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Editorial on the Research Topic

What, how, and where to eat is more than an individual choice: New
ways to achieve healthy eating

The connection between food and the environment has always existed, but this
relationship is becoming more evident. While increasing environmental degradation
and food waste, and scarcity of natural resources occur, malnutrition affects thousands
of individuals worldwide, emphasizing the food inequalities in our most vulnerable
populations. Nevertheless, food is a basic human right and must be accessible in all the
various principles. These include access to nutritious and safe food, respecting cultural
habits, and sustainable production systems. To guarantee this human right and make
healthy eating accessible, public policies and other government or private actions should
be adopted. One of the ways would be through nutrition-education action as, from the
development of a collective awareness of healthy food choices, transformations in our
society can be achieved. Hence, this Research Topic focused on promoting a collective
awareness of healthy food choices.

Food choices are a highly complex process that reflects ways of producing and
consuming food. The dietary patterns of individuals impact the physical, psychological,
social, and environmental domains of their quality of life. The social, environmental,
and economic domains of sustainable living are also affected. Therefore, dietary choices
should be thought of as a collective act, and a healthy diet can only materialize by
understanding its scope. There is an increasing interest in sustainable food products,
aligned with environmental impacts and effects on health and food consumption.
However, there are still gaps between sustainable food consumption and production
transparency, lacking information for consumers that may impair sustainable choices.
More effective communication strategies may increase consumer understanding and
motivation regarding sustainable food production (Sabio and Spers).
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In this sense, dietary guidelines are an important mechanism
for disseminating knowledge for changing practices. Their
content is a basis for public policies on food, nutrition, health,
and agriculture and for nutrition education promoting healthy
eating and lifestyles (Rossi et al.). Actions on different aspects
of food, especially regarding more vulnerable populations, from
the countryside to the table, should be widely discussed, focusing
on life protection. Associations and Councils of nutritionists and
dietitians can play an essential role in supporting research and
discussions on the topic. Additionally, in integrating sustainable
food systems ideas and concepts into healthy and sustainable
dietary practices (Callaghan et al.).

The nutritional aspect stands out in the sense of providing
essential elements for human health. An unhealthy diet
with increased intake of sodium, calories and trans fatty
acids, particularly from industrially-products, is implicated in
the etiology of cardiovascular diseases, which represent the
leading cause of mortality worldwide (Al-Jawaldeh et al.).
Fortunatelly, consumers seem willing to consume healthier
products (Di Vita et al.). In addition, an increased risk of
psychosocial complications is related to an unhealthy diet.
For example, skipping breakfast, eating out and consuming
unhealthy foods are associated with higher odds of psychosocial
and behavioral problems, potentially affecting health and
sustainability (Lopez-Gil et al.).

On the other hand, a healthy diet is associated with the
prevention and treatment of several diseases. Nutrients and
bioactive compounds are associated with protection against
cancer (Zhao et al.) and decreasing mortality and risk of
non-communicable diseases, mainly from plant-based foods
such as vegetables, cereals, legumes, and nuts (Wu et al.). Despite
the well-known benefits of fruits and vegetable consumption,
their consumption is still under recommendations (Moraes et
al.). Although plant-based diets constitute a small part of the
population, their demand is growing and influencing the food
industry and consumption habits. Therefore, it is important to
understand the factors influencing consumers’ choices regarding
where to eat their meals, mainly in places offering plant-based
meals. The reasons affecting the decision to eat in plant-based
restaurants are related to health, and beauty, as well as personal
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psychological factors, such as guilt, curiosity, and environmental
concerns (Park et al.). However, we must be aware of the risk of
a nutritional deficit from a plant-based diet without guidance
and balance. Therefore, this Research Topic calls attention to
rethinking food access, food security, sustainability, and foods
on health.
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High intakes of trans fatty acids (TFA), particularly industrially-produced TFA, are
implicated in the etiology of cardiovascular diseases, which represent the leading cause
of mortality in the Eastern Mediterranean Region (EMR). This systematic review aims to
document existing national TFA reduction strategies in the EMR, providing an overview
of initiatives that are implemented by countries of the region, and tracking progress
toward the elimination of industrially-produced TFA. A systematic review of published
and gray literature was conducted using a predefined search strategy. A total of 136
peer-reviewed articles, gray literature documents, websites and references from country
contacts were obtained, up until 2 August 2021. Randomized-control trials, case-control
studies, and studies targeting unhealthy population groups were excluded. Only articles
published after 1995, in English, Arabic or French, were included. Key characteristics
of strategies were extracted and classified according to a pre-developed framework,
which includes TFA intake assessment; determination of TFA levels in foods; strategic
approach; implementation strategies (TFA bans/limits; consumer education, labeling,
interventions in public institution settings, taxation), as well as monitoring and evaluation
of program impact. Thirteen out of the 22 countries of the EMR (59%) have estimated
TFA intake levels, 9 have determined TFA levels in foods (41%), and 14 (63.6%) have
national TFA reduction initiatives. These initiatives were mainly led by governments, or
by national multi-sectoral committees. The most common TFA reduction initiatives were
based on TFA limits or bans (14/14 countries), with a mandatory approach being adopted
by 8 countries (Bahrain, Iran, Jordan, KSA, Kuwait, Morocco, Oman and Palestine).
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Trans Fat Reduction Initiatives

Complementary approaches were implemented in several countries, including consumer
education (10/14), food labeling (9/14) and interventions in specific settings (7/14).
Monitoring activities were conducted by few countries (5/14), and impact evaluations
were identified in only Iran and the UAE. The robustness of the studies, in terms of
methodology and quality of assessment, as well as the lack of sufficient data in the
EMR, remain a limitation that needs to be highlighted. Further action is needed to initiate
TFA reduction programs in countries that are lagging behind, and to ensure rigorous
implementation and evaluation of ongoing programs.

Keywords: trans fat, reduction, strategy, implementation, evaluation, Eastern Mediterranean Region

INTRODUCTION

Cardiovascular diseases (CVD) represent the leading cause of
mortality worldwide, causing ~17.9 million deaths each year and
contributing to 31% of global deaths (1). High intake of trans
fatty acids (TFA), particularly industrially produced TFA, were
implicated in the etiology of CVD (2). Although available data
on TFA intake globally is rather limited, it was recently reported
that the 2017 global market volume of partially hydrogenated oils
(PHOs), which is the major source of industrially produced TFA
in food, was around 13.6 million tons (3). Wang et al. showed
that compared to an optimal TFA intake of 0.5% of energy intake
(%EI), excess TFA consumption was estimated to cause 537,200
coronary heart disease (CHD) deaths per year worldwide in 2010,
representing 7.7% of global CHD mortality (4).

This is consistent with the unique cardiometabolic imprint
of industrial TFA on both lipid and non-lipid pathways (4, 5).
Physiologically, TFAs impact the lipid profile, raising the levels of
the atherogenic low-density lipoprotein (LDL) cholesterol while
also decreasing the levels of the cardioprotective high-density
lipoprotein (HDL) cholesterol (2, 6). Randomized controlled
trials have also shown that high TFA consumption produces
adverse cardiovascular effects via pathways linked to the insulin
resistance syndrome (5). A reduction in the population’s intake
of TFA has therefore been acknowledged as one of the policy
priorities adopted by the World Health Organization (WHO)
(5). One of the core indicators of the WHO global framework
for monitoring non-communicable diseases (NCDs) by 2025, is

Abbreviations: CHD, coronary heart disease; CVD, cardiovascular diseases; DV,
daily value; EI, energy intake; EMR, Eastern Mediterranean Region; EMRO,
Regional Office for the Eastern Mediterranean; FBDG, food-based dietary
guideline; FNA, Food and nutrition authority; GBD, global burden of disease;
GCC, Gulf Cooperation Council; GINA, Global database on the implementation
of nutrition action; GSO, GCC standardization organization; HDL, high-density
lipoprotein; KAB, knowledge, attitudes and behavior; KP, Khyber Pakhtunkhwa;
KSA, Kingdom of Saudi Arabia; LDL, low-density lipoprotein; MOCI, Ministry of
commerce and industry; MOH, Ministry of health; MOHAP, Ministry of health
and prevention; MOHME, Ministry of health and medical education; MOHP,
Ministry of health and population; MOPH, Ministry of public health; NA, not
available; NCD, non-communicable disease; NFP, nutrition focal point; NGO, non-
governmental organization; PHFS, Patient helping fund society; PHOs, partially
hydrogenated oils; PMS, post marketing surveillance; PSQCA, Pakistan standard
and quality control authority; SFA, Saturated fatty acid; SFDA, Saudi food and drug
authority; TFA, Trans fatty acid; UAE, United Arab Emirates; UFA, Unsaturated
fatty acid; WHO, World Health Organization.

the “adoption of national policies that virtually eliminate partially
hydrogenated vegetable oils in the food supply and replace
[them] with polyunsaturated fatty acids” (7). The elimination of
industrially produced TFAs is in fact a relatively straightforward,
low-cost and effective policy measure that is within reach of most
countries, while carrying substantial long-term health benefits
(3, 8,9). However, most countries worldwide have yet to develop
and implement strong policy measures to limit TFA intakes,
and TFAs continue to be highly consumed around the world
(10). In May 2018, the WHO has advocated for the global
elimination of industrially produced TFA by 2023 and released
the REPLACE action framework, with the aim of decreasing
CVD-related mortality (3, 11). The REPLACE action framework
consists of a roadmap for countries to implement immediate,
complete and sustained elimination of industrial TFA from the
food supply (12).

In the Eastern Mediterranean Region (EMR), a region that
harbors a high burden of CVD, and where the consumption of
TFA is high (13, 14), the WHO Regional Office for the Eastern
Mediterranean, in collaboration with WHO Headquarters and
Resolve to Save Lives, has been providing technical assistance to
support country-level policy development and implementation.
The WHO EMR regional nutrition strategy 2020-2030, has
included specific objectives related to the virtual elimination
of industrially-produced TFA from the food supply (15), and
recommended a number of priority actions that will assist
Member States in reaching these objectives (15). However,
to date, there has been no comprehensive appraisal of the
government-initiated public health strategies that are being
adopted by countries of the region in order to eliminate TFA
from the food supply and decrease the population’s TFA intake. It
is in this context that we conducted this systematic review, with
the aim of identifying and documenting existing national TFA
reduction strategies, providing an overview of initiatives that are
implemented by countries of the EMR to reduce TFA intakes, and
tracking progress toward the goal of TFA elimination by 2023.

MATERIALS AND METHODS

The methodology and search strategy adopted in this study were
similar to the approach described by Santos et al. (16) in their
systematic review of salt reduction strategies. Accordingly, data
related to TFA reduction initiatives were obtained through a
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series of steps, allowing for maximum coverage of the EMR and
its 22 countries (17). This comprised a search of peer-reviewed
and gray literature published up to 15 April 2021, in addition
to seeking supplementary information by directly contacting
program country leaders or focal points (Figure 1).

Search Strategy

The present systematic review conforms to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement. A total of 12 electronic databases were
searched between 17 February 2021 and 15 April 2021. These
databases included: CAB Direct (18), Directory of Open Access
Journals (19), Google (20), Ovid (21), National Library of
Medicine (22), Elsevier (23), Clarivate (24), EBSCO (25), Al
Manhal (26), EBSCO (27), E-Marefa (28) and Ministry of
Higher Education and Scientific Research of Iraq (29); the
last four being databases specific to the Arab region. In
addition to using controlled vocabulary (MeSH in PubMed
and MEDLINE), a comprehensive list of search terms was
used in the title/abstract/keyword fields to cover the four
concepts (1) TFA, (2) reduction OR intake, (3) policy, and
(4) EMR countries. MEDLINE (Ovid) was searched first using
a combination of MeSH terms and keywords. The search
strategy was mapped to PubMed after making the necessary
changes. To search the remaining databases, MeSH terms were
searched as keywords in title-abstract-keyword fields whenever

applicable. Google Scholar was searched using title field only.
Appendix A shows the detailed list of search terms used in
PubMed. Moreover, an example of a database search on PubMed
is shown in Supplementary Table 1. The search excluded any
material published before 1995. Only English, Arabic and
French languages were considered. Newly published articles after
the initial search were identified by email alerts (up until 2
August 2021).

A search of the gray literature was also performed, using
OpenGrey (30), Google (31), World Healh Organization (32),
World Health Organization Regional Office for the Eastern
Mediterranean (33) and governmental websites (e.g., Ministries
of Health). The search was limited to materials published post
1995 in English, Arabic and French languages only.

EndNote X9 (Version 18.0.0.10063) was used for the export
of all identified articles after conducting the search on online
databases and gray literature. Two independent researchers (MT
and AC) screened the titles, abstracts and full text articles of
the potentially relevant articles, according to the inclusion and
exclusion criteria mentioned in the below section. The two
researchers discussed and resolved the minor discrepancies that
resulted from the two screening stages.

Inclusion and Exclusion Criteria
Articles were included in this review if they provided
information on TFA baseline assessment [intake; levels in

[ Identification of studies via databases, grey literature and additional sources ] [ Identification of studies via other methods ]
()
§
= Records identified from: . Records identified from:
3 Records removed before screening:
= Databases (n=856) puplicate records removed (n=630) Country contacts (n=17)
g Grey literature (n=32) P Websites, links and citation searching (n=25)
4
(E—— v
Records screened Records excluded
(n=258) (n=148)
g
=
g = Records excluded: e
& Records assessed for ey _exc g 2 Records assessed for
e Information not pertinent to the Syl Records excluded:
eligibility 3 i eligibility
0 research question (n=12) —42 (n=0)
(n=110) Foreign language (n=4) (n=42)
)
)
A4
T Studies included in the
g review
£ (n=136)
)
FIGURE 1 | Search and identification process of potential references from the literature.
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foods; knowledge, attitudes and behavior (KAB)], or the
development, implementation, monitoring or evaluation of
national TFA reduction initiatives at the national level. National
TFA reduction initiatives were defined as having a governmental
entity involved (12, 34, 35), in addition to one or more of the
following components: (1) a national action plan to reduce the
population TFA intake (12); (2) a program of work on TFA
replacement (e.g., banning the use of partially hydrogenated
oils; setting limits for industrial TFA in food products) (36); (3)
consumers’ education programs or awareness campaigns with
the aim of improving KAB toward TFA (12); (4) labeling schemes
specific to TFA or mandatory declaration of TFA on nutrition
labels (12, 36); (5) taxation policies targeting high-TFA foods, or
unhealthy foods defined by their high TFA content (12); and (6)
TFA reduction initiatives in specific settings (schools, hospitals,
workplaces) (12).

Articles based on randomized-control trials or case-control
studies, as well as those targeting unhealthy individuals or specific
populations (pregnant women, individuals on therapeutic diets
etc.) were excluded. Individual articles were also excluded if they
were published before 1995, or in any language besides English,
Arabic, or French.

Data Extraction

Data extraction was conducted independently by two researchers
(MT and AC), and then a third researcher (LN) reviewed
the data for accuracy. The researchers discussed the few
discrepancies until reaching consensus. For each national TFA
reduction initiative, the key characteristics were entered into
a database constructed by the researchers, and examined in
relation to baseline assessments (population TFA intake; TFA
levels in food products, KAB related to TFA), leadership and
strategic approach, implementation strategies (TFA bans or
limits; consumer education, food labeling, interventions in public
institution settings, taxation), monitoring (population intake,
levels in food products, KAB), and evaluation of program impact
(12, 34, 36, 37).

Seeking Supplementary Information

To seek supplementary information regarding national TFA
reduction initiatives, a questionnaire was developed by
the research team based on relevant literature (6, 37, 38)
(Supplementary Questionnaires). After its development, the
questionnaire was reviewed by a nutritionist and a public health
professional for content validity. The questionnaire was then
sent to country experts or program leaders in various countries
of the EMR to verify and obtain supplementary country-specific
data. Country experts or program leaders were invited to fill the
questionnaire and/or pass on the questionnaire to their contacts
to obtain additional information and deliver the needed details.
The database was then updated accordingly with the additional
obtained data.

Analysis

For each identified national TFA reduction strategy,
the core characteristics were entered into the database,
according to the developed framework that includes baseline
assessments; leadership/strategic approach; the different types

of implementation strategies; monitoring data; and evaluation
of program impact. Countries were then categorized as “having
a developed strategy” for TFA elimination/reduction, “having
a planned strategy” or “having no strategy.” Strategies were
considered to be “planned” if the TFA reduction initiatives
were still being developed or if an action plan had been
already developed but without evidence of implementation. A
quantitative evaluation of the proportion of countries reporting
on each core characteristic was performed, and expressed
as percentages.

RESULTS

Search Results

A total of 136 peer-reviewed articles, gray literature documents,
websites and references from country contacts were obtained
from the literature search; 94 were peer-reviewed articles of
potential relevance and 42 were additional sources obtained
from country contacts via the completed questionnaires, links,
webpages, and references from within the included studies
(Figure 1).

Assessment of TFA Intake

Out of the 22 countries of the EMR, thirteen (59%) did not
have any population estimate of TFA intakes (with the exception
of estimates based on Bayesian modeling and which were not
considered in this review) (10). In contrast, nine countries (41%),
including Egypt, Iran, Jordan, Lebanon, Morocco, Pakistan,
Sudan, Tunisia, and the UAE, have estimated population TFA
intakes (Supplementary Table 2). Some of the available studies
estimated TFA intakes at the national level for specific population
groups (e.g., adults) or the entire population (per capita),
while others reported the intakes within specific regions of the
countries (4, 12, 14, 39-51). Except for Jordan, where TFA intake
assessment was based on a household budget survey, all the other
countries had evaluated TFA intakes based on dietary assessment
methodologies (e.g., 24-h recalls, food frequency questionnaires,
diet history questionnaires) (Supplementary Table 2). Total diet
studies investigating dietary exposure to TFA are lacking in
the region.

The available estimates of TFA intakes from various countries
are presented in Figure 2, which focuses on national studies, and
Figure 3, which illustrates data stemming from regional studies
within countries. Based on national per capita estimates of TFA
intakes (entire population), the highest level was observed in
Egypt (6.5% EI), while the lowest was reported from Morocco
(0.34% EI) (Figure 2). As for regional studies conducted amongst
adults (Figure 3), the highest levels were observed in Lebanon
(2.3-2.4% EI), while the lowest were noted among females in
Sudan (0.1% EI) (Figure 3). Few countries have evaluated TFA
intake among children and adolescents. In Iran this was reported
at 2.2% El in girls and around 2.3% in boys (Figure 3). In Jordan,
TFA intake was estimated to range between 0.8 and 1.3 g/day
among 6-18 year old children (46), and in Lebanon, average
intake of TFA was reported at 0.16 g/day in 5-10 year old children
(47). The contributions of these estimates to energy intake were
not reported.
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Assessment of TFA Levels in Food and
TFA-Related KAB

Several countries in the EMR (9/22 countries; 41%), including
Egypt, Iran, Jordan, Kingdom of Saudi Arabia (KSA), Kuwait,
Lebanon, Morocco, Pakistan, and Tunisia, have evaluated TFA
levels in local foods and commodities (Supplementary Table 3)
(14, 39, 49, 52-94). The majority of available TFA content
data were derived based on chemical analysis of food products
(39, 49, 52-56, 58, 60-70, 72-74, 77, 79-97), while very few
studies have collected TFA content data based on food labels
and packages (55, 75, 76). Most of the available studies have

reported very high levels in fast foods (fried meats, sausages,
French fries), pastries, potato chips, biscuits, wafers, cakes,
donuts, chocolates, traditional sweets, as well as dairy products
(milk, cream, cheeses). Interestingly, available data indicate that
the levels of TFA in imported foods were higher as compared
to locally produced items. For instance, Mashai et al. (72)
showed that the levels of TFA in five imported popcorn items
ranged from 2% to over 40% as compared to 1.26% in a locally
produced popcorn. In addition, in KSA, Jradi et al. (76) have
randomly collected 1,153 foods from fourteen stores in the Saudi
market. Results showed that from the 228 products that had
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hydrogenated fat, 67.5% were imported, while 32.5% were locally
produced (76).

Iran was the only country that showed decreasing TFA
levels in vegetable oil, margarines and shortenings over
time (Supplementary Table 3). Acknowledging that different
countries/studies may have used various methods for the
chemical determination of TFA levels in foods, the WHO
has spearheaded the development of a standardized chemical
analysis protocol for TFA assessment (98). This has been already
implemented in Egypt and Jordan (94, 97), as well as Lebanon
and Morocco (data not published yet) (Supplementary Table 3).

As for baseline data on KAB, this was collected in eight
EMR countries (32%), including Iran, Iraq, Jordan, KSA, Oman,
Pakistan and the UAE. Most of the KAB surveys included
questions relating to (1) knowledge of TFA food sources and
content, familiarity with the maximum daily allowance of TFA
and the adverse health effects of high TFA intakes; and (2)
consumers’ behavior such as the use of partially hydrogenated
oils and fats when cooking, or the consumption of high TFA
food products (Supplementary Table 4) (75, 99-107). No studies
assessed the attitudes of consumers toward TFA.

Countries With National TFA Reduction

Initiatives

As shown in Table 1, national TFA reduction initiatives were
identified in 14 out of the 22 countries of the EMR (63.6%).
These countries include Bahrain, Egypt, Iran, Iraq, Jordan, KSA,
Kuwait, Morocco, Oman, Pakistan, Palestine, Qatar, Tunisia and
the UAE. GINA database has included a TFA reduction policy
for Lebanon (151). More specifically, it referred to limiting the
import, fabrication and marketing of high TFA products—2014.
However, the GINA database has also specified that this initiative
was not adopted in the country (151). Accordingly, and given
that no other TFA reduction initiatives were identified during
our systematic search, Lebanon was not considered as having
national TFA reduction initiatives in this review. Similarly, it was
reported that Afghanistan and Syria are preparing broad national
nutrition or food policies, which will include TFA reduction
(108), and that legislation/standards related to TFA limits in fats
and oils and/or the use of PHOs are being developed or updated
in Sudan (108, 109). However, no further details were found, and
accordingly Afghanistan, Sudan and Syria were not considered as
having TFA reduction initiatives in this review.

Leadership and Strategic Approach

National strategies or action plans that express a commitment to
reduce TFA in the food supply were identified in 12 countries of
the region, as shown in Table 2. The identified recommendations
and strategies were mainly led by governments, or by national
multi-sectoral national committees that include governmental
entities, as well as representatives from the food industry,
academia and NGOs. In Pakistan, the responsibility for
formulating and enacting TFA legislation has recently been
transferred from provincial authorities to the Pakistan Standards
and Quality Control Authority and a national action plan for
industrial TFA elimination is being developed (108, 109). Six
countries have specified targets for their population TFA intake

(1% of EI or less), including Bahrain, Egypt, Iran, Jordan, KSA,
and Morocco. As shown in Table 2, TFA reduction strategies in
countries of the region were part of broader strategies or action
plans targeting NCD or healthy diets and lifestyle.

Implementation Strategies

All of the 14 countries listed in Table 1 (100%) are implementing
some form of TFA limits or bans, with varying degrees
in implementation and policy scope. In addition, except for
Egypt, Iraq and Morocco, the other countries are implementing
complementary TFA reduction interventions, with the most
common being consumer education (10/14 countries; 71%),
followed by food labeling (9/14 countries; 64%) and initiatives
in specific settings (7/14 countries; 50%). Taxation was the least
common implementation strategy. In fact, except for Qatar,
where taxation of high TFA products is planned, and for Oman
where taxation on the use of hydrogenated oils, was included
as part of the National plan for the prevention and control of
chronic non-communicable diseases 2016-2025 (not adopted
yet) (143), none of the other countries have included taxation-
based initiatives. Table 1 displays the details of the initiatives
implemented in the various EMR countries.

