Boer 2016
[64]

To assess how consumers
evaluate the mitigation
effectiveness of the food-related
and the energy-related options,
particularly whether they
recognise the crucial differences
between the less meat option, the
local food option, and the organic
food option.

Netherlands

QUANT

Online survey
questionnaire

Quota

527

50

de Boer 2018
[65]

To assess how responses to the
options for pro-environmental
protein consumption (plant
based or animal based) might be
shaped by cultural, culinary, and
economic spatial gradients
(including GDP per capita) at the
regional level and differences in
environmentally friendly
behaviour and gender at the
individual level.

EU countries
(Portugal; Spain;
Malta; Slovenia;
Greece; Cyprus;

Hungary; Bulgaria;
Romania; Latvia;
Lithuania; Estonia;
Poland; Slovakia;
Czech Republic; Italy;
France; Ireland;
United Kingdom;
Netherlands;
Belgium;
Luxembourg;
Germany; Austria;
Finland; Sweden;
Denmark)

QUANT

Telephone survey

Random

24340

NR
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Table 1. Cont.

Study Id *

Primary Focus

Country

Type of
Study

Data Collection
Methods

Sampling

Included
Participants

Gender (%
Female)

de Gavelle
2019 [36]

To identify different dietary types
which might constitute degrees
of transition to low-meat diets
(omnivores, pro-flexitarians,
flexitarians, vegetarians), to
characterise how these diets
differ in terms of protein source
intake, and to determine whether
attitudes and beliefs might
explain these dietary types.

France

QUANT

Online survey
questionnaire

Quota

2055

52

De Groeve
2017 [66]

To examine associations between
the support and variables related
to meat curtailment and to
examine the effect of providing
information about the climate
impact of meat on the support for
the less meat initiatives (LMIs).

Belgium

QUANT

Online survey
questionnaire

Convenience

429

54

DeBacker 2014
[35]

To investigate the motives
underlying the different forms of
vegetarianism and
semi-vegetarianism in a culture
where meat continues to play a
crucial role in people’s diets.

Flanders, Belgium

QUANT

Online survey
questionnaire

Convenience

1556

NR

Dyett 2013 [37]

To explore the main reasons for
adopting and maintaining a
vegan lifestyle among a
heterogenous group of vegans
from different U.S. states; and to
determine whether participants’
diet and lifestyle choices
coincided with positive health
indices and selected outcome
assessment.

USA

QUANT

Postal survey
questionnaire

Convenience

100

76

Eldesouky
2020 [26]

To obtain information on the
consumer decision-making
process for beef, in order to

determine the relative
importance of sustainability
claims and traditional attributes,
and to identify consumer profiles
with similar perceptions and
intentions.

Spain

QUANT

Online survey
questionnaire

Random
stratified

285

51

Frewer 2005
[271

To investigate consumers’
perceptions and attitudes
towards animal welfare issues
related to animal husbandry and
environmental impact.

Netherlands

QUANT

Online survey
questionnaire

Convenience

1000

NR

Ginn 2019
(Study 1) [67]

To examine perceived
effectiveness of meat reduction as
a climate change mitigation
strategy.

United States

QUANT

Questionnaire

Convenience

527

60

Ginn 2019
(Study 2) [67]

To examine whether people
responded differently to brief
messages about meat’s impact
than to messages about more

traditionally accepted strategies
for mitigating climate change
(e.g., driving less).

United States

QUANT

Questionnaire

Convenience

275

52

Grunert 2018
[28]

First, to analyse which
production attributes related to
environment, health, and animal
welfare are ranked highest by
consumers when making choices
about purchases of pork in
Germany and Poland. Second, to
investigate how those production
attributes that are regarded as
important by consumers are
traded off against conventional
product attributes (fat content,
colour, origin) and price in a
choice experiment.

Germany; Poland

QUANT

Online survey
questionnaire

Convenience

2005

48
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Table 1. Cont.

Study Id *

Primary Focus

Country

Type of
Study

Data Collection
Methods

Sampling

Included
Participants

Gender (%
Female)

Hagmann
2019 [38]

To compare consumer groups
with different self-declared diet
styles regarding meat
(vegetarians/vegans,
pescatarians, low- and regular
meat consumers) in terms of their
motives, protein consumption,
diet quality, and weight status.

Switzerland

QUANT

Paper-based
questionnaire

Random

4213

47

Haverstock
2012 [39]

To examine participants’ reasons
for limiting animal products as
well as factors related to stability
or disruption of participant
animal product limitation. To
focus on differences and
similarities between current and
former animal product limiters
(pescatarians, vegetarians,
vegans).

USA

QUANT

Online survey
questionnaire

Snowball
and con-
venience

247

85

Herzog 2009
[40]

To examine the relationships
between a moral emotion (i.e.,
sensitivity to visceral disgust)
and animal activism, attitudes
toward animal welfare, and
consumption of meat.

USA

QUANT

Online survey
questionnaire

Convenience

424

67

Hoffman 2013
[41]

To examine the differences
between health-oriented and
ethical-oriented vegetarians by
comparing conviction, nutrition
knowledge, dietary restriction,
and years as vegetarian between
the two groups.

USA

QUANT

Online survey
questionnaire

Convenience

312

85

Hopwood
2020 [42]

To evaluate the structure of
common motives for a vegetarian
diet, to use that measure to
develop behavioural and
psychological profiles of people
who would be most likely to
adopt a plant-based diet for
different reasons, and to examine
whether this profile predicts
responses to advocacy materials.

United States

QUANT

Questionnaire

Convenience

7488

57

Hunter 2016
[68]

To explore fear using protection
motivation theory to measure
how individuals appraise and
cope with the threat of climate

change consequences in the food
mitigation context in order to

understand factors which
motivate consumers to reduce or
alter their meat consumption.

Sweden

QUANT

Postal survey
questionnaire

Random

219

45

Izmirli 2011
[43]

To determine the relationship
between the consumption of
animal products and attitudes
towards animals among
university students in Eurasia.

11 Eurasian countries:

China, Czech
Republic, Great

Britain, Iran, Ireland,

South Korea,

Macedonia, Norway,
Serbia, Spain, and

Sweden

QUANT

Online survey
questionnaire

Convenience

3.433

NR

Kayser 2013
[44]

To analyse the determinants that
play a role in the differences in
meat consumption patterns in

Germany.

Germany

QUANT

Online survey
questionnaire

Quota

956

51

Koistinen 2013
[29]

To provide information on the
relative preferences of consumers
for minced meat attributes and
examine whether meat type,
method of production, fat
content, price, and presence of
carbon footprint information
have impact on consumer choice.

Finland

QUANT

Online survey
questionnaire

Purposive

1.623

50
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Latvala 2012
[69]

To examine changes in meat
consumption among Finnish
consumers, taking into account
both stated past changes and
intended future changes. Reasons
for change were also identified.

Finland

QUANT

Online survey
questionnaire

Purposive

1623

50

Lea 2003 [45]

The aim of this study was to
examine consumers’ perceived
benefits and barriers to the
consumption of a vegetarian diet.

South Australia

QUANT

Questionnaire

Random

601

57

Lea 2004 [46]

To determine the proportion of
non-vegetarians with similar
beliefs as vegetarians and to

examine their personal
characteristics.

Australia

QUANT

Postal survey
questionnaire

Partly
random
and partly
nonran-
dom

707

56

Lea 2008 [70]

To examine Australians’
food-related environmental
beliefs and behaviours.

Australia

QUANT

Postal survey
questionnaire

Random

223

52

Lentz 2018 [47]

To explore the understanding of
meat consumption and potential
drivers for its reduction in New
Zealand. The study investigated
consumers’ attitudes,
motivations, and behaviours in
regard to meat consumption.

New Zealand

QUANT

Online survey
questionnaire

Random

841

50

Lindeman
2001 (Study 1)
[48]

To examine whether abstract
values are related to concrete
Food Choice Motives (FCMs),
whether these Food Choice
Ideologies (FClIs) are related to a
humanist or a normative view of
the world, and whether various
dietary groups (e.g., vegetarians
and omnivores) endorse these
FClIs in different ways.

Finland

QUANT

Paper-based
questionnaire

Convenience

100

Lindeman
2001 (Study 2)
[48]

To examine whether abstract
values are related to concrete
Food Choice Motives (FCMs),
whether these Food Choice
Ideologies (FCls) are related to a
humanist or a normative view of
the world, and whether various
dietary groups (e.g., vegetarians
and omnivores) endorse these
FClIs in different ways.

Finland

QUANT

Paper-based
questionnaire

Convenience

149

100

Maikiniemi
2014 [71]

To examine how young adults in
Finland perceive barriers to
climate-friendly food choices and
how these barriers are associated
with their choices.

Finland

QUANT

Paper-based
questionnaire

Convenience

350

80

Malek 2019
[72]

To identify consumer segments
with varying levels of willingness
to make the following changes to
their protein consumption:
reduce meat consumption, follow
a meat-free diet most of the time,
avoid meat consumption
altogether, and follow a strict
plant-based diet (i.e., stop eating
all animal products).

Australia

QUANT

Online survey
questionnaire

Panel
provider/quota

sam-

pling?

287

53

McCarthy
2003 [30]

To examine consumer
perceptions towards beef and the
influence of these perceptions on

consumption.

Ireland

QUANT

Questionnaire

Random

218

NR

McCarthy
2004 [31]

To investigate Irish consumers’
beliefs about pork and poultry
consumption.

Ireland

QUANT

Questionnaire on a
‘door to door’ basis

Random

257

87
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Mullee 2017
[49]

To investigate the attitudes and
beliefs about vegetarianism and
meat consumption among the
Belgian population to better
understand motivations
underlying these behaviours.

Belgium

QUANT

Online survey

] . Random
questionnaire

2.436

49

Neff 2017 [50]

To learn about what is eaten in
meatless meals and attitudes and
perceptions towards meat
reduction, and to build upon and
add depth to previous research
on meat-reduction behaviours in
the USA and other
high-meat-consuming countries.

USA

QUANT

Online survey

. . Convenience
questionnaire

1112

51

Peneau 2017
[32]

To investigate the
sociodemographic profiles of
individuals reporting health and
environmental dilemmas when
purchasing meat, fish, and dairy
products, and to compare diet
quality of individuals with and
without dilemmas.

France

QUANT

Online survey

) . Convenience
questionnaire

22,935

75

Philips 2011
[51]

To examine whether social
dominance differences between
countries influence attitudes
towards the use of animals, by
surveying the student population
in a range of Eurasian countries.

11 Eurasian countries:
China, Czech
Republic, Great
Britain, Iran, Ireland,
South Korea,
Macedonia, Norway,
Serbia, Spain, and
Sweden

QUANT

Convenience
and
random

Online survey
questionnaire

3432

55

Ploll 2019 [52]

To provide insights into the
relationship between motives
and the expression of
behavioural patterns of
vegetarians and vegans in
comparison to the average
omnivore.

Austria

QUANT

Online survey
questionnaire and
hard copy in
person

Convenience

556

80

Pohjolainen
2016 [73]

To analyse consumer
environmental consciousness,
including problem awareness

and support to action

dimensions, the latter including
perceived self-efficacy as well as
solutions to problems.

Finland

QUANT

Questionnaire Random

1890

56

Povey 2001
[53]

To examine differences between
the attitudes and beliefs of four
dietary groups (meat eaters, meat
avoiders, vegetarians, and
vegans) and the extent to which
attitudes influence intentions to
follow each diet. Additionally,
the role of ambivalence was
examined.

United Kingdom

QUANT

Questionnaire Convenience

111

40

Pribis 2010
[54]

To examine whether reasons to
adopt vegetarian lifestyle differ
significantly among generations.

USA

QUANT

Questionnaire Convenience

609

65

Ruby 2013
(Study 1) [55]

To explore vegetarians concerns
about the impact of their daily
food choices on the environment
and on animal suffering.

NR

QUANT

Questionnaire Convenience

272

65

Schosler 2015
[56]

To investigate whether the
alleged link between meat
consumption and particular
framings of masculinity, which
emphasise that ‘real men’ eat
meat, may stand in the way of
achieving objectives. To analyse
whether meat-related gender
differences vary across ethnic
groups (Turkish, Chinese, and
Native Dutch).

Netherlands

QUANT

Questionnaire Quota
administered face and
to face snowball

1057

52
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Siegrist 2015
[57]

To examine whether the
perceptions of various
environment-related food
consumption patterns changed
between 2010 and 2014 and what
factors influenced such changes.

Switzerland

QUANT

Postal survey
questionnaire

Random

2781

54

Siegrist 2019
[78]

To examine how consumers
evaluated the environmental
impact of various foods, and to
investigate whether the
perceived environmental effect of
foods, health consciousness, and
food disgust sensitivity is related
to the consumption of meat
substitutes and organic meat.

Switzerland

QUANT

Postal survey
questionnaire

Random

5586

52

Spencer 2007
[58]

To examine dietary and other
personal health characteristics, as
well as mentoring and clinical
characteristics, for association
with US medical students’
vegetarianism.

USA

QUANT

Paper-based
questionnaire

Convenience

1849

NR

Tobler 2011
[75]

To examine consumers’ beliefs
about ecological food
consumption and their
willingness to adopt such
behaviours.

Switzerland

QUANT

Postal survey
questionnaire

Random

6189

52

Truelove 2012
[76]

To explore people’s perceptions
and attitudes of behaviour that
cause and mitigate global
warming.

USA

QUANT

Online survey
questionnaire

Convenience

112

61

Vanhonacker
2013 [77]

To explore consumer attitudes
towards a series of food choices
with a lower ecological impact.

Belgium

QUANT

Online survey
questionnaire

Convenience

221

64

Verain 2015
[591

To explore different types of
sustainable food behaviours. A
distinction between sustainable

product choices and curtailment
behaviour is empirically
investigated and predictors of the
two types of behaviours are
identified.

Netherlands

QUANT

Online survey
questionnaire

Quota

942

50

Boyle 2011 [79]

To investigate the eating patterns
and vocabularies of motives for
newly practicing, or
developmental, vegetarians.

us

QUAL

Semi-structured
interviews

Snowball

45

100

Fox 2008 [80]

To examine, by means of online
ethnographic methods,
vegetarians’ own perspectives on
how health, ethical, and
environmental beliefs motivate
their food choices; to investigate
the interactions between beliefs
on health, animal cruelty, and the
environment, and how these may
contribute to food choice
trajectory.

US, UK, Canada

QUAL

Interviews

Convenience

33

70

Graga 2014
[81]

To contribute to a further
understanding of the
psychological factors that may
hinder or promote a personal
disposition to change food habits
to benefit each of these domains,
and to explore people’s opinions
about how different lifestyles and
behaviours affect the
environment, public health, and
animals.

Portugal

QUAL

Semi-structured
focus groups

Convenience

40

63
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Guerin 2014
[82]

To investigate interpersonal
interactions and conflicts
between vegans and omnivores.

us

QUAL

Interviews

Snowball

19

53

Happer 2019
[83]

To uncover the way in which
attitudes and behavioural
commitments might be
negotiated in response to new
information and through
interaction with others.

China, Brazil, UK, US

QUAL

Focus groups

Quota

270

NR

Hoek 2016 [84]

To investigate consumers’
perceptions, experiences, and
attitudes toward health and
environmental aspects in relation
to foods.

Australia

QUAL

Semi-structured,
virtual, face-to-face
interviews

Quota

29

56

Lea 2005 [85]

To investigate consumers’
perceived barriers and benefits of
plant food consumption and
views on the promotion of these
foods.

Australia

QUAL

Focus groups

Convenience

50

72

Macdiarmid
2016 [86]

To explore in depth the public’s
view and perception of the
environmental impact of food
and awareness of the link
between climate change and
meat, and to gauge the public’s
opinion about their willingness
to eat less meat as part of a more
sustainable diet.

Scotland

QUAL

Focus groups

Purposive

87

54

Mceachern
2002 [87]

To investigate consumer value
residing in meat consumption,
with special emphasis on factors
relating to organic production
values.

Scotland

QUAL

Semi-structured,
in-depth
interviews

Quota
sampling
and snow-

balling

30

100

Myceck 2018
[88]

To understand how vegans and
vegetarians conceptualise and
explain their food consumption
identities in relation to their
broader identity practices.

us

QUAL

In-depth,
face-to-face
interviews

Purposive
and snow-
balling

20

Mylan 2018
[89]

To understand how meat
consumers enact ‘meat reduction”
in the context of their everyday
lives, exploring the motivations,
strategies, and experiences of
eating less meat.

UK

QUAL

Semi-structured
interviews

Convenience

20

NR

Spendrup 2017
[90]

To gain an understanding of
consumers’ arguments in making
a conscious consumer choice of
protein and the strategies used
for reaching such a purchase
decision.

Sweden

QUAL

Focus groups

Purposive

21

NR

Austgulen
2018 [91]

To investigate whether
Norwegian consumers are ready
to make food choices based on
what is environmentally
sustainable.

Norway

MM

Online
questionnaire and
focus groups

Quota

1532

50

Scott 2019 [92]

To investigate how people reason
and explain their apparently
unsustainable actions given their
environmental beliefs and how
people that one would think were
more prone to being vegetarian
justify their choice to eat meat.

Spain

MM

Face-to-face survey
questionnaire

Convenience

42

43

Abbreviations: MM = mixed methods, NR = not reported, QUAL = qualitative, QUANT = quantitative,
UK = United Kingdom, US = United States. * Studies are organised by type of study (quantitative, qualita-
tive, and mixed methods) and are in alphabetical order.

4. Findings

We identified four main themes: (1) reasons for eating meat (8 quantitative stud-
ies (28,923 participants), 1 qualitative study (30 participants)); (2) reasons for avoiding
meat (29 quantitative studies (64,651 participants), 7 qualitative studies (457 participants),



Int. |. Environ. Res. Public Health 2023, 20, 286 13 of 25

and 1 mixed-methods study contributing quantitative evidence (1532)); (3) willingness
to change meat consumption (27 quantitative studies (54,326 participants), 7 qualitative
studies (527 participants), and 2 mixed-methods studies contributing qualitative evidence
(66 participants)); and (4) willingness to pay more for environmentally friendly meat
(2 quantitative studies (2702 participants)). Table S6-Table S9 present the integrated find-
ings and the confidence in the evidence.

4.1. Reasons for Eating and/or Buying Meat
4.1.1. Quantitative Data Set

Eight studies reported on reasons for eating and/or buying meat [25-32]. Among
these studies, three (37%) provided participants with data on the environmental im-
pact of meat [25,26,29] while five (63%) did not present participants with any informa-
tion [27,28,30-32].

Informing about the Environmental Impact

When provided with carbon footprint information on meat production, consumers
chose products with a lower footprint [25,26,29]. One study found that information on
the impact of the carbon footprint provided was meat-type-specific: when participants
were given information on the carbon footprint impact of beef products, they were more
likely to choose products with a lower footprint. However, in the case of pork meat, the
impact was the opposite with participants choosing products with a higher footprint [29].
Moreover, when participants were asked what product features of minced meat had a
significant impact on their diet choices, the method of production (conventional, health
and safety-oriented, animal-welfare-oriented, and organic production) was important to
the minority, while low fat content and price were the most important attributes [29]. In
another study, although consumers opted for products with lower carbon footprint labels,
other aspects were considered more important, such as the type of meat (e.g., beef vs.
turkey) and fat content [25]. Authors also reported that women with a higher income were
more concerned with their meat choices based on both their health and environmental
impact [25].

Not Informing about the Environmental Impact

When participants were asked to report which meat attribute was important when buy-
ing/consuming meat, the environment (for example, carbon footprint information on the la-
bel) was not considered the most important characteristic [27,28,30-32], while other aspects
such as: nutritional values [28,32], freshness of the meat [27], food safety [27,28,30,31], eat-
ing enjoyment/taste [27,30,31], and animal welfare [28,31] were considered more important.

4.1.2. Qualitative Data Set

One study reported on reasons for eating and/or buying meat and did not provide
any information about the environmental impact of meat to participants [87].

People bought meat products based on tangible aspects such as colour and appearance
rather than more intangible characteristics including environmental aspects of produc-
tion [87]. Only some participants bought environmentally friendly meat products; the main
barriers mentioned were the higher price of these products and their general unwillingness
to change their diet [87].

4.1.3. Integrated Evidence and Related Confidence

Findings from the quantitative and qualitative data sets were deemed complementary
and the overall confidence in the evidence was rated as low because of moderate concerns
of methodological limitations/risk of bias and serious concerns of relevance. The integrated
evidence and related confidence are presented in Table S9.
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4.2. Reasons for Avoiding Meat
4.2.1. Quantitative Data Set

Thirty studies reported on reasons for avoiding meat [32-59,91]. None of the studies
provided participants with data on the environmental impact of meat.

Eleven studies reported that environmental concerns were among the most important
reasons for avoiding meat consumption among vegetarians and low-meat consumers/meat
reducers [35,43,44,46,48,49,52,54,55]. One study found that environmental concerns were
among the most important reasons for being vegetarian together with health [54]. One
study reported environmental concerns together with animal welfare as the main reasons to
avoid or limit meat intake [44], and similarly, two studies reported that vegetarians agreed
more on the benefits for the environment and animal welfare, or meat reduction, compared
with the potential benefits of preventing diseases (e.g., heart disease and cancer) [35,46,49].

On the other hand, 12 studies reported that environmental concerns were not among
the main reasons for avoiding meat [35,37,39-42,45,47,53,56,58,91]. Health benefits and the
high costs of meat [47], animal welfare together with health [37,39,45,53,58], taste/dislike
of meat [35,56] together with animal welfare [35] or health reasons [56], and animal welfare
alone [40,41] were the more prominent reasons for avoiding meat in these studies. One
study reported that health, the environment, and animal rights were all considered to be
generally compelling reasons to adopt a plant-based diet but with health motives being
the most common reason [42]. Another study reported that although participants believed
that a reduction in meat intake had benefits to the environment, most of the participants
who reported having reduced their intake in the past did not do it for environmental
reasons [91].

Four studies reported that, overall, women, compared with men, were more likely
to avoid meat or eat smaller portions of meat for environmental reasons [33,39,49,59]. On
the other hand, in one study men were more likely to report environmental concerns as a
reason for avoiding meat compared with women who reported health as the main reason
for avoiding meat intake, particularly red meat—beef, lamb and to some extent pork [51].

Two studies reported that younger populations were more likely to agree that there
are environmental benefits associated with the consumption of a vegetarian diet [45,54],
while those middle-aged appeared to be motivated by health reasons [54]. In one study,
individuals with higher education and living alone were more likely to report a dilemma
between buying meat for health reasons and not buying it for environmental reasons [32].
In addition, people with higher levels of awareness of the potential environmental impact
of meat consumption were more likely to eat less meat and eat more meat substitutes [57].

Finally, three studies reported that people’s motivations for avoiding meat intake
were influenced by their dietary behaviour; the stricter the diet in terms of avoiding meat
consumption and animal products people followed, the more important environmental
concerns were as reasons to avoid meat [34,38,47].

4.2.2. Qualitative Data Set

Seven studies reported on reasons for avoiding meat consumption [79,80,82,83,85,88,89].
One study (14%) provided participants with information on the environmental impact of
meat production [83], and six studies (86%) did not [79,80,82,85,88,89].

Five studies reported that environmental concerns were not among the main rea-
sons for having reduced meat intake [79,80,83,88,89]; other reasons such as animal wel-
fare [80,89]; health concerns [80,89]; self-fulfilment; and taste or aesthetics (such as colour
and appearance) [79] were considered among the main reasons for avoiding meat. How-
ever, for some participants, the environmental impact of meat production was mentioned
as one important reason for avoiding meat intake [79]. Similarly, another study reported
that environmental benefits were considered important reasons for following a more plant-
based diet along with the perceived health benefits of plant foods and their taste, variety,
and versatility [85]. Environmental concerns tended to be a contributory factor rather than
the primary driver for avoiding meat [83]; people might have started avoiding meat for a
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specific reason such as the decision to protect animals, but later other reasons such as health
concerns or environmental protection reinforced and supported the choice of avoiding
meat [82].

Environmental concerns about meat consumption were considered important de-
pending on participants’ dietary behaviour; one study reported that all vegans found the
environment an important issue for meat consumption, while only a minority of omnivores
mentioned it [82].

4.2.3. Integrated Evidence and Related Confidence

Findings from quantitative and qualitative data sets were deemed complementary
and the overall confidence in the evidence was rated as low because of minor concerns of
methodological limitations/risk of bias, minor concerns of coherence, and serious concerns
of relevance. The integrated evidence and related confidence are presented in Table S10.

4.3. Willingness to Change Meat Consumption
4.3.1. Quantitative Data Set

Twenty-seven studies evaluated people’s willingness to change meat consumption [31,
33,45,47,50,56,57,59-73,75,77,78]. Three studies (12%) provided participants with data on
the environmental impact of meat consumption [33,66,68], whereas twenty-four studies
(88%) did not present participants with any information [31,45,47,50,56,57,59-65,67,69—
73,75,77,78].

Informing about the Environmental Impact

When informed about the environmental impact of meat, most participants reported
low willingness to reduce their meat intake [33,66,68], partially because they mistrusted
the information provided [33] and because other strategies such as replacing beef, for
example, with chicken every other meal [68] or reporting the ecological impact on the
food’s labels [66] were believed to be more favourable for the environment. Moreover, they
believed that by stopping meat consumption completely, their actions would have no effect
on mitigating climate change. One study provided participants with a fictional newspaper
article describing the potential environmental damage of meat production (e.g., greenhouse
gas emissions) [33]; in a second study participants were given a fact sheet on the impact of
meat on the climate and presented with information indicating that a reduction in meat
intake would reduce greenhouses gas emissions and that beef and mutton have significantly
higher emission costs than other meats [66]. A third study presented participants with a
one-page cover story reporting the causes and consequences of and mitigating actions for
climate change in relation to meat consumption [68].

Not Informing about the Environmental Impact

When people were asked if they would be willing to reduce their meat intake in the
future, most of them reported that they would not reduce their consumption [56,60,63,64,
69,70,73,75-78]. Several reasons and/or barriers were reported for not wanting to reduce
meat intake [45,48,50,61,71,92]. See Figure 2.

Two studies found that the perception of barriers was gender-specific: women consid-
ered high prices and poor supply to be more important barriers for reducing meat, whereas
men considered disbelief, strangeness, eating habits [71], and the enjoyment of eating meat
more important [31].

In addition, seven studies identified the behaviours participants believed to favour
the environment [47,60,64,70,78,80]. Buying local and seasonal food [47,61,65,67,68,72,77],
(Study 1 in [67]), decreased use of packaging [47,60,70,75], reducing food waste [61,79],
driving less [68,82], and using less energy at home [67,77] (Study 1 in [67]) were behaviours
believed to be more efficient in mitigating climate change.
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Barriers for meat reduction

= High price of non-meat products
[45,48,49,62,73,94]

= Taste and enjoyment [45,48,49,62]

= Unwillingness to alter eating habits
[45,62,73]

m Lack of time in making enviromentally
. friendly choices [48,49,73]

m Disbelief that people's food behaviour
could impact climate change [73,94]

m Meat is necessary for a healthy diet [51]

Figure 2. Barriers for meat reduction—quantitative data set. * Study 1 and Study 2.

Similarly, most omnivores reported to be willing to adopt or accept other strategies
to reduce the climate impact rather than reducing meat [67,73,76,78] (Study 2 in [67]). See
Figure 3.

Behaviours participants would be willing to adopt or
accept in the future to favour the enviroment

‘A

= Eating more organic food [69,80,75]

= Eating local foods [80,75]

m Driving less [78]

m Using alternate transportation, recycling and
using eco-friendly products [78]

25%

m Reporting the ecological impact on the food’s
labels [67]

Figure 3. Behaviours participants would be willing to adopt or accept in the future to favour the
environment. * Study 2.

Nevertheless, three studies reported that most of the participants, when presented
with different sustainable food behaviours they could choose from, were willing to reduce
their meat intake [59,65,80]. One study reported that participants were more willing to
reduce the meat quantity in their traditional meal rather than eating plant-based meat
substitutes and proteins from insects [80]. In another study, most participants were willing
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to eat less meat but of better quality (certified origin) instead of replacing most of the meat
with vegetables [65], and in a third study, participants were more willing to reduce meat
intake (eat smaller portions, take a meat-free day per week) than buy organic meat, buy
free range meat, or eat less dairy [59].

Thirteen studies reported that, overall, women perceived higher environmental bene-
fits of eating less meat than men and were more willing to reduce meat intake [31,56,59,61-
65,69,70,75,76,78], and women were more likely to have already reduced their meat con-
sumption in the past [75]. Similarly, two studies reported that women had more positive
views of vegetarianism and veganism compared with men [61,71]. Generally, male respon-
dents and with higher incomes [71] were less willing to reduce their meat intake. Moreover,
participants with higher education and socio-economic status were more willing to reduce
their overall meat intake in the future [56,57,59,69]. In addition, smaller household sizes
and higher age levels appear related to a higher level of meat curtailment [59].

Finally, participants who consumed meat in larger quantities and more frequently
were less positive towards a reduction in meat intake [63-65,67,72,75], whereas those with
higher concerns for environmental problems were much more likely to intend to stop eating
meat [63,67,75,76]; also, an increased scepticism toward climate change was associated with
a decrease in people’s willingness to change their meat consumption [63].

Contrary to the above, one study found that gender, as well as age, meat consumption
behaviour (high vs. low intake), and socio-economic status differences, had no impact on
people’s belief that eating less meat would help reduce climate change [62].

4.3.2. Qualitative Data Set

Eight studies evaluated people’s willingness to change meat consumption when faced
with environmental concerns of meat consumption [81,83-87,90,91]. One study (12%)
provided participants with data on the environmental impact of meat [83], and seven
studies (88%) did not provide any information [81,84-87,90,91].

Informing about the Environmental Impact

When provided with an information sheet about the impact of food production on
climate change, most of the participants showed a low level of awareness of the associ-
ation between climate change and meat consumption, and some participants reported
considering reducing their meat consumption or had already reduced their intake in the
past. However, environmental concerns tended to be a contributory factor rather than the
primary driver; other aspects were reported to be more important for the environment and
were country/culturally specific; for example, deforestation in Brazil was considered more
important and harmful for the environment compared with meat consumption. Moreover,
participants were sceptical of the credibility of sources and arguments reported by the
media about the impact of meat consumption [83].

Not Informing about the Environmental Impact

Most of the participants were reluctant to reduce their meat intake for a more environ-
mentally friendly diet [81,84,86,91], and overall, there was a lack of awareness of the climate
impact of meat production [84,86,87,91]. On the other hand, although some participants
recognised the importance of reducing meat consumption, they expressed difficulties in
being a sustainable consumer daily [90]. Several reasons and/or barriers were reported
for not wanting to reduce meat intake. Figure 4 shows people’s barriers to reducing meat
consumption [81,84-86,90,92].

In relation to people’s scepticism about the serious impact that meat consumption
has on the environment [91] and the disbelief that consumers could solve such a major
issue [81,86,91,92], among the minority who said that they would consider eating less meat
were those more inclined to do this for health benefits rather than environmental gains or
only willing if there was evidence to support that it was indeed beneficial [86].
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Barriers for meat reduction

® Tradition and family
preferences[87,88,92,94]

Disbelief that people's meat behaviour
could impact climate change [83,88,93,94]

= Lack of knowledge and time for preparing
plant-based meals [87,92]

m Lack of alternatives to meat [83,87]

m Taste and enjoyment [88]

m Meat is an important part of a healthy diet
(86]

High price of non-meat products [94]

Figure 4. Barriers to meat reduction—qualitative data set.

Others believed that compared with other behaviours meat consumption was trivial
and other behaviours would be more favourable for the environment than reducing meat
consumption, food packaging (e.g., plastics, recycling), food waste (e.g., sell-by dates,
promotions, household waste), the transportation of food (e.g., food miles, imported food,
local food, seasonality), and the production and processing of food (e.g., agricultural and
retail practices, factory pollution) [86].

Young women were most inclined to change their meat consumption compared with
men [91].

4.3.3. Integrated Evidence and Related Confidence

Findings from quantitative and qualitative data sets were deemed complementary and
the overall confidence in the evidence was rated as low because of moderate concerns of
methodological limitations/risk of bias and serious concerns of relevance. The integrated
evidence and related confidence are presented in Table S11.

4.4. Willingness to Pay More for Environmentally Friendly Meat
Quantitative Data Set

Two studies evaluated people’s willingness to pay more for environmentally friendly
meat and meat products [26,74]. None of the studies provided participants with data on
the environmental impact of meat consumption.

Both studies reported that consumers were willing to pay more for meat produced
with a significantly lower environmental impact [26,74]. Labels indicating that the beef
mince had a low or moderate fat content [74], was organic meat produced locally, and
met animal welfare standards were also significant for consumers [26]. Women and older
people showed higher willingness to pay more for meat with minimal environmental
impact [26,74]. Findings were only reported from quantitative data sets and the overall
confidence in the evidence was rated as moderate because of no or minor concerns of
methodological limitations (serious risk of bias), serious concerns of relevance, and minor
concerns of adequacy. The evidence and related confidence are presented in Table S12.



Int. |. Environ. Res. Public Health 2023, 20, 286 19 of 25

5. Discussion
5.1. Main Findings

Our findings show that overall people are highly attached to meat. People are divided
between those who believe that meat consumption has a harmful impact on the environ-
ment and those who believe that other factors, for example, food waste and food packaging,
are more harmful to the environment compared with meat. Regardless of people’s general
beliefs about meat and its impact on the environment, most people in our included studies
were unwilling to change their meat consumption, and, among those who did already
reduce their meat intake in the past, environmental concerns were not always the main
reasons but often a contributory factor among others.

People reported several barriers to reducing their meat intake: the high price of non-
meat products, its taste, unwillingness to alter their eating habits, the lack of time to make
climate-friendly choices, and disbelief that meat has an impact on climate change. Even
in the few studies in which participants were presented with scientific evidence linking
meat consumption and climate change, consumers did not consider the environment an
important aspect when buying/eating meat, nor were they willing to reduce their meat
intake.

Our findings are consistent across quantitative and qualitative evidence and across
countries and publication years; the overall confidence was low for the themes reasons for
eating and/or buying meat, reasons for avoiding meat, and willingness to change meat consumption,
and moderate for the willingness to pay more for environmentally friendly meat theme.

5.2. Strengths and Limitations

Our study has several strengths. We performed a mixed-methods systematic review,
including both quantitative and qualitative evidence, allowing us to have greater confidence
in the interpretation of our findings. We explicitly reported inclusion and exclusion criteria,
conducted an extensive search, and performed a duplicate assessment of eligibility and
RoB or ML based on a publicly available protocol [13]. We applied the GRADE-CERQual
approach to assess the overall certainty of our findings in consultation with GRADE and
mixed-methods research experts.

Our study also has some limitations. First, we only included studies conducted in
Europe, Australia, Canada, the United States, and New Zealand, and therefore our results
reflect those of populations living in high-income countries. While limited data were
available, we did not explore whether values and preferences differed in lower versus
higher income participants in our eligible studies. Second, most of the included studies
did not inform participants about the environmental impact of meat, and therefore their
values and preferences were based solely on their personal knowledge or belief. Third,
given that some of the authors have recently published a weak dietary recommendation
that people continue their meat consumption [9], it is possible that our interpretation of
results is biased. To help mitigate this possibility, in addition to duplicate independent data
screening and abstraction and a risk-of-bias assessment, we included data abstractors and
assessors who were not part of our recommendations. Finally, among the eight studies
that did present participants with information on the environmental impact, we did not
assess the credibility of this information, nor did we assess if participants were presented
with the relative impacts of various behavioural changes that can impact global warming.
Moreover, we were not able to investigate in depth if the results were dependent on the age
of participants because the age of participants was not consistently reported across studies.

5.3. Our Results in the Context of Previous Research

Our findings are aligned with results from a previous synthesis [93,94]. One systematic
review including only quantitative studies reported that only a small minority of included
participants were willing to reduce their meat consumption for environmental reasons [93].
The same authors conducted a qualitative synthesis, reporting that the main barriers to
meat reduction were the taste of meat, the belief that meat is healthy, and that it is a part
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of a nutritious diet [94]. In addition, people who had already reduced or eliminated meat
from their diet (vegetarians and vegans) did not do so solely for environmental reasons.

5.4. Implications for Research and Practice

Our results have direct implications for several stakeholders such as guideline devel-
opers, researchers, and policymakers. Our findings suggest that people are unwilling to
change their eating habits and prefer to continue doing what they know and are familiar
with, regardless of the alleged impact their behaviour might have on the environment.
Based on our findings, it is likely that people will be reluctant to follow plant-based food
recommendations contrary to their individual values and preferences. However, people
in most of the included studies were not properly informed about the evidence, partic-
ularly the best available evidence or the relative impact of changing meat consumption
versus various other behavioural changes on the environment. Future research should
address these limitations and assess whether people are willing to make a change when
properly informed.

Regarding our methods, this systematic review follows and reports step by step an
innovative methodological approach to synthesise and assess the confidence of mixed-
methods evidence by following solely the GRADE-CERQual approach. This approach
could be adopted for future mixed-methods systematic review syntheses for different
research areas.

6. Conclusions

Regardless of people’s general beliefs about meat and its impact on the environment,
most people may be unwilling to change their meat consumption; however, they have
reported to be willing to adopt other, non-food-related strategies (for example, driving less)
to mitigate climate change. Most of the participants were not informed about the conse-
quences and impact on climate change, and therefore we cannot confidently conclude that
people when properly informed would still be reluctant to change. Future research should
address the current limitations of the research evidence (e.g., rather than perceived impact;
robust, systematic evidence of the relative environmental impact of locally sourced vs fac-
tory farmed meats) to assess whether people are willing to change their meat consumption
when properly informed.
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This thesis provides new knowledge on the identification, synthesis and evaluation of people’s values and
preferences in the development of dietary guidelines, specifically about red and processed meat
recommendations. We started off by conducting a systematic review exploring peoples’ health-related values
and preferences about meat consumption to inform the NutriRECS panel formulating meat
recommendations, followed by a cross-sectional study investigating people's values and preferences about
meat consumption when presented with the associated health-related risks, and, finally, a systematic review

exploring environmental concerns in relation to meat consumption.

Our mixed-methods systematic review (Study 1) showed that people are attached to meat and are generally
unwilling to change their behaviour. Participants' willingness to change meat consumption was generally low,
across the quantitative and qualitative research available evidence. In general, people considered meat an
essential component of a healthy diet, enjoyed eating meat, felt that meat was a part of their traditions, and
believed they lacked the knowledge and cooking skills to prepare an adequate meal without meat. However,
the available studies reporting willingness to reduce meat consumption in the face of health concerns did
not provide participants with sufficient information about the certainty of the evidence, nor about the effect
of meat consumption has on health. Thus, we could not infer with confidence that properly informed people
would be unwilling to make any changes. In addition, most of the included studies presented different
limitations in terms of lack of validation of the questionnaires, issues of indirectness, and adequacy (small

number of participants) (96).

In our cross-sectional explanatory sequential mixed-methods study (Study 2), we observed that, when
informed about cancer incidence and mortality risks of meat consumption, most respondents were not
willing to reduce their intake, and men were less willing to reduce meat consumption than were women.
Overall, participants felt that they were consuming a healthy amount of meat, that did not need to be
changed. The semi-structured interviews indicated that participants consumed meat, most commonly in
social contexts and/or in response to family preferences. In addition, health proved to be, in fact, an
important factor in favour of consuming meat, whereas other aspects, such as environmental concerns

emerged as reasons for having reduced meat consumption in the past (102).

Our second mixed-methods systematic review (Study 3), showed that there are people who believe that meat
consumption has a harmful impact on the environment, and others who believe that other factors, for
example, food waste and food packaging, are more harmful to the environment. Overall, most people are
unwilling to change their meat consumption because of the high price of non-meat products, its taste, strong
attachment to their eating habits, the lack of time to make climate-friendly choices, and disbelief that meat
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has an impact on climate change. Even in the few studies in which participants were presented with scientific
evidence, linking meat consumption and climate change, consumers did not consider the environment an

important aspect when buying/eating meat, nor were they willing to reduce their meat intake (100).

The incorporation of people’s values and preferences in dietary guideline development process helps
recommendations to be more easily accepted, implemented, and adhered to by those intended to benefit
from the guidelines (56). According to guidelines development groups, including the Institute of Medicine
(60), the AGREE guidelines (104), and the Guidelines International Network (GIN) (48), the perspectives or
values and preferences of patients or the public is among the factors to be considered when formulating
recommendations and determining their strength and direction (105,180). The incorporation of the public
perspective is especially relevant in situations where the net balance between the benefits and risks of a
recommendation is small and/or uncertain. Under these circumstances, the decision depends more on the
context of the individuals receiving the recommendation and their perspective. Therefore, considering the
increased debate around the allegedly harmful health impacts of meat intake, peoples’ values and

preferences should be considered in the development of such recommendations.

Currently, it is unknown whether other FBDGs on meat intake incorporate the public perspective in their
development or in the content of their recommendations. However, a recent systematic review assessing
the methodological quality of Spanish dietary guidelines (published between 2007 and 2019), found that one
of the main limitations across FBDGs was that they did not report how they sought the values and preferences
of their target population and, for the minority of FBDGs informed by systematic reviews did not obtain value
and preference data to inform recommendations (148). Therefore, it is likely than meat guidelines do not

consider people’s values and preferences regarding meat consumption.

According to the review conducted by Bechtold et al. 2018 on FBDGs, 34 identified published European
FBDGs reported data on the dietary habits and sociocultural preferences; however, Bechtold et al. referred
mainly to food consumption data and budget pattern (retrieved through national food consumption and
household budget surveys) in terms of foods consumption frequency and patterns within a specific
population, rather than the preferences in terms of determinants and willingness to follow specific dietary

behaviours (30).

On the other hand, Bechtold et al. 2018 review highlights the concept of individualizations, as an important
aspect to consider in the development of dietary guidelines, as it takes into account individuals' status and
preferences such as, for example, the desired of following entirely a plant-based diet. This approach is shifting
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away from the traditional approach of formulation population-based recommendations, based exclusively of
the general population data. If dietary guidelines would accommodate individual requirements, the
likelihood of acceptability and adherence would probably be higher. In this regard, only this guideline from

The Netherlands reported considering an individualized approach in their overall development process (30).

The results of our mixed-methods systematic review (Study 1) informed the NutriRECS panel for the
development of meat consumption recommendations. The NutriRECS meat panel consisting of 14 members
from seven countries voted on the final recommendations (56). This panel chose to exclusively focus on
health outcomes, and exclude from the decision-making process other potential concerns, such as
environmental and animal welfare concerns, because they considered them very different issues, difficult to
be properly assessed and that would require specific expertise in the field for the development of rigours ad-
hoc systematic reviews. In addition to conducting a systematic review on people’s values and preferences,
three public participants without health science backgrounds were included as part of the NutriRECS panel,
to ensure a proper representation of the population perspective. Values and preferences systematic review
findings, as well as dose-response metanalysis results, were presented to the guideline panel, along with the
related certainty of the evidence. Previously, the public panel member attended a separate meeting in which

the overall methodological approach was explained (56).

As suggested by different guidelines development groups, both the development of systematic reviews and
the inclusion of public representatives as part of the panel, are considered optimal methodological
approaches, to ensure the appropriate consideration of the public perspective during the formulation of
recommendations (36,105,181). Additionally, it is recommended that for those organizations with sufficient
resources, the retrieved evidence is presented or consulted with individual patients or groups of patients for
gathering relevant information on patients’ views. On the other hand, for groups with fewer resources, non-
systematic reviews of the literature and the use of the experience of panel members, based on their

interactions with patients or the public should be considered (105,146,182).

In addition, in the recommendations developed by NutriRECS, in order to ensure that all panellists' voices
were heard and that a structured and transparent approach to develop the final recommendations was
followed, each panellist completed the GRADE evidence to decision framework individually, prior to the final
guideline panel meeting (108,109). This framework facilitates panels making judgments in a structured and
transparent way, about the different factors that can determine the direction and strength of the
recommendations: quality of the evidence, balance between benefits and risks, variability or uncertainty
about the values and preferences of patients, and costs (108,109). During the final meeting, the panellists
reviewed the judgments made, agreed on final judgments, and considered the implications of those

judgments for their recommendations (56).
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The NutriRECS panel suggested “For adults 18 years of age or older, to continue their current unprocessed red
and processed meat consumption (weak recommendation, low-certainty evidence)”. The rationale for the
recommendations to continue, rather than reduce the consumption of unprocessed red meat or processed
meat - considering solely the health outcomes associated with meat intake- was based on the following
aspects: a) the low to very low certainty of evidence for the potential adverse health outcomes associated
with meat consumption, b) a very small and often trivial absolute risk reduction based on a realistic decrease
of 3 servings of red or processed meat per week, and finally, c) the associated and uncertain risk reduction
with a reduction of meat intake might not be enough for people wanting to reduce their intake, given their
attachment to meat and finally, d) the large variability in peoples' values and preferences related to meat

(162) (Annex 2B).

Our mixed-methods systematic review (Study 1) focusing on health-related values and preferences showed
that most people are attached to meat and are not willing to reduce their intake. Contrary to how - in the
last two decades - dietary guidelines and health institutions have depicted red and processed meat as

unhealthy, many people believe that meat is an important component of a healthy diet (84-86).

Reasons for meat consumption identified in our mixed methods systematic review (Study 1) were similar and
consistent with the reasons identified in the survey of Study 2. Enjoyment and flavour of meat were the most
commonly reported reasons for eating meat (Study 1 and Study 2), and health reasons were consistently
reported in the included studies of our review (Study 1) but were not the most frequently reported reason
in our survey (Study 2). Our Study 1 found that meat was generally perceived as being part of a complete and
healthy diet, whereas in Study 2, other reasons such as cost, availability of meat, tradition, and family

preferences, resulted to be more important.