TFA Bans or Limits

Initiatives based on TFA bans or limits included the setting of
limits for TFA levels in fats and oils, and other foods (such as
bakery products, biscuits, cakes, snacks, and fast foods), and/or
the banning or replacement of PHOs.

Iran is the first country in the region to have developed
TFA regulation, a process that was initiated in 2005, when the
standards for frying oil and mixed liquid oils were revised, setting
the maximum level of TFA at 10%, down from over 20% (120).
The 2% limit in oils and fats was later adopted, and became
effective in 2016 (4, 110). In 2015, the Gulf Cooperation Council
(GCC) Standardization Organization (GSO) has set TFA limits of
2% of total fat in vegetable oils and soft spreadable margarines,
and 5% of total fat in other foods. The implementation of
the regulation took effect in 2016 in Bahrain, while in KSA,
UAE and Kuwait, it came into force in 2017. In Qatar, the
GSO standard has been submitted to the cabinet in 2020 for
endorsement (108), and in Oman, a ministerial decree has been
issued stating that the Directorate of Standards should follow all
GSO-approved standards.

As for regulating the use of PHO, KSA has become the first
country to implement a complete ban on the use of PHO in
food products (0 g) in 2020 (108, 110, 128, 129, 132). In Oman a
Ministerial Decree to prohibit the use of PHOs is in preparation
(155, 156). Iran implements a restriction of PHO use rather than
a ban, while Iraq has removed the subsidy on PHOs, and replaced
them by other types of oil (14, 50, 113, 122). In Oman, there has
been a proposal to tax PHOs, but this has not been adopted or
implemented yet (143). Jordan banned the use of PHOs in dairy
products (50, 123, 124) and Pakistan has prohibited their use
in formula milk (146). Initiatives that included TFA limits/bans
were mandatory in 8 countries, including Bahrain, Iran, Jordan,
KSA, Kuwait, Morocco, Oman and Palestine (8/14 countries;
57%) (Table 1).
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TABLE 1 | TFA reduction implementation strategies in countries of the EMR.

c ion/Beh

Country TFA bans or limits

Change

Labeling

Work in Specific Settings

Bahrain ~ Name of initiative: A standard relating to TFA elimination. Decision of the Name of initiative: Media campaign to raise the
Ministry of Industry, Trade and Tourism No. (16) of 2016 regarding
Policy-Adopting the GSO technical regulations for food products as
national technical regulations

Year: 2016

Leadership: Led by the government (MOH-Public Health Directorate,
Ministry of Industry, Trade and Tourism) and GSO

targeting the food importers and the food industry
Year: 2017

Leadership: Led by the government (MOH and
Ministry of Industry and Trade)

awareness of community on trans fat and workshops

Approach: Social marketing (e.g., campaigns); Media

Approach and target: Mandatory: for all food, oils and snack categories  (TV and radio); Booklets; Workshops targeting food

(e.g., maximum TFA content in foods and snacks or zero TFA in foods
and snacks). The standard also specifies a maximum level of 2% in
vegetable oils and soft spreadable margarines and 5% in all other foods,
including ingredients sold to restaurants (bakery products, fast food,
restaurant frying oil, biscuits and cakes, and salty snacks) (4, 108-111)

importers and the food industry
Information provided by the NFP

Egypt Name of initiative: NA -
Year: NA
Leadership: Led by the government (MOH, with the participation of all
sectors)
Approach: A roadmap for action on industrial TFA elimination has been
drafted. Some factories are reported to have started using esterification
technology, on a voluntary basis, to eliminate the hydrogenation process
(108, 109)

Iran Name of initiative: TFA reduction in edible oils and foods
Year: 2008-2016
Leadership: Led by the National Standard Organization and High
Council of Health and Food Security
Approach and targets: Mandatory.
In 2008, the National Standard Organization mandated the revision of
standard NO.9131, so that TFAs contents of edible ails (both imported
and local) are limited to 5%
In 2014, the High Council of Health and Food Security approved to
revise the standards of TFAs to <2% (14, 41, 50, 113-115). The
permitted levels of frying oil and mixed liquid oils were reduced to <2%
by 2015 (108, 116); TFA levels in table margarine from 10 to 2%, in
spread margarine and minarine from 5 to 2%, after 2015 (117, 118). As  TFA reduction
of 2016, the 2% limit in fats and oils became effective (4, 108, 110, 119). Year: Annually since 2010
For some other products, the upper limit is 5% (e.g., shortening for Leadership: Led by the government
bakery products) (57, 108, 110, 116), while for others such as biscuits it Approach: Social marketing (e.g. campaigns), TV
should be under 2% of extracted fat from the biscuit (57) advertising and events.
Initiative: Reduction of TFA in edible oils Information provided by the NFP
Year: 2005
Leadership: Led by an executive committee composed of members
from the MOHME, Ministry of Industry, Ministry of Agriculture, Ministry of
Commerce and the National Standard Organization
Approach and targets: Ministry of Commerce was forced to gradually
replace the hydrogenated oils (the subsidized ones) by
non-hydrogenated (specifically olive oil) and liquid frying oils
(14, 50, 1138). The standards for frying oil and mixed liquid oils were
revised in 2005 to reduce the maximum level of TFA (to <10%, down
from over 20%) (120)

Irag Name of initiative: NA -
Year: NA
Leadership: NA
Approach: Subsidy on hydrogenated ghee/shortening removed and
replaced by other types of oil (14, 50, 122)
No further details

TFA and SFA in the Iranian diet
Year: NA
Leadership: Led by the government (MVOHME)

on increasing the public’s knowledge about the
were used for campaign promotion to increase

people’s awareness (105, 121)
Name of initiative: Educational campaigns for

Name of initiative: National plan for the reduction of

Approach: Public education campaign with emphasis

adverse health effects of TFA in processed food and
edible oils. Mass media, magazines and newspapers

increasing awareness on salt and sugar, total fat and

Name of initiative: GSO 2483/2015 (E)

Year: 2016

Leadership: Led by GSO

Approach: Mandatory: provides standards which mandate
the nutritional labeling of fat, including TFAs, as g/100g and
%DV (50, 111, 112), requiring declaration of TFA as part of
nutrition labels for products containing 0.5/100g or more
and regulating “trans-fat free” claims (108, 111)

Name of intiative: NA

Year: 2008

Leadership: Led by the government (MOHME) and the
National Standard Organization

Approach: Reviewing packaging standards and mandating
manufacturers and importers to affix labels to all food
products, especially edible oils (14, 113)

Name of initiative: Food labeling modification through
designing Traffic Light Symbol

Year: 2016

Leadership: Led by the Food and Drug Organization and
MOHME (government and industry led)

Approach: Mandatory: percentage of daily intake.
Information provided by the NFP

Name of initiative: Eliminating TFA from school canteens through the
adoption of a prohibited food list and by modification of food
preparation/cooking methods

Year: 2017

Leadership: Led by the government (MOH and Ministry of Education)
Approach: Procurement policy, workshops; the healthy food list for
school canteen and the required standards for preparation

Setting: Schools

Information provided by the NFP

Name of initiative: NA

Year: NA

Leadership: NA

Approach: Educational work on TFA has been done such as inclusion of
TFA related information in school books

Setting: Schools

Information provided by the NFP

12
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TABLE 1 | Continued

Country

TFA bans or limits

ior Change

Labeling

Work in Specific Settings

Jordan

KSA

Kuwait

Morocco

Name of initivative: Withdraw the Jordanian Technical Base;
Reformulation of specifications and regulations (1520/2001 and
1605/2004) to eliminate TFA in cheese products

Year: 2016

Leadership: Led by the government (MOH and JSMO)

Approach: Mandatory technical specifications and regulations were
developed to reduce TFA in processed cheese (adopted by JSMO).
Moreover, MOH, in collaboration with JSSMO, banned the use of PHOs in
dairy products (local and imported) in 2016. The decree states that only
animal fat occurring naturally in dairy products be permitted in milk and
cheese (50, 123, 124)

Name of initiative: Healthy Food Strategy

Year: 2018

Leadership: Led by the government (SFDA)

Approach and targets:

In 2017, mandatory for all food and snack categories. The maximum
limit of TFA in vegetables oils and margarine shall be 2% and the
maximum limit in other foods (such as fast foods, restaurant frying oils,
biscuits and cakes) shall be 5% of the total content of fats

(4,108, 110, 111, 128-131).

In 2018, voluntary pledge to avoid the use of PHOs in food products
with major food producers around the globe (112)

In 2020, and as part of Healthy Food Strategy, KSA banned the use of
PHOs in food products (0 g); it was voluntary until January 2020 when it
became mandatory (108, 110, 128, 129, 132)

Name of initiative: Standards relating to TFA elimination

Year: 2017

Leadership: Led by GSO and the Public FNA, the Kuwait focal point and
official representative at GSO and the Ministry of Industry and Trade
Approach and targets: Mandatory: specifies a maximum level of 2% in
vegetable oils and soft spreadable margarines and 5% in all other foods,
including ingredients sold to restaurants (4, 108, 111, 136, 137)

Name of initiative: Reduction of TFA content in food products

Year: 2020

Leadership: Led by the government

Approach and targets: Voluntary in general, however, for certain items
such as oils, fats and snacks it is mandatory. Setting the limit for TFA
content in oils and fats (such as margarines, spreads, vegetable oils,
restaurant frying oils) at 2 g/100 g of product; and at 5 g/100g of
product in all other foods (such as salty snacks, biscuits and cakes)
(11, 49). Moreover, there has been a decree proposal by the Ministry of
Agriculture, in 2021, to ban the partial hydrogenation of vegetable oils
(Planned).=

Information provided by the NFP

Name of initiative: Low salt, low sugar, low saturated
and trans fat consumption guideline for health care
providers for training of trainers (TOT) and pamphlet
for consumers

Year: 2015

Leadership: Led by the government (MOH)
Approach: Awareness and education (125)

Name of initiative: Guideline for low consumption of
salt, sugar, saturated fat and trans fat

Year: 2020

Leadership: Led by the government

Approach: Inclusion in FBDG (126)

Name of initiative: The Healthy Food Guide for the
health practitioner

Year: 2020

Leadership: Led by the government (MOH)
Approach: Designed to educate health care workers
about the different macronutrient distribution
(including TFA), their sources; provides information on
the content of a full day meal, and fosters proper
reading of the labels (133)

Name of initiative: Healthy Food Strategy

Year: 2018

Leadership: Led by the government (SFDA)
Approach: Social media awareness campaigns,
workshops and events (131)

Name of initiative: NA

Year: 2020 but stopped due to COVID-19 pandemic
(Planned to resume after Ramadan 2021)
Leadership: Led by the Community Nutrition Sector in
coordination with the Department of Nutrition
Promotion and Education

Approach: Health and Nutrition Education targeting:
Manufacturers: raising awareness among
manufacturers and suppliers of the adverse health
effects of TFAs and finding alternatives

Consumers: raising awareness through educational
campaigns for all age groups to explain the adverse
health effects of TFA; to read the nutrition label and
identify the products that should be limited/avoided
Information provided by the NFP

Name of initiative: National Strategy and Plan of Action
Against Diabetes, Hypertension, Dyslipidemia and Obesity
Year: 2015

Leadership: Led by the

government

Approach: Mandatory: labeling

of food products with TFA (not adopted yet) (4, 127)

Name of initiative: Reduction of TFA, and Healthy Food
Strategy SFDA.FD 2483/2017 (E) SFDA.FD 2233/2018 (E)
Year: 2017-2020

Leadership: Led by the government (SFDA)

Approach: Mandatory: nutrition labels should include the
amount of TFA (g/100g), and the declaration of fat/oil
names among the ingredients list (50, 111, 112, 128).
Declaration of TFA as part of nutrition labels for food
products containing 0.5 g/100g or more and regulating
“trans-fat free” claims (108, 110, 111, 128)

Name of initiative: The Nutritional Label Guide

Year: 2020

Leadership: Led by the government (SFDA)

Approach: Mandatory: the fat value indicates the total fat:
SFA in red, TFA in green, cholesterol in blue. Mandatory
indication “Make sure your food is free of trans fats” (134)
Name of initiative: GSO 2,483/2015 (E)

Year: 2016

Leadership: Led by the Public FNA, the Kuwait focal point
and official representative at GSO, Kuwaiti Ministerial
decision—Ministry of Industry and Trade

Approach: Mandatory: adoption of GSO standard and
regulation pertinent to TFA (GSO 2483); this standard
applies to the maximum amount allowed for TFA and
declaring the TFA content on the nutrition label per serving,
as g/100g and %DV—back-of-pack labeling

(50, 108, 111, 112, 137), while requiring declaration of TFA
as part of nutrition labels for products containing 0.5 g/100g
or more and regulating “trans-fat free” claims (108, 111). A
new TFA regulation will be implemented from 1 January
2021 (108, 137)

Name of initiative: Kuwait Action Plan for SFA Intake
Reduction and TFA Elimination

Year: 2012

Leadership: Led by the FNA and the MOH

Approach: Review GSO proposal

for SFA and TFA standards (138)

Name of initiative: Reduce trans fat in canteens of public hospitals and
royal medical services hospitals for inpatients and employees

Year: 2019

Leadership: Led by a multi-sectoral committee and WHO

Approach: Banning TFA in public sector hospital food, and increasing
portions of olive and sesame oil in foods

Setting: Public sector hospitals and royal medical services (108)

Name of initiative: Guidelines for the government nutritional subsistence
purchase contract

Year: 2019

Leadership: Led by the government (SFDA)

Approach: Provides UFAs (canola and corn oil instead of SFAs) and
bans the use of PHO in foods

Setting: Government subsistence nutritional purchase contract in
hospitals, universities, military or social places (not adopted) (135)
Name of initiative: Healthy Food Strategy

Year: 2015

Leadership: Led by the government (SFDA)

Approach: Education

Setting: Schools, hospitals and the workplace (131)

Name of initiative: The role of the Authority of Food and Nutrition,
Ministry of Health in the control and prevention of NCDs in Kuwait
Year: 2021

Leadership: Led by the FNA on behalf of the Kuwait MOH, in
cooperation with the PHFS

Approach: Apply the traffic light system on food items sold in
governmental hospital cafeterias and canteens (139)

Name of initiative: Nutrition-Friendly Schools Initiative

Year: NA

Leadership: Led by the government (MOH)

Approach: Raising nutrition and health awareness through continuous
education program

Setting: Schools (136, 140)

Name of initiative: Kuwait Action Plan for SFA Intake Reduction and TFA
Elimination

Year: 2012

Leadership: Led by Kuwait's Salt and Fat Intake Reduction Task Force
and the Public FNA

Approach: Banning the use of TFA in governmental institutions (MOH
hospitals, Ministry of Defense, Ministry of Interior, public authorities,
schools and universities) (not adopted) (138)
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TABLE 1 | Continued

Country TFA bans or limits ] ion/

Change

Labeling Work in Specific Settings

Oman

Pakistan

Name of initiative: Ministerial decision No. 2019/95 Omani standard for ~ Name of initiative: Healthy Nutrition Campaign
bread Year: 2021-2022

Year: 2019
Leadership: Led by the government (MOCI) Approach: Social marketing, TV advertising, and
Approach: Mandatory: bread benchmark for TFA should not exceed that events (Planned)

set by GSO (141) Information provided by the NFP

Name of initiative: A standard relating to TFA elimination Name of initiative: Summary of proposed
Year: Planned for initiation
Leadership: Led by GSO the Ministry of Commerce trans fat consumption 2016-2020
Approach and targets: Mandatory: specifies a maximum level of 2% in  Year: 2016

vegetable oils and soft spreadable margarines and 5% in all other foods, Leadership: NA

including ingredients sold to restaurants (4, 108, 111) Approach: Proposed mechanisms to spread
Name of initiative: Summary of proposed implementation mechanisms ~ awareness among consumers regarding impact of
to reduce saturated and trans fat consumption 2016-2020 TFAs on health (142)

Year: 2016

Leadership: NA

Approach: Proposed mechanisms to reduce the use of TFAs in

industries, restaurants (not adopted) (142)

Name of initiative: National plan for the prevention and control of chronic

NCDs 2016-2025

Year: 2016

Leadership: Led by the government (MOH)

Approach: Gradually shift from TFAs toward healthier types of fats to

reach a target of 100% by 2025; taxation on the use of hydrogenated

oils to reach a target of 50% by 2025 (not adopted) (143)

Name of initiative: Punjab Pure Food Regulations -

Year: 2018

Leadership: Led by Punjab Food Authority

Approach and targets: TFA content in Vanaspati, table margarine,

industrial margarine, margarine spread, spread and shortening shall not

have more than 0.5% TFA. After July 2020, there shall be complete ban

on any form of Vanaspati. For frying oils and fats, TFA should not be

more than 5% (82, 105)

Name of initiative: Punjab Pure Food Rules

Year: 2011

Leadership: Led by the government and KP Food Safety and Halal Food

Authority

Approach and targets: The content of TFAs shall not exceed 3% of total

fatty acids provided 100% milk fat is used in the formula (82, 105, 146);

the use of commercially hydrogenated oils is prohibited; plant oils and

fats intended to be used in follow-up formula should be virtually TFA-free

and the maximum allowance level of TFA shall be proportionately

decreased with increasing level of plant oils and fats in the formula (146)

Name of initiative: PS 221 (Pakistan Standard Specifications for

Vanaspati)

Year: NA

Leadership: Led by PSQCA

Approach: Regulate production and import of vanaspati ghee,

margarine, butter and a number of oil products under a list of

compulsory items

Target: TFA limit (<5%). It has also been proposed to bring TFA level at

par to the guidelines of WHO by year 2023 in this mandatory

standard (82)

Leadership: Led by the government (MVOH) and NGO

implementation mechanisms to reduce saturated and

Name of initiative: GSO
2483/2015 (E)
Year: 2016

Name of initiative: National plan for the prevention and control of chronic
NCD 2016-2025

Year: 2016

Leadership: Led by GSO Leadership: Led by MOH

Approach: Mandatory: provides standards which mandate ~ Approach: Limit the availability of high TFA items
the nutritional labeling of fat, including TFAs, as g/100g and  Setting: Schools (not adopted) (143)

%DV (50, 111, 112, 142), requiring declaration of TFA as

part of nutrition labels for products containing 0.5 g/100g or

more and regulating “trans-fat free” claims (108, 111, 142).

Voluntary: GSO standard for labeling of prepackaged food

stuffs; include the percent daily intake (144).

Name of initiative: NA

Year: 2014

Leadership: Led by the government

Approach: Require food importers to have all imported

foods certified as industrial TFA free (not adopted) (145)

Name of initiative: Punjab Pure Food Regulations and KP -
Food Regulations

Year: 2018

Leadership: Led by Punjab Food Authority and KP Food
Safety and Halal Food Authority

Approach:

TFA percentage of Vanaspati shall be mentioned on the label

All cream analogs shall mention TFA contents on the label.
The label shall also mention source of vegetable oil(s) used
in their descending order

Margarine shall be clearly defined on the label in Urdu “ye
makhan nahi hai” (“this is not butter”). This label shall be
15% of the total package area and it shall be mentioned on
both sides of the label, in two colors only. The TFA
percentage must be mentioned on the label

Dried ice cream mix/dried frozen dessert/confectionary
should also declare % TFA per serving (82, 105)
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Country TFA bans or limits Ci ion/B ior Change Labeling Work in Specific Settings

Palestine  Name of initiative: Amendment of the mandatory technical instructions ~ Name of initiative: National Nutrition Policy, Strategies — -
2011-2032 by adding vitamins, minerals and other specific substances and Action Plan 2017-2022

to food Leadership: Led by the government (MOH)

Year: 2021 Year: 2017-2022

Leadership: Led by the government (MOH and Ministry of National Approach: Conducting awareness campaigns
Economy) regarding the importance of reducing TFA intake (148)

Approach and targets: Mandatory: a maximum of 2g TFA/100g in
prepared foods (147)

Qatar Name of initiative: Initiative to reduce fat, sugar and salt consumption in  Name of initiative: Initiative to reduce fat, sugar and Name of initiative: GSO Name of initiative: Food & Beverage Guidelines; School Canteen
Qatar salt consumption in Qatar 2483/2015 (E) Guidelines; Educational sessions in schools and workplaces
Year: 2019 Year: 2019 Year: 2016 Year: Ongoing
Leadership: Led by the government (MOPH) Leadership: Led by the government (MOPH) Leadership: Led by GSO Leadership: Led by the government (MOPH)
Approach: Voluntary: targets for TFA levels in foods and snacks Approach: Social marketing (e.g. campaigns), TV Approach: Mandatory: provides standards which mandate ~ Approach: Education, procurement policy (planned), voluntary
(Planned). advertising, events, TV and radio interviews, inclusion  the nutritional labeling of fat, including TFAs, as g/100g and  guidelines. School Canteen Guidelines are mandatory in governmental
Information provided by the NFP in FBDG %DV (50, 111, 112), requiring declaration of TFA as part of ~ schools
Name of initiative: A standard relating to TFA elimination Information provided by the NFP nutrition labels for products containing 0.5 g/100g or more  Setting: Schools, hospitals, workplace
Year: 2020 (submitted for endorsement) and regulating “trans-fat free” claims (108, 111) Information provided by the NFP

Leadership: Led by government (MOPH and Ministry of Municipality and
Environment) and GSO

Approach and targets: Voluntary: specifies a maximum level of 2% in
vegetable oils and soft spreadable margarines and 5% in all other foods,
including ingredients sold to restaurants (4, 108, 111). In 2020 the GSO
standard 2,483 had been submitted to the cabinet for

endorsement (108)

Tunisia Name of initiative: NA Name of initiative: Strategy for the Prevention and - -
Year: 2015 Fight against Obesity
Leadership: Led by the food industry (one manufacturer) Year: 2012
Approach: The manufacturer launched a margarine product without Leadership: Led by the government (MOH)
TFAs after adapting new food processing technology (14, 50) Approach: Reducing TFA intake and helping
Tunisia is advocating for the implementation of legislation to ban the consumers make healthier choices that provide less
production/importation of industrial TFA (130) TFA (149)

UAE Name of initiative: National Action Plan in Nutrition Name of initiative: National Action Plan in Nutrition Name of initiative: GSO 2483/2015 (E) -
Year: 2017 Year: 2017 Year: 2016
Leadership: Led by GSO; MOHP of the UAE Leadership: Led by the government MOHP Leadership: Led by GSO
Approach and targets: Reformulate food products; Replace TFAs with  Approach: Public awareness campaigns on the Approach: Mandatory: provides standards which mandate
UFAs; Reduction of TFA to maximum 2 g of the total fat in vegetable oils, harmful effects of the consumption of TFA (150) the nutritional labeling of fat, including TFAs, as g/100g and
and soft spreadable margarine, and TFA content for other foods to <6% %DV (50, 111, 112), requiring declaration of TFA as part of
of the total fat content including ingredients sold to restaurants (GCC nutrition labels for products containing 0.5 g/100g or more
legislation on TFA approved). MOHAP Task Force on Reduction of TFA and regulating “trans-fat free” claims (108, 111)

in the UAE established) (4, 108, 111, 150)

DV, daily value; EMR, Eastern Mediterranean Region; FBDG, food-based dietary guideline; FNA, Food and Nutrition Authority; GCC, Gulf Cooperation Council: GSO, GCC Standardization Organization; JSSMO, Jordanian Standards and
Metrology Organization; KR, Khyber Pakhtunkhwa; KSA, Kingdom of Saudi Arabia; MOCI, Ministry of Commerce and Industry; MOH, Ministry of Health; MOHAR, Ministry of Health and Prevention; MOHME, Ministry of Health and Medical
Education; MOHR, Ministry of Health and Population; MOPH, Ministry of Public Health; NA, not available; NCD, non-communicable disease; NFF, nutrition focal point; NGO, non-governmental organization; PHFS, Patient Helping Fund
Society; PHO, partially hydrogenated oil; PSQCA, Pakistan Standard and Quality Control Authority; SFA, saturated fatty acid; SFDA, Saudi Food and Drug Authority; TFA, trans fatty acid; UAE, United Arab Emirates; UFA, unsaturated
fatty acid; WHO, World Health Organization.
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TABLE 2 | National TFA reduction strategies or action plans identified in the EMR countries.