In line with our Study 2 results, Prokop-Dorner et al cross-sectional study (97), conducted in Poland, showed
that taste was the predominant reason for eating meat, followed by family preferences, price and availability;
health was the fifth most frequently reported reason, with only 23,2 % and 13,3 % of participants valuing the
health aspect as important, for red meat and processed meat respectively. Similar results were also reported
in the pilot study conducted in Canada (98): taste and cost were the most common factors for eating red and
processed meat, followed by family preferences in the case of red meat, and cooking time for processed
meat intake. With respect to cost, it was considered a facilitator for consumption in the case of processed
meat, and a deterrent in the case of red meat, because of the difference in expense. Likewise, health was
seen as a positive factor for consuming red meat for the nutritive content, whereas, for processed meat, it
was seen as a negative factor, due to the addition of preservatives. Similar results were reported in our Study

2, with health being valued positively for red meat consumption and negatively for processed meat.
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Along this line, among consumers that had eliminated meat from their diet (e.g., vegetarians), or simply
reduced their intake (meat reducers), health was considered an important reason for having reduced meat
consumption, as reported in our Study 1; however, health was not always the main reason but rather a
contributor factor, among others. Similarly, in the survey conducted in Study 2, among those participants
who reported having reduced their intake in the past, many declared having reduced it due to health reasons,

although, other non-health related reasons were more frequently reported.

According to a recent evidence map review aiming to capture the motives for following a plant-based diet,
the most frequent reasons for avoiding meat can be grouped into three broad categories: ethical (e.g.,
environmental concerns, animal welfare), health (to improve some health aspects or reduce the risk of health
harms), and other (mostly related to sensory factors, political, finances, and tradition). This review showed
that there are multiple motivations from these categories for wanting to adopt a plant-based diet, and that
often these motivations are dynamic, and change over time (183). As reported in Study 1, people might start
excluding meat because of health concerns - for example, to reduce the risk of heart disease - and later, other
beliefs or reasons might start becoming as important as health, and are embedded into the reasoning
process, to support their behaviour. Making a clear-cut distinction between what are main drivers and

determinants for people’s dietary behaviour, it is very difficult.

In the same line, other existing narrative reviews explored reasons for consuming or avoiding meat, and they
suggested that the motivations for meat consumption are complex and diverse and may vary according to
age and sex (184,185). In fact, as reported in our Study 1, men were more attached to their meat
consumption and the older population were more concerned about health in respect to their food choices
compared to the younger ones. On the other hand, according to Miki 2020 evidence map review, the
available evidence has important limitations, mainly due to the sample size and number of studies, to draw

clear conclusions on the association between age groups and motivations (183).

According to previous reviews, and consistent with our findings from Study 1, omnivores willingness to
change consumption is generally low (186,187); eating meat is such an important component of the Western
culture that cannot be easily modified, and people are so attached to their habits that are not willing to
reduce their meat intake (187), nor willing to substitute their meat with other healthier options (for example,

by eating insects or meat substitutes) (186).

As described above, non-health related values and preferences have resulted to be important aspects, and
often more important, compared to health, that are considered when consuming meat. However, the
importance placed on the non-health related aspects, such as environmental concerns of meat consumption
and production, might not be sufficient for people to change their dietary behaviours as showed in our Study
3. In our second mixed-methods systematic review (Study 3) - investigating people’s meat values and
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preferences in the face of environmental concerns — we found that people were generally unwilling to make
any changes regarding their meat consumption, regardless of their beliefs about meat and its impact on the
environment. People were divided between those who believed that meat consumption was harmful for the
environment and those who believed that other aspects; for example, food waste and food packaging, were
more harmful compared with meat. These considerations are in line with the conclusions of a recent
systematic review, that found that environmental motives were appealing to significant proportions of
Western meat-eaters, who were adopting certain meat-curtailment strategies, such as meat-free days, but

only were sufficiently important for reducing meat for a small minority (188).

The barriers for not willing to reduce meat intake — identified in our Study 3- were similar to the reasons for
meat consumption, identified in our Study 2 and two other cross-sectional studies (97,98) from our research
group: cost of non-meat products, taste, unwillingness to alter their eating habits, cooking time and skills,
and disbelief that meat has an impact on climate change. Similar barriers were reported in Sanchez-Sabate

et al. qualitative synthesis, aiming at investigating peoples' attitudes towards meat reduction (189).

Overall, health and non-health related factors cannot be considered independent and unique contributors
to peoples' dietary choices but rather, coexisting factors that are so highly interconnected, that, ultimately,

shape peoples’ dietary behaviours.

Mixed-methods systematic reviews (MMSRs) have become an important and common approach in health
research as they provide a complete overview of findings (both quantitative, qualitative, and mixed) and
ultimately facilitate the decision-making process (151). Generally, MMSRs bring together quantitative and
qualitative findings to better understand if an intervention works (quantitative evidence), and how and under
which circumstances (qualitative evidence) (151). However, they are also becoming useful for providing a

more comprehensive view on a specific phenomenon of interest.

The methods for conducting MMSRs is a field under development and yet, no comprehensive and final
guidance exist. However, in 2014, the JBl Mixed Methods Review Methodology Group developed and
proposed a first guidance, based on previous approaches (e.g., study of Sandelowski et al.), to assist
researchers in the conduction of MMSRs, rather than reporting the results (151). However, such guidance

was developed with the idea of providing a base that needed to be further developed (151).

In both of our MMRSs (Study 1 and Study 3), we followed the convergent integrated approach involving data
transformation, to combine quantitative and qualitative data. Overall, two main types of synthesis designs
exist: convergent and sequential synthesis designs (151,176). The convergent design can be either
“integrated” (involving data transformation and allowing the combination of quantitative and qualitative

data) or “segregated” (quantitative and qualitative data synthesis is conducted independently and the
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generated quantitative and qualitative evidence will be later integrated together). The sequential design
instead consists of a two-phase approach in which the data collection and analysis of one type of evidence is
conducted after the collection and analysis of the other type (151,176). The convergent integrated approach
is recommended when the research question can be answered by both quantitative and qualitative research
designs (151). Such approach consists in: a) the extraction of data from quantitative studies (including data
from the quantitative component of mixed methods studies) and qualitative studies (including data from the
qualitative component of mixed methods studies), and b) data transformation. The latter can be either the

transformation of quantitative data into qualitative (qualitizing) or vice versa (quantitating).

For both our MMSRs (Study 1 and Study 2), due to the nature of the research question and the types of data
reported in the included studies, we adopted the transformation of quantitative into qualitative as also
suggested by the JBI guidance as, quantifying data (by attributing numerical values to qualitative data) is

more prone to error (151).

In addition, to better guide the qualitizing transformation process in a more standardized approach, we
applied the critical meta-narrative synthesis, through systematic profiles, and critical questions that were
asked to further extract narratives from the data; such approach was adapted based on the methodology
reported in a previous mixed- methods systematic review (165). Although such approach is still not widely

used, it provides clear and structured guidance on how to generate narratives from quantitative data.

Finally, after the quantitative and qualitative data extraction, synthesis and transformation is conducted, the
evidence from both synthesis needs to be integrated. The integration step involves comparing the
guantitative results and qualitative findings and organizing them to produce an overall conclusion: whether

there is consistency, and/or findings are complementary, and/or contradict each other.

No clear guidance is provided on whether and how this integration should take place. However, according to
a review of systematic reviews combining qualitative and quantitative evidence (176), within the convergent
synthesis design, depending on when quantitative and qualitative data are integrated, we could distinguish

three subtypes: data-based, results-based, and parallel-results convergent synthesis designs.

For our first mixed methods systematic review (Study 1), we adopted the parallel-results convergent
synthesis designs, as the integration and interpretation of both data sets was conducted in the overall
discussion. Instead, for our second mixed-methods systematic review (Study 3), we adopted the parallel-
results convergent synthesis design, by integrating both data sets into joint displays and assessing whether

findings from each data set agreed, offered complementary information, or contradicted each other.

One of the challenges in MMSRs is often the lack of clarity on the integration process of qualitative and
quantitative data. One way to overcome such challenge is by providing an integrated synthesis in a
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standardized format, separately from the overall conclusions. This can be achieved with the use of joint
displays (190). Joint displays are frameworks facilitating the representation of findings from both quantitative
and qualitative data sets per theme and allow researchers to withdrawn overall conclusions based on the
level of agreement, and/or disagreement across findings (190). To overcome this challenge, for our second
MMSR (Study 3) we integrated all data in joint displays, searching for similarities and differences across

findings.

An additional challenge in MMSRs is the lack of guidance on which approach should be used to determine
the overall certainty of the evidence. In our first MMSR (Study 1), as we synthesized quantitative and
qualitative separately and integrated them only into the discussion section, we assessed the certainty of the
guantitative and qualitative evidence with GRADE and GRADE CERQual approach, separately. Although the
GRADE and GRADE-CERQual approaches are recommended by systematic reviews and guideline working
groups, no clear recommendations have been made towards the use of both approaches within MMSRs, nor
towards the appropriate approach for assessing quantitative evidence that has been transformed into
qualitative data (narratives). In addition, no clear guidance is provided on how to assess the certainty of
integrated evidence. Thus, for our second MMSR (Study 3), as we integrated quantitative and qualitative, we
investigated - in consultation with experts in the field - which approach was best to use, and it was decided
to use GRADE-CERQual. Given that GRADE-CERQual is considered the most appropriate approach for
assessing the extent to which a review finding is a reasonable representation of the phenomenon of interest,
and in our case the phenomenon of interest was people’s values and preferences regarding meat
consumption related to environmental impact, it was concluded to adopt the GRADE-CERQual approach for

assessing the certainty of the integrated evidence.

The results of our cross-sectional study (Study 2), were similar to the findings from our mixed-methods
systematic review (Study 1), showing that most people were unwilling to change their meat intake, even

when informed about the potential cancer risks.

Following and adapting the methodological approach reported in our published protocol (Annex 2C) as well
as in our Study 2, two studies — the pilot study conducted in Canada (98) and the Prokop-Dorner study in
Poland (97) - presented to participants evidence about the health risks related to meat consumption,
specifically the probability of cancers risk reduction by reducing meat intake, in order to assess their
predisposition of changing their consumption (97,98). In all studies, after being informed, participants

reported a low willingness to change meat consumption (97,98,102).

One of the reasons for not wanting to reduce meat intake that emerged in the semi-structured interviews

(Study 2) was that they believed they were already consuming a healthy amount of meat and did not need
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to further reduce it. Similar results were found in Study 1, with many participants believing that they had

already reduced their meat consumption in the past and did not plan any further reductions.

Other reported reasons for not wanting to reduce their intake were related to the traditional aspect of meat
being part of their diet, and the family preferences for eating meat. Most of the reasons were similar across
studies. In addition, participants highlighted the importance of sustainability as a concern that consumers
should take into consideration and, they reported a general disbelief of the evidence presented. Participants

reported that the uncertainty of the evidence was not convincing enough for making dietary change.

Similarly, the few studies included in our first MMSR (Study 1) informing participants on the health risks of
eating meat — although the information provided was not consistent with what we presented (Study 2)-
reported low willingness to change, partially because they mistrusted the information provided, and because
many of the participants believed other aspects -for example, the additives used in the production process-

to be the real health problem rather than the meat consumption itself.

Although, most of the participants reported low willingness to reduce their intake in face of the cancer risks
presented in the survey, in the follow-up assessment conducted both in Study 2 and Prokop-Dorner study,
some participants reported to have changed their eating habits since the survey. In Study 2, 25% of
participants reported having increased their meat intake and 12% reported having reduced the intake of
processed meat. In the Prokop-Dorner study, 42% of the participants from the Poland study reported having
changed their meat intake with, 22% of participants possibly motivated by the information provided. The
majority reported having decreased their intake, whereas the rest reported an increased in their
consumption. One of the most reported reasons for having decided to change their meat consumption was

related to health, followed by environmental concerns, animal welfare, preparation time, and availability.

Finally, as shown in our cross-sectional study (Study 2), gender seemed to be a predictor of willingness, with
men being appreciably less willing to reduce their intake than women. Similar findings were also reported in
our first mixed-methods systematic review (Study 1), as well as in the study conducted in Poland (97), with
men being highly attached to meat and considering as part of a healthy diet and their culture, whereas in the

pilot study conducted in Canada no differences were detected across age, sex, and employment status (98).

These results suggests that people are attached to their red and processed meat consumptions for many
reasons and that, when confronted with very small and uncertain benefits of reducing meat consumption,

most individuals, considering only health effects, choose to continue their current meat consumption.

As shown in both of our systematic reviews (Study 1 and Study 3), there is a large number of primary studies

evaluating peoples' values and preferences about meat consumption. However, most of these studies
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present several limitations. In the case of quantitative studies, a major limitation was the lack of piloting and
validation of the measurement instruments (questionnaires) to capture peoples' values and preferences and,
for qualitative studies, the lack of detail about the data analysis process and unclear reporting of findings,
and lack of description of the relationship between the investigator and participants were the main
limitations. In addition, most of the studies did not inform participants about the potential health impact of
meat consumption, before assessing their values and preferences and willingness to make any dietary
changes. Therefore, we conducted a de-novo mixed-methods cross sectional study (Study 2) aiming to
overcome these limitations, and appropriately capture people’s current health-related values and

preferences of meat consumption.

As suggested by guideline working groups, another approach to obtain people's preferences — besides
conducting systematic review- is by conducting de novo research, that can be either qualitative (e.g.,
interviews), quantitative (e.g., surveys), or mixed (both qualitative and quantitative research methods). The
use of this strategy is recommended as a complementary source to obtain the public perspectives, although
it is not consistently adopted by guideline development groups (147). In the survey conducted by the
Blackwood et al. (2020) to identify the methods used by CPGs groups, it was showed that 58% (30/52) of the
organizations that reincorporate the perspective of patients, they report conducting qualitative research

(interviews and focus groups), and 54% (28/52) quantitative research (surveys) (147).

Differently from many published primary studies on peoples' preferences about meat, in NutriRECS, we
developed a specific protocol, reporting all the methods and procedures to be followed and then conducted
a pilot study (98). Furthermore, we pilot-tested the online survey in a purposive sample of participants.
Among the many included studies in both of our systematic reviews (Study 1 and Study 3), only a minority of
studies validated the questionnaires used: 37% (15/41 studies) in Study 1 and 26% (26/56 studies) in Study 3
(96,100).

In addition, before assessing people’s willingness to change, we informed participants about the health
impact of meat consumption and the related certainty, to assist them in making an informed decision. Among
the included studies in our systematic review on peoples’ health-related values and preferences (Study 1),
only two primary studies (22%) provided participants with information about the undesirable health effects
of meat consumption. The lack of information provided to surveyed participants highlights the
inappropriateness of assuming that informed persons would choose to reduce meat consumption on the

basis of small health benefits, especially if the benefits are uncertain (62, 191).

We followed a standardized approach through a direct-choice exercise methodology, for presenting the
evidence and related certainty for both cancer incidence and cancer mortality risks, and for red and
processed meat separately. The direct-choice exercises were conducted using MagicApp software
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(http://magicproject.org/research-projects/share-it/). MAGIC (Making GRADE the Irresistible Choice) is a
well-recognized initiative in the clinical setting, aiming to support clinicians and patients in the decision-

making process by providing figurative and easy to understand scenarios.

To our knowledge, within the nutrition field, the pilot study on meat conducted in Canada (98) was the first
study using the MAGIC decision aids scenarios. Outside the nutrition field, however, the MAGIC decision aids
have been tested in the clinical setting and have demonstrated being useful tools that can assist clinicians

and patients (192).

In addition, being our Study 2 a mixed-methods cross sectional study, in order to provide better clarity on
the integration process of quantitative and qualitative data, we integrated the quantitative data retrieved
from the survey and the qualitative data from the semi-structured interviews into joint displays of integrated
mixed-methods data collection, similarly to what’s reported in a recent analysis and comparisons of different
joint displays used in mixed-methods research (190). Overall, according to Fatters et al., there are three types
of joint displays: 1) joint displays of mixed-methods findings, 2) joint display analysis and, 3) joint displays of
integrated data collections. The joint display of findings is used to deliver and represent the integrated
findings, the joint display analysis is used by researchers to analyse the collected mixed data and creates
interactions of qualitative and quantitative evidence, and finally, the joint display of integrated evidence is
used by researchers to plan the data collection and to represent and explain how data were integrated by
linking quantitative and qualitative evidence (190). While the first two types of joint displays are more
commonly used, the joint displays of integrated data collection- although recognised as a useful tool to
represent the integration of mixed-method evidence by the scientific community — is still limited in the

available literature (190).

Finally, for our Study 2, we applied an explanatory sequential mixed methods design. According to Fetters et
al., we can distinguish three main mixed-methods designs: 1) a convergent design with quantitative and
qualitative data collection being conducted approximately at the same time, 2) an explanatory sequential
mixed-methods design with quantitative data collection taking place first and informing subsequent
qualitative data collection and finally, 3) an exploratory sequential mixed-methods research design with
guantitative data collection coming first and informing the qualitative data collection. Depending on the aim,
the timing, the process, and function either one of these designs can be sued. For the purpose of our Study
2, the explanatory sequential design was considered the more useful strategy for two main reasons: on one
hand the findings from the survey aimed to influence the sampling strategy for the semi-structured
interviews by including for example an equal number of participants that reported to be willing and unwilling

to change their meat consumption behaviours to further investigate both reasoning and, on the other hand,
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findings from the survey were considered fundamental to define the semi-structured interviews questions

(qualitative data) from which further findings and construct could be extracted.

This thesis consists of three studies that pursue a common objective: to generate new knowledge about the

identification, synthesis, evaluation and incorporation of people's values and preferences in the development

of FBDGs, specifically red and processed meat recommendations. The main strength of the thesis work is that

the research process has been developed explicitly and systematically, with the preparation and the

publication, of the corresponding research protocols (163, 169).

All the studies presented in this thesis are the result of the collaboration of a multidisciplinary group of

national and international researchers in the area of guidelines development and have gone through a peer

review process by the biomedical journals (all quartile 1) in which they have been published.

The main strengths of each of the studies are summarized in Table 2.

Table 2. Strengths of the studies

Study

Strengths

Study 1: “Health-related values and preferences
regarding meat consumption: a mixed-methods
systematic review”

Study 3: “Peoples’ values and preferences towards
animals’ welfare and environmental concerns of
meat consumption: A mixed-methods systematic
review

We registered the protocol with PROSPERO
(CRD42018088854) (163).

We adhered to the PRISMA statement (49).
We applied explicit eligibility criteria, used an
extensive search, and performed duplicate
assessment of eligibility and risk of bias or
methodological limitations.

We used 2 complementary bodies of evidence
(mixed methods).

We followed the GRADE and GRADE-CERQual
approaches to assess the certainty of the
evidence (50, 168).

We integrated quantitative and qualitative
evidence and applied the GRADE-CERQual
approach to assess the overall certainty in
consultation with GRADE and mixed-methods
research experts (Study 3).

Study 2: “Health Related Values and Preferences
Regarding Meat Intake: A Cross-Sectional Mixed-
Methods Study”

We developed and published a protocol
reporting the study’s methodology (169).

We followed an explanatory mixed-methods
approach to the collection of both quantitative
and qualitative evidence.

It is the first study, to our knowledge, that has
comprehensively and explicitly evaluated
people’s health-related values and
preferences, and their willingness to change
meat consumption when informed of the
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potential adverse cancer risk and the
uncertainty around this evidence.

e The information that patients received was
based on a recent rigorous dose—-response
meta-analysis (82).

e We used health states to ensure a similar
understanding among participants of the
presented outcomes.

The main limitation of the thesis work is that the identified values and preferences of meat consumption

reflect food values and preferences of populations living in high-income countries, and therefore, cannot be

generalized to other populations. In addition, the methodological approach that we followed has been

applied so far, solely for the development of meat recommendations. The main limitations of the three

studies and the strategies we adopted to reduce their potential impact on the results, are reported in Table

3.

Table 3. Limitations of the studies

Study

Limitations

Potential impact
on the results

Strategies to reduce
their impact

Study 1: “Health-related
values and preferences
regarding meat
consumption: a mixed-
methods systematic
review”

Included studies conducted
only in Europe, Australia,

Canada, the United States, and

New Zealand, reflecting food
values and preferences of
populations living in high-
income countries.

We cannot
generalize these
findings to other
populations.

In the development of
NutriRECS meat
recommendations, we
highlighted that the
values and preferences
considered could not be
generalized to all
populations.

The studies reporting
willingness to reduce meat
consumption in the face of
health concerns did not
provide participants with
sufficient information about
the certainty of the evidence,
nor about the effect meat
consumption has on health.

We could not
assume that
when informed
about the effect
of meat
consumption has
on health and
the related
certainty,
participants
would still be

We conducted a cross-
sectional study (Study
2) in which included
participants were asked
about their preferences
of red and process
meat.

unwilling to

change.
Studies failed to consistently We could not In the development of
report participants' explore the NutriRECS meat

socioeconomic status,

educational level, and religious
beliefs, precluding exploration

of the effect of these

effect of these
characteristics on
dietary values
and preferences.

recommendations, we
highlighted that the
values and preferences
considered could not be
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characteristics on dietary
values and preferences

generalized to all
populations.

Most of the included studies
do not focus on red or
processed meat, but rather
meat in general.

Peoples' values
and preferences
might differ
depending on the
type of meat (red
and processed)
and thus,
influencing
differently the
development of
the NutriRECS
red and
processed meat
recommendation

We conducted a cross-
sectional study (Study
2) in which included
participants were asked
about their preferences
of red and process meat
separately.

Our systematic review focuses
only on the influence of health
effects and does not address
other reasons that influence
meat consumption, such as
animal welfare and
environmental concerns.

People’s meat
consumption
values and
preferences
might be
influenced by
other aspects,
rather than
health alone that
were not
investigated.

We conducted a second
systematic review
(Study 3) investigating
to what extent other
aspect such as
environmental concerns
might impact peoples’
values and preferences
about meat
consumption.

Study 2: “Health
Related Values and
Preferences Regarding
Meat Intake: A Cross-
Sectional Mixed-
Methods Study”

Most of the included
participants had a university
degree and consumed less
than three servings per week,
which was the average meat
intake in Spain.

Our results might
not be
representative
for the rest of
the Spanish
population.

Two additional studies
following similar
methods were
conducted in other
countries (Canada and
Poland); however, the
majority of included
participants had a
higher education.

Although we provided
information about the
associated reductions in
cancer risk in different
formats, we did not check for
understanding.

We could not
assume people
understood
uniformly the
data presented.

We used health states
to ensure a similar
understanding among
participants.

We only presented data on
cancer risk and did not present
other health risks, such as
cardiovascular effects, in order
not to overburden the
participants.

We did not know
if people’s values
and preferences
would change
based on the
health outcome

None.

presented.
The semi-structured interviews | We cannot We attempted to
and follow-up assessment assume the include participants

143




findings were collected from a
small proportion, and
convenience sample of
participants.

findings were
representative of
the entire sample
of included
participants.

with sociodemographic
characteristics and meat
consumption
behaviours similar to
the surveyed
participants.