Country National strategy and/or action plan

Bahrain Reduce intake of TFA to 1% of EI-2015 (Government and food industries) (Action Plan on Reducing the Use of Saturated and Trans Fats in the GCC
Countries; Part of Policy for Ensuring the Quality and Sustainability of Health Services 2019-2022)— Information provided by the NFP

Egypt Replace TFA (<1% of El) with UFA—2017 (Not adopted yet) (MOHP) (National Multi-sectoral Action Plan for Prevention and Control of
Non-communicable Diseases 2017-2021) (152)

Iran Reduce intake of TFA to a maximum of 1% of El (MOHME) (National Action Plan for Prevention and Control of Non-communicable Diseases and the
Related Risk Factors in the Islamic Republic of Iran 2015-2025, Nutrition and Food Security Policy Statement—MOHME, Part of National Nutrition and
Food Security Policy Statement 2015-2025) (41, 63)

Jordan Reduce intake of TFA to <1% of El (Government-Multi-sectoral National Committee for Combating Obesity) (Part of National Program for Combating
Obesity by Low Fat, Low Sugar, Low Salt)— Information provided by the NFP
Reduce intake of TFA to <1% of EI-2015 (Government) (National Strategy and Plan of Action Against Diabetes, Hypertension, Dyslipidemia, and
Obesity) (127)

KSA Reduce intake of TFA to <1% of EI-2015 (SFDA) (Healthy Food Strategy) (43, 131, 134)
Reduce intake of TFA from canned foods to <1% of EI-2015 (MOH) (National Strategy for Healthy Food and Physical Activity 2015-2025) (153)

Kuwait Lift subsidy on full fat dairy produce, cooking oils and on full fat cheese—2012 (Kuwait’s Salt and Fat Intake Reduction Task Force) (Kuwait Action Plan
for SFA Intake Reduction and TFA Elimination) (138)

Morocco Replace TFA in food products with UFA—2015 (MOH) (Non-Communicable Disease Prevention: Multi-sectoral Plan of Action for the Promotion of a
Healthy Lifestyle 2015-2020) (154)
Reduce intake of TFA to 1% of EI-2019 (Planned) (MOH) (Plan to Reduce the Use of Trans Fatty Acids in Processed Products; Part of the Nutrition
Program) (49)

Oman Ban production, importation and marketing of any food containing partially hydrogenated oil (Planned) (Government) (Part of National Nutrition Strategy
2020-20830, National Plan for Prevention of NCD 2016-2025) (155, 156)

Palestine Avoid the consumption of hydrogenated oils—2019 (MOH) (National Health Strategy 2021-2023) (157)

Qatar Targets for TFA levels in foods and snacks and taxation on high TFA products—2019 (Planned) (MOPH) (Initiative to Reduce Fat, Sugar and Salt
Consumption in Qatar; Part of Qatar Public Health Strategy 2017-2022)— Information provided by the NFP

Tunisia Replace TFA with UFA and eliminate the intake of TFA—2018 (Not adopted yet) (MOH) (National Multi-sectoral Strategy for the Prevention and Control of
Non-Communicable Diseases) (158)

UAE Replace TFA in food products with UFA—2017 (MOHP) (National Action Plan in Nutrition) (150)

El, energy intake; EMR, Eastern Mediterranean Region; GCC, Gulf Cooperation Council; KSA, Kingdom of Saudi Arabia; MOH, Ministry of Health; MOHME, Ministry of Health and
Medical Education; MOHR, Ministry of Health and Population; MOPH, Ministry of Public Health; NCD, non-communicable disease; NFF, nutrition focal point; SFA, saturated fatty acids;
SFDA, Saudi Food and Drug Authority; TFA, trans fatty acids; UAE, United Arab Emirates; UFA, unsaturated fatty acids.

Consumer Education

Ten out of the 14 countries (71%) have implemented consumer
education campaigns. These countries include Bahrain, Iran,
Jordan, KSA, Kuwait, Oman, Palestine, Qatar, Tunisia, and
the UAE (Table 1). While most awareness and educational
campaigns were led solely by governmental entities, NGOs
were collaborators in both Bahrain and Oman. Half of the
countries had their consumer education initiatives specific to
TFA (Bahrain, Kuwait, Palestine, Tunisia, and the UAE). The
other half had broader campaigns in relation to saturated fats,
salt, sugar and healthy lifestyle (Iran, Jordan, KSA, Oman,
and Qatar).

Food Labeling

Nine countries (64%), including Bahrain, Iran, Jordan, KSA,
Kuwait, Oman, Pakistan, Qatar and the UAE, were found to
have labeling initiatives specific to TFA. These initiatives were
mandatory in Bahrain, Iran, KSA, Kuwait, Oman, Qatar and
the UAE (7/9 countries; 78%), with the mandatory traffic light
labeling scheme being implemented in Iran. In Jordan, and
as part of the “National Strategy and Plan of Action Against
Diabetes, Hypertension, Dyslipidemia and Obesity,” labeling
of food products with TFA was set to be mandatory as of

2015, however this initiative has not been adopted yet (4, 127)
(Table 1).

Interventions in Specific Settings

Seven countries (50%) are implementing TFA reduction
initiatives in specific settings. These include Bahrain, Iran,
Jordan, KSA, Kuwait, Oman and Qatar. Bahrain is targeting
school canteens through the use of a prohibited food list and
by introducing modifications to food preparation methods. Iran
is implementing TFA educational interventions in schools and
workplaces, while in Jordan, TFA reduction interventions are
being implemented in public hospitals and royal medical services
(108). Under the Nutrition-Friendly Schools Initiative, Kuwaiti
schools are being targeted to raise nutrition and health awareness,
with a focus on TFA intake reduction (136, 140). In Qatar, the
adoption of the School Canteen Guidelines is mandatory in
governmental schools, while the implementation of educational
sessions in workplaces remain voluntary.

Other initiatives that have been implemented and shared with
various governmental entities in KSA (hospitals, universities,
military, or public places) include the replacement of PHOs
and saturated fatty acids with unsaturated fatty acids (UFA)
in offered foods (135). Similarly, the elimination of TFA in
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foods offered in governmental institutions in Kuwait has been
proposed, although not adopted yet (138). In Oman, and as
part of the National Plan for the Prevention and Control of
Chronic Non-communicable Diseases 2016-2025, limiting high
TFA items in schools is planned, but has not been implemented
yet (143) (Table 1). Interventions or policy actions targeting the
food service sector (such as restaurants and coffee-shops) were
not identified in any country of the region.

Monitoring and Evaluation

Monitoring activities are being conducted in Iran and several
GCC countries including Bahrain, KSA, Kuwait, and Qatar. In
Iran, post marketing surveillance is conducted by the Food and
Drug Organization on an annual basis. Accordingly, samples of
edible oils and fats (frying oil, consumer edible vegetable oil,
Margarine, minarine, and shortening), are analyzed to determine
TFA levels (40). The Iran Standard Organization also monitors
the TFA content in bakery products, biscuits and confectionary
products. Ghazavi et al. collected samples of traditional sweets
with nutritional labeling, and compared the TFA information
on the label with actual TFA levels based on chemical analysis.
Results showed that there was 81.8% discrepancy between the
analytical levels and those listed on the label (65).

In Bahrain, monitoring activities focus on the monitoring of
TFA content in samples of bakery products, and fats and oils
via direct chemical analyses. Moreover, the listing and proper
labeling of TFA on prepackaged products (both locally produced
and imported) is being monitored in Bahrain. In KSA, the SFDA,
in collaboration with the Ministry of Municipal and Rural Affairs,
is responsible for monitoring and inspection activities, targeting
food products that are locally produced or imported. Laboratory
analyses are conducted in the SFDA laboratories. In 2020, SFDA
launched a campaign to ensure that manufacturers and importers
of food products comply with the Saudi Technical Regulation
SFDA.FD 2483 “Trans fats (fatty acids).” The inspection focused
on local and imported food products such as margarine, donuts,
cakes, biscuits, pies, frozen pastries, cheese, chocolates, ice
cream, and other items. The total number of samples that
were chemically analyzed was of 2,697 (129, 159), and the
percentage of violation was estimated at 20% (200 local products
and 332 imported products). An older campaign conducted in
2018 to monitor compliance to TFAs limit in food products,
showed that 94% of the 400 samples that were tested were
compliant with the standards (110). In 2016-2017, Jradi et al. (76)
conducted a study to assess compliance with SFDA nutritional
facts requirements: only 38% met the SFDA requirements for
nutritional information (energy, protein, carbohydrate, sugar,
total fat, saturated fat, TFA, and sodium). Among the missing
nutrients, TFA was the most frequently omitted (54.5%) from the
nutritional facts.

In Kuwait, the National Technical Food Committee has
developed a plan to monitor the implementation of the TFA
standards (136). In collaboration with the food laboratory—
Ministry of Health (MOH)- measures have been put in place
to monitor, inspect and evaluate the compliance of the food
industry by chemically analyzing TFA content in randomly
selected samples of potentially high TFA food sources. In

this context, a capacity-building program has been conducted
by the Department of Standards and Inspection to enhance
the inspectors’ capabilities, and assure compliance of the
food industry with the various GSO standards and technical
regulations (Trans Fatty Acids GSO 2483/2015; Requirements
of nutritional labeling. GSO 2233/2012; Nutritional and Health
Claims Requirements. GSO 2333/2013). In addition, the TFA
content declared on the nutrition facts is monitored to evaluate
compliance with the technical regulation for TFA.

In Qatar, the Health Promotion and NCD Section of the
Public Health Department at the Ministry of Public Health plays
a role in the development of the School Canteen Guidelines,
led by the Ministry of Education and Higher Education. The
Health Promotion and NCD section of the Public Health
Department at the MOPH has also developed and implemented
the Food & Beverage Guidelines in Cafeterias and Vending
Machines in all healthcare settings and workplaces that are
part of the Workplace Wellness Program. An annual evaluation
tool is administered to all hospitals and workplaces that are
implementing the guidelines.

Impact Assessment

Very few countries have assessed the impact of TFA reduction
initiatives on the population’s intake levels. In addition, the
majority of countries have only one estimate of TFA intake,
and therefore the investigation of trend in TFA intake is not
possible. The two exceptions are Iran and UAE. In Iran, the
intake of TFA for the entire population (per capita) was estimated
at 4.2% EI in 2001-2003, i.e., prior to policy implementation
(39). This intake had decreased to 0.7% in 2018 as reported
by Amerzadeh and Takian (41), post policy implementation. In
the UAE, a study conducted amongst female university students
had estimated TFA intake at 1.7% in 2014 (14) before the
implementation of TFA reduction initiatives. Intake level has
decreased to 1% in 2017-2018 in the same population group, post
policy implementation (51).

Data on the impact of TFA reduction initiatives on the levels of
TFA in food products is also scarce. Available evidence suggests
that the legislations that were implemented in Iran resulted in
a significant reduction in the level of TFAs content in edible
oil. In fact, initiatives aimed at reducing the level of TFA in
edible oils were launched in 2005, when the standards for frying
oil and mixed liquid oils were revised to reduce the maximum
level of TFA (to <10%, down from over 20%) (120), and when
the Ministry of Commerce started the gradual replacement of
hydrogenated oils by non-hydrogenated (specifically olive oil)
and liquid frying oils (14, 50, 113). Peymani et al. assessed
the impact of this policy on the levels of TFA in edible oils.
Samples were collected randomly over a 6-year period, from
2002 to 2008, from different national edible oil manufacturers.
Tests were conducted by the national referral laboratory in
<city>Tehran</city>, Iran. Results showed that the TFA
composition (%) of edible oil represented 27-29% in 2002-2003,
31.2% in 2004-2005, decreasing to 13.7% in 2007 and 5.6% in
2008 (121). Another study was conducted in 2014 by the Post
Marketing Surveillance (PMS) in Iran: It targeted households in
six provinces of Iran, whereby information on the types of fats
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and oils used for cooking as well as the purchase pattern and their
amounts were obtained using questionnaires. In addition, the
fatty acid profiles of consumed fats and oils were determined (40).
The analysis of TFA in different kinds of oils (frying oil, consumer
edible vegetable oil, margarine, minarine, and shortening) was
performed. Results showed that the TFA content of edible oils
has been reduced to <5% TFAs (40).

DISCUSSION

This systematic review is the first to focus on TFA reduction
initiatives in the EMR, a region that is currently witnessing
an increasing burden of cardiovascular morbidity and mortality
(13). It showed that out of the 22 countries of the EMR, nine
have assessed TFA intake in the population (41%), nine (41%)
have evaluated TFA levels in food items, and fourteen (63.6%)
have implemented national TFA reduction initiatives. The most
common TFA reduction initiatives were based on TFA limits
or bans in an effort to decrease/eliminate TFAs from the food
supply, while the least common was taxation.

Based on available national studies conducted in countries
of the region, the population’s TFA intake levels were found to
range between 0.34% EI in Morocco and 6.5% EI in Egypt (4, 49),
while subnational studies reported estimates ranging between
0.1% EI in Sudan and 2.3-2.4% EI in Lebanon (14, 48). Available
data highlight very high intake levels in Egypt (6.5% EI) (4) and
Pakistan (5.7% EI) (4). These estimates are 5-6 fold higher than
the upper limit of 1% EI specified by the WHO (160, 161) and the
American Heart Association (162), and significantly higher that
the optimal level defined by the Global Burden of Disease (GBD)
collaborators, in their evaluation of dietary risk factors (0.5% EI,
with an optimal range of 0-1% EI) (163). Based on the 2019 GBD
data, the Institute for Health Metrics and Evaluation (IHME)
has assessed the burden of CHD attributable to high TFA intake
(>0.5% EI) in each country worldwide (4, 12). Accordingly, the
top ten countries included three from the EMR: Egypt was ranked
at the top of the list as the country with the highest burden of
CHD due to high TFA intake in the world (8.4% of CHD deaths),
Iran ranked as the third (6.96% of CHD deaths) and Pakistan as
the ninth (4.94% of CHD deaths) (12).

Countries that had very low estimates of TFA intake included
Morocco (0.34% EI) (49), Jordan (0.5-0.6% EI) (14) and Sudan
(0.1% EI) (14). It is important to mention that dietary estimates of
TFA intake should be interpreted with caution. These are in fact
limited by the available food composition databases that either
have a large number of missing data for TFA levels in foods,
or are not culture-specific (164). Without country- or region-
specific data, TFA elimination would often not be recognized as
a priority for time and resource investment (12). Acknowledging
this challenge, the WHO has published a standardized protocol
for TFA analysis (98) that can be adapted for measuring TFA
levels in national food supplies in different settings (12), and the
WHO EMRO has supported the launch of TFA analysis projects
in several Member States. This endeavor has been already
completed in Egypt, Lebanon, Morocco (data not published
yet), and Jordan (94). Such data should help in enhancing the

robustness and accuracy of future TFA dietary assessment in
countries of the region.

Very few studies have reported on TFA intake amongst
children and adolescents in the EMR, although evidence suggests
that this age group may have the highest TFA intake level given
their tendency to consume “fashionable” processed foods as well
as fast foods (165). In Iran, TFA intake amongst 6-18 year old
children and adolescents was reported at 2.2-2.3% EI in 2019
(43). This estimate highlights that TFA intake remains high in
this age group, even after the implementation of TFA reduction
initiatives which have been launched as of 2005 (4, 14, 41, 50, 57,
105,108,110, 113-121). More attention should be devoted to this
age group, and their food consumption patterns, since high TFA
intakes in this period of the lifecycle may increase the risk for
early onset CVD and related comorbidities (165).

The number of countries adopting TFA limits or bans to
reduce TFA levels in the food supply is estimated at 14 (63.6%),
with significant disparities between countries in policy scope
and coverage. The main disparities were noted in whether the
limits/bans were mandatory or not (8 mandatory vs. 6 voluntary),
and the number and types of foods targeted by the standards. Iran
is the first country to have adopted TFA limits and regulations
in the region, while KSA is the first to have implemented a
best-practice policy according to the WHO (12). A best-practice
policy is defined as “Legislative or regulatory measures that limit
industrially produced TFA in foods in all setting. The two best-
practice policies for TFA elimination are: Mandatory national
limit of 2 g of industrially produced TFA per 100 g of total fat
in all foods; and Mandatory national ban on the production or
use of PHO as an ingredient in all foods.” Countries of the GCC
have all adopted or are on the way of implementing the GSO
standards for TFA which set TFA limits at 2% of total fat in
vegetable oils and soft spreadable margarines, and 5% of total fat
in other foods (12). More work needs to be done in the other
EMR countries that do not have any TFA replacement strategy. In
fact, policy interventions to eliminate industrial TFAs from food
have been proposed as the most effective public health approach
for reducing TFA intake and reducing the burden of NCDs
(166). Based on several modeling studies, a recent systematic
review showed that policies that set TFA limits are likely to be
cost-saving in addition to having the greatest impact on lower
socioeconomic groups (9). These are vital considerations for
policymakers in countries of the region in terms of deciding
whether or not to adopt a TFA reduction policy (9). Downs
et al. argued that TFA bans make sense from both an economic
standpoint as well as an ethical perspective, given that they could
contribute to reducing social inequities (9). It is however also
acknowledged that the adoption of a TFA removal policy will
also require substantial political commitment and a high level of
public pressure for change, which may not be readily available or
achievable in many countries of the region (6).

Besides TFA limits or bans, complementary TFA reduction
approaches have been implemented in several countries of the
region. This is a positive finding given that multicomponent
interventions, including a legislative ban on high TFA products,
may increase the impact and effectiveness of TFA reduction
strategies (6). Consumer education was the most common
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complementary approach in countries of the EMR, with the
aim of raising awareness about TFA, its main dietary sources
and its adverse health effects. For instance, the reduction of
TFA intake has been included in country-specific food-based
dietary guidelines in Jordan and Qatar. Such guidelines and
their communication to the public has been recognized as a
practical and effective approach in improving the consumer’s
dietary knowledge and attitudes (167, 168). While none of the
countries had assessed consumers’ attitude toward TFA, the few
available studies that have assessed consumers’ knowledge had in
fact shown that consumers have poor or little knowledge related
to the sources of TFA (101) and the potential health effects of
excessive TFA consumption (102). From the few available studies
on practices, one study conducted in KSA, has shown that the
vast majority of adolescents and adults are not interested in
checking TFA-related information on the food label (75). While,
few studies have shown that a large percentage of consumers
(31.5-45%) continue to use high TFA sources (e.g., hydrogenated
vegetable oils) in Iran and Pakistan (99, 105, 106), other studies
reported much smaller estimates (0-7.3%) in Iran, Iraq, KSA
and the UAE (100, 103, 104, 107). It is recommended that
countries of the region consult findings stemming from the
available knowledge and practice investigations when developing
or further tailoring their consumer education initiatives in
order to address culture-specific gaps in knowledge and identify
barriers against TFA reduction. Acknowledging that labeling
can be an important element of national strategies aimed at
improving the population’s diets and reducing TFA intake (6),
a promising finding of this review is the fact that TFA-specific
labeling initiatives are being implemented or planned in 9
countries of the region. Of these, front of pack labeling, which
is recognized as being easily understood by the consumer (169),
is being implemented in Iran. The fact that taxation was the least
implemented/adopted in the region is in line with reports from
other parts of the world (6).

This review showed that a number of countries have included
a legislative component within their TFA reduction strategies,
instead of implementing solely voluntary initiatives. Previous
studies have shown that mandatory or legislative approaches tend
to be more effective, producing more significant reductions in
TFA intake levels within the population, compared to voluntary
approaches (6). A recent systematic review has concluded
that, although all policy approaches may lead to reductions
in TFA levels in foods and subsequent intakes, stronger
policies (i.e., mandatory TFA limits or bans) will have more
pronounced effects than voluntary food reformulation or labeling
approaches (6).

The implementation of clear monitoring activities is essential
to demonstrate program effectiveness, and to incite greater
impact on TFA reduction (12). In the EMR, five countries
only (Iran, Bahrain, KSA, Kuwait, and Qatar) have established
mechanisms for the monitoring of TFA content in edible oils,
fats, bakery and snack products, using laboratory analyses. The
lack of laboratory capacity to perform TFA measurements in
foods, especially in lower-resourced countries, may in fact be
a barrier to monitoring and enforcement (12). Some countries
in the region have mandatory labeling (TFA declaration on

nutrient facts panels and/ or PHO on the ingredients list),
which should ensure compliance with regulations. However, even
when labeling requirements are already in place, it is crucial
for countries to be able to confirm, through laboratory testing,
that the food industry is complying with the information on the
labels. For those countries that do not have mandatory labeling
requirements, these have to rely solely on laboratory testing
of TFA levels to monitor compliance. More work needs to be
done to support countries, particularly in low resource settings,
in conducting TFA laboratory analyses. An additional measure
that can be explored is the identification of laboratories in the
region that have demonstrated capacities for analyzing TFAs in
foods and which can support laboratory testing in neighboring
countries (12).

Data on the impact of TFA reduction initiatives is scarce in the
region. Except for Iran and the UAE, where there is evidence of a
decrease in the population’s TFA intake after the implementation
of TFA reduction strategies (14, 39, 41, 51), none of the other
countries have conducted impact evaluation. The impact on TFA
levels in foods is also sparsely described, with only Iran having
provided such evidence (41, 116, 170). The scarcity of data may
be partially due to the fact that many reduction initiatives in
the region are relatively recent and there has been insufficient
time to assess impact. There is a need for well-designed impact
evaluations in countries of the region. The WHO analytical
protocol for TFA analysis (98) provides a valuable tool for such
undertakings, allowing for the implementation of standardized
methodologies in the analysis of TFA in foods and hence the
documentation of change in TFA levels over time. Standardized
comparable dietary approaches to measuring TFA intake in the
population are also needed. Although dietary approaches carry
their own inherent limitations in TFA intake assessment (164),
if the adopted method of assessment is consistent, it can still
be a useful measure of change over time (171, 172). Since
the regular measurement of changes in population TFA intake
and in TFA levels in foods may be complex and costly, the
incorporation of process evaluations that examine the strategy
implementation and its progress, collects process indicators, and
identifies existing barriers and facilitators of implementation is
also vital in providing real-time information and identifying
specific areas for improvement (173).

This review has a number of strengths and limitations.
This is the first systematic review of existing TFA reduction
initiatives in countries of the EMR, their implementation and
progress over time. In addition to the systematic search of
databases and gray literature, additional input was sought from
focal points or program leaders in the various countries that
were identified as having existing TFA reduction initiatives,
to verify and obtain supplementary country-specific data.
Although not all country contacts were identified and there were
some non-respondents, the triangulation of data from multiple
sources allowed us to document the existing initiatives and
implementation of strategies, and present the information in a
relatively standardized manner. Through this, it is unlikely that
any major TFA reduction initiatives were omitted, although this
possibility cannot be totally disregarded. While one of the major
strengths of the review is the fact that it included a comprehensive
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search of the gray literature, comprising governmental reports,
presentations or questionnaires completed by country program
leaders, a potential limitation associated with this approach is the
fact that the methodological rigor within some of the reports is
not ascertained. More specifically, the robustness of the studies,
their methodology and the quality of the data used for the
assessment of TFA intake and TFA levels in foods were not
assessed and hence should be interpreted with caution. It is also
important to note that studies that have reported on TFA intake
were scarce and that dietary estimation of TFA intake levels is by
itself limited by the scarcity of up-to date, culture-specific food
composition databases.