The response rate for the
survey questions on
willingness varied. The less
willing they were to change
meat consumption, the more

The length of the
survey might
have impacted
the response rate
and participants

We attempted to
mitigate this challenge
by piloting the survey
and testingitin a
sample of 34

questions a participant responses. participants.
answered.
Study 3: “Peoples’ We only included studies We cannot In the development of

values and preferences
towards animals’
welfare and
environmental concerns
of meat consumption: A
mixed-methods
systematic review

conducted in Europe,
Australia, Canada, the United
States, and New Zealand, and
therefore our results reflect
those of populations living in
high-income countries.

generalize these
findings to other
populations.

NutriRECS meat
recommendations we
highlighted that the
values and preferences
considered could not be
generalized to all

populations.
While limited data were We could not None.
available, we did not explore explore the
whether values and effect on dietary
preferences differed in lower values and
versus higher income preferences.
participants in our eligible
studies.
Most of the included studies People’s values None.

did not inform participants
about the environmental
impact of meat.

and preferences
were based
solely on their
personal
knowledge or
belief; we could
not assume that
when informed
about the
environmental
impact of meat,
participants
would still be
unwilling to
change.

Some of the authors of this
study have recently published
a weak dietary
recommendation that people
continue their meat
consumption.

It is possible that
our

interpretation of
results is biased.

To help mitigate this
possibility, in addition
to duplicate
independent data
screening and
abstraction and a risk-
of-bias assessment, we
included data
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abstractors and
assessors who were not
authors of previous
recommendations.

Among the studies that did We cannot None.
present participants with exclude that

information on the participants
environmental impact, we did | responses might

not assess the credibility of have changed

this information, nor did we depending on the

assess if participants were type of

presented with the relative information that

impacts of various behavioural | was presented to
changes that can impact global | them.

warming.

We were not able to We cannot None.

investigate in depth if the
results were dependent on the
age of participants because the
age of participants was not
consistently reported across
studies.

exclude that
participants
responses might
have changed
depending on
their age.
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Organizations and working groups developing FBDGs should provide clarity in the terminology used to
refer to the concept "people’s values and preferences". It is necessary to clearly define which are the

aspects that are measured and how it is done.

Organizations and working groups developing FBDGs should apply a standardized approach on how to
integrate people’s values and preferences in the formulation of dietary recommendations .and provide

explicit and structured methodological guidance.

Organizations and working groups developing FBDGs should ensure that their recommendations

consider the population’s values and preferences.

Organizations and working groups developing FBDGs should outline specific strategies on how to identify
people’s values and preferences in the development of dietary guidelines, to ensure that their

perspective is considered in the guideline development process.

Our findings suggest that people are unwilling to change their meat consumption and prefer continuing
with their eating habits regardless of the potential health risks and the impact their behaviour might be
on the environment; for this reason, it would be inadequate to assume that informed people would

comply with meat reduction recommendations.

In face of the people’s low willingness to modify their meat consumption, panels are more likely to make
conditional rather than strong recommendations, for the reduction of meat consumption for healthcare

reasons.
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Itis necessary to continue investigating methodological research approaches on how to optimize and

standardize mixed-methods systematic reviews.

We followed an innovative methodological approach to synthesise and assess the confidence of
mixed methods evidence, by following solely the GRADE-CERQual approach. This approach could be

adopted for future mixed-methods systematic review syntheses for different research areas.

In the context of cross-sectional studies, future research should further investigate decision aids
tools, and on the best approaches to properly inform participants about the relative health impact

associated with their food consumption.

People’s meat consumption determinants and willingness to change their diet should be better
explored and investigated in larger and more heterogenous populations including different

sociodemographic and education levels and of different age groups.

Future research should investigate how to improve the formulation of dietary recommendations in
ways that can be easy that can be easily understood, implemented, and adhered by the target
population. Dietary recommendations should provide individuals with the appropriate guidance for

improving diet quality for better health.

In the context of FBDGs, more research to generate guidance on methods for involving the public,

identifying people's preferences as well as approaches for formulating recommendations that reflect

those preferences should be conducted.
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6.CONCLUSIONS
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Health can be seen as a facilitator or a deterrent for meat intake, depending on the meat
consumption behaviour of the target audience (whether people are meat consumers of meat

reducers).

Health and non-health related factors cannot be considered independent and unique contributors
to peoples' dietary choices but rather, coexisting factors that are highly interconnected and that

ultimately shape peoples’ dietary behaviours.

Overall, people are highly attached to meat consumption and wish to maintain their dietary habits,
regardless of the potential harmful impact that meat might have on their health and/or the

environment.

Regardless of people’s general beliefs about meat and its impact on the environment, most people
are unwilling to change their meat consumption. Many people believe that other factors, for

example, food waste and food packaging, are more harmful to the environment than meat.

This thesis provides a methodological basis - that needs further development - for obtaining peoples’
food values and preferences through mixed-methods cross-sectional studies and systematic reviews

and integrate these values in the formulation of FBDGs recommendations.
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EtD frameworks: Evidence to Decision frameworks
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FBDGs: Food-based dietary guidelines

GIN: Guidelines International Network
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HHS: Health and Human Services

JBI: Joanna Briggs Institute

MAGIC: Making GRADE the Irresistible Choice

ML: methodological limitations

MMSRs: Mixed-methods systematic reviews
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NutriRECS: Nutritional Recommendations working group
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RoB: Risk of Bias

ROBINS-I: risk of bias (RoB) in the results of nonrandomized studies of interventions (NRSI)
STROBE: Strengthening Reporting of Observational Studies in Epidemiology

STROBE-nut: Strengthening Reporting of Observational Studies for Nutritional epidemiology
U.S.: United States of America
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Background

Burden of disease and evidence-based care

Globally, chronic non-communicable illnesses represent
the largest burden of disease, and healthy eating habits
may be a cornerstone to the prevention and manage-
ment of chronic disease [1, 2]. Evidence suggests that
risk factors related to nutrition have a major impact on
disability adjusted life years (DALYs) and death. In the
US, estimates suggest that 14% of DALYs and 26% of
deaths are attributable to dietary risk factors [3]. Of the
20 leading risk factors for disability in 2010, 13 were
directly or indirectly related to diet, including high blood
pressure, body-mass index, fasting glucose, and low
consumption of fruits and vegetables [4]. The greatest
relative burden from chronic diseases such as diabetes,
heart disease and cancer may result from or may be
exacerbated by poor nutrition [5].

Despite the evidence that nutrition may play a major
role in curbing the burden of chronic disease, clinicians
typically do not emphasize nutrition in their interactions
with patients [6]. The knowledge and time required to
apply nutritional counseling in clinical practice comes
with a unique set of challenges, including a lack of suffi-
cient nutrition training in medical school and residency
programs, and a dearth of both time and financial com-
pensation for offering counseling [7]. Intense media cover-
age on what is often times low quality, non-systematic
collection of evidence (e.g. ecological observations, small
clinical studies based on biomarkers) in the field of nutri-
tion serves to compound the problem with a constant
source of conflicting messages [8].

Clinicians, including registered dietitians, require pri-
mary research and systematic evidence synthesis, includ-
ing meta-analyses, to understand the available evidence;
nutrition practice guidelines to provide appropriate in-
terpretation of evidence and direction in its application;
and user-friendly presentations and access to facilitate
efficient uptake. Systematic syntheses of evidence are
often, however, not available, or the syntheses that do
exist are of limited rigor. For example, in systematic re-
views and nutrition practice guidelines, important health
outcomes (i.e. end points most important to patients
and community members, such as mortality, quality of
life or dietary satisfaction) are often not optimally identi-
fied and synthesized, thus limiting our understanding of
the impact of interventions on patient and community
members’ lives [9].

Evidence-based nutrition involves the integration of the
best available evidence summaries, clinical and public
health practice experience, and patient and community
values and preferences [10, 11] (Johnston BC et al. The
Philosophy of Evidence-Based Principles and Practice in
Nutrition. Mayo Clinic Proceedings (submitted August
2018). Within this framework, clinicians can provide
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Table 1 Institute of Medicine standards for trustworthy
guidelines (2011)

Transparency: details on guideline development and funding are
explicit and publicly accessible

Management of conflicts of interest: prior to finalizing guideline,
panelists being considered for membership should declare all
interests and activities potentially resulting in conflicts, and all
conflicts should be minimized

Guideline group composition is multidisciplinary with methodological
expertise and including patient and community involvement

Use of systematic reviews for guideline questions

Establishing evidence foundations for and rating strength of
recommendations

Clear articulation of recommendations

External review by a full spectrum of stakeholders (e.g. scientific
and clinical experts, patients and community representatives)

optimal care and, when appropriate and possible, engage
in shared decision-making with patients, families and
members of the community to help them prevent, resolve
or cope with their physical, mental, and social health
problems.

The need for trustworthy nutrition guidelines
International groups, including the Institute of Medicine
(IoM), Appraisal of Guidelines Research and Evaluation
(AGREE), the Grading Recommendations, Assessment,
Development and Evaluation (GRADE) working group
[12—-16], and the Guidelines International Network (GIN)
have, using consensus methods, developed recognized and
accepted guideline standards. All these standards promote
establishing evidence foundations based on systematic
reviews and subsequently using these systematic reviews
to contribute to ratings of the strength of recommenda-
tions [12, 15]. Systematic reviews can offer high or low
quality evidence and in either case guideline recommen-
dations can be weak or strong. Table 1 summarizes the
IoM standards for trustworthy guidelines.

Despite these widely accepted standards for trustworthy
guidelines and vastly improved methods and processes for
their production, systematic surveys of over 1100 practice
guidelines across a wide range of health topics indicate
that guidelines continue to suffer from important limita-
tions [17-19]. An evaluation of 626 guidelines with the
AGREE instrument has demonstrated that despite some
increase in quality of guidelines over time, quality scores
have, over the last two decades, remained moderate to
low [19]. Similarly, an evaluation using IoM standards
demonstrated continued poor adherence over the last
two decades, with major deficiencies particularly in the
management of conflicts of interest [18].

In the field of nutrition, previous systematic evalua-
tions show similar methodological limitations [9, 20-22].
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Guidelines issued by several organizations, including au-
thoritative governing bodies, suffer from major limita-
tions in their trustworthiness, relevance and usefulness
for practice [9, 23]. For example, using the AGREE in-
strument, the overall quality of guidelines on nutrition
in critically ill adults is suboptimal, with only four of
nine guidelines being recommended for clinical use [22].
Using AGREE to assess guideline development across 9
guidelines on daily caloric intake from sugar, although
each guideline suggested a decrease in the consumption
of foods and beverages containing sugars, the guidelines
scored poorly on the AGREE criteria, specifically in rigor
of development, applicability, and editorial independence
including conflicts of interest [9].

Not only are conflicts of interest an issue in nutritional
guideline recommendations, but also in systematic reviews
and primary studies [24, 25]. Although underpowered, the
results of systematic reviews on the association between
sugar-sweetened beverages (SSB) and weight gain or obes-
ity appear to be influenced by industry funding. Among
17 identified systematic reviews, for those reviews without
any reported financial conflict of interest, 83.3% (10/12)
of conclusions were that SSB consumption could be a po-
tential risk factor for weight gain. In contrast, the same
percentage of conclusions, 83.3% (5/6) of those reviews
disclosing some financial conflicts with the food and
beverage industry indicated that the scientific evidence
was insufficient to support a positive association between
SSB consumption and weight gain [25]. Further, unique to
the field of nutrition, conflicts related to committed diet-
ary behaviours due to personal, family, religious, social, or
cultural beliefs can impact the interpretation of results
[26]. To optimize the trustworthiness of primary studies,
systematic reviews and guideline recommendations in the
field of nutrition, the importance of efficiently handling
financial, intellectual and other conflicts of interest is
paramount, more so because the nutrition field is highly
polarized, with strong adherents to ideological stances and
evidence of the relationship between financial conflict of
interest and authors’ conclusions [26-28].

Another problem is that nutrition guidelines often
place excessive trust in the results of observational stud-
ies, despite their potentially higher risk of bias [29]. For
instance, consider the evidence from a systematic review
and meta-analysis of cohort studies versus the only RCT
of vitamin C, a micronutrient, for preventing cardiovas-
cular disease. The meta-analysis of nine cohort studies
including over 290,000 patients reported a 25% (95% CI
7 to 40%) relative risk reduction in coronary heart dis-
ease among men consuming supplemental vitamin C
[30]. The Physicians’ Health Study II, a large stand alone
RCT of 14,641 participants, found no reduced risk [31].
In considering a systematic review and meta-analyses of co-
hort studies versus RCTs of antioxidants (i.e. beta-carotene,
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vitamin A, vitamin C, vitamin E, selenium), results of early
cohorts studies among people who consumed a diet rich in
these micronutrients demonstrated a lower risk for devel-
oping cardiovascular disease and cancer [32], whereas a
Cochrane systematic review and meta-analysis of 78 RCTs
(n=296,707) revealed no evidence to support antioxidant
supplements for primary or secondary prevention of
diseases [33]. Over 30 examples of inconsistent results
between cohort studies and RCTs exist [34, 35] dem-
onstrating that, although observational studies have
important roles in identifying issues for subsequent
study and providing guidance prior to the conduct of
definitive investigation, the sole reliance on observa-
tional studies may result in misleading inferences and
recommendations. Systematic reviews of the nutritional
literature should consider observational studies separately
from randomized trials, with the pooled estimates from
the meta-analyses independently assessed for certainty
(quality) of evidence.

The GRADE working group has produced standards
for the evaluation of the certainty of evidence and for
moving from evidence to recommendations that are far
more detailed, explicit, transparent and carefully devel-
oped than prior systems, and are now in use by more
than 100 organizations worldwide [16]. There is evi-
dence that guideline panels making nutritional recom-
mendations are often limited in their experience and
ability to use GRADE methods [9, 36]. For instance, des-
pite the fact that WHO made strong recommendations
to limit the intake of sugar to below 10% of total daily
energy intake, the overall quality of evidence to support
recommendations was low to very low [9]. Similar find-
ings have been observed in a review of guideline recom-
mendations across a variety of health care disciplines
[37]. With exceptions such as acute life-threatening
clinical scenarios (e.g. vitamin K for a patient receiving
warfarin with an intracranial bleed and an elevated INR),
strong recommendations should not be based on low
quality of evidence [15].

Another relevant limitation of many nutrition guide-
lines involves patient or community participation in the
development of recommendations, particularly on the
selection of outcomes deemed important to these partic-
ipants. We systematically identified examples of limited
quality guidelines in nine public health guidelines related
to sugar consumption. As reflected in the domain stake-
holder involvement on the AGREE instrument, many
guidelines did not describe how they sought the views
and preferences of their target population (patients or
the general community), and those that did were vague
about the process [9]. Further, guideline panels omitted
including members of the general community on the
panel, an important component of public health recom-
mendations given the recognition of the importance of
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patient and community oriented research. For instance,
the rationale for the varied sugar intake recommenda-
tions gave undue weight to intermediate outcomes
including nutrient displacement, and weight gain of the
order of 1kg [9], outcomes not likely of substantial
importance to most patients and community members.

Overcoming the limitations of current nutritional
recommendations

Typically, the many organizations that produce guidelines
are encumbered by institutional constraints and conflicts
of interest, resulting in a profusion of outdated guidelines
that do not adhere to recognized standards [12, 13, 16]. A
potential solution for the limitations of nutrition guide-
lines outlined above is for an independent group with clin-
ical and nutritional content expertise and skilled in the
methodology of systematic reviews and practice guidelines,
but unencumbered by institutional constraints and con-
flicts of interest, to produce trustworthy recommendations.
The BMJ Rapid Recommendations project, an initiative of
MAGIC (Making GRADE the Irresistible Choice), has re-
cently demonstrated the feasibility and utility of this ap-
proach and provided us with the inspiration for
NutriRECS (Nutritional Recommendations and accessible
Evidence summaries Composed of Systematic reviews)
[37]. The NutriRECS working group aims to develop trust-
worthy nutritional recommendations based on internation-
ally accepted methodological standards [12, 13, 16].

Objectives

NutriRECS will develop trustworthy guideline recommen-
dations in nutrition. To do so we will include the applica-
tion of novel and rigorous systematic review and guideline
methods using the GRADE approach to investigate the re-
lationship between diets, foods, nutrients and health out-
comes; integrate patient and community values and
preferences to inform guideline recommendations; apply
strict safeguards against conflicts of interest; and use Evi-
dence to Decision (EtD) frameworks to help people use the
evidence in a structured and transparent way.

Given the extensive number of research questions
and interventions in the broad field of nutrition,
NutriRECS will only have the capacity to focus on a
small number of guideline projects. Selected projects
will be of broad interest to the general public and
previous guideline recommendations produced by mul-
tiple authoritative organizations will have evidence of
extensive methodological limitations (e.g. red and
processed meat).

Methods

GRADE approach

The GRADE (Grading Recommendations, Assessment,
Development and Evaluation) approach is a system for
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Table 2 Certainty of evidence

GRADE Definition

High We are very confident that the true effect lies close
to that of the estimate of the effect

Moderate We are moderately confident in the effect estimate:
The true effect is likely to be close to the estimate of
the effect, but there is a possibility that it is substantially
different

Low Our confidence in the effect estimate is limited: The
true effect may be substantially different from the
estimate of the effect

Very Low We have very little confidence in the effect estimate:

The true effect is likely to be substantially different
from the estimate of effect

Although certainty of evidence is a continuum; GRADE'’s discrete
categorisation involves some degree of arbitrariness. Nevertheless, advantages
of simplicity, transparency, and vividness outweigh these limitations

rating the quality of a body of evidence in systematic re-
views and grading practice guideline recommendations
in health care. GRADE offers a transparent and structured
process for developing and presenting systematic reviews,
and for carrying out the steps involved in developing rec-
ommendations (strong or weak) based on these evidence
reviews [16]. Although the certainty of evidence repre-
sents a continuum, the GRADE approach results in an
assessment of the certainty of a body of evidence into one
of four categories (Table 2).

The strength of a recommendation (strong versus weak)
reflects the extent to which a guideline panel is confident
that adhering to a recommendation will have more desir-
able than undesirable consequences, or vice versa, across
the range of patients, or members of the public, for whom
the recommendation is intended (Table 3). The resulting
recommendations would for instance either recommend
in favor, or against, people reducing their intake of a par-
ticular food or dietary pattern, or, in choosing their diets,
not base their choice of foods on these considerations. If
appropriate, guideline panels may formulate recommen-
dations on specific subgroups of interest (e.g. those with
and without risk factors).

Panel composition and conflict of interest
For each NutriRECS project, panel members will be di-
verse (i.e. patients and community members, nutritional
epidemiologists, research methodologists, primary care
physicians, registered dietitians). As the emphasis of
NutriRECS will be on producing unbiased recommenda-
tions, it will be important to limit conflicts of interest given
that conflicts may be associated with conclusions in sys-
tematic reviews of nutrition [25, 26], and with nutritional
recommendations [9, 21].

Neither the chair nor the methods editor for each
NutriRECS guideline project will have any financial
conflicts of interest. A financial conflict of interest
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Table 3 Implications of strong and weak recommendations for different end-users

Implications Strong Recommendation Weak Recommendation

For patients Most individuals in this situation would want the The majority of individuals in this situation would want
recommended course of action and only a small the suggested course of action, but many would not.
proportion would not.

For clinicians Most individuals should receive the recommended Recognize that different choices will be appropriate for

course of action. Adherence to this recommendation
according to the guideline could be used as a quality
criterion or performance indicator. Formal decision aids
are not likely to be needed to help individuals make
decisions consistent with their values and preferences.

For policy-makers
(e.g. tax on products high in sugar or salt)

The recommendation can be used to develop policy

different patients, and that you must help each patient
arrive at a management decision consistent with her or
his values and preferences. Decision aids may well be
useful helping individuals making decisions consistent
with their values and preferences. Clinicians should
expect to spend more time with patients when working
towards a decision.

Policy-making will require substantial debates and
involvement of many stakeholders. Policies are also
more likely to vary between regions. Performance
indicators would have to focus on the fact that
adequate deliberation about the management
options has taken place.

would include the panel member or a family mem-
ber of the panel member having received funds dir-
ectly from a company that produces or promotes a
particular dietary pattern, food, or nutrient. NutriR-
ECS members will also be screened for intellectual
conflicts that include having authored, co-authored,
or held grant funding related to the topic of the
guidelines, or have previously expressed strongly
held beliefs about the guideline topics. We will also
screen potential NutriRECS members for strong per-
sonal or religious beliefs related to the guideline re-
mit. Each panel member will submit a full conflict
of interest form, which will include declarations of
financial, intellectual and other potential conflicts.

We will also closely manage the conflicts of inter-
ests among members of the systematic review team
and the guideline panel team (no member can
have financial conflicts of interest and no more than
one-fourth of members can have intellectual con-
flicts). Up to one third of authors on the systematic
review team can participate on the guideline panel
to help ensure that panellists are fully informed on
the results and nuances of the systematic review.
The methods editor will manage interactions be-
tween systematic review team and the NutriRECS
panel, and submit content to a journal.

Initial NutriRECS research question and evidence of
effects based on systematic reviews

The initial target question for the systematic review to in-
form the first NutriRECS project on red and processed meat
is as follows:

Among adults, what is the impact of dietary patterns

higher in red and processed meat versus diets lower in
red and processed meat intake (replacement with fish,
white meats or vegetarian or vegan diet) on the risk of

outcomes important to patients and community
members (i.e. overall and cardiovascular mortality,
cancer, weight, quality of life, satisfaction with diet,
type I diabetes, and cardiovascular outcomes [fatal
and non-fatal coronary heart disease, non-fatal stroke,
non-fatal myocardial infarction, major adverse cardiac
events (MACE)]) and on factors that may have a
causal relation to cardiovascular outcomes (hyperten-
sion and cholesterol), or other adverse outcomes
(haemoglobin)?

With respect to red and processd meat consumption,
most dietary guidelines suggest limited consumption of
meat because of the reported association with cancer [38—
40]. There is, however, a discrepancy between RCTs and
observational studies on the topic. Although observational
studies tend to show a significant association between red
meat consumption and cancer [41], the Women’s Health
Initiative, one of the largest RCTs conducted assessing
dietary patterns, reported that women consuming a low
fat diet reduced red meat consumption by 20% compared
to controls, yet there was no effect on multiple cancer
types, including colorectal cancer [42, 43]. Despite this,
the WHO has indicated that consumption of red meat is
“probably carcinogenic” to humans while processed meat
is considered carcinogenic to humans [44].

Using the GRADE approach we will begin by working
with our NutriRECS panelists to structure and refine our
health care questions in terms of the population of interest,
and the alternative dietary strategies (e.g. restricted versus
unrestricted dietary patterns) based on the most important
outcomes to the target audience. For all NutriRECS pro-
jects, the target outcomes will be selected based on import-
ance to patients and members of the general community,
and will be elicited prior to our conducting the systematic
reviews of the literature based on discussions with our
NutriRECS panel. Each NutriRECS project panel will have
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patients and members of the general community to ensure
selected outcomes are of importance. Unlike dietary guide-
lines we are aware of, we will also work with NutriRECS
panel to identify subgroups of interest (e.g. age, gender,
co-morbidities) and will register the research question and
systematic review protocol, including the subgroups of inter-
est, in PROSPERO (https://www.crd.york.ac.uk/prospero/).

In consultation with an expert librarian, we will con-
duct a systematic search to identify all relevant studies.
We will use data from all eligible studies to generate
independent estimates of the effect from observational
studies and randomized trials, including 95% confidence
interval, for all patient or public important outcomes.
We will ensure the rigor of the review process by follow-
ing Cochrane Handbook guidance, including conducting
duplicate screening of articles, documenting a priori
hypotheses to explain heterogeneity, and conducting
formal assessment of risk of bias in duplicate. Further,
systematic reviews and meta-analyses of observational
studies of food or nutrient intakes (e.g. processed meat),
typically presented by generating relative or absolute dif-
ferences between high consumers (e.g. quantile 5) and
low consumers (e.g. quantile 1) of a target exposure will
be summarized and evaluated seperately from observa-
tional studies that assess dietary patterns (i.e. patterns
that are higher in processed meat, and other patterns of
food consumption). Subsequently, as a novel method, we
will use the summary estimates for each to further ass-
sess etiologic causal inferences. To do so, among out-
comes with a statistically significant effect for a food or
nutrient, if there is also a significant effect (with similar
estimates) based on the dietary pattern data, this will be
seen as evidence that undermines the casual inference
for the target food or nutrient (e.g. processed meat).

After consultation with the NutriRECS panel mem-
bers, our research question, subgroups of interest and
systematic review methods for red and processed meat
and health outcomes has been publically registered with
PROSPERO (ID=CRD42017074074).

Certainty in body of evidence
Subsequently, in duplicate, we will use GRADE methods to
rate the certainty of evidence for each outcome across all
eligible studies according to study design (randomized trials
or observational studies) and five factors that can reduce
certainty of evidence (risk of bias, inconsistency of the re-
sults, indirectness of the evidence, imprecision and publica-
tion bias) and three that can increase certainty (large effect,
dose-response gradient, and direction of plausible con-
founders). The certainty of evidence will reflect our confi-
dence in the estimate of the effect.

Our certainty in the potential desirable and undesirable
effects of the interventions based on the body of evidence
will then be considered in making a recommendation.
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Values and preferences of patients and community
members related to diet restrictions and patterns
Optimal nutritional guideline development requires
consideration of patient and community values and
preferences associated with dietary patterns. By values
and preferences we refer to individuals’ predisposition to
either favour (like) or not favour (dislike) something
such as red meat [45]. Modifying dietary intake may be
accompanied by either despondency or pleasure that
affects satisfaction or quality of life. The difficulty many
individuals have modifying their diet attests to their attach-
ment to particular dietary practices. To inform NutriRECS
work based on values and preferences of patients and com-
munity members, we will use the following methods: i)
systematic reviews of the literature addressing values and
preferences related to diet, and ii) inclusion of patient and
public participants on the NutriRECS panel.

We will start by conducting a systematic review of the
literature for evidence regarding peoples’ values and
preferences in regards to red meat.

Moving from evidence to recommendations

For moving from the evidence to recommendations we
will use the Evidence to Decision (EtD) frameworks. The
purpose of Evidence to Decision (EtD) frameworks is to
help people use evidence in a structured and transparent
way to inform decisions in the context of clinical and
public health recommendations. These frameworks
summarize evidence, and its certainty, for benefits,
harms and burdens, values and preferences, cost consid-
erations, as well as equity, acceptability, and feasibility
(Table 4). This approach will ensure that all relevant de-
cisions are transparent to target audiences, thus enabling
decision makers in other jurisdictions to adopt or adapt
our recommendations [46, 47].

The EtD frameworks have a common structure that
includes formulation of the question, an assessment of
the evidence for each criterion, and drawing conclusions.
EtD frameworks make explicit the criteria that are used
to assess interventions or options, the judgments made
by each panel member for each criterion, and the re-
search evidence and additional considerations used to
inform each judgment. Research evidence refers to facts
(actual or asserted) used to inform the panel’s judgments
that are derived from studies that used systematic and
explicit methods. Additional considerations include
other evidence, such as routinely collected data, assump-
tions, and logic used to make a judgment. As a novel
innovation in the field of nutrition guideline develop-
ment, using EtD frameworks we will survey and collect
the anonymous judgements of each panel member prior
to making the recommendations and use these judge-
ments for the purpose of panel discussions prior to mak-
ing the final recommendations. This way, panel
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Table 4 Evidence to decision framework
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Table 4 Evidence to decision framework (Continued)

Judgement Research  Additional
evidence considerations

Judgement Research  Additional
evidence considerations
PROBLEM Is the problem a priority?
o No

o Probably no
o Probably yes
o Yes

o Varies

o Don't know

DESIRABLE How substantial are
EFFECTS the desirable anticipated
effects?

o Trivial

o Small

o Moderate
o Large

o Varies

o Don't know

UNDESIRABLE  How substantial are the
EFFECTS undesirable anticipated
effects?

o Large

o Moderate
o Small

o Trivial

o Varies

o Don't know

CERTAINTY OF  What is the overall
EVIDENCE certainty of the evidence

of effects?

o Very low

o Low

o Moderate

o High

o No included studies

VALUES Is there important
uncertainty about or
variability in how much
people value the main
outcomes?

o Important uncertainty or
variability

o Possibly important
uncertainty or variability

o Probably no important
uncertainty or variability

o No important uncertainty

or variability
BALANCE OF  Does the balance between
EFFECTS desirable and undesirable

effects favor the intervention

or the comparison?

o Favors the comparison

o Probably favors the
comparison

o Does not favor either
the intervention or the
comparison

o Probably favors the
intervention

o Favors the intervention

o Varies

o Don't know

RESOURCES How large are the resource
REQUIRED requirements (costs)?
o Large costs

RESOURCES
REQUIRED

COST
EFFECTIVENESS

EQUITY

ACCEPTABILITY

FEASIBILITY

o Moderate costs

o Negligible costs and
savings

o Moderate savings

o Large savings

o Varies

o Don't know

What is the certainty of
the evidence

of resource requirements
(costs)?

o Very low

o Low

o Moderate

o High

o No included studies

Does the cost-effectiveness

of the intervention favor

the intervention or the

comparison?

o Favors the comparison

o Probably favors the
comparison

o Does not favor either
the intervention or the
comparison

o Probably favors the
intervention

o Favors the intervention

o Varies

o No included studies

What would be the impact
on health equity?

o Reduced

o Probably reduced

o Probably no impact

o Probably increased

o Increased

o Varies

o Don't know

Is the intervention acceptable
to key stakeholders?

o No

o Probably no

o Probably yes

o Yes

o Varies

o Don't know

Is the intervention feasible
to implement?

o No

o Probably no

o Probably yes

o Yes

o Varies

o Don't know

members who may be afraid to voice dissenting views
during panel meetings will have an opportunity to make
their views known. For instance, panel members may
make different judgments for one or more subgroups
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(such as patients who are older or who have more severe
disease) in relation to some or all of the criteria.

Afterwards, panels review the judgments they have
made for all of the criteria in their assessment and con-
sider the implications of those judgments for the recom-
mendation or decision. Based on their assessment, the
panel draws conclusions about the strength of recom-
mendation or type of decision; for example, a strong or
weak (sometimes called conditional, discretionary, or
qualified) recommendation for or against an intervention
or option.

Finally, the panel states the recommendation or deci-
sion in a concise, clear and actionable manner, and pro-
vides the justification for their recommendation or
decision. The conclusions also include relevant consider-
ations about subgroups, implementation, monitoring
and evaluation, and research priorities.

NutriRECS oversight and group process

We have formed an international NutriRECS Executive
made up of systematic review and nutrition/public
health experts (Dr. Bradley Johnston, Department of
Community Health and Epidemiology, Dalhousie Uni-
versity, Halifax, Canada; Dr. Malgorzata M. Bala, Chair
of Epidemiology and Preventive Medicine, Department
of Hygiene and Dietetics, Jagiellonian University Medical
College, Cracow, Poland; Cochrane Poland), experts in
guideline methods (Dr. Pablo Alonso-Coello, Iberoamer-
ican Cochrane Centre, Barcelona, Spain; Dr. Gordon
Guyatt, McMaster University, Hamilton, Canada), and a
community member with guideline experience (Ms.
Catherine Marshall, Cochrane Community Representa-
tive, New Zealand). The Executive will determine the
nutrition topics, the systematic review and practice
guideline methods, review and approve conflicts of inter-
est statements and decide whether they are acceptable
and, if acceptable, how they will be managed.

Each NutriRECS question will be addressed by a panel
including a chair, a methods editor, and upwards of 15
additional panel members from around the world. The
chair will be responsible for the management of the
NutriRECS guideline panel meetings, while the methods
editor will be responsible for assembling the panel and
review team, summarizing conflicts of interest for final
assessment by the NutriRECS Executive, and creating
relevant content (e.g. research questions, subgroups of
interest, summary of findings tables based on systematic
reviews, surveys using EtD frameworks, and recommenda-
tions contextualized based on panelists values and prefer-
ences). To produce the systematic reviews, Evidence
Profiles, Evidence to Decision frameworks, and
user-friendly multi-layered presentation formats (interactive
Summary of Findings tables, decision aids), we will use
relevant software that has been developed and user

Page 8 of 11

tested via randomized trials, surveys and consensus
processes [46—50]. Prior to the release of our recom-
mendations we will post the recommendations on our
website (www.nutrirecs.com) and seek feedback from
members of the public.

Dissemination plan

Nutritional guidelines and the supporting systematic
reviews will be widely disseminated via publication in a
high-impact general medicine journal. As well, using
GRADE summary of findings tables and decision aids,
we will produce user-friendly outputs for clinicians, patients
and the community members, including plain language
summaries in multiple languages (e.g. Arabic, Cantonese,
French, Hindi, Mandarin, Polish, Portuguese, Spanish), and
work to ensure these outputs are open-access.

Discussion

Main objectives

NutriRECS and corresponding systematic reviews will
bring together patients and community members as well
as international experts in nutrition and evidence syn-
thesis and translation. Patients, community members
and research experts will have the opportunity to reflect
on the values and preferences of the communities for
which the recommendations are intended in the context
of the summary evidence and arrive at nutritional guide-
line recommendations. Subsequently the guidelines will
be sent for peer-review, and recommendations will be
publically available via open-access publication.

Strengths and limitations

The strength of our proposed methods includes our
commitment to internationally accepted guideline stan-
dards from IoM, GRADE, AGREE and GIN. Our core
NutriRECS group includes leading members of these or-
ganizations, including GRADE and AGREE. Adherence
to these standards will ensure that our recommendations
are based on high quality, novel systematic reviews of
the literature. Our nutritional recommendations will be
put forward by a group of community representatives
and experts in nutrition and epidemiology from around
the world, representatives and experts with limited to no
intellectual or financial conflicts of interest.

Potential limitations of our NutriRECS work include the
current lack of resources to ensure that our recommenda-
tions remain fully accessible around the world to all poten-
tial end-users, including patients and members of the
general community, via multiple platforms, and that our sys-
tematic reviews and nutritional recommendations remain
updated. We are currently seeking funds to regularly update
our NutriRECS work, and to have full access to the MAGIC
authoring and publication platform (www.magicapp.org)
which, based on GRADE evidence summaries, provide
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decision aids to clinicians, patients and the commu-
nity on all electronic devices (e.g. laptops, handheld
devices). Should we be successful with our funding
applications, we will link the scientific journal articles
directly to the content in MAGICapp.

A second limitation is sustained funding for our work.
NutriRECS is made up of a growing international net-
work of investigators and trainees based in four centres
located in Canada (Dalhousie University and McMaster
University), Spain (Iberoamerican Cochrane Centre) and
Poland (Cochrane Poland). Among the four centres, we
have access to an extensive number of local, national,
multi-national grant funding opportunities (e.g. Canadian
Institutes of Health Research, Heart and Stoke Foundation,
Beatrice Hunter Cancer Research Institute, World Cancer
Research Foundation). As with almost all independent
research programs, we do not have permanent funding for
the NutriRECS program. To secure ongoing funding, our
team of investigators and trainees consistently write oper-
ational grants, career grants and trainee grants. We also
sustain ourselves through a large network of research vol-
unteers in exchange for methods training and publication.

A third limitation of our effort is that we have not yet
been in contact with organizations producing nutrition
guidelines to try and forge a collaboration. Our strategy
is to show what can be accomplished in producing trust-
worthy guidelines by an independent group with limited
resources. Having achieved that goal, we believe that this
will place us in a more credible position when interact-
ing with established organizations.

Conclusions

The implications of the NutriRECS project include the
promotion of better-informed decision-making by pa-
tients, members of the community, clinicians, and public
health policy-makers on the desirable and undesirable
effects of alternative dietary patterns, as well as foods
and nutrients on important health outcomes.
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Description: Dietary guideline recommendations require con-
sideration of the certainty in the evidence, the magnitude of po-
tential benefits and harms, and explicit consideration of people's
values and preferences. A set of recommendations on red meat
and processed meat consumption was developed on the basis
of 5 de novo systematic reviews that considered all of these
issues.

Methods: The recommendations were developed by using the
Nutritional Recommendations (NutriRECS) guideline develop-
ment process, which includes rigorous systematic review meth-
odology, and GRADE methods to rate the certainty of evidence
for each outcome and to move from evidence to recommenda-
tions. A panel of 14 members, including 3 community members,
from 7 countries voted on the final recommendations. Strict cri-
teria limited the conflicts of interest among panel members.
Considerations of environmental impact or animal welfare did

not bear on the recommendations. Four systematic reviews ad-
dressed the health effects associated with red meat and pro-
cessed meat consumption, and 1 systematic review addressed
people's health-related values and preferences regarding meat
consumption.

Recommendations: The panel suggests that adults continue
current unprocessed red meat consumption (weak recommen-
dation, low-certainty evidence). Similarly, the panel suggests
adults continue current processed meat consumption (weak rec-
ommendation, low-certainty evidence).
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42017074074; PROSPERO 2018: CRD42018088854)
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Contemporary dietary guidelines recommend limiting
consumption of unprocessed red meat and pro-
cessed meat. For example, the 2015-2020 Dietary Guide-
lines for Americans recommend limiting red meat intake,
including processed meat, to approximately 1 weekly
serving (1). Similarly, United Kingdom dietary guidelines
endorse limiting the intake of both red and processed
meat to 70 g/d (2), and the World Cancer Research Fund/
American Institute for Cancer Research recommend limit-
ing red meat consumption to moderate amounts and
consuming very little processed meat (3). The World
Health Organization International Agency for Research on
Cancer has indicated that consumption of red meat is
“probably carcinogenic” to humans, whereas processed
meat is considered “carcinogenic” to humans (4).

These recommendations are, however, primarily
based on observational studies that are at high risk for
confounding and thus are limited in establishing causal
inferences, nor do they report the absolute magnitude
of any possible effects. Furthermore, the organizations
that produce guidelines did not conduct or access rig-
orous systematic reviews of the evidence, were limited
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in addressing conflicts of interest, and did not explicitly
address population values and preferences, raising
questions regarding adherence to guideline standards
for trustworthiness (5-9).

A potential solution to the limitations of contempo-
rary nutrition guidelines is for an independent group
with clinical and nutritional content expertise and skilled
in the methodology of systematic reviews and practice
guidelines, methods that include careful management of
conflicts of interest, to produce trustworthy recommenda-
tions based on the values and preferences of guideline
users. We developed the Nutritional Recommendations
(NutriRECS) (7) international consortium to produce rigor-
ous evidence-based nutritional recommendations adher-
ing to trustworthiness standards (10-12).

To support our recommendations, we performed 4
parallel systematic reviews that focused both on ran-
domized trials and observational studies addressing
the possible impact of unprocessed red meat and pro-
cessed meat consumption on cardiometabolic and can-
cer outcomes (13-16), and a fifth systematic review ad-
dressing people's health-related values and preferences
related to meat consumption (17). On the basis of these
reviews, we developed recommendations for unpro-
cessed red meat and processed meat consumption spe-
cific to health outcomes.

METHODS
Guideline Development Process

We developed our recommendations by following
the NutriRECS guideline development process (7),

8i2réal version (PDF) is available at www.annals.org.
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which includes use of GRADE (Grading of Recommen-
dations, Assessment, Development and Evaluation)
methodology (18-20). To inform our guideline recom-
mendations, systematic reviews were conducted on the
basis of a priori methods (21, 22).

Guideline Team Structure

This work involved 3 teams:

1. A core NutriRECS leadership team was responsi-
ble for supervision and coordination of the project and
for drafting of the research questions, guideline proto-
col, and manuscripts.

2. A guideline panel included experts in health re-
search methodology, nutritional epidemiology, dietet-
ics, basic and translational research, family medicine,
and general internal medicine. The panel included 3
members from outside the medical and health care
communities. Panelists resided in high-income coun-
tries (Canada, England, Germany, New Zealand, Po-
land, Spain, and the United States).

3. Aliterature review team drafted the protocols for
the systematic reviews, completed the literature search
and eligibility review, abstracted data and conducted
data analysis, and produced narrative and tabular sum-
maries of the results.

Framework for Panel Construction and
Guideline Recommendations

The core leadership team applied safeguards
against competing interests (7). After generating a list
of potential panel members without perceived vested
interests, we contacted prospective candidates from
North America, Western Europe, and New Zealand.
Those who expressed interest completed a detailed
form enumerating potential financial or intellectual con-
flicts during the previous 3 years. If important compet-
ing issues were identified (1 interested individual had
financial conflicts), the potential panelist was not invited
to participate. The Appendix Table (available at Annals
.org) shows a summary of the authors' conflict of inter-
est forms; a full list of competing interests is available
upon request from Dr. Johnston.

Before our initial guideline panel meeting, the
methods editor and panel chair contacted panelists,
shared the draft questions, and received and incorpo-
rated feedback. At the initial meeting, the guideline
panel discussed the scope of the project and agreed
on the research questions and subgroups of interest.
The panel focused on health outcomes thought to be
associated with consumption of unprocessed red meat
and processed meat and chose not to consider animal
welfare and environmental issues related to meat con-
sumption in making recommendations. The panel
chose to exclusively focus on health outcomes because
environmental and animal welfare concerns are very
different issues that are challenging to integrate with
health concerns, are possibly more societal than per-
sonal issues, and vary greatly in the extent to which
people find them a priority. Finally, to consider these
issues rigorously would require systematic reviews that
we were not resourced to undertake.

Annals.org
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The panel also chose to make separate recommen-
dations for unprocessed red meat and processed meat,
given the potential for differential health effects and
differing values and preferences of members of the
public with regard to consumption of unprocessed
meat versus processed meat.

Target Audience for Recommendations

The target audience for our guidance statement
was individuals who consume unprocessed red meat or
processed meat as part of their diet. The panel took the
perspective of individual decision making rather than a
public health perspective.

Key Principles for PICO Questions and Study
Eligibility Criteria

Each NutriRECS project addresses a single nutri-
tion question or topic, in this case guidance regarding
the potential harms, benefits, and health-related values
and preferences related to consuming unprocessed
red meat and processed meat. We conducted a series
of systematic reviews to inform our recommendations,
addressing the following questions: 1) Among adults,
what is the effect of diets and dietary patterns lower in
red or processed meat versus diets higher in red or
processed meat intake on the risk for outcomes impor-
tant to community members? and 2) What are their
health-related values and preferences for red and pro-
cessed meat consumption?

The panel considered all-cause mortality, major
cardiometabolic outcomes (cardiovascular mortality,
stroke, myocardial infarction, and diabetes), cancer in-
cidence and mortality (gastrointestinal, prostate, and
gynecologic cancer), quality of life, and willingness to
change unprocessed red or processed meat consump-
tion as “critically important” for developing recommen-
dations. “Important” outcomes included surrogate out-
comes (weight, body mass index, blood lipids, blood
pressure, hemoglobin, anemia) and reasons for eating
unprocessed red meat and processed meat.

Methods for Systematic Reviews

In consultation with an expert librarian, we searched
the major literature databases to identify all relevant stud-
ies on harms, benefits, and health-related values and pref-
erences regarding unprocessed red meat and processed
meat. Each database was searched from inception until
July 2018 without restrictions on language or date of pub-
lication, with MEDLINE searched through to April 2019
(see the systematic reviews in this issue [13-17]).

For harms and benefits, we included any random-
ized trial, as well as cohort studies including 1000 or
more adults, that assessed diets with varying quantities
of unprocessed red meat (for example, as servings or
times/wk, or g/d) or processed meat (meat preserved
by smoking, curing, salting, or addition of preserva-
tives) (23) for a duration of 6 months or more. Studies in
which more than 20% of the sample was pregnant or
had cancer or a chronic health condition, other than
cardiometabolic disease, were excluded. The review
articles report our methods for screening, data abstrac-
tion, risk of bias assessment, and data analysis (13-17).
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Panelists considered 3 servings per week as a real-
istic reduction in meat consumption (for example, mov-
ing from 7 to 4 servings, or 4 to 1 serving) on the basis
of the average intake of 2 to 4 servings per week in
North America and Western Europe (24-28). We there-
fore framed the evidence regarding the potential re-
duced risks associated with a decrease of 3 servings
per week of both unprocessed red meat and pro-
cessed meat.

We used GRADEpro software to formulate GRADE
summary of findings tables for each PICO (population,
intervention, control, and outcomes) question (29). The
overall certainty of evidence was evaluated by using
the GRADE approach (18). For estimates of risk with
current levels of meat consumption, we used popula-
tion estimates from the Emerging Risk Factors Collabo-
ration study for cardiometabolic outcomes (30) and
population estimates from GLOBOCAN for cancer out-
comes (31). Using these resources, we based our esti-
mates for cardiometabolic mortality and incidence out-
comes on an average of 10.8 years of follow-up,
whereas for cancer mortality and incidence, our esti-
mates are for the overall lifetime risk.

Complementing existing GRADE standards and to
determine whether we should rate up for a dose-
response effect, we assessed the plausibility of a causal
relationship between meat and adverse health out-
comes by contrasting results from 2 bodies of evidence
(7, 22): cohort studies specifically addressing red meat
and processed meat intake, and cohort studies ad-
dressing dietary patterns associated with varying red
meat and processed meat consumption. We hypothe-
sized that if red meat and processed meat were indeed
causally related to adverse health outcomes, we would
find stronger associations in studies that specifically ad-
dressed red meat and processed meat intake versus
studies addressing dietary patterns (7).

To address health-related values and preferences
regarding red meat and processed meat, we included
qualitative (such as interviews and focus groups) and
quantitative (such as cross-sectional surveys) studies
conducted in adults. We independently screened stud-
ies, abstracted data, and assessed risk of bias (17). We
then synthesized the data into narrative themes and
tabulated summaries, and again assessed the certainty
of evidence by using the GRADE approach (18, 32).

To assist our 3 public panel members without
health science backgrounds, the method's editor con-
ducted electronic meetings with them before the
guideline panel meetings to explain the systematic re-
view results and the GRADE approach for assessing the
certainty of evidence and for moving from evidence to
recommendations. During the guideline panel meet-
ings, the leads of each of the systematic reviews shared
the summary data and certainty of evidence for each of
our outcomes with the guideline panel, and the panel
chair answered any questions as necessary.