CONCLUSION

Despite the ongoing TFA reduction initiatives in several countries
of the region, this study showed that intake estimates from
several countries of the EMR remain high, exceeding the WHO
upper limit of 1%. This review has also shown that 14 countries
(63.6%) have adopted TFA limits or bans to reduce TFA levels
in the food supply, albeit with significant disparities between
countries in policy scope and coverage. It is recommended that
all countries of the region align with the global best practice
policies by implementing a ban on PHO and setting mandatory
national limit of 2g of industrially produced TFA per 100g
of total fat in all foods (12). Further action is needed to
make sure that countries strengthen their regulatory capacities
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APPENDIX

TABLE A1 | List of search terms.

Trans fats “trans fat*” OR TFA OR trans fatty acids OR “partially hydrogenated oil*” OR “partially hydrogenated fat*” OR “partially hydrogenated vegetable oil*”
AND

Reduction reduce* OR reduction* OR reducing OR decreas* OR limit OR limits OR limitation* OR limiting OR restrict* OR reformulat* OR low*
OR

Intake consumption OR consuming OR consume OR consumes OR intake* OR food* OR nutrition OR diet*
AND

Strategy/policy  standard* OR polic* OR initiative® OR tax* OR program* OR regulation* OR strateg* OR guideline* OR practice* OR legislat* OR action* OR plan OR
plans OR intervention* OR law* OR campaign* OR marketing OR advertise* OR label* OR incentive* OR ban* OR recommendation*

AND

EMR Afghan* OR Bahrain* OR Iran* OR Persia* OR Irag* OR Jordan* OR Kuwait* OR Lebanon* OR Lebanese OR Libya* OR Oman* OR Palestin* OR Gaza*
OR “West Bank” OR Qatar* OR Saud* OR KSA OR Syria* OR Tunis* OR “United Arab Emirate*” OR UAE OR Djibouti* OR Egypt* OR Morocc* OR
Pakistan* OR Somal* OR Sudan* OR Yemen* OR Levant* OR “East* Mediterranean” OR Gulf OR GCC OR Arab OR Arabia OR Arabs OR EMR OR
“Middle East*” OR MENA OR “North* Africa*” OR “East* Africa*” OR “Near East*” OR “Abu Dhabi” OR Dubai OR Ajman OR Fujaira* OR Sharja* OR
*Khaima* OR *Qaiwain OR *Quwain

EMR, Eastern Mediterranean Region; GCC, Gulf Cooperation Council; KSA, Kingdom of Saudi Arabia; MENA, Middle East and North Africa; TFA, trans fatty acid; UAE, United Arab
Emirates.
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In most Western countries, children and adolescents do not eat the recommended
amount of fruits and vegetables (FVs). Theoretical frameworks on social psychology
of eating, such as the Reason Action Approach, Social Cognitive Theory, and Theory
of Normal Conduct have been applied to understand how psychosocial variables can
explain FV intake. However, considering those predictors is still rare on the understanding
of FV intake among adolescents (particularly in Brazil) despite its importance within
eating behavior. Therefore, this study explored important psychosocial determinants
of weekly frequency of FV intake among Brazilian adolescents in a model testing
socioeconomic status (SES) and body mass index (BMI). A cross-sectional design was
performed with 429 students (58% female), mean age 14.45 (SD 1.86). Key variables
of theoretical framework on social psychology of food were investigated by structural
equation modeling. The model included self-efficacy, attitudes, and social norms (with
its subcomponents descriptive and injunctive) as psychosocial predictors of weekly
frequency of FV intake along with SES and BMI. An instrument developed for Brazilian
Portuguese was used to collect psychosocial variables as well as to verify FV reported
intake. The total model explained 45.5% of weekly frequency of FV intake, and self-
efficacy was the only significant psychosocial determinant (A = 0.51, p = 0.001). SES
also showed an important effect on the model (A = 0.21, p = 0.001), while for BMI
no significance was observed. In conclusion, the model was adequate to understand
psychosocial determinants of weekly frequency of FV intake for Brazilian adolescents,
with self-efficacy and SES as the major determinants of this eating behavior.

Keywords: eating behavior, adolescent, health diet, motivation, socioeconomic status, self-efficacy, social norms

INTRODUCTION

In most Western countries, children and adolescents eat far less fruit and vegetables (FV) than
recommended (1). Among adolescents and young adults, 45% of individuals eat FV <5 times
a week (2). Particularly in Brazil, 80% of adolescents eat inadequate amounts of this food
group, and 30% do not eat any FV (3). Additionally, 90% of Brazilians ingest FV below the
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recommendations established by the Ministry of Health
(400g/day) (4), a common situation since adolescence and which
has become a public health concern in the country (5).

Many aspects can explain the lack of FV intake by adolescents,
as eating behavior has multiple determinants. Among them,
psychosocial determinants can have an important impact on
FV, as they contribute to food preferences, the perception of
what is healthy and to meaning and knowledge of food (6).
Thus, knowing the relevance of key psychosocial determinants
for adolescents in different contexts, and identifying the
magnitude and which of these determinants have the greatest
effect on FV intake are required. This knowledge can support
initiatives for more assertive clinical practices, interventions, and
recommendations aiming improvement of this class of eating
behavior. Additionally, it is rare to find studies that evaluate
sociodemographic variables (7, 8) and body mass index (BMI) (9)
as moderators of psychosocial determinants of FV intake, even
though consideration of these interactions is important (10, 11).

For those reasons, in a cross-sectional design, we aimed to
(1) evaluate the relevance of psychosocial determinants, SES,
and BMI as predictors of FV intake for Brazilian adolescents.
Second, we aimed to (2) evaluate the magnitude of each
determinant to FV intake, checking which one or ones are the
most significant predictors.

Theoretical Framework

When assessed, psychosocial determinants that potentially
explain FV intake are evaluated within theoretical frameworks
from social psychology (10, 12-15). Adults are the most studied
group in the context of psychosocial determinants of FV intake
through these frameworks, and few studies with adolescents
are found (10). In Brazil, there is also a lack of studies
investigating psychosocial determinants of FV intake among
adolescents (16-21).

Social Cognitive Theory (22), the Normative Conduct Theory
(23), the Reasoned Action Approach (24, 25), and strands, such
as the Theory of Planned Behavior (26-29), are examples of
frameworks that include psychosocial variables, such as self-
efficacy, attitudes, and social norms (descriptive and injunctive)
in models.

Self-efficacy, also called perceived behavioral control (30),
includes individual’s beliefs about abilities to overcome obstacles
in the attempt to accomplish a behavior (22, 31). Attitudes refer
to the beliefs arising from favorable or unfavorable evaluations
that one makes about a goal, behavior, or another individual
(32, 33). Social norms are a set of beliefs that emerge from
environmental “cues” coming from a social group considered
relevant to the person. Once perceived as social pressure, social
norms lead to the adjustment of the individual to a social
group considered relevant (34, 35). Descriptive social norms
are characterized when individuals observe what the relevant
social group around them does or thinks, while injunctive social
norms refer to a perceived obligation imposed by the relevant
group (36).

These factors are assessed together in various ways in studies
that aimed to investigate psychosocial determinants for FV intake
in adults and young adults (10, 13, 15, 37-40). For adolescents,

() G (@

FIGURE 1 | Proposed prediction model with hypotheses for weekly frequency
of Fruit and Vegetable Intake regarding social psychological determinants,
Socioeconomic Status (SES), and Body Mass index (BMI). H1-H6, Hypothesis
1-6; Sl, Self-efficacy; Att, Attitudes; DsN, Descriptive social norms; InN,
Injunctive social norms.

these determinants were evaluated in three studies: one of them
through focus groups (41) and two by non-validated instruments
(11, 42). A meta-analysis (25) shows that social norms are rarely
considered in their descriptive and injunctive subcomponents
in health behavior scenarios. To our knowledge, there are three
studies considering the subcomponents (11, 37, 43), two of which
refer to FV intake (11, 37). Of these, only one study evaluated
adolescents (11) and none of them used a validated instrument.
In Brazil, we found only one study that evaluated psychosocial
determinants of eating behavior according to social psychology
theories, but with focus on fish intake and no exclusive
evaluation among adolescents considering SES and BMI as
moderators (44).

Because of that, we tested the hypotheses that weekly
frequency of FV intake among adolescents is explained
by self-efficacy (Hypothesis 1); attitudes (Hypothesis 2);
descriptive social norms (Hypothesis 3); injunctive social norms;
(Hypothesis 4); socioeconomic status (Hypothesis 5); and body
mass index (Hypothesis 6). The model of our hypotheses is
illustrated in Figure 1.

MATERIALS AND METHODS

Participants

A cross-sectional study was conducted with a sample of
adolescents of both sexes recruited from six middle and high
schools in three cities in the state of Sdo Paulo, Southeast
Brazil. Eligible participants were between 10 and 19 years old,
without intellectual disabilities as identified by teachers. Both the
participants and their caregivers signed the informed consent
form. A non-probability-type sample was used. Sample size was
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defined based on Forero et al. (45) who recommend 200 to 500
cases to studies using Factor Analyses with ordinal indicators.

Measures

Sex, age, level of education of adolescent and respective caregiver,
and skin color were self-reported. SES was evaluated by the
number of items present in the individual’s daily life, based on
a questionnaire from the Brazilian Association of Business and
Research (46). The items were bathroom, computer, microwave
oven, refrigerator, freezer, washing machine, dishwasher, dryer,
and monthly cleaning assistant (responses from “none” to “2 or
more items”).

Self-reported weight and height were considered equivalent to
the measurement versions (46). BMI was calculated by dividing
each participant’s weight in kg by height in square meters (m).

The refined instrument Psychosocial Influences for fruit
and vegetable Eating Scale (PSI-FAVES)-submitted manuscript—
evaluated the frequency of weekly FV intake reported and its
psychosocial determinants for adolescents. The instrument is
composed of 28 items distributed in five factors: (1) Weekly
frequency of FV intake (three items) with responses from 1
(never) to 8 (7 times a week); (2) Self-efficacy (eight items)
ranging from 1 (not sure) to 5 (completely sure); (3) Attitudes
(nine items) ranging from 1 (strongly disagree) to 5 (strongly
agree); (4) Descriptive social norms (four items) ranging from
0 (don’t know) to 5 (strongly agree); and 5. Injunctive social
norms (four items) ranging from 1 (do not know) to 5 (strongly
agree). The complete instrument can be found in Table 2 of
Supplementary Material.

The predictive model proposed (Figurel) considered
as dependent variable the frequency of weekly FV intake.
Independent variables were self-efficacy, attitudes, descriptive
social norms, injunctive social norms, SES, and BML

Procedures

The participants answered an online survey in their schools
directly from computer rooms in each site. The computer rooms
were prepared in advance with a link to access the set of
survey instruments. The link was generated by the REDCap
data management system (47), which stored the instruments and
collected data securely simultaneously and online.

Data Analysis

The analyses were conducted using R (48) and JASP (49).
Descriptive statistics were performed to characterize the sample.
The predictive mean matching (PMM) technique was used
for problems with missing data (50). Missing data frequencies
below 5% were considered irrelevant (51). The significance
level adopted for all analyses was p < 0.05. The distribution
of items in each factor and the SES and BMI variables were
tested for multivariate normality through skewness and kurtosis.
Data normality was verified with values between —2 and 2 for
skewness, and between —7 and 7 for kurtosis (52). Descriptive
statistics were calculated by means and standard deviation
for continuous variables, and frequency and percentages for
categorical variables.

FV Intake Prediction Model

Descriptive statistics (means and standard deviation) of PSI-
FAVES are presented in Table2. All multivariate analyses
were performed by diagonally weighted least squares (DWLS)
estimation (53). First, the adjustment of PSI-FAVES to the sample
was presented through a measurement model by confirmatory
factor analysis (CFA), while a structural equation model (SEM)
was used to verify the psychosocial variables, SES, and BMI as
predictors of weekly frequency of FV. For both CFA and SEM,
results indicate acceptable model fit when values of Comparative
Fit Index (CFI) and Tucker-Lewis Index (TLI) are > 0.9; Root
Mean Square Error of Approximation (RMSEA) for a 90%
Confidence Interval (CI) is < 0.08 and Standardized Root Mean
Residual (SRMR) is < 0.08 (52-54).

For the measurement model from PSI-FAVES, convergent
validity was calculated using the average extracted variance
(AVE). Factors with values of AVE >0.5 indicated adequate
convergent validity (55). The reliability per items and factors, and
the total reliability of PSY-FAVES were calculated by McDonald’s
omega coefficient (w). With a range between zero and one,
the higher the values of w, the higher the reliability indicator
(56). Factors that had AVE values <0.5 but reliability >0.6
were still considered adequate for convergent validity (57).
Discriminant validity was calculated by hetero-trait mono-trait
(HTMT) analysis. Values of HTMT <0.9 indicated adequate
discriminant validity (58).

The R-squared (R?) coefficient of determination was used to
measure the explained variance of the full model. Once these
quality criteria were met, it was possible to test our hypotheses.
To this end, the factor loadings () of the determinants were
considered as effect sizes and they were compared to each other
to verify which had the greatest relative weights in determining
the weekly frequency of FV intake (53). From zero to one, values
of X > 0.4 were considered acceptable. From that, the higher the
value of X, the more significant was the determinant (52).

RESULTS

Participants and Characteristics

The sample consisted of 429 participants (58% women), with
mean age of 14.5 (SD 1.88) (women = 14.4, SD 2.13; men =
14.5, SD 1.82). The mean BMI (Kg/m?) was 21.37 (SD 3.97). The
mean of socioeconomic items used to estimate socioeconomic
status was 8 items (SD 0.23). The participants self-identified
as white (52.2%), brown (36.5%), black (8%), yellow (2.6%),
and indigenous (0.7%). The sample characteristics are described
in Table 1.

All parameters showed normal distribution considering
the properties of skewness and kurtosis (Table 1 of
Supplementary Material). PSY-FAVES showed adequate
adjustment to the sample [CFI = 0.96; TLI = 0.95; RMSEA (90%
CI) = 0.043 (0.038-0.049); SRMR = 0.066]. Convergent validity
was observed for FV (AVE = 0.78; w = 0.52), self-efficacy
(AVE = 0.57; ® = 0.83), attitudes (AVE = 0.54; o = 0.82),
and injunctive norms (AVE = 0.45; o = 0.64). Convergent
validity concerns were observed for descriptive norms (AVE
= 0.3; ® = 0.52). As for discriminant validity, all values were
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TABLE 1 | Sample characteristics.

N (%) Mean (SD) Range
Sex*
Female 249 (58.0%)
Male 180 (42.0%)
Age (in years) 14.45 (1.86) 10.91-19.33
BMI (kg/m?) 21.48 (4.14) 13.21-38.89
SES? 0.79(0.29) 0.00-2.00
Adolescents’ caregiver*
Mother/father 395 (92.07%)
Grandmother/grandfather 25 (5.82%)
Partner 1(0.23%)
Uncle/aunt 4 (0.93%)
Him/Herself 3 (0.69%)
Another person 1(0.23%)

Caregiver’s level of education**

Incomplete elementary 25 (5.82%)

School

Elementary School or Grade 36 (8.40%)
School

Middle School 104 (24.29%)
High School 113 (26.34%)
University education 120 (27.97%)

Postgraduate 31 (7.23%)
Ethnicity*

White 222 (51.74%)
Mixed race 157 (36.59%)
Black 36 (8.39%)
Japanese 11 (2.56%)
Indigenous 3 (0.69%)

a0btained by the average number of socioeconomic items (bathroom, computer,
microwave, oven, refrigerator, freezer, washing machine, dishwasher, clothes dryer,
housekeeper, car, motorcycle, and DVD). "Missing values lower than 1%. ~Missing values
lower than 3%.

adequate for all factors (HTMT = 0.06-0.65) (Tables 3, 4 of
Supplementary Material). All factor loadings () of items of
the instrument were adequate (A = 0.42-0.96). The descriptive
statistics, fit indices, reliability, factor loadings, and convergent
validity of PSY-FAVES are presented in Table 2.

FV Intake Prediction Model Using SEM

The SEM showed adequate fit of the model to the data, with CFI
= 0.94, TLI = 0.93, RSMEA = 0.047 (90% CI = 0.045-0.053),
and SRMR = 0.068. The full model had an explanatory power of
45.5% (R? = 0.455) (Table 3).

Self-efficacy was the only significant determinant of weekly
frequency of FV intake corroborating prior hypothesis 1.
Hypotheses 2, 3, and 4 were not confirmed in our sample and the
less significant psychosocial determinant was attitudes. SES was a
significant determinant for the model (confirming hypothesis 5),
and no effect of BMI was found (rejecting hypothesis 6).

By analyzing the items that determined each factor (Table 3),
weekly frequency of FV intake, self-efficacy (SIf), descriptive

social norms (DsN), injunctions (InN), and attitudes (Att), we
found that the most significant determinants of FV intake were
Fr2: “How many times do you eat fruits in your lunch?” and Fr3:
“how many times do you eat vegetables in your intervals (“e.g.,
sandwich with thin carrots. lettuce or tomatoes for a morning
or afternoon snack).” The most significant determinants of self-
efficacy (SIf) were Sefl5: “I feel able to eat fruit and vegetable
when my friends are around” and Self2: “I feel able to eat more
fruit and vegetables when I get home from school or work.”
Despite being not significant as a determinant of FV intake,
attitudes had as most relevant predictors Atl: “If I eat fruits
and vegetables, I'll like myself better” and At: “If I eat more
fruits and vegetables. I will also influence my friends to eat
more.” Descriptive social norms (DsN) had as main determinants
DsN3: “My friends eats fruits and vegetables,” DsN2: “My father
eats fruits and vegetables,” and DsN1: “My mother eats fruits
and vegetables.” Injunctive social norms (InN), which showed
a negative non-significant relationship with FV intake, had as
most expressive predictors InN3: “My friends think I should
eat more fruits and vegetables” and InN4: “People I follow
on social networks (Facebook, Instagram, Periscope, Snapchat,
Blogs) argue that healthy habits like eating fruits and vegetables
are important things and that’s why I think I should think and
do the same.” The complete predictive model is shown in the
diagram presented in Figure 2.

DISCUSSION

This study explored key psychosocial determinants (self-efficacy,
attitudes, descriptive social norms, and injunctive social norms),
along with potential moderators SES and BMI, to understand the
weekly frequency of FV intake among Brazilian adolescents. A
prediction model to test the relationship of these variables was
elaborated. The model showed adequate predictive capacity and
indicated that among psychosocial determinants, self-efficacy
was the only one that significantly determined FV intake.
Additionally, SES showed a significant effect on the model, while
BMI showed no effect on the model.

Theoretical Implications of FV Intake

Prediction Model

There is limited evaluation of the psychosocial determinants of
FV intake among adolescents (11, 42), and to our knowledge,
there is none in Brazil. Most of the studies were conducted
among adults [e.g., (10, 15, 39)], and previous findings with this
group have indicated that the explained variance by psychosocial
determinants for FV intake in multivariate models range from 11
to 68% (0.11 < R* < 0.68) [e.g., (10, 39, 54)]. For adolescents,
a study that evaluated these determinants using a multivariate
model found that the explained variance of the model was 45%
(R*=0.45) (38). The explained variance in the model of our study
was very similar to that: 45.5% (R*> = 0.455).

We had an issue with the convergent validity for descriptive
social norms. This may indicate that descriptive social norms
were not equally consistent for our sample. Thus, there may
be divergence regarding which reference group (father, mother,
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TABLE 2 | Descriptive statistics, McDonald’s omega coefficient (for the whole instrument, items and their factors), factor loadings (1), and average variance extracted

(AVE) of the Psychosocial Influences for fruit and vegetable Eating Scale (PSY-FAVES)?.

Factor and determinants Mean (SD) McDonald’s Iy SE p-value AVEY
omega (»)
o total
(PSY-FAVES) = 0.86

FVbc
Fr1: “How many times do you eat fruits in your breakfast” 1.29 (1.65) 0.32 0.79 0.08 e 0.78
Fr2: “How many times do you eat fruits in your lunch” 1.32 (1.70) 0.47 0.91 0.09 e
Fr3: *how many times do you eat vegetables in your intervals 1.76 (1.93) 0.45 0.96 0.09 e
(“e.g., sandwich with thin carrots. lettuce or tomatoes for a
morning or afternoon snack)”

o (factor): 0.52
Self-efficacy (Slf)
Self1: “I feel able to eat more fruit and vegetables everyday” 3.65(1.18) 0.80 0.74 0.03 o 0.57
Self2: “I feel able to eat more fruit and vegetables when | get home 3.41(1.17) 0.81 0.77 0.03 o
from school or work”
Self3: “ feel able to eat more fruit and vegetables while watching 3.17 (1.27) 0.81 0.79 0.03 e
v
Self4: “I feel able to eat more fruit and vegetable while using 2.88(1.32) 0.82 0.70 0.03 e
computer or cellphone”
Self5: “I feel able to eat fruit and vegetable when my friends are 2.88 (1.25) 0.88 0.88 0.03 o
around”
Self6: “ feel able to eat fruit and vegetable when I'm bored” 2.38(1.22) 0.81 0.70 0.03 e
Self7: “ feel able to eat fruit and vegetable when I'm in a bad 2.38 (1.19) 0.81 0.73 0.08 e
mood”
Self8: “| feel able to eat fruit and vegetables when I’'m busy” 2.70 (1.26) 0.82 0.72 0.08 e

w (factor): 0.83
Attitudes (Att)
At1: “If | eat fruits and vegetables Ill like myself better” 3.22 (1.31) 0.79 0.90 0.04 e 0.54
At2: “If | eat fruit and vegetables I'll lose weight” 3.66 (1.21) 0.82 0.46 0.03
At3: “If | eat fruits and vegetables I'll look better (e.g., my skin. hair 4.09 (1.08) 0.81 0.52 0.08 e
and nails will look better)”
At4: “If | eat fruits and vegetables I'll look better (e.g., my skin. hair 3.62 (1.24) 0.79 0.79 0.03 e
and nails will look better) and I'll be more confident with myself
when my friends are around”
At5: “If | eat fruits and vegetables | will look better (e.g., my skKin. 3.03 (1.41) 0.80 0.76 0.04 i
hair and nails will look better) and | would like to show this
improvement by posting texts and/or photos on social media
(Facebook®. Instagram®. Periscope®. Snapchat®. Blogs. Etc.)
At6: “If | eat more fruits and vegetables my family will also eat 3.26 (1.28) 0.80 0.75 0.03 e
more”
At7: “If | eat more fruits and vegetables my family will be proud of 3.66 (1.23) 0.80 0.75 0.08 e
me”
At8: “If | eat more fruits and vegetables. | will also influence my 3.04 (1.30) 0.80 0.86 0.04 e
friends to eat more”
At9: “If | eat more fruits and vegetables. | will be an example of 3.61(1.25) 0.81 0.70 0.03 e
health to my friends”

o (factor): 0.82
Descriptive norms (DsN)
Descriptive: “My mother eats fruits and vegetables” 4.28 (0.96) 0.44 0.42 0.04 e 0.30
Descriptive2: “My father eats fruits and vegetables” 3.86 (1.28) 0.48 0.58 0.05 e
Descriptive3: “My friends eat fruits and vegetables” 2.96 (1.12) 0.50 0.61 0.05 e
Descriptive4: “People | follow on social media (Facebook. 2.63 (1.37) 0.58 0.55 0.05 e
Instagram. Periscope. Snapchat. Blogs) post photos eating fruits
and vegetables because they seem to care about their health”

w (factor): 0.562

(Continued)
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TABLE 2 | Continued

Factor and determinants Mean (SD) McDonald’s £ SE p-value AVE?
omega (»)

Injunctive norms (InN)

Injunctivel: “My mother thinks | should eat more fruits and 4.24 (1.06) 0.53 0.45 0.08 o 0.45

vegetables”

Injunctive2: “My father thinks | should eat more fruits and 3.95 (1.26) 0.54 0.58 0.04 e

vegetables”

Injunctive3: “My friends think | should eat more fruits and 2.59 (1.27) 0.86 0.86 0.05 e

vegetables”

Injunctive4: “People | follow on social networks (Facebook. 3.27 (1.34) 0.76 0.76 0.05 i

Instagram. Periscope. Snapchat. Blogs) argue that healthy habits
like eating fruits and vegetables are important things and that’s
why I think | should think and do the same”

o (factor): 0.64

4Based on Confirmatory Factor Analysis (CFA) for a measurement model. Fit indices: Comparative Fit Index (CFl) = 0.96; Tucker-Lewis Index (TLI) = 0.95; Root Mean Square Error of
Approximation (RMSEA) = 0.043 (90% Confidence Interval = 0.038-0.049); Standardized Root Mean Square Residual (SRMR) = 0.066.
bThe weekly frequency was measure by the item: “Thinking in an ordinary week” following by the frequency options for each situation.