Moving From Evidence to Recommendations
Before our final guideline panel meeting, we asked
each panelist to complete a GRADE Evidence to Decision
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(EtD) framework. The purpose of EtD frameworks is to help
panelists use the evidence summaries in a structured and
transparent way to develop the final recommendations. In
doing so, the panelists considered evidence summaries
for health effects, values, and preferences as well as cost,
acceptability, and feasibility of a recommendation to de-
crease meat consumption (33). During the final meeting,
the panel reviewed the results of the EtD survey and con-
sidered the implications of those judgments for their rec-
ommendations.

RESULTS
Recommendation for Unprocessed Red Meat

For adults 18 years of age or older, we suggest continu-
ing current unprocessed red meat consumption (weak rec-
ommendation, low-certainty evidence). Eleven of 14 pan-
elists voted for continuation of current unprocessed red
meat consumption, whereas 3 voted for a weak recom-
mendation to reduce red meat consumption.

Recommendation for Processed Meat

For adults 18 years of age or older, we suggest continu-
ing current processed meat consumption (weak recommen-
dation, low-certainty evidence). Again, 11 of 14 panel
members voted for a continuation of current processed
meat consumption, and 3 voted for a weak recommenda-
tion to reduce processed meat consumption.

Evidence Summary for Harms and Benefits of
Unprocessed Red Meat Consumption

For our review of randomized trials on harms and
benefits (12 unique trials enrolling 54 000 participants),
we found low- to very low-certainty evidence that
diets lower in unprocessed red meat may have little or
no effect on the risk for major cardiometabolic out-
comes and cancer mortality and incidence (15). Dose-
response meta-analysis results from 23 cohort studies
with 1.4 million participants provided low- to very low-
certainty evidence that decreasing unprocessed red
meat intake may result in a very small reduction in the
risk for major cardiovascular outcomes (cardiovascular
disease, stroke, and myocardial infarction) and type 2
diabetes (range, 1 fewer to 6 fewer events per 1000
persons with a decrease of 3 servings/wk), with no sta-
tistically significant differences in 2 additional outcomes
(all-cause mortality and cardiovascular mortality) (16).
Dose-response meta-analysis results from 17 cohorts with
2.2 million participants provided low-certainty evidence
that decreasing unprocessed red meat intake may result
in a very small reduction of overall lifetime cancer mortal-
ity (7 fewer events per 1000 persons with a decrease of 3
servings/wk), with no statistically significant differences for
8 additional cancer outcomes (prostate cancer mortality
and the incidence of overall, breast, colorectal, esopha-
geal, gastric, pancreatic, and prostate cancer) (13). Similar
to studies directly addressing red meat, cohort studies as-
sessing dietary patterns (70 cohort studies with just over 6
million participants) provided mostly uncertain evidence
for the risk for adverse cardiometabolic and cancer out-
comes. Although statistically significant, low- to very low-
certainty evidence indicates that adherence to dietary
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Table 1. Causal Inference Assessment Based on Summary of Evidence for Statistically Significant Effects for Red Meat,

Processed Meat, and Dietary Patterns

Outcome Unprocessed Red Meat Processed Meat Dietary Patterns
Risk Difference Certainty of Risk Difference Certainty of Risk Difference Certainty of
Evidence Evidence Evidence
Cardiovascular 4 fewer per 1000 persons Very low 4 fewer per 1000 persons Very low 6 fewer per 1000 persons Very low
mortality*t (from 5 fewer to 4 (from 7 fewer to 1 (from 9 fewer to 2
fewer) over 10.8 y fewer) over 10.8 y fewer) over 10.8 y
Type 2 6 fewer per 1000 persons Low 12 fewer per 1000 Very low 14 fewer per 1000 Very low
diabetes*t (from 7 fewer to 4 persons (from 16 fewer persons (from 18 fewer
fewer) over 10.8'y to 9 fewer) over 10.8'y to 8 fewer) over 10.8'y
Overall cancer 7 fewer per 1000 persons Low 8 fewer per 1000 persons Low 12 fewer per 1000 Very low

mortalitytf

(from 9 fewer to 6
fewer) over lifetime

(from 12 fewer to 6
fewer) over lifetime

persons (from 18 fewer
to 4 fewer) over lifetime

* Based on reference 16.
T Based on reference 14.
I Based on reference 13.

patterns lower in red or processed meat is associated with
a very small absolute risk reduction in 9 major cardio-
metabolic and cancer outcomes (range, 1 fewer to 18
fewer events per 1000 persons), with no statistically signif-
icant differences for 21 additional outcomes observed
(14). The tables in the Supplement (available at Annals
.org) show the GRADE summary of findings for all system-
atic reviews on the harms and benefits associated with
red and processed meat.

We summarize people's attitudes on eating meat
below in a section on values and preferences. In short,
omnivores enjoy eating meat and consider it an essen-
tial component of a healthy diet. There is also evidence
of possible health benefits of omnivorous versus vege-
tarian diets on such outcomes as muscle development
and anemia (34, 35), but we did not systematically re-
view this literature.

Evidence Summary for Harms and Benefits for
Processed Meat

No randomized trials differed by a gradient of 1
serving/wk for our target outcomes (15). With respect
to cohorts addressing adverse cardiometabolic out-
comes (10 cohort studies with 778 000 participants
providing dose-response meta-analysis), we found low-
to very low-certainty evidence that decreased intake of
processed meat was associated with a very small re-
duced risk for major morbid cardiometabolic out-
comes, including all-cause mortality, cardiovascular
mortality, stroke, myocardial infarction, and type 2 dia-
betes (range, 1 fewer to 12 fewer events per 1000 per-
sons with a decrease of 3 servings/wk), with no statisti-
cally significant difference in 1 additional outcome
(cardiovascular disease) (16). For cohort studies ad-
dressing adverse cancer outcomes (31 cohorts with 3.5
million participants providing data for our dose-re-
sponse analysis), we also found low- to very low-
certainty evidence that a decreased intake of pro-
cessed meat was associated with a very small absolute
risk reduction in overall lifetime cancer mortality; pros-
tate cancer mortality; and the incidence of esophageal,
colorectal, and breast cancer (range, 1 fewer to 8 fewer
events per 1000 persons with a decrease of 3 servings/
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wk), with no statistically significant differences in inci-
dence or mortality for 12 additional cancer outcomes
(colorectal, gastric, and pancreatic cancer mortality;
overall, endometrial, gastric, hepatic, small intestinal,
oral, ovarian, pancreatic, and prostate cancer inci-
dence) (13). For cohort studies assessing dietary pat-
terns (70 cohort studies with over 6 million partici-
pants), although statistically significant we found low- to
very low-certainty evidence that adherence to dietary
patterns lower in red or processed meat was associated
with a very small absolute risk reduction in 9 major car-
diometabolic and cancer outcomes (range, 1 fewer to
18 fewer events per 1000 persons), with no statistically
significant differences for 21 additional outcomes ob-
served (14). Again, we assessed the risk for adverse
cardiometabolic outcomes on the basis of an average
of 10.8 years follow-up, and adverse cancer outcomes
over a lifetime.

In our assessment of causal inferences on unpro-
cessed red meat and processed meat and adverse
health outcomes, we found that the absolute effect es-
timates for red meat and processed meat intake (13,
16) were smaller than those from dietary pattern esti-
mates (14), indicating that meat consumption is unlikely
to be a causal factor of adverse health outcomes (Table
1). We anticipated that if unprocessed red meat or pro-
cessed meat was indeed a causal factor in raising the
risk for adverse outcomes, the observed association
between unprocessed red and processed meat and ad-
verse outcomes would be greater in studies directly ad-
dressing the lowest versus highest intake of unpro-
cessed red or processed meat versus studies in which
meat was only one component of a dietary pattern (7,
22). Using our findings, in our assessment of the cer-
tainty of evidence, we did not rate up for dose-
response, given the potential for residual confounding
(36). The tables in the Supplement (available at Annals
.org) show the GRADE summary of findings.

Evidence Summary of Health-Related Values and
Preferences for Meat

Our systematic review on health-related values and
preferences yielded 54 articles from Australia, Canada,
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Europe, and the United States, including 41 quantita-
tive and 13 qualitative studies (17). Omnivores re-
ported enjoying eating meat, considered meat an es-
sential component of a healthy diet, and often felt they
had limited culinary skills to prepare satisfactory meals
without meat. Participants tended to be unwilling to
change their meat consumption. The certainty of evi-
dence was low for “reasons for meat consumption” and
low for “willingness to reduce meat consumption” in
the face of undesirable health effects, owing to issues
of risk of bias (for example, unvalidated surveys), impre-
cision (small number of participants in qualitative stud-
ies), and indirectness (failure to specifically ask about
the health benefits that would motivate a reduction in
red or processed meat consumption) (Table 2).

Rationale for Recommendations for Red Meat
and Processed Meat

The rationale for our recommendation to continue
rather than reduce consumption of unprocessed red
meat or processed meat is based on the following fac-
tors. First, the certainty of evidence for the potential

Red and Processed Meat Guideline Recommendations

adverse health outcomes associated with meat con-
sumption was low to very low (13-16), supported by the
similar effect estimates for red meat and processed
meat consumption from dietary pattern studies as from
studies directly addressing red meat and processed
meat intake (13, 14, 16). Second, there was a very small
and often trivial absolute risk reduction based on a re-
alistic decrease of 3 servings of red or processed meat
per week. Third, if the very small exposure effect is true,
given peoples' attachment to their meat-based diet
(17), the associated risk reduction is not likely to pro-
vide sufficient motivation to reduce consumption of red
meat or processed meat in fully informed individuals,
and the weak, rather than strong, recommendation is
based on the large variability in peoples' values and
preferences related to meat (17). Finally, the panel fo-
cused exclusively on health outcomes associated with
meat and did not consider animal welfare and environ-
mental issues. Taken together, these observations war-
rant a weak recommendation to continue current levels
of red meat and processed meat consumption.

Table 2. Summary of Findings for Health-related Values and Preferences*

Studies
(Participants), n (n)

Outcomes

Certainty of Evidence

Plain-Language Summary

Reasons for meat consumption 38 quantitative studies Low
(62 963)

10 qualitative Low
studies (419)

5 quantitative Low
studies (8983)

Willingness to change meat
consumption in the face of
undesirable health effects

4 qualitative Low
studies (616)

(rated down for risk of bias and
indirectness)

(rated down for risk of bias, indirectness,
and imprecision)

(rated down for risk of bias and
indirectness)

(rated down for risk of bias, indirectness,
and imprecision)

Most omnivores were highly attached to their meat.

Men had a more positive attitude than women toward
meat consumption.

Elderly omnivores were generally concerned about
health with respect to their food choices.

All vegetarians/low meat consumers reported health
as one of the main reasons for not eating meat.

Most omnivores are highly attached to their meat
consumption.

Elderly omnivores believed that aging is associated
with a decline in food intake.

For many vegetarians, health concerns were the
primary motivation to stop eating meat.

Most omnivores reported low willingness to reduce
meat consumption.

In general, participants reported an overall mistrust
related to the given information.

Many participants believed that the presence of
additives used in the production process was the
real health problem rather than red meat
consumption itself.

Many participants already reduced their meat
consumption in the past and did not plan any
further changes.

Most omnivores reported low willingness to reduce
meat consumption.

Omnivores were concerned with reducing meat
consumption because they perceived meat as an
important component of a healthy diet, they
enjoyed eating meat, and they believed they
needed protein and the enjoyment of eating meat.

Some omnivores believed they only ate small
quantities of meat and did not need to reduce it
(more often this referred to reducing red meat than
all types of meat), and some believed they already
reduced their meat consumption in the past.

Some omnivores believed that the consequences of
meat consumption were trivial compared with other
behaviors (e.g., smoking tobacco).

Some omnivores did not trust the available scientific
information.

* Based on reference 17.
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Other Considerations

The panel judged that although for some people in
some circumstances, issues of cost, acceptability, feasi-
bility, and equity may be relevant, these issues were not
major considerations in making their judgments. Con-
siderations of animal welfare, and particularly of envi-
ronmental impact, will certainly be important to some
individuals; the latter might be of particular importance
from a societal perspective (37-41). The panel, at the
outset, decided that issues of animal welfare and po-
tential environmental impact were outside the scope of
this guideline.

DISCUSSION

We developed recommendations for unprocessed
red meat and processed meat by following the Nutri-
RECS guideline development process, which adheres
to the Institute of Medicine and GRADE working group
standards. On the basis of 4 systematic reviews assessing
the harms and benefits associated with red meat and pro-
cessed meat consumption and 1 systematic review as-
sessing people's health-related values and preferences
on meat consumption, we suggest that individuals con-
tinue their current consumption of both unprocessed red
meat and processed meat (both weak recommendations,
low-certainty evidence).

Our weak recommendation that people continue
their current meat consumption highlights both the un-
certainty associated with possible harmful effects and
the very small magnitude of effect, even if the best es-
timates represent true causation, which we believe to
be implausible. Despite our findings from our assess-
ment of intake studies versus dietary pattern studies
suggesting that unprocessed red meat and processed
meat are unlikely to be causal factors for adverse health
outcomes (13, 14, 16), this does not preclude the pos-
sibility that meat has a very small causal effect. Taken
together with other potential causal factors (for exam-
ple, such preservatives as sodium, nitrates, and nitrites)
(42) among dietary patterns with very small effects, this
may explain the larger reductions among dietary pat-
terns high in red meat and processed meat (14). The
guideline panel's assessment was based on the avail-
able evidence regarding values and preferences sug-
gesting that the majority of individuals, when faced with
a very small and uncertain absolute risk reduction in
cardiometabolic and cancer outcomes, would choose
to continue their current meat consumption. People
considering a decrease in their meat consumption
should be aware of this evidence.

Our analysis has several strengths. We conducted 5
separate rigorous systematic reviews addressing both
evidence from randomized trials and observational
studies regarding the impact of unprocessed red meat
and processed meat on cardiovascular and cancer out-
comes (13-16), and community values and preferences
regarding red meat and processed meat consumption
(17). By using the GRADE approach, our reviews explic-
itly addressed the uncertainty of the underlying evi-
dence. We present results focusing on absolute esti-
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mates of effects associated with realistic decreases in
meat consumption of 3 servings per week (Tables 4
through 7 in the Supplement), and these estimates in-
formed our recommendations. Our panel included nu-
trition content experts, methodologists, health care
practitioners, and members of the public, and we min-
imized conflicts of interest by prescreening panel mem-
bers for financial, intellectual, and personal conflicts of
interest and providing a full account of potential com-
peting interests.

Our guideline also has limitations. We considered
issues of animal welfare and potential environmental
impact to be outside the scope of our recommenda-
tions. These guidelines may therefore be of limited rel-
evance to individuals for whom these issues are of ma-
jor importance. Related to this, we took an individual
rather than a societal perspective. Decision makers
considering broader environmental issues may reason-
ably consider evidence regarding the possible contri-
bution of meat consumption to global warming and
suggest policies limiting meat consumption on that
basis.

Regarding the uncertainty of the evidence, random-
ized trials were limited by the small differences in meat
consumption between the intervention and control
groups, whereas observational studies were limited in the
accuracy of dietary measurement and possible residual
confounding related both to aspects of diet other than
red meat and processed meat consumption and non-
dietary confounders, making decisions regarding meat
consumption  particularly value- and preference-
dependent. With respect to our review on dietary pat-
terns, studies did not typically report data separately for
red and processed meat. Moreover, although all dietary
patterns discriminated between participants with low and
high red and processed meat intake, other food and nu-
trient characteristics of dietary patterns varied widely
across studies (14). Evidence was also limited in that we
found information insufficient to conduct planned sub-
group analyses regarding the method of meat prepara-
tion (for example, grilling versus boiling) in terms of pos-
sible carcinogenic compounds from grilling, such as
polycyclic aromatic hydrocarbons and heterocyclic
amines (43). Finally, our panel was not unanimous in its
recommendation: Three of the 14 panel members fa-
vored a weak recommendation in favor of decreasing red
meat consumption.

As noted in our introduction, other dietary guide-
lines and position statements suggest limiting con-
sumption of red and processed meat because of the
reported association with cancer (1, 2, 44-46). There
are 3 major explanations for the discrepancy between
these guidelines and ours. First, other guidelines have
not used the GRADE approach for rating certainty of
evidence that highlight the low or very low certainty of
evidence to support the potential causal nature of the
association between meat consumption and health out-
comes. As a result, we are less convinced of meat con-
sumption as a cause of cancer. Because of the likeli-
hood of residual confounding (that is, confounding that
exists after adjustment for known prognostic factors)
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the GRADE approach we used for assessing causation
considers that, in the absence of a large effect or a com-
pelling dose-response gradient, observational studies
provide only low- or very low-certainty evidence for cau-
sation (47, 48). Second, even if one assumes causation,
other guidelines have not calculated, or if calculated have
not highlighted, the very small magnitude of the absolute
adverse effects over long periods associated with meat
consumption. Third, other guidelines have paid little or no
attention to the reasons people eat meat, and the extent
to which they would choose to reduce meat consumption
given small and uncertain health benefits. Indeed, no
prior dietary guideline has attended with care to evidence
bearing on values and preferences, and in particular has
not conducted a systematic review addressing the issue.

Nutritional guidelines are challenging because
each potential source of evidence has substantial limi-
tations. Randomized trials are limited by sample size,
duration of follow-up, and the difficulties participants
have in adhering to prescribed diets. These limitations
make showing an intervention effect very challenging.
Observational studies are limited in the inevitable re-
sidual confounding (unmeasured differences in prog-
nosis that remain after adjusted analyses). These limita-
tions in randomized trials and observational studies are
evident in studies addressing meat consumption and
health outcomes. Studies focusing on intermediate out-
comes (such as cholesterol and triglyceride levels) have
additional limitations, in that changes in biomarkers of-
ten fail to deliver the anticipated benefits in patient-
important health outcomes. Therefore, our reviews fo-
cused only on those outcomes important to patients.
Nutritional recommendations must, therefore, acknowl-
edge the low-certainty evidence and avoid strong “just
do it" recommendations that can, as evidenced by the
many low-fat recommendations worldwide (9, 12, 49),
be very misleading.

In terms of how to interpret our weak recommen-
dation, it indicates that the panel believed that for the
majority of individuals, the desirable effects (a potential
lowered risk for cancer and cardiometabolic outcomes)
associated with reducing meat consumption probably
do not outweigh the undesirable effects (impact on
quality of life, burden of modifying cultural and per-
sonal meal preparation and eating habits). The weak
recommendation reflects the panel's awareness that
values and preferences differ widely, and that as a re-
sult, a minority of fully informed individuals will choose
to reduce meat consumption.

Our studies have implications for future research.
Generating higher-certainty evidence regarding the im-
pact of red meat and processed meat on health out-
comes would be, were it possible, both desirable and
important. It may not, however, be possible. Random-
ized trials will always face challenges with participants
complying with diets that differ sufficiently in meat con-
sumption, adhering to these diets for very long peri-
ods, and being available for follow-up over these long
periods (12). These challenges are all the more formi-
dable because results of observational studies may well
represent the upper boundary of causal effects of meat
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consumption on adverse health outcomes, and the es-
timated effects are very small. Observational studies
will continue to be limited by challenges of accurate
measurement of diet, the precise and accurate mea-
surement of known confounders (50), and the likeli-
hood of residual confounding after adjusted analyses
(13, 14, 16).

This assessment may be excessively pessimistic; in-
deed, we hope that is the case. What is certain is that
generating higher-quality evidence regarding the mag-
nitude of any causal effect of meat consumption on
health outcomes will test the ingenuity and imagination
of health science investigators.
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Appendix Table. Summary of Panelists' Potential Conflicts of Interest

Panel Member Role Financial Intellectual Other Relevant Disclosures
Conflicts Conflicts

Pablo Alonso-Coello Voting panel member; No No Consumes 3 to 4 servings of both red or processed
methodologist meat per week

Malgorzata Bala Voting panel member; No No Consumes 0.5 serving of both red or processed
methodologist meat per week

Carlos Brotons Voting panel member; primary No No Consumes 1 to 2 servings of both red or processed
care physician meat per week

Faiz Bhatia Voting panel member; nonmedical No No Consumes 2 to 3 servings of both red or processed
public-partner meat per week; does not eat pork

Russell de Souza Voting panel member; nutrition No No Consumes 3 to 4 servings of red or processed meat
epidemiologist per week

Susan Voting panel member; human No No Consumes 2 to 3 servings of red meat per week and

Fairweather-Taitt nutritionist 1 to 2 servings of processed meat per month

Gordon Guyatt Chair of panel; voting panel No No Pescatarian; does not consume red or processed
member; general internist; meat
methodologist

Bradley Johnston Guideline methods editor; voting No No Consumes 1 to 2 servings of both red or processed
panel member; methodologist meat per week

Catherine Marshall Voting panel member; nonmedical No No Consumes 3 to 4 servings of both red or processed
public-partner; guideline meat per week
consultant

Joerg Meerpohl Voting panel member; No No Consumes 3 to 5 servings of both red or processed
pediatrician; methodologist meat per week

Chirag Patel Voting panel member; No No Consumes 0.5 serving of both red or processed
bioinformatician meat per week

Patrick Stover Voting panel member; basic No No Consumes 2 to 3 servings of both red or processed
nutrition scientist meat per week

Grzegorz Wojcik Voting panel member; nonmedical No No Consumes 3 to 4 servings of both red or processed
public-partner meat per week

Dena Zeraatkar Voting panel member; PhD No No Consumes 6 to 7 servings of red meat per week

student; methodologist
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Correcmion: NutrmonaAL RecommenpaTioNs (NUTRIRECS) on
ConsumPTION OF RED AND PROCESSED IMIEAT

On the author disclosure forms accompanying recent re-
lated articles on red and processed meat consumption and
health outcomes (1-6), Bradley Johnston did not indicate a
grant from Texas A&M AgriLife Research to fund investigator-
driven research related to saturated and polyunsaturated fats.
This funding is for work in the field of nutrition and the start of
funding period was within the 36-month reporting period re-
quired in Section 3 of the disclosure form of the International
Committee of Medical Journal Editors (ICMJE). Dr. Johnston
has updated his disclosure form to include this research fund-
ing and also to note funding received from the International
Life Science Institute (North America) that ended before the
36-month ICMJE reporting period. The corrected disclosure
forms now accompany the articles (1-6).
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potential adverse health consequences of red and processed meat
and the limited knowledge on individuals’ health-related values and
preferences on the topic, such data would be useful in the
development of recommendations regarding meat consumption.
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unprocessed red meat or processed meat. We will explore
participants’ willingness to stop or reduce their unprocessed red
meat, or their processed meat consumption through a direct-choice
exercise. This exercise will consist of presenting a scenario tailored to
each individual's average weekly consumption. That is, based on a
systematic review and meta-analysis of the best estimate of the risk
reduction in overall cancer incidence and cancer mortality, we will ask
participants if they would stop their consumption, and/or reduce their
average consumption. We will also present the corresponding
certainty of the evidence for the potential risk reductions. Finally, we
will measure their meat consumption three months after the interview
and determine if they have made any changes to their average
consumption.

Ethics and dissemination: The research protocol was approved by
the ethics committees in Canada (Research Ethics Board, Dalhousie
University), Spain (Comité Etic d'Investigacié Clinica de I'IDIAP Jordi
Gol), Poland (The Bioethics Committee of the Jagiellonian University),
and Brazil (National Research Ethics Commission). The study is based
on voluntary participation and informed written consent. Results from
this project will be disseminated through publications and
presentations.

Keywords
health, values and preferences, red meat, processed meat, cross-
sectional study, mixed methods
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{73747) Amendments from Version 1

We would like to thank the reviewers for taking the time to
review our protocol (version 1) and for their comments. We have
considered each comment in the new published version (version
2).

We would like to clarify that due to the COVID-19 pandemic, all
sites are conducting the study remotely; only the pilot study was
conducted in-person since it was implemented before the start
of the pandemic.

We have improved the manuscript by clarifying the difference
between the pilot study and the sites in which the study was
actually conducted.

Further, given the pandemic, some changes in the study’'s
methods and procedures were made, which are now reported
in the new published version of the protocol (version 2). For

this reason, all methodological aspects related to the in-person
interviews and questionnaire administration have been removed
and only the online/remote procedures are instead explained
and reported in the manuscript.

Additionally, we have corrected some errors in Table1, we've
clarified some procedurals aspects in the “Study procedures”
section, and, finally, we have provided additional supplementary
material as suggested by the reviewers.

Any further responses from the reviewers can be found at
the end of the article

Introduction

Food choices are important for the overall health of each
individual'. On a daily basis, people need to choose from a wide
range of food in order to meet their nutritional requirements’.
People’s dietary values and preferences influence the types of
foods they consume, as well as the quantity of consumption®”.
However, nutritional guidelines have consistently ignored the
systematic identification and incorporation of people’s values and
preferences in the development of their recommendations™®.

In light of recent studies showing an association between
unprocessed red meat and processed meat consumption and
adverse health outcomes, such as all-cause mortality, cardiovas-
cular mortality, cancer risk, and stroke’~'"?, dietary guidelines have
generally endorsed limiting meat intake (e.g. limiting proc-
essed meat)'"~"°. However, limited information exists regarding
how much people value meat in their diet and their willingness
to reduce meat consumption in the face of undesirable health
effects'®. Recently, an international panel of 14 members noted
the low quality evidence supporting the causal relation of meat
and adverse effects, and the small protective effect of reducing
meat consumption if indeed such an effect exists. The panel
formulated a weak recommendation in favor of continuing
usual consumption'’. The recommendation was also based
on a systematic review of studies addressing peoples’ values
and preferences regarding meat consumption; however, the
evidence was also judged to be of low quality given identified
issues with risk of bias and indirectness'®.

We have therefore designed a study to evaluate adults’ values
and preferences regarding meat intake and their willingness to

F1000Research 2021, 9:346 Last updated: 25 JAN 2023

change their consumption in the face of possible undesirable
health consequences. Given the general importance of reducing
cancer, the recent claims on cancer risk associated with meat
consumption from the International Agency for Research in
Cancer and the World Cancer Research Fund®'¥, and in an
attempt to avoid overwhelming participants with too much
information, based on a systematic review of the literature'', we
chose the risk estimates for two cancer outcomes to share with
participants, specifically cancer incidence and cancer mortality.

This study is part of NutriRECS (Nutritional Recommendations;
www.nutrirecs.com)”’, an initiative that aims to: 1) apply
rigorous systematic review and guideline methods using the
GRADE approach to investigate the association between diets,
foods and nutrients and health outcomes; 2) incorporate patient
and community values and preferences to inform guideline
recommendations; 3) apply strict and transparent management
of conflicts of interest, and; 4) disseminate nutritional recommen-
dations via open-access peer-reviewed publication.

Methods and analysis

Study design and setting

We are conducting an international cross-sectional mixed-
methods study including: i) a quantitative assessment through an
online survey; ii) a qualitative evaluation through semi-structured
interviews and, iii) a follow-up quantitative assessment through
a questionnaire in three different sites in three countries (Spain,
Brazil, and Poland). Study settings will include universities, and
the general community. The study began in 2019 with recruit-
ment and data cleaning ongoing, with expected completion in
early 2021. In 2019, we conducted a pilot study in a sample
of 32 participants recruited in the general community in Nova
Scotia and Prince Edward Island, Canada®. The results and
feedback of this pilot study were used to inform and improve
the study’s procedures.

Study population and eligibility criteria

We will enroll adults 18 to 80 years of age who currently consume
a minimum of three serving per week of either unprocessed red
meat or processed meat. Unprocessed red meat is defined as
mammalian meat (e.g. beef, pork, lamb), and processed meat is
defined as white or red meat preserved by smoking, curing, salting,
or by the addition of preservatives (e.g., hot dogs, charcuterie,
sausage, ham, and cold cut deli meats)’'. We will exclude adults
who have active cancer; those who have severe cardiovascu-
lar disease (history of stroke, acute coronary syndrome, heart
failure, and symptomatic peripheral arterial disease); those who
are pregnant; and participants unwilling or unable to provide
informed consent.

Recruitment strategy

We will recruit convenience samples of participants from the
general population or people studying or working at universi-
ties. We will recruit participants from the general population
using social media postings on the Cochrane website, Twitter,
and Facebook pages. We will recruit people studying or
working at universities by email. The social media posting and
the emails will include information on study’s details, eligibility
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criteria, contact information of the researcher carrying
out the study, and the related link to access the online survey.

Sample size

For the quantitative assessment, we have made a best estimate
of the proportion willing to reduce their meat intake of approxi-
mately 0.5 using the response distribution results from our pilot
study based on a proportion of 0.53 of pilot participants will-
ing to reduce unprocessed red meat and 0.44 of participants
willing to reduce processed meat”’. We decided that a margin
error around this estimate of as much as + 0.1% is acceptable.
We can achieve this precision with a 0.5 estimate in our pri-
mary outcome, the proportion of individuals ready to reduce or
stop eating meat. Our sample size estimate is 96 participants at
each site (95% confidence interval with + 0.1% margin

For the qualitative evaluation, through a maximum varia-
tion sampling strategy, in each site, we will include partici-
pants until data saturation. Data saturation is achieved when no
additional concepts emerge’’. During data collection and analy-
sis, if the research team determines that we have not reached data
saturation, recruitment will be extended to include more par-
ticipants until saturation is achieved. The maximum variation
technique consists of the inclusion of a highly heterogeneous
sample, and a description of the variability or dispersion for the
relevant variables™”. We will attempt to include an approxi-
mately equal number of participants with the following charac-
teristics of these variables: gender (men and women); age (those
between 18 to 66 years old, and those between 67 and 80 years
older); education level (those with some high school or less,
those with a high school degree, and those with a college
degree) and willingness to stop or reduce meat consumption
(willing =5 from the Likert-Scale and unwilling <4 from the
Likert-Scale).

Study procedures

For the quantitative assessment, participants interested in
participating will access the online survey and will be able
to complete the questionnaire, including demographic char-
acteristics, medical history information and meat consump-
tion beliefs and behavior. The questionnaire will also include a
direct choice exercise that will consist in presenting scenarios
tailored to each individual’s typical weekly meat consump-
tion. These scenarios will reflect the best estimate of absolute
risk reduction in overall cancer incidence and cancer mortality
over their lifetime based on our systematic review and dose-
response meta-analysis''. This will allow us to assess partici-
pants’ willingness to: a) stop or b) reduce their unprocessed
red meat and processed meat intake in the face of overall
cancer incidence and cancer mortality risks.

After presenting participants with the cancer incidence sce-
nario tailored to their consumption, participants will be asked
regarding their willingness to stop their unprocessed red meat
intake. If participants will be unwilling to stop (<4 of the
Likert-scale), they will be presented with an additional ques-
tion about their willingness to reduce. Similarly, participants

F1000Research 2021, 9:346 Last updated: 25 JAN 2023

will be then presented with the cancer mortality scenario
and related questions for unprocessed red meat. Finally,
participants will be presented with the cancer incidence and
mortality scenarios tailored to their processed meat consumption
with the same logic of questions explained above.

Participants will be presented with both scenarios of unproc-
essed red meat and processed red meat. If participants declare
to consume less than one serving of one type of meat per week,
for example unprocessed red meat, they will skip the ques-
tions on red meat and will be presented with the scenarios
and questions of processed meat only and vice versa. Finally,
we will conduct a follow-up assessment, either by phone or by
email, at three months to ask participants, who agreed to be
contacted, if they have made any changes in their meat
consumption.

Questionnaire. Based on our pilot study, we further developed
and piloted a questionnaire in each site to collect the following
data: age, sex, socioeconomic status, educational level, employ-
ment status, household size, religious beliefs, the presence
of chronic and other health conditions, and family history
of cancer, and meat consumption beliefs and behavior infor-
mation. We asked both men and women with different educa-
tional backgrounds and of different ages (those between 18 to
66 years old, and those between 67 to 80 years older) to com-
plete the questionnaire in order to identify ways of improving
the content and/or structure of the questionnaire.

We will assess participants’ current weekly consumption of
unprocessed red meat and processed meat. We will facilitate
these questions related to their meat consumption habits by pro-
viding pictures illustrating types of meats and serving size to
determine the typical number of servings they consume of
each meat weekly. In addition, we will determine which fac-
tors participants take into account when choosing their diet,
whether their food choices influence or are influenced by other
people (e.g. preparing food for children) and to what extent
they are satisfied with their current diet. See Extended data
for the Spanish version of the online survey.

Serving size estimate and participant’s current meat
consumption assessment. We estimated that each serving of
unprocessed red meat is equal to 120g, and 50g for processed
meat''. In Spain, the mean + standard deviation of meat intake,
according to 2016 Spanish National dietary survey in adults,
conducted by the Spanish Agency for Consumption, Food
Safety and Nutrition, is 37 + 63g/day (2 servings/week) of
unprocessed red meat and 32 + 65g/day (4 servings/week) of
processed meat’®. In Brazil, according to the Health Survey
conducted in Sdo Paulo in 2008, the mean + standard error
of meat intake is 71 + 2 g/day (4 servings/week) of unproc-
essed red meat and 28 + 1 g/day (4 servings/week) of
processed meat’’. In Poland, according to the domestic deliv-
eries and consumption report of 2017, the average intake of
both unprocessed meat and processed meat is 115 g/day
(9 servings/week)”. In Canada, according to the Statistics
Canada’s Canadian Community Health Survey, the mean intake

Page 5 of 26



among Canadians is 52 g/day (3 servings/week) of unproc-
essed red meat and 22 g/day (3 servings/week) of processed
red meat”. Based on these data, we defined the average intake
of both unprocessed red meat and processed meat as 3 servings
per week to calculate the baseline risks of cancer incidence and
cancer mortality. In order to assess participant’s current meat
consumption, we determined the absolute risk reduction for
all meat consumption frequency categories (servings/week)
as follows: 3 to 4, 5to 6, 7to 8, 9 to 10, 11 to 12, 13 to
14, and more than 15 servings per week. We will report in
servings per week their current meat consumption for both
unprocessed red meat and processed meat.

Direct choice exercise. Following standard methodologies used
in previous work in the field of obstetrics from members of our
team™’', we will use a direct choice experimental design to
assess the proportion of people willing to change their consump-
tion when faced with a risk reduction of overall cancer inci-
dence and cancer mortality based on a seven point Likert- scale
from 1 (meaning definitely not) to 7 (meaning definitely yes).
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To ensure that participants have a similar understanding of these
two outcomes, we will describe the development of each out-
come through the use of health states examples (Table 1 and
Table 2). We will present our data from our systematic review
that addressed the possible impact of reducing meat intake on
overall cancer incidence and mortality''. We will first present
the baseline risk and the risk reduction participants might
achieve by stop eating meat and its certainty. We will develop
an interactive electronic decision aid using MagicApp software
(http://magicproject.org/research-projects/share-it/)  to show
the probabilities of reducing the risk of overall cancer incidence
if participants’ would stop eating unprocessed red or proc-
essed meat (three servings/week scenarios in Figure 1 for proc-
essed meat and Figure 2 for unprocessed red meat intake — see
Extended data® for all servings/week scenarios ). In addi-
tion to the risk reductions, the overall certainty of evidence
based on the GRADE approach for cancer and incidence and
mortality will be shared with the participant™. For the direct
choice exercise in the online survey, we will provide an explana-
tory video that will describe to participants how to read and

Table 1. Health states - Cancer incidence.

Cancer incidence

Symptoms & + Cancer is wide group of diseases and may cause many signs or symptoms
Signs + Some signs and symptoms are common for different cancers while others are more specific
for each type of cancer
- Not explained loss in body weight, night sweats, fever
+ Problems with eating, loss of appetite
+ Weakness/ fatigue
+ Sometimes bleeding or discharge, blood in stool or urine
+ Change in bowel habits, difficult or painful urination
+ Pain
+ Unexplained anemia
+ Persistent cough or blood in saliva
+ Persistent lumps or swollen glands
+ Changes on the skin
Treatment - There are different types of treatment that will depend on the type of cancer and how the
cancer is advanced.

You may receive only one treatment, but in most cases a combination of subsequent is
needed: surgery and/or hormone therapy (giving hormones or drugs that block hormones to
slow down cancer growth), chemo or immunotherapy (drugs that kill cancer cells or flag them for
immune system to destroy) and/or radiation therapy (radiation in high doses to kill cancer cells or
slow their growth).

Consequences You can experience side effects of cancer treatment, such as anemia, loss of appetite, fatigue,

hair loss, nausea

+ You can experience pain, gastrointestinal problems, urinary problems
+ Tt will affect your social life short term and possibly long term

+ You can experience long-term consequences of cancer and its treatment, such as problems
with heart, lungs, endocrine system, bones and joints, digestion, memory

You may experience anxiety, depression and other emotional problems
You may no longer be able to participate in your regular activities

You may die
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Table 2. Health states - Cancer mortality.

Cancer mortality

Symptoms & Signs + Before you die you experience symptoms related to cancer and its spread, such as

pain, weakness/fatigue; those symptoms may have various duration, you may suffer those
symptoms for several years

+ Before you die you experience unwanted effects of treatment you received for cancer.
+ You are dead and you do not feel any pain or breathlessness.

Treatment - There is no need for any treatments and they are stopped

Consequences - You lose your vital bodily and mental functions, ending your life.
+ You will leave everything that was important in short time span.

Overall Cancer Incidence

V)

2 fewer

average
consumption

reduction of three

Among a 1000 patients like you, with reduction of three weekly
servings (50g) of processed meat

diddiiiiiiiiissssrrrsssissscriraaaissnnnas
Adidllliisiiiissssrrrssssssscrrraaaassnnnns
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Overall Cancer Mortality

o 9 fewer
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weekly servings consumption weekly servings
(S0g) of processed (50g) of processed
meat meat
185 183 105 96
per 1000 per 1000 per 1000 per 1000
Certainty Certainty

VERY LOW

815 with no event

Figure 1. Three servings/week scenarios for processed meat.

Overall Cancer Incidence

0 13 fewer

average reduction of three

Among a 1000 patients like you, with reduction of three weekly
servings (120g) of unprocessed red meat

sdddididiiiiirriisirrriasarss000000888
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sddiddddiiiiissiiiirsrsiicsrsssiiaannnianns
AdSiiililiiiliiiiiriiiiiiiiiiiisinaiiian
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Overall Cancer Mortality
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(120g) (120g) of
unprocessed red unprocessed red
185 172 105 98
per 1000 per 1000 per 1000 per 1000
Certainty Certainty

VERY LOW

815 with no event

Low

Figure 2. Three servings/week scenarios for unprocessed red meat.

interpret the data presented in the scenarios. In addition, we
will provide participants with explicit text tailored to their
average weekly meat consumption. If participants are unwilling

their meat

Among a 1000 patients like you, with reduction of three weekly
servings (50g) of processed meat
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a

a

895 with no event

to stop eating meat to achieve the possible associated health
benefits, we will ask them if they would be willing to reduce
intake but remind them that the cancer risk
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reduction, they might anticipate will be less by reducing
their meat intake then stopping completely.

Semi-structured interview. We will also develop and pilot a script
in each site for a semi-structured interview. We will conduct
these interviews in order to explore peoples’ motives regarding
their willingness to change their meat consumption. Based on
our pilot study, interviews will take approximately 30 minutes.
See Extended data for the Semi-structured interview script.

Follow-up assessment. We will contact participants by phone
or by email three months after the online survey and ask them
if they have made any changes in their meat consumption. In
case of the phone follow-up, we will follow a semi-structured
telephone script previously piloted; in instances where par-
ticipants prefer to be contacted by email, we will send them a
questionnaire with the same content we will use for the phone
interview. See Extended data for the Follow-up assessment
script.

Outcomes

The primary outcome measure for all included participants
will be willingness to change meat consumption in the face
of the undesirable cancer health risks. We will show partici-
pants the cancer risk reduction they may achieve if they would
stop eating unprocessed red meat or processed meat tailored
to their weekly consumption and ask them if they are willing to
stop, on a scale from 1 (meaning “definitely not”) to 7 (meaning
“definitely yes”). If participants are not willing to stop eating
meat (<4 from the Likert-scale), we will ask them if they will be
willing to reduce any amount of their weekly meat intake, on a
scale from 1 (meaning definitely not) to 7 (meaning definitely
yes). As a secondary outcome, we will explore participants’
values and preferences regarding meat intake and the related
motives around their willingness or unwillingness to make
any changes. We will ask participants in the qualitative evalu-
ation, which factors determine their unprocessed red meat
or processed meat intake, and to what extent these factors influ-
ence their willingness/unwillingness to stop/reduce their meat
consumption. Finally, we will estimate their meat consumption
at three months after the online survey and determine if they
have made any changes.

Data synthesis and analysis

Quantitative  analysis. ~We  will describe participants’
demographic and medical history information as well as meat
consumption behaviors using means and standard deviations or
frequencies and proportions, as appropriate.

We will describe the distribution of the continuous dependent
variables: a) “willingness to stop unprocessed red meat con-
sumption in the face of cancer incidence risk™; b) “willingness
to stop unprocessed red meat consumption in the face of cancer
mortality risk”; c¢) “willingness to reduce unprocessed red meat
consumption in the face of cancer incidence risk”; d) “willing-
ness to reduce unprocessed red meat consumption in the face
of cancer mortality risk”, by presenting histograms and using
means and standard deviations or median and IQR, as appropri-
ate. We will do the same analysis for processed meat. Then,
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we will conduct an exploratory linear regression analysis
using the above dependent variables and the participants’ char-
acteristics (sex, age, level of education, occupational status,
religious belief, and family history of cancer) as the independ-
ent variables. We will calculate the beta coefficients and the
associated 95% confidence interval of participants who are
willing to avoid, and for those willing to reduce unproc-
essed red meat and processed meat consumption in the face of
undesirable cancer risks.

Additionally, we will conduct an exploratory logistic regres-
sion analysis using the dependent variables on willingness as
categorical variables: those willing (=5 from the Likert-Scale)
and unwilling (<4 from the Likert-Scale). We will calcu-
late the odds ratio and the associated 95% confidence inter-
val of participants who are willing to avoid and reduce meat
consumption in the face of undesirable cancer risks.

Using our three-month follow-up assessment data, we will
calculate the frequency and proportion of participants who
made any changes in their meat consumption.

Qualitative analysis. We will audio-record and transcribe
verbatim all semi-structured interviews and use thematic
analysis for the qualitative analysis**. For our iterative
analysis, we will use constant comparison within and across
cases to identify any patterns. We will code all transcripts and
then the codes will be sorted into themes. We will subsequently
compare the identified themes with demographic and partici-
pant characteristic information collected to demonstrate any
patterns among groups such as sex, age, and education level.

Integrating qualitative and quantitative analyses. We will
conduct a sequential analysis of the quantitative and qualita-
tive components of the data. We will analyze each dataset sepa-
rately and then, at the end of the study, draw meta-inferences
informed by the findings from both data sets. We expect the
qualitative results to provide a better understanding of the
decision-making process than if the quantitative results were
considered alone.

Ethics and dissemination

Research approval was obtained by the Research Ethics Board,
Dalhousie  University (Canada; 2019-4715), the Clinical
Research Ethics Committee of the Jordi Gol University Institute
for Primary Care Research (IDIAP; Spain; 19/121-P), the
Bioethics Committee of the Jagiellonian University (Poland;
1072.6120.141.2019), and the National Research Ethics Com-
mission (Brazil;, CAAE 21826419.4.0000.8527), and if needed
will be obtained from all other participating sites. We will
explain the entire process of the study to the participants and
we will present the potential benefits and risks of participation.
The potential benefits of this study to participants include gain-
ing an understanding of the current research regarding overall
cancer mortality and incidence based on an up to date high
quality dose-response systematic review and meta-analysis'’,
which participants could use in future dietary decisions. There
are no potential physical or psychological risks to participating
in this study.
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Participation in the study is voluntary and participants may
withdraw from the study at any time without penalty. Should
they choose to withdraw; participants will decide whether they
want us to discard all or some of the data they have provided.
Participants willing to participate will have to sign a written
consent form, and they will be assigned a number to anonymize
all data collected. Consent forms will be kept separately in a
secure cabinet. All interviews will be audio-recorded and tran-
scribed onto a computer file. The recording device will be
stored in a secure cabinet and the recordings will be deleted
upon completion of the study. Participants will not be identi-
fied by name nor otherwise identified when research results are
shared. It is possible that a participant could be quoted to high-
light results, however, they will be anonymized and neither
their name, nor their assigned alphanumeric code, will be
shared. Participants will be made aware of this possibility dur-
ing the consent process and may, if they wish, choose not to
allow the use of direct quotations. No compensation will be
provided to participants. We will share with participants
a copy of our published final results by email or by postal
service.

We will adhere to the checklist of good practice in the
conduct and reporting of survey research’® when reporting our
results. Results will be disseminated through publications and
presentations.

Discussion

Our international mixed-methods study will be the first to
explicitly explore peoples’ health-related values and prefer-
ences, and their willingness to stop and/or reduce meat consump-
tion when informed of the potential adverse cancer risk, and
the uncertainty around this evidence. The information patients
will receive will be based on a recent systematic review and
dose-response meta-analysis''.

Our study in the context of previous research

Because there is limited information in the literature on how
people value their health in relation to their diet, developing
nutritional recommendations based on health-related values and
preferences of community members is a major challenge. Pre-
vious studies addressing people’s meat preferences did not
adequately present the undesirable health effects of meat con-
sumption in ways that captured the current evidence and its
uncertainty*’-**.

In the context of the NutriRECS initiative, our team conducted
a systematic review that summarized evidence that omnivores
are attached to meat and are reluctant to reduce their meat
consumption. However, we rated the certainty of evidence as
low due to issues with risk of bias, indirectness, and because
of the small number of participants and limited information
regarding data analysis'’.

A NutriRECS international panel using an individual patient
perspective formulated a weak recommendation in favor of
continuing current unprocessed red meat and processed meat
consumption, acknowledging the low certainty regarding the
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values and preferences evidence'’. This experience triggered the
design of the present study, aiming to overcome the limitations
of the studies to date'®.

Limitations and strengths

Our study has some potential limitations. Our sample includes
participants living in high-income countries or from high
income strata in low to middle income countries. Therefore,
we cannot generalize these findings to low-income popula-
tions. We will, however, collect information on participants’
socioeconomic status and education level in order to explore
the effect of these characteristics on participants’ dietary values
and preferences.