SMissing values lower than 3%.

9Calculated by the sum squares of factors loadings from CFA divided by the number of indicators of each factor.

"p < 0.001.

friends, or social media) is most relevant to the adolescents.
Similar reliability issues were found by Pedersen et al. (11).
Although the authors did not present convergent validity
analyses, low reliability for descriptive social norms for the
Danish adolescents was also found. They suggest that despite this
norm being not equally coherent, it is still reasonable to assume
that it exists (11).

Practical Implications of FV Intake
Prediction Model

In our study, among the relevant contexts for our sample, the
weekly frequency of FV intake came from fruits eaten during
main lunch meals (i.e., “How many times do you eat fruits in your
lunch”), breakfast (i.e., “How many times do you eat fruits in your
breakfast”); and vegetables in the intervals [i.e., “How many times
do you eat vegetable in your intervals” (e.g., sandwich with thin
carrots, lettuce or tomatoes for a morning or afternoon snack)].
One possible explanation why the frequency of fruit during lunch
was the strongest predictor of FV intake is that the sample was
from public schools that provide fruits as part of school lunch
menu. No other data of this nature were found for adolescents
and in Brazil. Leal et al. investigated the pattern of FV intake of
adolescents (59), but there was no focus on which of the meals
these foods were most frequently eaten.

Regarding psychosocial determinants, with few exceptions
(14, 39, 57), self-efficacy is shown to be the most relevant
determinant of intentions to eat FV by adults [e.g., (10, 15, 58)],
which is not always the case when self-efficacy is assessed as
a direct determinant of FV intake (12, 15, 60). Of the two
studies that quantitatively assessed psychosocial determinants for
adolescents’ FV intake (11, 42), one found a higher correlation
between daily intake and self-efficacy (r = 0.373, p < 0.001) (42),

while the other found greater relevance of self-efficacy directly on
FV intake in a multivariate analysis (A = 0.39, p < 0.001) (11).

In our study, the most relevant predictor of self-efficacy
was Self5: “I feel able to eat fruit and vegetable when my
friends are around.” Thus, our data agree with theories of
social behavior, which describes that the influence of parents
on adolescents gradually decreases throughout this phase, and
that the influence of friends predominates (61). Notably, even
though the psychosocial determinants descriptive and injunctive
social norms and attitudes were not significant for adolescents’
FV intake, we found that the reference group friends was
always present among the most significant predictors of each
factor. However, in our sample, friends were more relevant as
encouragers of adolescents’ sense of their abilities to eat FV
(i.e., self-efficacy).

Self2: “I feel able to eat more fruit and vegetables when I get
home from school or work” and Self3: “I feel able to eat more fruit
and vegetables while watching TV” were the next most relevant
predictors for self-efficacy. In fact, adolescent’s home may be a
place where they may express fewer barriers to eat fruit, as parents
and caregivers become the reference in the absence of friends. In
addition, fruits may be more readily available at home, which may
provide adolescents greater insight into their ability to eat them.
Previous data with American adolescents verify significant effects
of self-efficacy evaluated by one question (i.e., “I feel confident in
my ability to eat fruits and vegetables every day”) and perceived
availability of FV over fruit and vegetables intake. Regarding
self-efficacy to eat fruits and vegetables while watching TV, our
data indicated an inverse relationship between TV-watching time
and FV intake (62, 63). The television show content watched by
adolescents should be assessed, as different contents can elicit
different patterns of food intake (64).

Our study also showed a significant effect of SES on the weekly
frequency of FV intake among adolescents, which highlights the
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TABLE 3 | Goodness-of-fit, explained variance, and factor loadings for the prediction model to weekly frequency of fruit and vegetable (FV) intake?.

CFl = 0.94, TLI = 0.93, RMSEA = 0.047 (90% CI = 0.042-0.052), SRMR = 0.068

R? (whole model) = 0.455

Factor Determinant iy SE p-value
FVv — Fr1 0.47 0.00 -2
FV — Fr2 0.52 0.13 e
FV — Fr3 0.51 0.14 e
Self-efficacy — Self1 0.63 0.00 -4
Self-efficacy — Self2 0.66 0.06 e
Self-efficacy — Self3 0.62 0.07 e
Self-efficacy — Self4 0.54 0.06 e
Self-efficacy — Self5 0.70 0.07 o
Self-efficacy — Selfé 0.57 0.060 .
Self-efficacy — Self7 0.62 0.06 .
Self-efficacy — Self8 0.57 0.06 o
Atittudes — At 0.68 0.00 e
Atittudes — At2 0.38 0.04 e
Atittudes — At3 0.48 0.04 e
Atittudes — Atd 0.64 0.05 e
Atittudes — At5 0.54 0.05 e
Atittudes — At6 0.59 0.05 e
Atittudes — At7 0.60 0.05
Atittudes — At8 0.67 0.06
Atittudes — At9 0.56 0.05 e
DescritiveNorms — DsN1 0.44 0.00 -2
DescritiveNorms — DsN2 0.45 0.14 e
DescritiveNorms — DsN3 0.65 0.14 e
DescritiveNorms — DsN4 0.40 0.15 e
InjuntiveNorms — INN1 0.42 0.00 A
InjuntiveNorms — InN2 0.46 0.13 e
InjuntiveNorms — INN3 0.67 017 e
InjuntiveNorms — InN4 0.56 0.16 o
FV <« Self-efficacy (Slf) 0.51 0.12 o
Y “« Atittudes (Att) 0.17 0.13 0.24
Fv <« DescritiveNorms (DsN) 0.27 0.38 0.18
Fv «— InjuntiveNorms (InN) —0.39 0.42 0.10
Fv “« BMI —0.01 0.01 0.91
Fv <« SES 0.21 0.20 e

4Based on Structural Equation Modeling (SEM) for a structural model. CFl, Comparative Fit Index; TLI, Tucker-Lewis Index; RMSEA, Root Mean Square Error of Approximation [90%
Confidence Interval (Cl)]: SRMR, Standardized Root Mean Square Residual; BMI, Body Mass Index; SES, Socioeconomic Status; ***p < 0.001. @Dashed lines represent non-standardized

estimates that were constraint to one as reference to the scale.

importance of routinely testing such variables in studies looking
at determinants of FV intake, including those investigating
psychosocial determinants. It is not common in studies of
this nature to assess variables pertaining to context such as
life experience or sociodemographic variables (10), but it is
known that socioeconomic variables play a crucial role in food
preferences and may present themselves as barriers to the
adoption of a healthy eating behavior (65) or to be positively
associated with FV intake by adolescents and children (5). The
absence of this evaluation in other surveys does not allow us to
understand if the finding is particular to a country with more

serious socioeconomic issues, like Brazil, or if it is also valid
for more developed countries, which can also be explored in
future studies.

The lack of relevance of BMI for the weekly frequency of
FV intake in our findings may be justified by the fact that a
single analysis of weekly frequency FV intake is very specific
data. Additionally, it is known that changes in weight and
nutritional status result from a complex interaction of factors
(such as genetic, metabolic, and behavioral) and a great impact
of environmental factors on the prevalence of obesity (66),
which makes it unreasonable to justify BMI only by the weekly
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FIGURE 2 | Prediction model for weekly frequency of Fruit and Vegetable Intake regarding psychosocial determinants, SES, and BMI. R-Square (R2), Variance
explained by the model; CFl, Comparative Fit Index; TLI, Tucker-Lewis Index; RMSEA, Root Mean Square Error of Approximation [90% confidence interval (CI)];
SRMR, Standardized root mean square residuals; BMI, Body Mass Index; SES, Socioeconomic Status. Numbers in bold: factor loadings. Dashed lines represent
non-standardized estimates that were constraint to one as reference to the scale.

frequency of FV intake. This fact also highlights the need discuss ~ and identify which of these variables show more significance
obesity not only because of individual choices (67, 68). for adolescents in different contexts. Interventions aimed at

Some limitations in this study need to be highlighted. First, = promoting healthy eating encounter many barriers (5, 69)
all the data were cross-sectional, and although our objective  starting with communication strategies that routinely focus only
was not to propose a definitive predictive model according  on the benefit of consuming FV and do not generate improved
to psychosocial variables, caution is needed in interpretation  intake when compared to alternative strategies (70-72). Thus,
of the results. Additionally, the participants provide a self-  better understanding of factors related to FV intake for different
report on weekly frequency of FV intake, which does not  groups can bring more effective actions, such as reinforcing
represent necessarily the actual intake. Another aspect is that  skills and reducing barriers for FV intake (as suggested by self-
the participants knew that the researcher was a dietitian, which  efficacy as a relevant element in our sample). That situation was
may have influenced the results. The use of scales may also bring  already verified in an experiment that evoked self-efficacy beliefs
limitations because of the restricted possibility of responses or  to encourage switching from energy-dense foods to fruits and
natural biases from self-report measures. Social acceptance may  vegetables among adolescents (73). Considering the reference
underlie these biases. Finally, regarding the evaluation of SES, the ~ group “friends” in the communication approach with adolescents
option to evaluate this aspect through a scale ranging only from  is also an important strategy to encourage FV intake because this
“0 to 2 items or more” may have modified the magnitude of the  social group was the most relevant in the evaluation of the various
effect of this variable on the weekly frequency of FV intake. psychosocial determinants investigated.

Despite the limitations, as far as we know, this study is Future research should focus more on experimental models
the first to explore psychosocial determinant FV intake among  to test the effects of each one of the psychosocial determinants
adolescents using a validated instrument that investigates the  of FV intake among adolescents in more controlled settings.
descriptive and injunctive subcomponents of social norms in a ~ They may also include other variables of interest, such as
model with two intervening variables: SES and BMI. Thus, our ~ body image, media influence, and the comparison of diverse
findings open the opportunity for more studies to investigate  sociocultural contexts.
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CONCLUSION

This research found that among the key psychosocial
determinants of FV intake among adolescents, self-efficacy
was the only significant one for our sample. Our findings
suggest that psychosocial variables and socioeconomic variables
should be in the routine of adolescents’ eating behavior
evaluation. Finally, this research calls for more studies to
assess different kinds of adolescents from different regions
and backgrounds to increase data that will support more
accurate interventions aimed at increasing weekly frequency of
FV intake. Through this knowledge-based communication of
psychosocial determinants, emphasizing those determinants that
already influence adolescents (e.g., self-efficacy) and increasing
the relevance of those that are not significantly influential to
the group (e.g., descriptive social norms or attitudes) can be
fundamental tools to increase FV intake.
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Guidelines: Development Process,
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and Policy Implications
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The fourth edition of the Italian Dietary Guidelines (IDGs) for Healthy Eating was published
in 2019. The objective of this paper is to describe the developmental process of IDGs, the
main recommendations, the differences with previous revisions, and the concordance
and differences with international guidance on a healthy diet. A National Commission
oversaw IDG development. A Scientific Dossier (SD), including analysis on nutrition,
health, and risk factors status in Italy, was the reference for IDGs preparation. The
IDGs are based on the principles of the Mediterranean Diet and are mainly aimed to
prevent obesity and nutrition-related non-communicable diseases. The IDGs included 13
directives that were divided into four conceptual blocks: i) how to balance weight; i) foods
to be promoted; iii) foods to be limited; and iv) how to ensure a varied and sustainable
diet. Each directive has a box summarizing the key recommendation, myths lists, and
false beliefs to be dispelled. The topics of sustainability and the correct approach to food
supplementation and weight-loss diet were introduced in the present edition of IDGs. This
paper contributes to the debate on the complexity of derivation of Dietary Guidelines and
their adaptation to the national context.

Keywords: dietary guidelines, nutritional recommendations, food policy, consumer behavior, household food
safety, sustainability, Italy

INTRODUCTION

The Research Center for Food and Nutrition of CREA (Council for Agricultural Research and
Economics) in 2019 released the fourth edition of the Italian Dietary Guidelines for Healthy Eating-
Revision 2018 (1). In Figure 1, the history of the Italian Dietary Guidelines (IDGs) is shown. The
first exercise of the development of food-based nutritional recommendations in Italy was carried
outin 1979 as a joint effort of the former National Institute of Nutrition and the Ministry of Health.
This document defined the portion size to be guaranteed to a population that is still suffering
from nutritional deficiencies (2). Proper dietary guidelines were first published in Italy in 1986 (3),
followed by a second edition in 1997 (4), and the third one in 2003 (5). The IDGs have undergone
these important revisions in terms of content, length, presentation style, and language, while
maintaining relevancy and representing current scientific evidence regarding nutrition and health.
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In TItaly, the development, periodic revision, and
implementation of the IDGs are an institutional task (defined
by Law n.258/63; Law n.70/75; Legislative Decree 454/99)
of CREA Research Center for Food and Nutrition (formerly
National Institute of Nutrition). It is a consensus document
accepted and endorsed by the scientific community and civil
society stakeholders. As stated by DeSalvo et al. (6), the Dietary
Guidelines are an important part of a complex and multifaceted
solution to promote health and prevent diet-related chronic
diseases, including cardiovascular disease, type 2 diabetes, some
cancers, and obesity. Consequently, the IDGs are a public health
document based on the health and nutrition epidemiological
situation in Italy that proposes prevention strategies for the
main critical diet-related public health problems. The IDGs
were conceived to improve the nutritional quality of the
diet, by modulating the quantities of food to be consumed
and promoting lifestyle changes. As new topics of the last
revision of IDGs, the improvement of the sustainability and
environmental impact of the diet, and a specific chapter
on food supplementation and correct approach to dieting
was introduced.

The objective of this paper is to describe the developmental
process of IDGs Revision 2018, the main recommendations,
the novelties, the differences with previous revisions, and the
concordance and differences with international guidance on a
healthy diet as articulated by International Organizations, such
as WHO and Food and Agriculture Organization (FAO) (7).
This paper contributes to the research discussion related to
the IDGS’ evolving pathway and explains how the international
recommendations were adapted to the Italian context. The
research questions underlying this work are: i) to what extent
is it possible to translate evidence from nutrient-based, food-
based, and dietary patterns research in dietary guidelines? ii) to

what extent is it possible to propose behavioral changes towards
the desired recommendations, considering that the acceptance
of new inputs in the diet require time? and iii) is it possible to
evaluate the impact of dietary guidelines and what methodology
could be proposed?

THE IDGs’ DEVELOPMENT PROCESS AND
POLICY ACTIONS IMPLICATIONS

The steps of preparation of IDGs (Figure 2) started in 2013
with the appointment of the Commission of Revision of IDGs,
a National Task Force, having the assignment to elaborate the
Scientific Dossier (SD) (8). The IDGs Commission of Revision
composition is reported in the Supplementary Material. The
nature of the commission, which included competencies in food
and nutrition sciences from Academia and National Research
Institutions, representatives of Scientific Societies (medical,
nutrition, physical activity, obesity, and nutritional disorders),
psychologists, consumers associations, representatives from
Ministries of Health, Ministry of Environment, and Ministry
of Education, is a guarantee of the consensual nature of IDGs.
The work was coordinated by the Editorial Coordination Board
that was responsible for SD evidence adaptation/translation in
the IDGs for amending the document, and for preparing and
editing the IDGs final version. An official endorsement from FAO
and WHO was provided and was included as a preface of the
final IDGs document. In 2017, the first version of the IDGs was
released by the Editorial Coordination Board and revised by the
IDGs Commission of Revision. The amended final versions of the
documents [SD (8), IDGs (1)] were officially launched in 2019.
The SD (8) analyzed and evaluated the health and nutrition
situation in Italy, the prioritization and determining strategies for
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alleviating public health problems, and the national goals to be
reached through the IDGs. In addition to that, a description of
Italian food consumption patterns and eating habits was carried
out. In the SD, the key points to be included in the IDGs were
identified as a general framework for the preparation of the
policy document. The methodology used for SD was functional
to the objectives of IDGs and was shaped accordingly. The
study of the bibliography was focused on peer-reviewed papers,
and complemented by the technical reports of scientific and
governmental bodies that were included in the review based
on the Authors’” decision. The Commission of Revision decided

that the so-called “grey literature,” i.e., papers under potential
conflicts of interest or works published in reports or journals
not subject to the external review procedure or private sector
reports, was consulted and cited if the conclusions were also
substantiated by the official literature. The literature review of
the 13 chapters of the SD corresponding to the 13 directives of
the IDGs was carried out using a set of keywords specifically
reported for the different topics in a dedicated paragraph in each
chapter of the SD (8). This work was based on consultation
of the literature databases of the authors, combined with the
search for published works using Medline, ScienceDirect, and
Ingenta. The main inclusion criteria for bibliography selection
were temporal with the consideration of papers published in
the period 2000-2018. The older bibliographies were reported
only in case of very consensual and generally accepted results.
The focus of the literature review was on human studies rather
than animal studies, metanalysis, and systematic reviews, to
provide a robust statement as much as possible. The articles
on animal and cellular models and case studies have been
critically reviewed for the scope of the work and cited only
if relevant. Approximately 5,000 references are cited in the
whole SD (8). The construction of IDGs was based on the
overall SD literature analysis, allowing a holistic approach to
food and nutrition that included epidemiological and biomedical
aspects together with sociocultural habits, behavioral attitude,
and sustainability aspects.

The Health and the Nutritional Situation in

ltaly

Italy, according to official OECD statistics (9), is ranked 25th
(out of the 37 OECD member states in 2017) for the prevalence
of overweight and obesity, with a worryingly high prevalence in
childhood (10, 11). The poor adherence of the Italian population
to the Mediterranean Diet, as well as the high level of sedentary
lifestyle (12, 13), could both be among the main factors to explain
the rise in the prevalence of obesity in Italy (14). According
to the data reported by DaSilva et al. (15), further confirmed
by Vilarnau et al. (16), many countries in the Mediterranean
basin were drifting away from the Mediterranean dietary pattern.
A recent review (17) has shown a high prevalence of children
and adolescents living in southern European countries (Italy,
Spain, and Greece) with poor adherence to the Mediterranean
diet. The dietary shift of Mediterranean basin countries could
have influenced nutritional outcomes, considering the higher
prevalence rates of childhood overweight and obesity in the
Mediterranean countries (i.e., Cyprus, Greece, Malta, Italy, and
Spain), compared to other countries (18).

According to a study carried out by the Global Burden of
Disease (GBD) Italy Collaborators (19), in 2017, the Italian life
expectancy was among the highest globally, with life expectancy
at birth reaching 85.3 years for females and 80.8 years for males.
Among nutritionally related disorders, cardiovascular diseases
decreased by 53.7% and neoplasms decreased by 28.2% in terms
of age-standardized death rates in 1990 and 2017. Behavioral
nutritional risk factors, which are potentially modifiable, still
have a strong effect, particularly on the mentioned diseases,
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and considering the aging of the population. For instance, in
2017 in Italy, 12,000 deaths were attributed to alcohol use,
and 9,500 to high body mass index (BMI), while 47,000 deaths
due to cardiovascular diseases could be attributed to high Low
Density Lipoprotein (LDL) cholesterol, 28,700 to low whole
grains consumption, and 15,900 to low physical activity. On the
other hand, a high intake of sodium, low intake of whole grains,
and low intake of fruits were the leading dietary risk factors for
deaths and disability-adjusted life-years (DALYs) globally and in
many countries (20).

We mentioned the importance of IDGs as public health
documents, but IDGs are also used as food policy documents
aimed to improve the food behaviors of populations. According
to FAO (21), dietary guidelines are intended to establish a basis
for public food and nutrition, health and agricultural policies, and
nutrition education programs to foster healthy eating habits and
health-protecting lifestyles. They provide advice on foods, food
groups, and dietary patterns to assure the coverage of nutrient
requirements for the public to promote overall health and to
prevent chronic diseases. The healthy food consumption patterns
accomplishing these characteristics can be promoted through the
development of Food-based Dietary Guidelines (21), which helps
to maintain the high consumption of local and culture-specific
foods (22).

The food consumption data at the national level (23, 24)
provided information on dietary risk factors that required
intervention for modification and correction. The observation
of current Italian food consumption patterns showed that an
improvement of the healthiness of the diet could be obtained
through an increase in consumption of vegetable source foods,
such as pulses, fruits, and vegetables, and through a decrease
in consumption of red and processed meat. Italian diet nutrient
intake excesses are related to fats (37% of total energy intake),
saturated fatty acids (12% of total energy intake), free sugars (15%
of total energy intake), and salt (10 g/die).

The 13 Directives of IDGs

The working approach of IDGs was based on a three-phase
process (Figure 3). The SD was used as the benchmark for the
development of each chapter of IDGs, providing the emerging
issues, and the identification of the main topics to be included in
the 13 directives of IDGs. The second phase was characterized
by broad discussions of the SD content by the Editorial
Coordination Board to define the outlines of each guideline and
how to convey messages and recommendations. The third phase
was the final drafting of the IDGs and their approval by the
Commission of Revision.

The IDGs are based on the principles of the Mediterranean
Diet (MD), a model that has gained fame and honor,
being the dietary pattern that combines prevention of non-
communicable chronic diseases, longevity, and health, with
consumers’ acceptability and sustainability (25). The MD-related
food products and eating habits can vary from country to
country. The IDGs were developed to declinate the principles
of the MD adapting them to the most recent international
recommendations. The challenge of this adaptation is the
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FIGURE 3 | Working approach of development of the IDGs.

identification of a local healthy food consumption pattern as part
of the healthy lifestyle that the IDGs need to recommend.

The IDGs recommendations cover all age groups, from infants
to the elderly, including the special needs of physiological
conditions, such as pregnancy and lactation. There is also
a focus on the requirements of people who practice sports,
as well as recommendations for people at increased risk of
obesity and most common non-communicable chronic diseases,
such as cardiovascular and cerebrovascular diseases, diabetes,
and cancers.

Table 1 reports the titles, the summary of the content, and
the main recommendations of the 13 directives that were divided
into four conceptual blocks. The first block is related to balancing
weight, food intake, and physical activity (Directive 1). The
second block is dedicated to food categories that need to be
promoted to increase consumption, such as fruits and vegetables,
legumes, whole grain cereals, water (Directives 2—4). The third
block concerns critical food components in the current diet that
need to be reduced, such as fat, salt, sugar, and alcohol (Directives
5-8). The last block is dedicated to “How to” ensure a varied, safe,
healthy, and sustainable diet (Directives 9-13).

Each directive, as incipit provided “key recommendations”
and practical and simple application behaviors that help
consumers to put in place the advice. In addition to that, at
the end of each directive, a list of “myths” and false beliefs was
provided with the purpose to fight against fake news common in
nutrition (26).

In terms of content, the overall philosophy of IDGs is the
promotion of a plant-based diet that includes a large proportion
of fruit and vegetable, whole grain cereals, and vegetable sources
of proteins (legumes). Reduction of consumption of salt and
sugar, and selection of animal source foods that combine health
and environmental protection, such as milk, eggs, fish, and white
meat, was also recommended. The importance of considering the
whole dietary pattern, as protection for health and environment
concerning single food or ingredient, was the key point of
the present revision of IDGs. The bad/good dichotomy of
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TABLE 1 | The 4 conceptual blocks, the 13 directives, and the main recommendations of each directive.

Conceptual Directive Main recommendations
block
Balance D1. Keep your weight under ¢ In the case of overweight reduce food intake and increase physical activity.
control and always be active e Avoid very restrictive diets that exclude entire food groups.
* Be careful to extreme food behavior that could be symptoms of eating disorders.
Increase D2. Eat more fruits and ® Increase fruit and vegetable consumption limiting the adding of added fats and salt.
consumption vegetables * Choose seasonal fruit and vegetables in varying colors.
e Fruit juice cannot replace a portion of fresh fruit.
D3. Eat whole grains and ® Increase consumption of fiber by choosing whole grain products.
legumes * Increase legume intake as an alternative to animal source food.
* Remember the importance of whole grains as protective factors for non-communicable diseases.
D4. Drink abundant water e Water must be the preferred fluid for rehydration.
every day e Drinks at least 8 glasses of water a day, more is better.
® Increase water intake during physical activity.
Reduce D5. Fats: select which ones * Reduce intake of saturated fat choosing foods containing unsaturated fatty acid for cardiovascular
consumption and limit the quantity prevention.
* Remember that all fats have the same caloric content.
* Remember that in Italy trans-fatty acids are no more used in industrial products.
D6. Sugar, sweets, and * Reduce intake of sugar in favor of starchy foods.
sugar-sweetened e Ahighintake of sweetened beverages is a risk factor for non-communicable diseases, including diabetes
beverages: less is better and obesity.
* Remember that brown sugar, honey, and fructose are not healthy alternatives to sugar.
D7. Salt: less is better (but ¢ Reduce intake of salt and choose iodine-fortified products.
jodized) e Remember that several industrial products are hidden sources of salt (e.g., breakfast cereals).
e Remember that salt intake is an important risk factor for non-communicable diseases in particular
heart disorders.
D8. Alcoholic beverages: ¢ Avoidance of alcohol from any source, including wine and beer, is the best for health.
the least possible e If you decide to drink alcohol it is for your pleasure not for health; limit the quantities: no more than 1
alcoholic unit (e.g., a glass of wine) per day for females and elderly and 2 alcoholic units per day for
males.
* No alcohol of any type to children, adolescents, pregnant and lactating women.
How to do D9. Enjoy a variety of food * Remember that choosing a variety of foods is a way to guarantee nutritional adequacy.

choices

D10. Follow special
recommendations for target
groups

D11. Be careful of dieting
and misuse of dietary
supplements

D12. Food safety depends
also on you

D13. Select a sustainable
diet

Variety does not mean more foods. Portions and frequencies must be adequate to energy consumption
at different ages and physiological statuses.
Mediterranean Diet is the dietary pattern that inspires the Italian Dietary Guidelines.

Remember that children have special needs during infancy: select foods of high quality in adequate
quantity.

Pregnancy and breastfeeding are physiological periods that require attention: best to think about that
before, to arrive at these moments in good health and put in place all preventive actions needed (e.g.,
folic acid supplementation).

The elderly need to eat a little less because the energy metabolism slows down, but the quality of the

food must be higher, without forgetting to maintain an active lifestyle.

Dieting is a therapeutic act that requires trained professionals; consumers should avoid referring to
non-qualified people.

Losing weight requires time and constancy, “everything and immediately” is not compatible with dieting.
Dietary supplements could be important in case of deficiency but never substitute a healthy diet.

At home, be careful to adequately store food in the refrigerator.

At the supermarket, in the grocery cart and bags separate fruit and vegetables from meat, poultry, and
fish to avoid cross-contamination.

Prepare the kitchen, clean the sink before and after washing and preparing fresh fruit and vegetables,
use different cutting boards and preparation areas for meat/poultry/fish and fresh fruits and
vegetables. Wash especially well between preparation of meat/poultry/fish and preparation of food
that will be eaten without cooking.

Avoid processed meat and reduce red meat consumption in favor of poultry or vegetal source of protein.
Select fish from sustainable stocks, e.g., small fish from the Mediterranean Sea (anchovies, sardines,
mackerel, etc.); do not demonize aquaculture.

Increase consumption of plant food avoiding the selection of products that require large use of external
inputs for growing (e.g., high fertilizing, artificial light, and heating or overseas products).

Planning, preparing, and storing food can help consumers to waste less food, save money, and eat
healthier food. Re-use old ingredients or leftovers in new dishes.
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food classification was avoided since it is considered too much
reductive and simplistic.

The IDGs Recommendations: What and
How Has Changed From the Previous

Version

Comparing the present IDGs with the version published in
2003, it is possible to identify, among others, a general change
of the structure, starting with the directive’s numbers that
increased from 10 to 13. The 3 additional directives are: i)
Directive 2 on fruit and vegetables; ii) Directive 11 on diet and
supplements; iii) Directive 13 on sustainability. In addition to
that, the IDGs document was overall updated, considering the
new scientific data and the emerging aspects of public health
nutrition. Each directive changed accordingly, providing updated
recommendations. The newest aspects of the present version in
comparison with the 2003 edition are: i) the recommendation on
red and processed meat; ii) the position on alcoholic beverages;
iii) the definition of portions size for the different classes of ages
(infants, children, adolescents, and adults). In addition to these
major changes, several other aspects of novelty were introduced
in this revision of IDGs. As non-exhaustive examples, we can
report the division in conceptual blocks that were never used
before: the introduction of the concept of “discretionary foods”
or “non-necessary foods”. The recommendations for people
practicing sport were added in the present revision of IDGs.
Each directive included recommendations for the prevention of
obesity, cardiovascular disease, diabetes, and cancers, and these
subjects were newer approached in this form in the previous
revisions of IDGs. Also, the provision of “key recommendations”
at the start of each chapter was a change introduced in the present
revision of IDGs, as well as several other modifications that would
be difficult to list in detail.

Directive 2 - Fruit and Vegetable Promotion
In the published IDGs in 2003, fruit and vegetable
recommendations were included in a unique directive promoting
cereals, legumes, and other plant-based foods. Considering the
growing evidence on the specific role of fruit and vegetable
consumption in health promotion (27), in the present version of
IDGs, a directive was specifically dedicated to these foods. The
purpose of Directive 2 on fruit and vegetables was to stimulate
their consumption, with the recommendation of multiplying
the occasion of consumption to increase the quantity, to reduce
the caloric density of the meals, and to increase the intake of
health-protective components. Identifying any products better
than others was avoided (e.g., red fruits or green vegetables), with
the message that all fruits and vegetables are protective of health.
It was clearly stated that the single component of fruits and
vegetables, in pills or as extracts, do not have the same actions
of eating these foods as part of a healthy diet. The fruit juices
topic was treated in Directive 2 reporting the non-equivalence
with fresh fruits and adding a table explaining the differences
among the various commercial drinking-fruit products.
Another concept of Directive 2 was that the ready-to-use and
minimally processed products could be an option to increase

the consumption of fruits and vegetables by the consumers who
considered the preparation of these foods time-consuming.

Directive 11 - Losing Weight Diets and
Dietary Supplements

The introduction of Directive 11 was an absolute novelty in the
IDGs, and the Commission of Revision discussed extensively the
opportunity to include this directive since dieting is a therapeutic
approach for overweight and obese people, while the IDGs refer
to the general healthy population. However, it was considered
important to approach this aspect in a public health document
that would potentially reach a very large audience. The purpose
of this directive was to counteract the growing myths and fake
news that the so-called “diet industry” contributes to spreading
out. The Editorial Coordination Board considered it important
to address the topic of dieting in a policy document as IDGs in
consideration of the possible fragility of the consumers that need
to lose weight and could be exposed to the persuasion of non-
scientific methods. The most common losing weight diets (low
fats, low carbohydrates, ketogenic, Paleolithic, vegan, vegetarian,
etc.) were analyzed showing the strengths and weaknesses of
the different dietetic patterns. The final messages were that
short-cuts and miracle diets do not exist and that to lose
weight, it is necessary to reduce food intake and to increase
physical activity. The topic of dietary supplements was also
addressed; either considering the slimming products or other
dietary pharmaceutical and herbal products. The final messages
were that a supplement could not replace a healthy and balanced
diet and that supplementation with natural products or with
vitamins and minerals is not necessarily always safe, considering
that excesses of ingestion could be not exempt from risks.

Directive 13 - Sustainability of Food

Choices

In line with the international indications (28), the issue of
the environmental impact of food consumption and dietary
choices was addressed in Directive 13. Existing food systems
are dysfunctional and do not ensure access to healthy diets,
being focused on providing abundant and cheap calories via
mass production of staple commodities. Therefore, unhealthy
dietary patterns and obesity spread up together with increased
diffusion of socio-economic inequalities. Food system-related
policies, such as agriculture, trade, food safety, environment,
development, research, education, fiscal and social policies,
market regulation, food waste management, and more, have been
developed independently over decades, with minimal attention
to dietary impacts (29). With Directive 13, the IDGs intended
to contribute to bridging the cultural distance between nutrition
and environmental aspects. The objective of the sustainability of
the Directive of IDGs was the promotion of healthy food choices
for the environment and social protection, and to counteract the
food access and distribution inequities. Food waste was largely
addressed in Directive 13, in consideration of the fact that since
2016, Italy endorsed the international commitment on this aspect
with regulatory efforts (30) for the establishment of the National
Observatory on Food Surplus, Recovery, and Waste (OERSA),
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aiming to collect data and carry out educational programs and
awareness campaigns (31). In Directive 13, recommendations
were provided for planning, preparing, and storing food that
can help consumers to waste less food, to eat healthy and
safe food, and save money. Re-use of leftovers in new dishes
was suggested, also providing practical examples. An important
message of Directive 13 was that a healthy diet is not necessarily
a costly diet. Examples of simple, cheap ingredients with high
nutritional values, such as eggs, poultry, beans, milk, and seasonal
fruit and vegetables, were provided to guide consumers with
limited income.

Another important difference with the previous versions of
the IDGs was the introduction of the concept of “discretionary
foods” or “non-necessary foods” that is different from the “basic
foods”. The “discretionary foods” are commonly used foods,
but not essential to meet macro and micronutrient needs.
For most of them, it was not possible to define consumption
frequencies in line with health-promoting aspects. In most cases,
the IDGs recommended an occasional consumption that is
limited to particular events as a pleasurable, social, and tasty
moment. Included in this group, among others, are sweetened
beverages, chips, ice cream, creamy tarts, processed meat, and
alcoholic beverages.

Recommendation on Red and Processed
Meat

The development of recommendations on red and processed
meat was based on the World Cancer Research Fund (WCRF)
(32) recommendations that claimed for a limitation of the intake
of red meat (no more than three portions per week of red meat
corresponding to 350-500g cooked weight) and consumption
of very little, if any, processed meat. The importance of such
recommendation was reinforced by the publication of the
Monograph of the International Agency for Research on Cancer
(IARC) (33), where processed meat is classified as “carcinogenic
to humans” (Group 1) since sufficient evidence is available for
colorectal cancer risk. In the same monograph, the red meat
was classified as “probably carcinogenic to humans” (Group
2A) (34). In consideration of the IARC data solidity, which
is also confirmed in Italian consumers cohorts (35-37), the
recommendation of IDGs was to limit the consumption of
red meat to one portion (100g) per week, with the suggestion
of replacing it with poultry that should be the preferred
typology of meat (up to three portions per week). The processed
meat was considered among the “discretionary foods”, and the
recommendation was an occasional consumption in the quantity
that is as little as possible. In Italy, at the disseminative level,
the pork is frequently not considered red meat, while it was
necessary for the IDGs to define the term “red meat” that,
following IARC (33), refers to beef, pork, horse, lamb, and goat
from domesticated animals.

The Position on Alcoholic Beverages

The position on alcoholic beverages drastically changed in
the last 20 years. The work carried out by the GBD 2016
Alcohol Collaborators (38) estimates the alcohol use and alcohol-
attributable deaths and DALYs for 195 locations from 1990 to

2016. It provided very strong recommendations reporting zero
standard drinks per week, as the level of alcohol consumption
minimized harms across health outcomes. In addition to that,
the WCFR/IARC (32) positioned alcoholic beverages within
Group 1 of carcinogens, which is the group that specifically
contains substances (and food items) “known to cause cancer in
humans”. Considering these solid positions, the IDGs “shifted”
from the previous suggested/recommended low-to-moderate
alcohol consumption, to discouraging any level. This shift
is mainly driven by epidemiological observations on alcohol
intake-cancer association. The present IDGs considered that
the evidence regarding the protective effects of low alcohol
intake on cardiovascular diseases in specific segments of the
population have been progressively considered less relevant
and are negatively counterbalanced by the carcinogenic risks,
at any level of consumption, when applied to the whole
population as reported by WHO (39), with the consequent
strong recommendation of avoidance of alcohol consumption
to prevent cancers (40). This novel position has been endorsed
by the panel of experts who drafted the IDGs intending to
achieve the maximum protection of the population from risk
factors. This position is common in the Food-based Dietary
Guidelines in Europe (41), in which the messages related
to alcohol consumption are very restrictive in large parts of
the countries. The recommendation is “do not drink alcohol”
without any orientation to healthy quantities. Similarly, when
tolerated quantities are provided, it is specified that this “should
not be taken as an encouragement to regularly consume alcohol”.

The IDGs considered alcoholic beverages in the group of non-
necessary foods, stressing the harms of their consumption, and,
consequently, with the indication of non-recommended food.
However, we considered the role of this product in the Italian
cultural background. Stressing the message that “There is not
a quantity of alcohol exempt from harm” and “you better not
drink”, it was also said that “If you want to drink, do it in strictly
controlled quantities, and do it occasionally”. This indication
may appear not sufficiently strong, as it leaves to consumers the
decision to drink alcohol or not. Indeed, this is a compromise
justified by the context of recommendations that address the
population, avoiding being too strong taking into account the
generalized traditional consumer habits.

The Definition of Portions’ Size for the
Different Classes of Ages (Infants,
Children, Adolescents, and Adults)

The IDGs contain diet plans, including low-calorie patterns,
which include foods from all food groups using the Italian
standard portions as a reference. The concept of portions
and the importance of their knowledge by consumers is of
fundamental importance for a balanced diet and was also present
in the 2003 revision. In the present IDGs edition, the topic
was broadened by defining the entity of the portions of the
different foods, as well as their frequency of consumption to
have a complete and balanced diet with foods of common use
that are easily available and adhered to Italian culture and
tradition. Completely new in this revision is the introduction
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of practical recommendations of consumption profiles that is
also for infants, children, and adolescents, to help families
organize a varied and balanced daily diet for these age groups.
The Editorial Coordination Board considered it important to
address this topic that was not present in the 2003 revision
and is largely requested by technical operators (e.g., school
canteens), consumers, and communicators. The quantities of
different foods were adapted to make them suitable for children
and teenagers starting from the portions defined for adults.
Weekly menus differentiated by age range of three years where
provided for the age groups from infancy to adolescence, to
facilitate parents’ food choices either in terms of quantity
or quality.

Considering the above-reported modifications of the present
version of IDGs, it is evident that the effort of the commission
to align the directives with international recommendations also
regarding traditional foods. For some directives, an equilibrium
had to be found between the current Italian traditional
food habits and the international guidelines. This effort led
to some discussion within the commission, in which some
members claimed a certain autonomy of a Member State in
the development of its guidance, especially in the case of
international recommendations, which appeared to be too far
from the consumers’ habits. In the IDGs’ development, this
criticism emerged for processed meat recommendations that
some members considered too strong for Italian dietary habits.
Another aspect that created discussion by some members was
related to wine that the commission considered a source of
alcohol, which is independent of its composition in terms of
polyphenols, as well as independently from its consideration
as food characterizing the Mediterranean diet. Another point
that was discussed by some components was related to
the fact that no mention was carried out to local branded
products, such as the food with Protected Designation of
Origin (PDO) or Protected Geographic Indication (PGI), while
the position of the commission was to avoid the promotion
of specific products or food chains. Considering the size
of the commission, it was physiological to have different
positions in the light of the backgrounds of the commission
members that include agricultural sciences, nutritional sciences,
epidemiology, and public health. The role of the coordination
board was to synthesize the positions and, in some cases, to
take decisions.

ACTIONABLE RECOMMENDATIONS

The IDGs are intended to be used by health professionals who
deal with nutrition, the private sector, and, in general, by the
world of communication, generalist, and scientific. In addition
to that, the main messages could represent the basis for school
nutrition education programs.

The IDGs are used as the starting point to create training
and message dissemination. Since the IDGs publication,
participation in congresses, thematic conferences, bilateral
informative meetings with the private sector, and training
courses for nutritionists were carried out to disseminate IDGs

concept, development process, general philosophy, novelties, and
main recommendations.

Training

Training packages for university students were structured and
introduced in the nutritional science academic courses (42-47).
All these academic efforts cover the nutritional education of
more than 600 students per year but only in the areas of Rome
(Italy). The IDGs were transformed into online training courses
for nutritionists, medical doctors, and other health professionals
providing formative credits (48, 49).

The IDGs are also used in-school educational programs as
discussion material and information tools in teachers’ training,
and as the base to create playful and experiential laboratories
targeted to children (50-52).

Dissemination to the Public

For the general population, the IDGs were translated into short
videos (3-4min for each directive) published on a dedicated
channel of the CREAs YouTube section (53). In addition to
that, either as videos or as printable downloading text, the IDGs
are included as informative material in the institutional website
sapermangiare.mobi (54).

As a further simplification, Directive 2 became a “Decalogue
for promotion of the consumption of fruit and vegetable”
(Figure 4), targeted to children and families, distributed in all
fairs and events, where pupils and parents are present, and added
to the textbook for teachers (55).

With the same purpose from Directive 13, it was developed
as “Decalogue against food waste”, which is a set of 10
recommendations (56) addressed to consumers that could be
disseminated in schools, events, and information sessions. The
10 recommendations summarize the messages of Directive 13
simply and practically, pointing out the importance of: (1)
reading labels by being aware of the difference between “best
before” and “use by” date on the planning of food purchases and
storing especially for fresh products, use of leftovers; (2) avoiding
the stigma of asking for a doggy bag in restaurants and food
catering; (3) offering foods that were left-over to guests, especially
in the occasions that involve children to pass the message of not
wasting food to youngest (Figure 5).

Further implementations of IDGs will be carried out
according to the availability of resources. Starting from
the published policy document, the extracts and synthetic
information brochures will be structured for different targets,
adults, adolescents, and children. The communication
professionals will be used to the productions of leaflets
to translate the scientific language into highly usable
messages addressed to non-specialistic audiences that
include consumers, as well as other interested stakeholders.
These dissemination documents need to be graphically
attractive, e.g., wusing infographics duly conceived by
specialistic ~ graphics service. The translation of the
main recommendations of the IDGs in English may be
considered for the dissemination of the document through
international channels.
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GET FRUIT AND

TABLES AVAILABLE
ESE FOR ELDERL

CONSUME MORE
- SERVINGS OF FRUIT
AND VEGETABLES DAILY
GIVE PREFERENCE
TO SEASONAL PRODUCTS
AND DO NOT ADD TOO
MANY SEASONING

{ Creaq [talian Dietary Guidelines:
e https://www.crea.gov.it/web/alimenti-e-nutrizione/-/linee-guida-per-una-sana-alimentazione-2018

FIGURE 4 | The decalogue for promotion of fruit and vegetable consumption.

Professional short films (e.g., 100s of guidelines) will be ~ Monitoring and Impact
structured with infographics intended for the web to further =~ Based on the available resources, the monitoring and impact
disseminate the messages of the IDGs. evaluation will be carried out. The evaluation of dietary
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1.  Plan the shop,
prepare and store food products b

2. Read food labels carefully,
focus on how long the product
will stay fresh

3. Limit the purchase of fresh products
for what is necessary,
prepare and store food products

4. Eat and reuse left-overs

5. Ask for a doggy bag in restaurants
or during a catering service

FIGURE 5 | The decalogue against food waste.

FOOD WASTE DECALOGUE

Offer food that was left-over
to your friends/guests

Be informed about local food
waste reduction programs
in your area

Cook the right quantities of food

10.

Be careful about special offers
and large packages

quality indices will be considered especially in terms of
longitudinal adherence to the Mediterranean diet considering
that Italian IDGs are based on Mediterranean Diet principles.
The impact assessment of the nutritional education actions
based on IDGs will be carried out through the development
of the Nutrition Knowledge tool (57) that could be applied to
different age groups through adaptation of the international
questionnaires to the Italian context, comparison with eating
habits, creation of indexes of adherence to recommendations,
and evaluation of nutrition literacy in the general population
and selected groups. This will allow the in-house data flow to
monitor trends and to evaluate changes regarding the effects of
IDGs implementation.

DISCUSSION

Dietary guidelines in general, and IDGs in particular, established
a basis for public food and nutrition, health, and agricultural
policies, and for nutrition education programs to promote
healthy eating and lifestyles in the general population (58). In this
paper, we described the process of development of IDGs to share
with the scientific community the processes leading to its release,
its adaptation to the national context, and the compromises that,
in some cases, the commission accepted to pursue what was
considered reachable to consumers’ behavioral changes.

The Evolution of IDG

IDGs key messages are aligned with recommendations of the
WHO Healthy Diet Fact Sheet (58, 59) in terms of promotion
of consumption of fruits and vegetables, legumes, whole grains,
nuts; and limiting free sugars, salt, and fat, use of iodized salt. The
recommendations of limiting red meat and avoiding processed
meat and the consideration of alcoholic beverages as a harmful
component of the diet were introduced in the present revision
of IDGs to be in line with international recommendations.
In fact, despite different geographical, socio-economic, and
cultural contexts among countries, most of the pivotal nutritional
recommendations are similar.

Since the first edition, IDGs changes reflected the best of
nutritional science’s available evidence. Without necessarily going
through the text of the different revisions (in Italian), the idea
of the changes is provided by the evolution of the titles of
the directives of the IDGs across the years (Table2). In the
directive on bodyweight in 2003 and 2018, the physical activity
recommendation was introduced in response to its increasing
importance in the framework of bodyweight management (First
line of Table 2). The number of directives was 7 in the 1986
and 1997 revisions and was increased to 10 Directives in 2003.
The 3 directives added to the 2003 revision were related to the
importance of water as a nutrient, and the correct hydration
as an element of healthy eating. A directive on food safety in
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response to the momentum of the outbreak of several food
safety emergencies (e.g., mad cow, dioxin chicken, etc.), and a
directive aimed to provide specific recommendations for groups,
such as pregnant and lactating women, infants and children,
and the elderly, were introduced. In 2018, the overall number of
directives further increased to 13 with the inclusion of directives
on fruit and vegetables, which, in the previous revisions, were
treated in a unique directive with whole grains and legumes,
slimming diet and supplements, and sustainability, as presented
in this paper. The language of the different IDG revisions evolved
across the years. In the 1986 and 1997 editions, the prescriptive
language was more common than in the 2003 revision and was
further attenuated in IDGs published in 2018. For example, the
directive on fats (Third line of Table 2) progressively become
more qualitative, as the focus on cholesterol was eliminated
in response to the literature evidence, and the combinations
of qualitative and quantitative aspects were further added in
recent years.

A consumption pattern in line with IDGs reduces the risk of
major chronic diseases by supplying adequate amounts of energy
and nutrients, compared with the current food consumption
intakes. The process of development of IDGs described in the
present paper combined evidence-based elements with expert
knowledge and common sense, as well as adaptation to local food
consumption habits.