A second limitation of our study is the exclusive focus on
cancer outcomes, despite evidence suggesting that reducing
meat consumption may reduce the risk of diabetes and
cardiovascular outcomes'>"". However, due to the recent claims
of meat consumption and cancer risks**, the inconsistency
in data on cardiometabolic risk associated with both
unprocessed and processed meat'"”, and to not overburden
participants with too much information, we prioritized two
cancer outcomes.

Regarding strengths of our study design, we will address some
of the limitations in the previous studies by following a system-
atic and transparent approach with the use of questionnaires,
direct choice exercises and open-ended questions to assess
peoples’ health values in relation to their unprocessed red
meat and processed meat consumption. We will inform peo-
ple of the most recent evidence of meat consumption and its
related cancer risks', including the certainty of evidence for
these risks, according to their current weekly average consump-
tion. In addition, we will explore their willingness to make any
changes to their diet based on the potential risk reduction in
cancer.

Our international multicentre study will help ensure generaliz-
ability of the results. In addition, the collection of both quantita-
tive and qualitative data will enable an accurate identification
of the current health values and preferences regarding meat
consumption. In addition to our initial pilot study”, we have
further piloted the questionnaires and scripts in each center
among both men and women, both with different educational
backgrounds, and of different ages to ensure readability and
understandability in the general population. We have trained
research staff and we will monitor study procedures to ensure
quality implementation throughout the interview process. Ulti-
mately, we will follow-up participants to determine if they
have made any changes in their meat consumption accord-
ing to what they have reported during the initial interview; this
will allow us to assess the consistency and reliability of our
study findings.

Implications for practice and research

Our international study has direct implications for decision mak-
ers, guideline developers and policy makers in the develop-
ment of nutritional recommendations. Up to now, this aspect
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has been neglected when formulating recommendations. Pan-
els will now have access to international research evidence
on values and preferences specific to actual estimated risk
reductions in cancer, and the relevant certainty, associated
with decreased meat intake. Based on international GRADE
standards*', this information will prove crucial for guideline pan-
els moving from the evidence to recommendations on red and
processed meat.

One potential area of further research will be the evaluation
of how panels are using this new evidence when formulat-
ing recommendations. This work will also inform clinicians
regarding community values and preferences when considering
the implementation of diet related changes with their patients.
Our proposal will use innovative approaches to assess people’s
health values and preferences in relation to their diet. The study
will provide a rigorous and transparent methodology that can
be further utilized in the context of other nutritional scenarios.

Data availability
Underlying data
No data are associated with the article.

Extended data
e Open Science
OSF.IO/4HKXQ?

Framework:  https://doi.org/10.17605/
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ANNEX A. Evidence profile for “Reasons for meat consumption”

Certainty assessment with GRADE/ GRADE CERQual

. .y . Risk of .
Review finding Explanation . Certainty
Ne of studi HlEy Inconsistency/ | Indirectness/ | Imprecision/
00 s udies Study design | Methodolo i P
(participants) e Coherence Relevance Adequacy
limitations

Reasons for meat consumption
Most omnivores were highly Most omnivores consumed meat because 38 Quantitative Serious? Not serious Serious3 Not serious 1100
attached to meat. they enjoy eating it, meat is perceived as| (N=62,963) studies? LOW

Men had a more positive
attitude towards meat
consumption than women.

Elderly omnivores were
generally concerned about
health in respect to their food
choices.

All vegetarians/low meat
consumers reported health as
one of the main reasons for
not eating meat.

part of a healthy diet, and as part of their
culture. Lack of food alternatives/cooking
skills to prepare a tasty dish without meat
were often mentioned as barriers.

Men considered meat as part of a healthy
diet, and as part of their culture. Women
appeared substantially more concerned
than men about health consequences.

Health promotion was more important
among the elderly omnivores than the
younger population as a reason to start
limiting animal products in their diet.
Elderly omnivores were not more
concerned about health than the other age
groups: all age groups had strong health
concerns.

Many vegetarians/low meat consumers
reported also other reasons such as animal
welfare or environmental concerns as
motives to avoid meat consumption.

1 Countries: Finland, France, Ireland, Norway UK, Belgium, Australia, Germany, New Zeeland, Poland, Slovenia, Spain, Switzerland, USA, and Croatia.
2 Twenty studies at high risk of bias due to the lack of validation of the measurement instruments.
3 Indirectness due to the likely selectivity of study populations.




Certainty assessment with GRADE/ GRADE CERQual

. . . Risk of .
Review finding Explanation . Certainty
Ne of studi bl Inconsistency/ | Indirectness/ | Imprecision/
® OF studies Study design | Methodolo v p
(participants) - Coherence Relevance Adequacy
limitations

Most omnivores were highly Most omnivores consumed meat because | 10 (N=419) Qualitative Minor No concerns Minor Minor 1 ]0]@)
attached to meat they enjoy eating it, perceived meat as part studies?* concerns® concerns® concerns’ LOW

consumption.

Elderly omnivores believed
that ageing is associated with a
decline in food intake.

For many vegetarians, health
concern was the primary
motivation to stop eating
meat.

of a healthy diet, and as part of their
culture. Lack of food alternatives/cooking
skills to prepare a tasty dish without meat
were often mentioned as barriers in
reducing meat consumption.

Elderly omnivores reported a reduction in
red meat compared to when they were
younger, and many participants viewed
fish as a healthier alternative to red meat.

For many vegetarians, other reasons were
also often reported as a major reason to
adopt a vegetarian diet such as ethical
concerns (e.g., animal welfare).

4 Countries: Greece, Australia, USA, and UK.
5 Three studies did not provide a description of the data analysis process and eight studies had minor methodological limitations due to lack of reporting of the investigator-
participants relationship.
6 Minor relevance concerns due to the likely selectivity of study populations.
7 Minor adequacy concerns because of the small number of participants.




ANNEX B. Evidence profile for “Willingness to change meat consumption in the face of health concerns”.

Certainty assessment with GRADE/ GRADE CERQual

. L . Risk of .
Review finding Explanation bias/ Certainty
Ne of studies Study Inconsistency/ | Indirectness/ Imprecision/
. . Methodolo
(participants) design T Coherence Relevance Adequacy
limitations
Willingness to change meat consumption in the face of undesirable health effects
Most omnivores Generally participants reported an overall | 5(N=8,983) | Quantitativ Serious® Not serious Serious® Not serious OO0
reported low willingness | mistrust related to the given information. e studies® Low

to reduce meat
consumption. Many participants believed that the presence
of additives used in the production process
was the real health problem rather than red
meat consumption itself.

Many participants already believed they
reduced their meat consumption in the past
and did not plan any further changes.

8 Countries: Spain, Germany, Finland Croatia, and Canada.

% Five studies at high risk of bias due to the lack of validation of the measurement instruments.

101t was downgraded for indirectness because three studies did not inform participants about the undesirable health effects of meat consumption and the likely selectivity
of populations.



Certainty assessment with GRADE/ GRADE CERQual

. L . Risk of .
Review finding Explanation q Certainty
. bias/ . . . .
Ne of studies Study Inconsistency/ | Indirectness/ Imprecision/
. . Methodolo
(participants) design - Coherence Relevance Adequacy
limitations
Most omnivores Omnivores were concerned in reducing meat | 4 (N=616) Qualitative Minor No concerns Moderate Minor concerns'* 1 ]0]@)
reported low willingness | consumption because they perceived meat as studies* | concerns?? concerns?3 LOW

to reduce meat
consumption.

an important component of a healthy diet,
they enjoyed eating meat and they believed
they needed protein and the enjoyment of
eating meat.

Some omnivores believed they only ate small
guantities of meat and did not need to reduce
it (more often this referred to reducing red
meat than all types of meat) and some
believed they already reduced their meat
consumption in the past.

Some omnivores believed that the
consequences of meat consumption were
trivial compared to other behaviours (e.g.,
smoking tobacco).

Some omnivores lack of trust in the available
scientific information.

11 Countries: Portugal, Scotland, and Australia.
12 Three studies with minor methodological limitations due to lack of reporting of the investigator-participants relationship
13 Four studies with moderate concerns about relevance because the studies did not inform participants about the undesirable health effects of meat consumption and the
likely selectivity of populations.
14 Minor adequacy concerns because of the small number of participants.




ANNEX 4. Supplementary documentation for Study 2

ANNEX A. Reasons for meat consumption for unprocessed red meat and processed meat

Reasons for meat consumption URM PM
n (%) n (%)
1. Cost- I can afford to buy it 183 (60.2) 130 (42.8)
2. Health - It’s healthy 124 (40.8) 10 (3.3)
3. Taste - | like the taste of it 240 (78.9) 149 (49.0)
4. Availability - | can find the selection of the products | want 180 (59.2) 158 (52.0)
5. Family preference - My family favours its consumption 151 (49.7) 100 (32.9)
6. Tradition - It's part of my tradition 174 (57.2) 99 (32.6)
7. Religion - My religion favours its consumption 37 (12.2) 15 (4.9)
8. Cooking time - | have the time to cook it 131 (43.1) 106 (34.9)
9. Social context - | consume it in social contexts like barbecues 159 (52.3) 121 (39.8)
10. Animal welfare issues - | consume animal welfare products. For example, they have been fed on 101 (33.2) 21 (6.9)
grassland, bred outdoors and have been well-treated at the slaughterhouse, transported and
priced.
11. Environmental issues -I consume products with a low environmental impact to favour the 72 (23.7) 15 (4.9)
environment.
Other 7 (2.3) 7 (2.3)

Abbreviations: URM= unprocessed red meat, PM= processed meat




ANNEX B. Sociodemographic and medical history of semi-structured interview participants

Overall (N=7) Physical activity intensity¥, n

Sex, n (%) (.y;, Y v
(1)

Women 3 (43.0) Low 0(0)
Men, 4 (57.0) Moderate 5(71.4)
Age, years High 2 (28.6)
Mean (SD) 38.6 (5.03) Weight (kg)
Median [Q1, Q3] 39.0 [36.0, 40.0] Mean (SD) 77.0 (14.2)
Education level, n (%) Median [Min, Max] 71.0 [58.0, 95.0]
Primary education 0(0) Height (m)
Secondary education 0(0) Mean (SD) 1.73 (0.103)
Professional education 0 (0) Median [Min, Max] 1.75 [1.62, 1.90]
University education 7 (100) BMI
Nos:udms . 0(0) Mean (SD) 25.4 (2.48)
Employment status, n (%) Median [Min, Max] 26.3[22.1, 28.7]
Employed 0(0) Comorbidities, n (%)
Unemployed 0(0) Hormonal system disorders
Stud'ent _ 0(0) Digestive diseases 1(14.3)
Marital status, n (%) Musculoskeletal disorders
Married 4(57.1) Other
Common-law couple 2(28.6) None 6 (85.7)
Living with partner or family 1(14.3) Family history of cancer, n (%)
Separated 0(0) Yes 4(57.1)
Divorced 0(0) No 3(42.9)
Widow/widower 0(0) | don't know 0(0)
Single 0(0)
Children, n (%)
One child 5 (71.4) Abbreviations: SD= standard deviation; Ql= Quartile 1; Q3= Quartile 3, Kg= Kilograms; m= meters;
Two children 1(14.3) BMI=body mass index.
Three or more children 0(0) ¥ Physical activity (PA) intensity was categorized as follows: participants who reported doing PA every day
None 1(14.3) were categorized in the “high” category, who reported doing PA at least once a week was categorized in the
Religion, n (%) “moderate” one and the rest of participants were categorized in the “low” category.
Catholicism 0(0)
Other 0(0)

None 7 (100)



ANNEX C. Joint display

Qualitative data

Quantitative data

Semi-structured
interview themes

Online survey questions

Online survey results

Representative quotes

Interpretation

Social and/or family
context meat
consumption

What are the most
important factors that
favour your consumption
of red meat and
processed meat? Select
all that apply*

Social context was selected as
a factor favouring unprocessed
red meat and processed meat
consumption by 52% and 40%
of participants respectively.

“I consume meat especially
social occasions”

Participants reported that
social gatherings
influenced their meat
consumption.

Family preference was selected
as a factor favouring
unprocessed red meat and
processed meat consumption
by 50% and 33% of participants
respectively.

“I have to adapt to the needs
of my children and family”

Participants reported that
family preference
influenced their meat
consumption.

Tradition was selected as a
factor favouring unprocessed
red meat and processed meat
consumption by 57% and 33%
of participants respectively.

“Even, for tradition, |
consume game meat when |
return to the family home”

Participants reported that
tradition influenced their
meat consumption

Health and non-
health related
concerns about meat

What are the most
important factors that
favour your consumption
of unprocessed red
meat? Select all that

apply*

Health was selected by 41% of
participants as a factor
favouring unprocessed red
meat consumption.

“I consider red meat
necessary to have certain
nutritional values such as
iron or vitamin B12”

Participants highlighted
the nutritional value of
unprocessed red meat as
a reason for consuming it.

In the past, have you cut
back on red and / or
processed meat for non-
health reasons?

Environmental concerns were
selected by 22% of
participants.

The second highest selected
reason as a non-health related
reason for having reduced
meat consumption in the past.

“Livestock farming is one of
the human activities that
generates the most CO2
emissions”

Non-health related
reasons such as
environmental concerns
play an important role in
people’s meat
consumption habits.

Uncertainty of the
evidence

What are the most
important factors that
favour your consumption
of unprocessed red meat
and processed meat?
Select all that apply*

Taste was selected as a factor
favouring unprocessed red
meat and processed meat
consumption by 79% and 49%
of participants respectively.
The most selected factor.

“I like meat, and it is for sure
a barrier to reduce or quit its
consumption, especially
when the evidence is
unclear”

Taste was one of the
most voted factors for
consuming meat, and this
could explain why in the
face of uncertain
evidence, participants
were unwilling to stop
and/or reduce their
intake.

* 11 factors were provided to choose from, see Annex A. Reasons for meat consumption for unprocessed red meat and processed meat.




ANNEX A. Integrated evidence and related confidence (Evidence profile table) for reasons for eating/buying meat

type of meat, fat content and price were considered more important.

The environment (for example, carbon footprint information on the label) was
not considered a significant aspect when buying/consuming meat; other aspects
such as: nutritional values, freshness of the meat, food safety, eating
enjoyment/taste, and animal welfare were considered more important.

Consumers bought meat products based on tangible aspects such as colours and
appearance rather than intangible characteristics such as environmental aspects
of production; only some participants bought environmentally friendly meat
products, the main barriers were the higher price of these products and the
unwillingness to change their diet.

. Methodolo .
. . N° of studies . & Adequacy of | Confidence of
Review finding .. ical Coherence Relevance .
(participants) S data evidence
limitations
Reasons for eating and/or buying meat - Integrated evidence
Consumers chose meat with a lower footprint, when provided with carbon | 9 (N=28,953)! Moderate No concerns Serious No concerns LOW
footprint information of meat production. However, other characteristics such as concerns? concerns3 OO

Abbreviations: QUAL=Qualitative, QUANT= Quantitative.

1QUANT: Eight studies (N=28,923) conducted in Finland, France, Germany, Ireland, Netherlands, Poland, Spain, and United Kingdom. QUAL: One study (N=30) conducted in Scotland.
ZQUANT: Three studies (38%) were at high risk of bias for lack of validation of the measurement instruments, 2 (25%) at moderate risk of bias, and 3 (37%) at low risk of bias. QUAL:
Moderate methodological limitations due to lack of reporting of the investigator and participants' relationship, lack of reporting of ethical issues, and limited information on the analysis

process.

3 QUANT: Serious concerns because five studies (63%) did not inform participants about the environmental impact of meat consumption. QUAL: Serious concerns because one study

(100%) did not inform participants about the environmental impact of meat consumption.




ANNEX B. Integrated evidence and related confidence (Evidence profile table) for reasons for avoiding meat

Methodolo

. L N° of studies . Adequacy | Confidence
Review finding .. gical Coherence | Relevance .
(participants) | . of data of evidence
limitations
Reasons for avoiding meat — Integrated evidence
For vegetarians and low meat consumers/meat reducers, the reasons for adopting a 37 Minor Minor Serious No LOW
vegetarian diet or limiting their meat intake. For many people, environmental concerns were (N=63,208)* concerns? concerns3 concerns® concerns @@OO

among the most important reasons for avoiding meat consumption whereas for others,
environmental concerns were not considered one of the main reasons for avoiding meat.

Environmental concerns were considered a contributory factor rather than the primary driver
for avoiding meat. However, environmental impact of meat production was mentioned as one
reason for avoiding meat intake by some participants, along with other reasons, for example
perceived health. Other reasons such as: animal welfare; health concerns; self-fulfilment and
taste or aesthetics were considered among the main reasons for avoiding meat.

Women were more likely to avoid meat or eating smaller portions of meat for environmental
reasons, except for one study where men were more likely to report environmental concerns as
a reason for avoiding meat.

The younger population was more likely to agree that a vegetarian diet leads to
environmental benefits.

People’s meat consumption behaviour influenced their motivations for avoiding meat intake.
The stricter the diet in terms of avoiding meat consumption and animal products, the more
important environmental concerns were reasons for avoiding meat. Similarly, one study
reported that all vegans found the environment an important issue for meat consumption, while
only a minority of omnivores mentioned it.

Abbreviations: MM=Mixed-methods, QUAL=Qualitative, QUANT= Quantitative.

1 QUANT: Twenty-nine studies (N=61,219) conducted in Australia, Austria, Belgium, Czech Republic, Finland, France, Ireland Germany, Macedonia, Netherlands, New Zeeland, Norway, Slovenia,
Serbia Spain, Sweden, Switzerland, United Kingdom, and United Stated of America. QUAL: Seven studies (N=457) conducted in Australia, Austria, Canada, China, Brazil, United Kingdom, United
States of America.MM: One study (1,532) conducted in The Netherlands.

2 QUANT: Sixteen studies (54%) were at high risk of bias for lack of validation of the measurement instruments, 7 (23%) were at moderate risk of bias, and 7 (23%) were at low risk of bias. QUAL:
Minor methodological limitations to lack of reporting of the investigator and participants' relationship, lack or limited information on ethical issues, and lack or limited information on the analysis
process. MM: No concerns, clear and detailed information, and justification to use the mixed-methods approach are provided.

3 Reasons for avoiding meat intake changed and varied across studies, no clear reasons for this variability were identified.

4 QUANT: Serious concerns because 29 studies (100%) did not inform participants about the environmental of meat consumption. MM study contributing to QUANT evidence did not provide
information to participants. QUAL: Serious concerns because 6 studies (86%) did not inform participants about the environmental impact of meat consumption.



ANNEX C. Integrated evidence and related confidence (Evidence profile table) for willingness to change meat consumption

Similarly, when provided with an information sheet about the impact of food production on
climate change, most of the participants showed low awareness of the association between
climate change and meat consumption, and some participants reported considering
reducing their meat consumption or had already reduce their intake in the past. However,
environmental concerns tended to be a contributory factor rather than the primary driver;
other aspects were considered more important for the environment rather than reducing
meat consumption.

Most of omnivores were willing to adopt other strategies to reduce the climate impact
rather than reducing meat intake: eating more organic food, driving less, eating local foods;
using alternate transportation, recycling, using eco-friendly products, reporting the ecological
impact on the food’s labels. On the contrary, three studies reported that most of the
participants, when presented with different sustainable food behaviours they could choose
from, they were willing to reduce their meat intake in terms of quantity rather than eating
plant-based meat substitutes and proteins from insects or buying specific meat such as
organic meat or replace most of the meat by vegetables. Omnivores considered meat
consumption to have a trivial effect on the environment and believed that other behaviours
were more effective. Food packaging, food waste, transportation of food, and production and
processing of food in relation to the environmental impact of food were considered more
important.

Women perceived higher environmental benefit of eating less meat than men and were more
willing to reduce meat intake. Young women were most incline to change their meat
consumption

Frequent meat consumers were less positive towards a reduction of meat, whereas those
with higher concerns for environmental problems were much more likely to intend to stop
eating meat. On the contrary, one study found that gender, as well as age, meat consumption
behaviour (high vs. low intake) and socio-economic status had no impact on peoples’ belief
that eating less meat would help reducing climate change.

. Methodolo .
P N° of studies . Adequacy | Confidence
Review finding .. gical Coherence | Relevance .
(participants) | .. > .. of data of evidence
limitations
Willingness to change meat consumption — Integrated evidence
Most of the omnivores were reluctant to reduce meat consumption in the future, even when | 38 (N=57,148)! Minor Minor Serious No LOW
informed on the environmental impact of meat consumption. concerns? concerns? concerns* concerns o000

Abbreviations: MM=Mixed-methods, QUAL=Qualitative, QUANT= Quantitative.




LQUANT: Twenty-seven (N=56,555) conducted in Australia, Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland,
Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, New Zeeland, Poland, Portugal, Romania, Slovakia, Slovenia, Southwest Scotland, Spain, Sweden, Switzerland, United
Kingdom, United Sates of America. QUAL: Seven studies (N=527) conducted in Australia, Brazil, China, Norway, Portugal, Scotland, Sweden, United Kingdom, and United States of
America. MM: Two studies (N=66) conducted in Spain and Norway.

2 QUANT: Eighteen studies (60%) were at high risk of bias for lack of validation of the measurement instruments, 6 (20%) at moderate risk of bias and 6 (20%) at low risk of bias.
QUAL: Minor methodological limitations due to lack of reporting of the investigator and participants' relationship and lack of information on ethical issues. MM: One study were no
concerns, clear and detailed information and justification to use the mixed-methods approach are provided. For the second study, no information is provided for using a mixed-
methods approach, unclear how the quantitative evidence contributed to the findings.

3 QUANT: Minor concerns because three studies reported contradictory data regarding the willingness to adopt other strategies to reduce climate impact, representing 45% of the overall
population.

4 QUANT: Serious concerns because 27 studies (100%) did not inform participants about the environmental impact of meat consumption. QUAL: Serious concerns because seven
studies (87%) did not inform participants about the impact of meat consumption on the environment. Two MM studies contributing to qualitative evidence did not provide

information to participants.



ANNEX D. Integrated evidence and related confidence (Evidence profile table) for willingness to pay more for environmentally friendly meat

N° of studies

Methodolog

indicating that the beef mince had a low or moderate fat content, was
organic meat produced locally and with animal welfare standards were
significant for consumers.

Women and older people showed higher willingness to pay more for meat
with minimal environmental impact.

. .. . . . Adequac Confidence
Review finding (participant ical Coherence Relevance quacy I
) limitations of data of evidence
Willingness to pay more for environmentally friendly meat- Quantitative evidence
Most consumers were willing to pay more for meat products if the product | 2(N=2,702) | No or minor | No concerns Serious No or MODERATE
was produced with a significantly lower environmental impact. Also, labels concerns? concerns?® minor ®e0O0
concerns

Abbreviations: QUANT= Quantitative.

L QUANT: Two studies 2 (N=2,702) conducted in United Kingdom and Spain.

ZQUANT: All studies (100%) were at high risk of bias for lack of validation of the measurement instruments; however, findings were consistent across studies.

3 QUANT: Serious concerns of relevance because all studies (100%) did not inform participants about the environmental impact of meat consumption.
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