IDGs Policy Implications

Aligning the dietary guidelines with the latest evidence, not
just on healthy eating but also on the wider social and
environmental implications of dietary choices is, therefore, an
important starting point for enabling a policy coherence and
building a food environment that contributes to good public and
personal health, as well as to local and global environmental
sustainability (60-62). The inclusion of sustainability in dietary
guidelines is an open exercise that is still in progress in
several countries. According to Springmann et al. (63), the
inclusion of sustainability aspects into the national dietary
guidelines, as well as in the WHO guidelines, could be beneficial
not only from a health perspective but is also necessary for
meeting global sustainability goals (64) and staying within
the environmental limits of the food system. In IDGs, we
demonstrated that it is possible to translate for consumers, the
practical recommendations aimed to improve their behaviors
in terms of environmental and social protection other than
health. Probably, the strategy of prioritizing recommendations
for health protection and combining them with environmental
aspects avoided the confusion by being the most coherent
public health nutrition document as IDGs. Considering that the
IDGS’ targets are families and individuals, even a few selected
sustainability recommendations could have a large population
impact. Limitations of this approach were largely discussed
during the coordination meetings, along with the process of
IDGs" development. The sustainability of diet is an aspect of
the environmental impact of food production that is still not
completely exploited, in which the risk of bias and “personal”
interpretation is still high. At the time of IDGs preparation,
the sources of information were limited, and the consensus

documents were almost absent. As reported by Rosi et al.
(65), the dietary recommendations, in terms of environmental
impacts, should also consider the aspects related to the choice
of locally grown and seasonal products, as well as agricultural
and processing techniques, to approach globally the sustainability
of the food system. However, it should be pointed out that the
overall estimation of the different aspects of sustainability of the
food system is still lacking.

The policy implications of IGDs are not different from
other countries’ nutritional guidance. A particularly relevant
issue in this sense is how to properly communicate the
information to the public in the current era of widespread and
largely uncontrolled dissemination of information via an almost
limitless variety of media outlets. Indeed, the nutritional issues,
which are often intrinsically complex, are difficult to report
comprehensively and, even when truly balanced, frequently fail
in general communication and online communication (66). The
long process of IDGs” development required cooperation among
different Italian stakeholders, such as scientists, clinicians, and
policymakers, who have an active part in the process. After the
IDGs publication, to be maximally effective in terms of policy, the
involvement of other society segments, such as the food private
sectors, the communications areas, and the education sector, was
carried out with different approaches such as evidence briefs,
policy dialogues, and benchmarking. The Authors are conscious
that these steps are just at the initial phases and that much more
needs to be put in place.

IDGs for Developmental Ages

According to Herforth et al. (67), the worldwide available
Food-based Dietary Guidelines state that they apply to the
general population: 46% qualify this statement with a “healthy”
population and 13% refer to the general “adult” population. Over
half (52%) specify an age above which the guidelines apply:
almost all of these refer to age 2 years and older, although
two countries, instead, specify 1 year, one country says 3 years,
and three countries say 5 years. Forty percent of countries
have separate messages or guidelines for specific subpopulations,
which include infants under 2 years of age, school-aged children,
adolescents, pregnant and lactating women, the elderly, and
others. The IDGs’ recommendations cover all age groups from
infants to the elderly, including physiological conditions, such as
pregnancy and lactation, to stay healthy during different periods
of life. In this overall approach to all classes of ages, the Editorial
Coordination Board decided to have a specific focus on infants,
children, and adolescents providing practical recommendations
with indicative serving sizes for consumption, expressed either
as food items or food groups for developmental ages, to create
menus coherent with the principle of a healthy and balanced
diet. Another similar exercise was carried out by Kastorini et
al. (68), that starting from Dietary Guidelines addressed to the
general population, the developed food-based nutritional and
physical activity recommendations for promoting healthy dietary
habits in Greek infants, children, and adolescents proposed
menus based on traditional Greek diet. Montagnese et al.
(69) analyzed and compared the different European food-based
dietary guidelines and reported that specific recommendations
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TABLE 2 | Language, length, and recommendation changes of ltalian Dietary Guidelines (IDGs) revisions since 1986.

1986 edition
7 directives

1997 revision 7 directives

2003 revision
10 directives

2018 revision 13 directives

Beware of your weight

More starch and more fiber

Less fat and cholesterol

Sweets: how and how many

Salt? Less is better

Alcohol: if yes with
moderation

How and why to vary

Control your weight and stay
active

More cereals, legumes,
vegetables, and fruits

How many fats, which fats

Sugars and sweets: how and
how many

Salt? better not too much
Alcoholic drinks: if yes with

moderation

How and why to vary

Check your weight and always
be active

More cereals, legumes,
vegetables, and fruits

Fats: choose the quality and limit
the quantity

Sugars, sweets, and
sugar-sweetened beverages:
within the right limits

Salt? Less is better

Alcoholic beverages: if yes, only
in controlled quantities

Often vary your choices

Drink abundant water every day
Special recommendations for
special people

Food safety depends also on you

Check your weight and always
be active

Eat more fruits and vegetables

Eat whole grains and legumes

Fats: select which ones and limit
the quantity

Sugar, sweets, and
sugar-sweetened beverages:
sweets: less is better

Salt? Less is better ...(out
jodized)

Alcoholic beverages: the least
possible

Enjoy a variety of food choices
Drink abundant water every day

Follow special recommendations
for target groups

Food safety depends also on you

Be careful of dieting and misuse
of dietary supplements

Select a sustainable diet

regarding children were provided in 21 countries (59%), while
recommendations for adolescents were provided in 17 countries
(50%). They pointed out that more emphasis should be given to
some subgroups of the total population that currently represent a
clear prevention target such as adolescents. Schwartz et al. (70)
also evaluated the extended coverage of the international and
national dietary guidelines of the themes of infants and children
feeding habits. They concluded that guidelines, in general, cover
most of the themes, but some of the national guidelines are
incomplete. However, guidelines could be an occasion to give
more practical tips to parents, especially to help them establish
an appropriate feeding behavior for their children. According to
UNICEEF (71), only some of the guidance for specific groups are
developed and disseminated as part of the national guidelines.
The level of specificity in guidance for developmental ages
varies greatly. For example, some countries provide very detailed
guidance on how to initiate and maintain breastfeeding, how
to choose and safely use infant formula, and how to introduce
complementary foods. Relatedly, some newer DGs, including
IDGs, also focus on the social role of meals in the family and
the community, on the transmission of food skills to children
and adolescents, and on the role of marketing and the need to
limit the exposure of children to marketing, but also to educate
children and adolescents on this issue. Some countries’ DGs
have also begun to address a wider range of behavioral issues
around food and diets, including responsive feeding, parenting
to help children develop healthy habits and healthy relationship
to foods and eating, and addressing the developmental stage of
adolescence. A specific chapter on adolescence was also included
in the IDGs. The reasons for these differences are related to the

fact that, especially in high-income countries, the government’s
guidance for specific groups (most commonly, infants, young
children, and pregnant and lactating women) is developed
through parallel processes and by specialized scientific societies,
such as pediatrics, gynecologists, etc.

The Limits of IDGs

The philosophy of IDGs is that the more plant-based a diet
is, the more it is health-promoting and sustainable and that,
among the different sources of proteins, red meat presence
in the menu represents a critical issue both in terms of
sustainability of the food choices and occurrence of non-
communicable diseases. The IDGs consider that to promote
human health and to reach an environmentally sustainable
solution, the animal-based foodstufts should be partially replaced
with fruits, vegetables, legumes, and cereals, and among animal
source foods, a selection of milk, eggs, fish, and white meat
leads to better health promotion and environmental outcome in
addition to being most in line with nutritional recommendations.
However, such changes are hard to achieve at the population level
considering that the diet to be promoted does not only depend
on nutritional recommendations, but also needs to consider the
social and practical aspects, cultural factors, and consolidated
behaviors. The starting point of changes needs to be the current
food consumption pattern of the population considering that
large behavioral changes are difficult to be achieved. Indeed,
advice towards drastic changes risks being ineffective. Instead,
modulating the current consumption to achieve the nutritional
and environmental goals step by step would result in a better
outcome. The IDGs are important tools to inform policies and
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promote public health. To facilitate and improve adherence
to IDGs and to have a real effect on food consumption,
recommendations need to have clear links to Italian food policies.
It is widely recognized that even in high-income countries
with a long history of developing, communicating, and otherwise
implementing evidence-based DGs, the dietary patterns are
far from ideal. It is important to acknowledge that while the
development of DGs is necessary, which is to inform consumers
and to program food and nutrition policy, their implementation
is very far from sufficient (71). The main limitation of the IDGs
is related to the existing gap between dietary recommendations
and actual consumer behavior indicating the generally poor
compliance of IDGs. An IDGs implementation strategy is as
equally important as the development of the evidence-based
document. The need for effective communication to assist in
translating the recommendations into practical and actionable
advice is widely acknowledged and has been included as part
of the global release of guidelines (72), even though in Italy,
an articulated plan of developing strategies to assist behavior
change is still lacking. The length of the process in developing
and publishing the documents was another relevant limitation
of IDGs. The question of whether a better compromise could
be found remains open; for example, reducing the number of
consultations. For example, discussions at the level of scientists
that better know the literature could be reduced. On the other
hand, probably, we should prioritize the consultations with
stakeholders other than researchers to speed up the process.

Conclusive Remarks

With this paper, we got the challenges of Bechthold et al.
(73) that claimed efforts to have a common concept for the
future derivation of European Food-based Dietary Guidelines.
With the description of the Italian experience, we would
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Exploring Purchasing Determinants
for a Low Fat Content Salami: Are
Consumers Willing to Pay for an
Additional Premium?

Giuseppe Di Vita', Raffaele Zanchini', Daniela Spina?*, Giulia Maesano?, Giovanni La Via?
and Mario D’Amico?

" Department of Agricultural, Forest and Food Sciences (DISAFA), University of Turin, Turin, Italy, 2 Department of Agricultural,
Food and Environment (Di3A), University of Catania, Catania, Italy

Consumers today are increasingly moving toward healthier lifestyles and food purchasing
habits. This new awareness has also prompted the meat industry, usually indicted for
the use of harmful compounds and ingredients such as additives, salt, and fat, to
introduce innovative measures to meet demand. This study aims to assess consumer
willingness to pay an additional price premium (APP) for a healthy salami by identifying
which factors are more likely to have an effect on the willingness to purchase, such as
socio-demographic and product and market-related attributes. An Ordered Logit model
has been applied to define factors influencing consumers’ willingness to pay for a low-fat
salami. Results show a favorable consumer acceptance of reduced-fat salami conveyed
by the willingness of consumers to pay an additional price for this product and confirm
that the health awareness of consumers is an important driving force in cured meat
marketing strategies.

Keywords: food choice, consumer behavior, salami, cured meat, fat content, healthy diet, ordered logit

HIGHLIGHTS

- A consumer acceptance of reduced-fat salami was shown by the willingness of consumers to pay
an additional price for this product.

- Significant differences between different price thresholds were found.

- Socio-demographics characteristics of consumers (Gender, Monthly Income, Regular Sport
Activity) have a positive impact on willingness to purchase.

- Consumers who engage in regular physical activity are the most willing to pay for low-fat salami.

- A negative correlation between traditional productive process and healthier salami was found.

INTRODUCTION

Over the last few years, the consumption of meat has been subject to much debate. Concerns
include those regarding sustainability, health, and ethics (Dreher et al., 2021). Food safety is
becoming increasingly important to consumers, and its ramifications for their health are becoming
more apparent (Spina et al., 2021). As a result, researchers are more and more fascinated by
the economic potential of healthier meat products to suit the expanding and complex consumer
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demand. Consumer acceptance of these novel foods will
determine whether this potential is achievable and how quickly
it can be attained (Barone et al, 2021). Meat products are
considered rich in B vitamins, minerals, trace elements, and
protein with a high biological value, but also some other bioactive
components (Sharma et al., 2013; Bohrer, 2017). However, they
have a rather negative consumer image due to their connection
to diseases prevalent in Western societies such as cardiovascular
disease, cancer, and obesity (Micha et al., 2010; Van Wezemael
et al,, 2010; Toldrd and Reig, 2011). The relationship between
a proper diet and good health cannot be denied, and food
companies could be playing a more significant role (Annunziata
and Pascale, 2011). Just consider industrial food production,
often to blame for using unhealthy compounds or excessive
amounts of fat, sugar, and salt. To this end, the World Health
Organization has proposed the following, to open up a closer
dialogue with the food industry: fewer saturated fats, more fruit
and vegetables, and incentives for the marketing and production
of healthier products (WHO, 2020).

The meat industry has to face contemporary lifestyle
changes, adopting adaptive and innovative measures to meet the
expectations of demand and develop the production of healthier
processed meats (Hathwar et al., 2012; Di Vita et al., 2019). The
major innovations and approaches are aimed at either reducing
the fat and salt content, as well as making use of less nitrate
and nitrite, or improving the health benefits of the contents, like
the inclusion of functional ingredients (Toldra and Reig, 2011).
The challenge is keeping the consumer satisfied (Hoppu et al.,
2017). Consumer preferences and perceptions of quality when
purchasing meat products are influenced by a variety of factors
that relate to the senses; however, psychological and marketing
factors also play an important role (Caracciolo et al., 2010;
Lanfranchi and Giannetto, 2021).

As indicated in the literature (Hung et al., 2016; Shan et al.,
2017; Merlino et al., 2018), we should analyse consumer behavior
when purchasing healthy cured meats from different perspectives
as it is affected by socio-demographic factors as well as extrinsic
and intrinsic product attributes.

Even though research on the willingness to pay for healthy
food products has been carried out worldwide (Wu et al., 2015;
Ali and Ali, 2020), and several studies have shown empirical
evidence on willingness to pay (WTP) for cured meats (Balogh
et al., 2016; Garavaglia and Mariani, 2017; Schnettler et al., 2019;
Teixeira and Rodrigues, 2020), there is still a lack of insights
into the price related determinants for cured meats regarding
the willingness to pay an additional price premium, particularly
for salami.

The novelty of this paper resides in the first-time assessment
of consumers’ attitude toward low-fat salami by analyzing their
willingness to pay an additional price. We investigated in
depth whether and to what extent salami characteristics and
consumer beliefs influence additional (different) price threshold,
thereby filling a gap in the literature. By reviewing the existing
scientific literature on cured meat and salami consumption, we
investigated the willingness to pay an additional price premium
for a low-fat salami, in relation to socio-demographic and
product and market-related attributes.

THE MAIN DETERMINANTS OF CURED
MEAT AND SALAMI CONSUMPTION

This section presents a literature review on the determinants
of consumption included in our study that affect directly
or indirectly the additional premium price of cured meat
and salami.

Cured meats are consumed all over the world and appreciated
for their full flavor, but also for their price and convenience
(Brunner et al, 2010; Gaviglio and Pirani, 2016). For these
kinds of products, consumers seem to pay particular attention
to health and fat content during the purchase compared to
others (Grunert, 2006). Despite some research stating that pricing
has a significant impact on consumer purchase intentions for
processed meat (Resurreccion, 2004), price is not always the
main determining factor. Indeed, quality, production method,
and origin often hold more weight (Bernabéu and Tendero, 2005;
Realini et al., 2013; Font-i-Furnols and Guerrero, 2014). Taste,
and other sensory characteristics, remain decisive indicators
for product approval and repeat purchases (Sindelar et al,
2007; Saeed et al., 2013). Prices, especially of traditional foods,
have been observed to enhance the level of tradition and
naturalness shown on the labeling (McEachern and Willock,
2004; Honeyman et al., 2006; Abrams et al., 2010; Gifford and
Bernard, 2011; Chamhuri and Batt, 2013; Risius and Hamm,
2017). Price preferences are also related to the socio-demographic
characteristics of consumers (Font-i-Furnols et al., 2011).

Fat and Other Unhealthy Attributes
It is the high fat content in meat products that is noticeable when
we compare them to other categories of processed foods (Alves
et al., 2016). They impact a population’s diet greatly, firstly due
to this high fat content, ranging from 15 to 35%, and secondly
because they are consumed in large quantities (Bis-Souza et al,,
2020). Italian-type salami can be full of saturated fat (up to 32%)
according to physicochemical parameters, and high in salt, poor
in fiber, and lack bioactive molecules (Pérez-Burillo et al., 2020).

Salami products are an important source of both high
biological value proteins and animal fats, rich in saturated
fatty acids and cholesterol. The outcome of lessening the fat
content in a meat product is usually undesirable because this
affects both texture and taste (Campagnol et al., 2011; Henning
et al., 2016), as well as causing a reduction in the amount
produced (Han and Bertram, 2017). Djinovic-Stojanovic et al.
(2019) established that healthier dry sausages (with lower salt
and fat content) may be produced with no negative effects on the
physicochemical and biochemical properties of the end product.
Many attempts to manufacture emulsified meat products with a
lower fat content have been made. Several studies have shown
that replacing animal fat with dietary fiber is one of the most
successful techniques (Tomaschunas et al., 2013; Ktari et al., 2014;
Petersson et al., 2014; Zhuang et al., 2016). In addition, consumer
preference for meat products with physiological and nutritional
benefits has grown considerably (Han and Bertram, 2017).

The food industry has been motivated to limit and reduce the
quantities of trans fatty acids (FA) and saturated FA, salt, and free
sugars in foods currently available and acceptable to consumers.

Frontiers in Sustainable Food Systems | www.frontiersin.org

54

March 2022 | Volume 6 | Article 794533


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles

Di Vita et al.

WTP for Low Fat Salami

Ansorena et al. (2019) in a study on the labeling of processed
meat products argued that fat is the nutrient most frequently
mentioned in the nutrition claims and the expression “low-fat”
the most used.

Severini et al. (2003) highlighted that by partially substituting
pork backfat with extra-virgin olive oil, the chemical, physical,
and sensory features of the product remained largely unchanged
with the exception of water activity and firmness. Dudinskaya
et al. (2021) in their study analyzed European consumers
preferences regarding fat, concluding that there is no
homogeneity between countries. In France and Italy, for
example, consumers appreciate the lack of visible fat more, and
for this reason they choose leaner meat cuts with less visible
fat content.

As for the consumption of salt, its intake in developed
economies is extremely high (Burnier, 2021). In the Western
world, almost 70% of salt intake derives from foods that have been
processed, and 20% of that from meat products (Ruusunen and
Puolanne, 2005). There is a small, natural amount of salt present
in fresh foods, but this amount rises staggeringly when processed
(Inguglia et al., 2017). For instance, fresh pork normally has
70 mg of sodium/100 g, while bacon contains around 1,480 mg
sodium/100 g (Henney et al., 2010).

Excessive dietary salt intake relates to an increased risk
of hypertension affecting more than 25% of the world adult
population (Adrogué and Madias, 2007), which results in a major
risk factor for stroke and other cardiovascular disorders, as well
as diabetes and kidney disease (Doyle and Glass, 2010). Too
much salt is also the driving force of obesity (Allison, 2018).
There is strong evidence to support that a reduction in salt
intake worldwide would lead to improved public health (He
and MacGregor, 2009). In order to lessen current salt intake
significantly, a shift in both the production of commercial
foods and consumer behavior is required (Bryta, 2020). Among
processed foods, meat products are one of the most common
sources of sodium (Desmond, 2006). There are researchers
who have evaluated the acceptance of lower salt meat products
(Guardia et al., 2006), and they have shown that replacing sodium
chloride with potassium chloride (resulting in 50% less salt) is
a motivating factor, particularly among women, and that they
are more receptive to dry sausages. Other research on sensory
characteristics of low-sodium salami has highlighted that salami
prepared with a 64% reduction of Na was received highly by
consumers (De Almeida et al., 2016).

Nitrate and nitrite salts are important, widely used food
additives in cured meats. They convey a better flavor and aroma,
retain the typical red-pinkish color of the meat, slow down the
process of oxidation, and have antimicrobial properties (Govari
and Pexara, 2018; Ferysiuk and Wojciak, 2020). However, despite
the advantages of these additives, the presence of nitrites in
processed meat and their long-term intake may have major
human health consequences (Sebranek and Bacus, 2007; Aoki
et al., 2010). The European Union regulates the use of nitrite
(Reg. No. 1333/2008), asking that greater attention be paid not
only to the finished product but also to the presence of these
preservatives throughout the production process (Haouet et al.,
2016). Producers must protect the typicality of their products

and, at the same time, ensure food safety. They are particularly
interested in developing technologies aimed at the production
of cured meats without nitrites and nitrates. For this reason,
the use of starter cultures has become commonplace in the
salami industry, consisting of strains of lactic bacteria and micro-
staphylococci chosen according to desired characteristics (Cenci-
Goga et al,, 2012; Aquilanti et al., 2016).

The idea of replacing sodium nitrite with various plant
extracts has also been the focus of research, since fruits
and vegetables are made up by different kinds of phenolic
compounds, which have a favorable effect on human health
(Alahakoon et al., 2015; Munekata et al., 2020).

Sensory Attributes

In recent years consumer demand for low-fat and low-
sodium meat products have been on the rise (Ruusunen and
Puolanne, 2005), and there has been a growing interest in
creating meat products with better health benefits, such as dry
fermented sausages reformulated (Beriain et al., 2011; Aaslyng
et al, 2014). However, consumer behavior and expectations
regarding the sensory assessment of traditional meat products
are becoming less predictable. Research on low-fat and salt
in fermented sausages has produced contradicting results in
sensory characteristics. According to Tuorila et al. (1994), sensory
expectations concerning lower fat products are often minimal.
Mendoza et al. (2001), Olivares et al. (2010), and Henning et al.
(2016) achieved higher aroma, flavor, color, texture scores, and
greater acceptability in high-fat dry fermented sausages than
lean sausages. Barone et al. (2021) claim that consumers are
usually wary of meat products that are healthier since they are
unfamiliar. However, they noted that the partial replacement of
meat with plant-based ingredients and the resulting reduction in
fat and salt was accepted. Consumer perception and the favorable
reception of chicken and beef salami with regard to the fat
and salt content was also investigated by Djinovic-Stojanovic
et al. (2019). Their results highlighted how Serbian consumers
find healthy meat products more appealing. These findings have
been confirmed also by other studies, which have shown that
consumers are willing to pay a higher price for cured meats or
sausages with limited sodium and fat content (Lee et al., 2015;
Romagny et al., 2017). Moreover, other authors have shown an
improvement in odorous volatile compounds in lean sausages
(Chevance et al., 2000; Muguerza et al., 2002). Reducing salt
may also have negative effects on sensory characteristics, leading
fermented sausages to have a lighter tone, a less salty flavor, a
minor distinctive taste, and less microbial stability (Corral et al.,
2013; Laranjo et al., 2017). In addition, the sensory properties
of the sausage with regards to consumer satisfaction in terms
of taste, flavor, and texture are not affected by the addition
of preservatives, while there are differences in color attributes,
with a preference for the appearance of sausages containing
preservatives (Braghieri et al., 2016).

Animal Welfare

Recent studies on the consumption of meat and meat derivatives
have brought to the attention the possibility of agricultural
production processes affecting consumer attitudes and their wish
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to purchase meat products from farms that are environmentally
friendly (Migliore et al., 2015; Caracciolo et al., 2016; Stampa
et al., 2020; Burnier et al., 2021).

Consumer concerns for the consequences of animal breeding
related to human health, environmental impacts, and animal
welfare have led to preferences for sustainably farmed meat
(Aiking et al., 2006; Stampa et al., 2020). Consumer WTP and
preference are significantly greater when information is provided
to consumers (Napolitano et al., 2010). Even though previous
research has suggested the possibility of a positive correlation
between consumer behavior and sustainable products, studies on
consumer behavior and sustainable farming methods are limited
(Hwang et al., 2020).

Furthermore, not only do ethical concerns influence
purchasing behaviors for sustainable products, but so do
diverse cognitions of sensory perceptions. Hwang et al. (2021)
assess the impact of information of sustainability on sensory
assessments and consumer purchasing behaviors for three kinds
of sustainable agricultural production: free of antibiotics, animal
welfare, and grazing livestock. They discovered that consumers
are generally willing to pay more for salami in all three informed
conditions, and in particular for animal welfare.

Packaging

Consumers, overall, prefer packaged over-the-counter pork
rather than that purchased from a butcher (Spicka and Néglov4,
2022). Regarding the satisfaction of the packaging format in
dry cured ham, in the study of Mesias et al. (2013), just one
of the clusters, identified as a traditional consumer, attributed
very low importance to this attribute, while for the other two
clusters it was the most or the second most important attribute
for consumers. The study by Ortiz et al. (2020) investigates
consumer preference for the two types of ham packaging formats,
vacuum packaging and modified atmosphere packaging, showing
a greater preference for vacuum-packed products capable of
preserving their sensory characteristics.

Indication of Origin

The information on the origin for consumers is a strong element
of preference in purchasing a food product (Pilato et al., 2015).
The geographical origin is assumed as a quality concept, and
European quality schemes that guarantee the link with the
territory positively influence the WTP of consumers in the case
of Parma ham (Mancini et al., 2019). However, although the
protected designation of origin (PDO) regime for dry cured
ham appeals to a certain segment of costumers, the region of
origin is a powerful instrument, even more than the country
of origin (Van Ittersum et al,, 2003) and a stronger quality
evaluation than EU certification schemes (Resano et al., 2012). In
consumer preference for Iberian PDO ham, the most influential
attributes are the price, type of ham (Mesias et al., 2010), cured
ham breed, and its regional origin, while a foreign origin is
penalized by consumers (Resano et al., 2007). The WTP estimates
for meat products are related to the attributes considered, the
country of origin where the analysis is conducted (Cicia and
Colantuoni, 2010), and the geographic location of the consumers
involved in the survey (Resano-Ezcaray et al., 2010). Moreover,

consumer WTP estimates for GI labels differ due to certain
features of product and market or political institutions that affect
the premium price consumers are willing to pay for such GI labels
(Deselnicu et al., 2013).

METHODOLOGY

Data Collection

We carried out a qualitative and quantitative analysis over a
sample of 484 Italian consumers to assess which drivers move
consumers toward salami with 30% less fat. This percentage
was identified according to research on frankfurter cooked
sausage, whereby a 25-30% reduction of fat levels does not
affect significantly texture and other sensory properties (National
Research Council., 1988).

Data were collected by trained interviewers on the topics
of the questionnaire by direct interviewing consumers after a
random walk recruitment (Di Vita et al., 2020, 2021a). The survey
was based on a multi-section questionnaire and, to improve the
reliability of the answers, only regular consumers of processed
meat who were responsible for purchasing such products were
selected. The study assessed consumer attitudes in relation to a
convenience sample, which may produce unbalanced frequency
classes compared to the general population, limiting to some
extent the possibility of inference. However, this sampling
method has proven to be quite consistent, considering that the
reliability of the results is not compromised (Etikan et al., 2016;
Testa et al., 2019; Di Vita et al., 2021a,b). The administration of
the final version of the questionnaire was preceded by 2 main
steps: the focus group and a pilot survey.

Concerning the focus group, a range of specialists such
as academics, entrepreneurs, and food technologists were
invited to discuss main determinants of salami consumption.
Subsequently they were asked to select which attributes could
influence the willingness to pay (WTP) for a reduced-fat salami:
thematic nodes and consequent questions were included in
the preliminary questionnaire employed for the pilot survey.
It was conducted on 40 consumers before administering the
final questionnaire to test the effectiveness and degree of
understanding of the questions. The final version of the survey,
derived from the focus group and the pilot survey, consisted in
four sections: (1) General characteristics of salami consumption;
(2) Importance of intrinsic and extrinsic attributes of salami
consumption; (3) WTP for different salami categories, including
reduced-fat salami; (4) socio-demographic characteristics of
the sample.

The questions in the survey were organized as binary
(yes/no answer) and multiple-choice answers in the case of
sections Introduction and Results and as seven-point Likert
scale in section The Main Determinants of Cured Meat
and Salami Consumption. For example, the importance of
the different attributes in section The Main Determinants of
Cured Meat and Salami Consumption concerning intrinsic and
extrinsic characteristics was explored as perceived importance by
consumers as follows:
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“How important do you think the following intrinsic characteristics
are for defining the quality of a salami? >

Once the list of characteristics was provided, consumers
expressed their opinion on the Likert scale by indicating 1 = not
important and 7 = very important.

Data and information were collected by trained interviewers
in Sicily in large-scale retail trade shops via face-to-face
methods and resulted in 484 valid observations whose
consumer characteristics are shown in Table1. Regarding
the categorization of age groups, some aspects should be
described in more detail. In fact, age was transformed from
a continuous variable into an ordinal variable, namely age
cohort; to this aim, the classification proposed by Brosdahl and
Carpenter (2011) was employed. The classification divides the
generations as follows: Millennials: those born between 1982 and
2000; Generation X: people born between 1961 and 1981; the
Older Generation group finally collected those born before 1961,
i.e., the cohorts of Baby Boomers and the Silent Generation.

Data Analysis
The assessment of willingness to pay for a reduced-fat salami
was performed by means of an ordinal scale representing discrete
alternatives of increasing additional premium (AP). Specifically,
the alternatives were: not willing to pay an AP; willing to pay up
to 10%; between 10 and 20%, between 20 and 30%; more than
30%. Considering that the dependent variables were expressed in
a categorical dimension, an ordered logit model was performed
to assess which predictors affect the willingness to pay for the
product. The model laid on the structural model for ordinal
outcomes with a single continuous latent variable (Rabe-Hesketh
and Skrondal, 2008; D’Amico et al., 2016).

The latent variable AP} is employed to model the discrete
alternatives of the dependent variable, and consequently the
model can be expressed as follows:

APF = X8 + ¢ (1)

where AP} is latent and continuous ranging from -oo and +o0;
X; represent the vector of regressors; B is the vector of model
coefficient; and ¢; represent the vector of error terms.

The model also includes the estimation of a set of
coeflicients or intercept terms as cut-points in the latent variable
AP} distribution as follows: (1 < az... < aj_1) with (J—1).
The cut-points are considered threshold values for switching
from one category of the observed variable AP to another. Cut
points are typically considered as nuisance parameters needed
for estimation purposes, although having no intrinsic meaning
(Greene and Hensher, 2010).

Thus, the ordinal variable AP is linked to the latent variable
AP} as shown below:

AP =j if aj1 < AP} < g (2)
where j =1 to J and oy = —00 and aj+ oo.

Once the model was obtained, the problem of
correlation between the regressors or multicollinearity arose.

TABLE 1 | Socio-demographic characteristics and consumption habits of the
sample (n = 484).

Group of Variables Items Frequency Percent
Age cohort Millennials 300 61.98
Generation X 145 29.96
Older generations 39 8.06
Gender Male 254 52.48
Female 230 47.52
Body Mass Index Underweight 37 7.64
(BMI) Normal weight 293 60.54
Overweight 118 24.38
Obese 36 7.44
Family members (n) 1 22 4.54
2 72 14.88
3 124 25.62
4 196 40.50
5 58 11.98
6 12 2.48
Education Elementary and middle 130 26.86
schools
High school 175 36.16
Bachelor’s and 151 31.20
master’s degrees
Higher education 28 5.78
Monthly family income No answer 93 19.21
Up to 1,500 €/month 230 47.52
Between 1,501 and 117 2417
3,000 €/month
Between 3,001 and 28 5.79
4,000 €/month
Over 4,000 €/month 16 3.31
Regular sport activity No 272 56.20
Yes 212 43.80
Salami consumption 1.12(0.94)
(hg/week)
Mean-SD
Habits Price paid for salami 1.28(0.72)
(€/hg)
Mean-SD

Multicollinearity can be a relevant issue in regression due to the
undesired correlation among predictors reducing the capacity of
the model to recognize significant variables (Daoud, 2017). To
check the reliability of the model in terms of multicollinearity
phenomena, the Variance Inflation Factor (VIF) analysis was
employed. Based on the current literature, the interpretation
of the analysis should be performed on the 1/VIF ratio, which
should be >0.2 to indicate that the model is not affected by
multicollinearity problems that could lead to invalid results
(Mehmetoglu and Jakobsen, 2016).

The last step of the model implied the study of marginal
effects since the information provided by the coeflicients of the
ordered logistic regression are not directly interpretable in terms
of probability (Greene and Hensher, 2010). To overcome this
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TABLE 2 | Descriptive statistics of the variables used in the Ordered Logit model.

TABLE 3 | Ordered logit model results on WTP for reduced fat salami (n = 484).

Variables Mean SD Variables Coef. p-value
Overall taste 4.67 1.22 Overall taste 0.024 0.823
Color 5.32 1.24  Color 0.149 0.197
Texture 5.38 1.15 Texture —-0.217 0.042
Nitrites content 2.46 1.80 Nitrites content —0.288 0.000
Packaging 4.72 1.71 Packaging —0.044 0.490
Italian origin 6.48 0.67 Italian origin 0.211 0.281
PDO/PGI 591 0.77 PDO/PGI —-0.416 0.004
Animal welfare 6.33 1.16 Animal welfare 0.174 0.102
Age cohort 0.179 0.256
Gender —0.534 0.007
problem, the estimation of probability changes was carried out  gody Mass Index BM) _0.181 0.163
by means of the average marginal coefficients. This assessment  Family members _0.065 0.457
allows the estimation of how a marginal variation in the value of  gqycation 0.140 0.266
aregressor impacts the probability of the result, holding the other oty family income 0.332 0.002
predictors at their mean values (Boes and Winkelmann, 2006). Regular sport activity 0.420 0.036
Salami consumption —0.249 0.071
R ESU LTS Price paid for salami 0.698 0.000
Cut 1 —3.388
Our research aim was to analyse what variables influence Cut2 —0673
consumers willingness to pay an additional price premium Cut3 2671
for a healthy salami with low-fat content. To this purpose, — Cut4 4.531
different socio-demographic characteristics shown in Table 1and ~ Goodness of it Mc Fadden r square 0.136
intrinsic/extrinsic salami attributes in Table 2 were tested in the Log likelihood —481.483

econometric model.

Starting from the summary statistics, some first insights can
be drawn from Table 2 where the mean value and standard
deviation of the tested characteristics are shown. Animal
welfare and Italian Origin ranked the most popular followed
by PDO/PGI and texture. Nitrites content, overall taste, and
packaging ranked lower with a mean average between 2.46 and
4.72, which underlines a certain degree of interest in these
attributes. The low importance attached to the nitrite content in
salami suggests that consumers prefer to avoid this substance in
the final product. Regarding the willingness to pay an additional
price/extra for reduced-fat salami, the distribution of frequencies
among the different classes was the following: 7.44% of the
sample were not willing to pay extra; 33.26% of the sample were
willing to pay up to 10%; 50.83% were willing to pay between 10
and 20%; 7.02% were willing to pay between 20 and 30%; and
1.45% of the sample were willing to pay more than 30%.

Moving on to the core of the paper, ie., the estimation of
the effects of attributes and socio-demographic characteristics on
consumers’ willingness to pay an “additional price for healthy
salami,” Table 3 shows the results of the regression model. In the
estimated model, the pseudo R? (McFadden, 1973) was calculated
to assess the goodness of fit; the obtained value of 0.136 is
acceptable based on current literature (Liu et al., 2015; Yano et al.,
2021).

Table 3 shows that only 7 out of the 17 regressors are
statistically significant at 5%, and 1 variable is significant at 10%.
The four categories of cut points are also reported in the table.

Starting with texture as an intrinsic attribute, the model
suggests that consumers who value this characteristic are less

willing to pay for a low-fat salami. A similar result was
obtained for nitrite content, with consumers who considered
this attribute important being less interested in a reduced-fat
salami. Considering the extrinsic attributes, only the PDO/PGI
label, reflecting the quality and regional specificity of salami, was
significant. The coeflicient obtained suggests that respondents
interested in this quality certification are less inclined to pay an
additional price for a reduced-fat salami.

The table also highlights the role of socio-demographic
characteristics that were found to be significant. The coefhicient
of gender suggests that males are more interested in this product
and households with a high income as well. Finally, the variable
sport activity was also significant, and the model implies that
people who have a regular sporting activity are more willing to
pay an additional price premium for this type of salami.

The negative coefficient concerning consumer habits,
measured with the variable “Salami consumption,” indicates
that consumers who consume large amounts of product are
less willing to pay an additional price for a reduced fat salami,
suggesting an opposite relationship between product quantity
and quality. The other variable, “Price paid for salami,” indicates
the actual price at which the sample purchases salami. The model
suggests respondents that consume expensive products are more
willing to pay for a healthier product.

The validation of the model in terms of multicollinearity is
shown in Table 4. The table presents the outcome of the variance
inflation factor (VIF) analysis and emphasizes the absence of
multicollinearity among the variables included in the model. This
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TABLE 4 | Variance Inflation Factor (VIF) analysis of the model.

Variables VIF 1/VIF
Overall taste 2.08 0.48
Color 2.28 0.44
Consistency 1.68 0.62
Nitrites content 2.41 0.42
Packaging 1.46 0.68
Italian origin 2.06 0.49
PDO/PGI 1.38 0.73
Animal welfare 1.77 0.57
Age cohort 1.18 0.85
Gender 1.12 0.89
Body Mass Index (BMI) 1.09 0.92
Family members 1.09 0.92
Education 1.49 0.67
Monthly family income 112 0.89
Regular sport activity 1.14 0.88
Salami consumption 1.90 0.53
Price paid for salami 2.09 0.48
Mean VIF 1.60

information is given by the 1/VIF ratio. In truth, when the ratio
is >0.2, multicollinearity cannot be considered relevant as the
stability of the coeflicients provided by the logistic regression
is satisfactory.

Since direct interpretation of the coefficients in an ordered
response model is uncertain (Greene and Hensher, 2010), further
investigation of the outcomes may be needed. Therefore, the
findings of the model, shown in Table 3, have been further
elaborated to assess predicted probabilities and marginal effects.
Indeed, the coefficients of logistic models only indicate the
magnitude of impacts, positive or negative, on the probability
of a certain result for the dependent variable (Smith et al.,
2009). In addition, the marginal effects applied to the ordered
logistic model permit us to observe probability variation across
the discrete alternatives of the dependent variable (D’Amico
et al,, 2016). Furthermore, since the predicted probabilities from
the logistic regression shown in Table 3 can change over the
categories of the dependent variable, we can use the marginal
effects to quantitatively assess how much they increase or
decrease the probability of the outcome. Table 5 provides insights
for the significant variables.

Analyzing the interpretation of socio-demographic
characteristics on the willingness to pay an additional price
on a reduced-fat salami, we focus on significant marginal effects
related to gender, monthly family income, and regular sport
activity. Indeed, since the ordered logistic regression allows
evaluating the probability variation across each level of the
ordinal scale, in this second step, more coefficient is provided
for the covariates. The interpretation of marginal effects should
be focused on significant coeflicients that indicate that the
probability of the change provided within the level assessed
on the ordinal scale is distinguishable from zero (Esarey and
Sumner, 2018). Starting with gender, the study of marginal

effects provides deeper insight than the mere interpretation of
the coefficient in the logistic regression. In fact, the general effect
indicates that men are more interested in reduced-fat salami. The
general trend can be deeply explored by the marginal coefficient,
which indicates that women are more willing to pay an additional
price premium to 10% (6.5% in terms of probability). Instead,
males are more willing to pay an additional price premium:
between 10 and 20% (6.2%), between 20 and 30 (2.9%), and more
than 30% (around 1%). Turning to the variable “Monthly family
income,” the marginal coeflicients suggest that the probability of
an additional price premium increases for higher incomes in the
case of premium prices of 10-20% (3.8%), 20-30% (1.8%), and
more than 30% (around 1%). People with lower incomes, on the
other hand, can be more willing to pay up to 10% (4%). Finally,
people who practice sport regularly are more willing to pay an
additional price premium for the alternatives 10-20% (4.8%),
20-30% (2.3%), and more than 30% (around 1%).

DISCUSSION

The results of our work generally confirm the initial assumption
that there is a higher willingness to pay for low-fat salami
on the basis of certain variables that have been investigated.
Moreover, the distribution of frequency of the responses shows
that respondents were willing to pay an additional price premium
mainly up to 10% and between 10 and 20 for reduced-fat salami.
This fact confirms consumers’ ever-growing attention to food
products perceived as “healthy” and that healthier meat products
are a well-established market that could be further developed
(Guardia et al., 2006; Schnettler et al., 2019). Therefore, these
research findings could have a direct influence on the meat
industry since it has to understand the attributes that consumers
feel are relevant.

In our study, the variables that most affect the consumption
of low-fat cured meats relate to intrinsic characteristics
(Texture, Nitrites), extrinsic characteristics (PDO/PGI), and
socio-demographic and consumption characteristics (Gender,
Monthly Income, Regular Sport Activity, Price paid for salami).
In particular, variables within the “socio-demographic” group
have a positive impact on WTP.

In detail, the texture variable appears relevant, but as the
importance attached by consumers to this attribute increases,
the WTP for low-fat salami decreases. On the other hand,
tenderness, fragrance, and texture have always been among the
most important sensory attributes, especially for pork that has
been cooked (Miller, 2020). Vélkové et al. (2007) had already
highlighted these results, emphasizing that texture is one of the
most significant factors that affects consumers” opinion of ham
quality. Ordéniez et al. (2001), in their research, found that higher
fat frankfurters were considered more satisfactory by consumers
than experimental lower fat frankfurters, precisely because of
their consistency, while other studies found that a frankfurter
with a low fat content was more likely to be consumed than
conventional ones (Rocha et al., 2019). Similarly, Shan et al.
(2017) examined consumers’ judgment on reducing fat in meat
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TABLE 5 | Average marginal effects for significant variables derived from the ordered logit model.

Variables Not willing to pay Up to 10% Between 10 and 20% Between 20 and 30% More than 30%
Texture 0.015 0.026 —0.025 —0.012 —0.003
p-value 0.046"* 0.040** 0.039** 0.053* 0.101
Nitrites content 0.018 0.035 —0.033 —-0.016 —0.004
p-value 0.001*** 0.000*** 0.000*** 0.001*** 0.029**
PDO/PGI 0.026 0.050 —0.048 —0.023 —0.006
p-value 0.007*** 0.004*** 0.005"** 0.008*** 0.049**
Gender 0.033 0.065 —0.062 —0.029 —0.007
p-value 0.010"* 0.006"** 0.007*** 0.011** 0.053*
Monthly family income —0.021 —0.040 0.038 0.018 0.005
p-value 0.003"** 0.002*** 0.002*** 0.005*** 0.039**
Regular sport activity —0.026 —0.051 0.048 0.023 0.006
p-value 0.042** 0.035"* 0.036** 0.044** 0.096*
Salami consumption 0.016 0.030 —0.029 -0.014 —0.003
p-value 0.078* 0.068* 0.069* 0.080* 0.133
Price paid for salami —0.043 —0.085 0.082 0.038 0.009
p-value 0.001*** 0.000*** 0.000"** 0.001*** 0.028**

""", "Indicate significant marginal effects at p-values 0.1, 0.05, and 0.01, respectively.

products, confirming that survey participants did not mention
any significant changes regarding the flavor of either product.

The same can be said for nitrite content. This reinforces
the hypothesis that consumers who are particularly attentive to
intrinsic variables (therefore related to the naturalness of the
product) are less willing to pay for products perceived as modified
(Galati et al., 2019). A recent study (Di Vita et al., 2019) has in
fact highlighted the relevance of variables linked to properties
such as being nitrite-free and salt reduction in consumer choices,
underlining the significant consumer propensity for paying extra
for salami with such characteristics. Hung et al. (2016) reached
the same conclusions when he studied consumer attitudes and
purchase intent toward processed meat products containing the
addition of natural compounds and reduction of nitrites.

Concerning the analysis of the incidence of the PDO/PGI
variable, again, people who are sensitive to the traditional
productive process of the meat products are less used to paying
more for low-fat salami. This finding is consistent with the
previous literature on the role of PDO certifications in food
products, whereby the consumer values more the typicality than
industrialized food (Garavaglia and Mariani, 2017).

Considering the attitude based on gender literature,
concerning healthy food products and attributes, have provided
divergent results. The role of gender could be non-significant
(Bruschi et al., 2015); however, several researchers reported that
woman find nutritional labels more important than men when
selecting meat products and are more willing to pay for healthy
food (Rimal, 2005; Timpanaro et al., 2020), while other studies
reveal that males are more satisfied with healthy characteristics
in some products, such as dry-cured ham (Resano et al., 2011).

In our case, women are interested in reduced-fat salami but
are willing to pay an additional price premium only for the lowest
alternative (up to 10%). This result suggests that the gender effect
may be influenced by the product evaluated in the study or the
origin of the consumers.

In addition, the respondents actively doing regular physical
exercise were more inclined to pay a higher price for health and
wellness food products, consistent with both expectations and
other studies carried out on processed meats. In particular, the
consumers surveyed who do sports seem to be more in favor of
paying an additional price for a healthy salami (Di Vita et al,,
2019). That physical activity variables also positively influence
WTP was also found in a study on salty bread (Di Vita et al,
2016).

Interestingly, the subjects who do regular physical exercise
are those who, by far, are the most willing to pay for low-fat
salami, even more so than those in the high-income bracket. This
finding is consistent with existing literature that highlight how
healthy eating motivation is associated with healthy lifestyles.
This research is in line with prior studies which have examined
the link between healthy motivation, consumption, and lifestyle
behavior like sport and exercise (Wardle and Steptoe, 2003;
Hearty et al., 2007).

As far as income is concerned, the previous studies are
confirmed where low family income is associated with a poor-
quality dietary intake (Wolfson et al., 2019), along with a limited
consumption of fruit and vegetables in favor of more sugar-
sweetened beverages and a general consumption of high-fat
foods. Indeed, Naughton et al. (2015) illustrated how social class
status influences diets, with higher classes being linked to diets
of better quality and lower classes tending to have diets that
are nutrient poor and rich in energy. These findings, then, are
consistent with other research stating that healthier food options
are more often bought by consumers with higher education levels
and incomes (Sajdakowska et al., 2018); furthermore, they are
willing to pay an additional price for foods with lower fat and
salt (Nordstrom and Thunstréom, 2015).

Ortega et al. (2011) and Wu et al. (2015) have determined
that consumers’ pork meat preferences are influenced by factors
such as gender, education, and level of income. Moreover, Balogh
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et al. (2016), who investigated the WTP for a traditional food
product like Hungarian mangalitza salami, revealed how income
and education may affect consumer preference and WTP. In line
with previous studies, a preference for meat consumption was
also found to be correlated to family economic status (de Boer
and Aiking, 2018; Milford et al., 2019).

It goes without saying that WTP decreases as salami
consumption increases, since the higher price would affect
substantial amounts of consumption. Finally, consumers who are
already used to paying higher prices show a greater willingness
to pay because the marginal price increase is less significant
for them.

CONCLUDING REMARKS

Several factors, such as product attributes, socio-demographics,
and habits that move consumers toward the consumption of
reduced-fat salami, have been detected. Through the econometric
model adopted in the study, a general trend influencing the
likelihood of the price premium was described and further
insights were obtained through the study of marginal effects.
Concerning the product attributes consistency, nitrites content
and PDO/PGI were significant, suggesting the prominent role
of sensory attributes, additives content, and regional specificity.
Among the socio-demographic characteristics, gender, income,
and sporting activity were highly significant. Finally, consumers’
habits highlighted the importance of the quantities consumed
which negatively affects the willingness to pay.

This paper has several implications for both marketers and
producers. As for producers, our study suggests the feasibility
for the reduction of fat in cured meat by producing foods that
are less harmful to health. Healthier products are appreciated

by different consumer segments, so by including information
on the label in different forms, such as nutritional claims, these
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The search for food products from sustainable chains has increased in the past years,
motivated by consumers’ interest in reducing the negative environmental, economic, and
health impacts of their food choices. However, it is not yet clear whether transparency
expectations of sustainable food chains influence in consumers’ perception of this food
products. The literature shows that there are gaps in the growth of sustainable product
consumption is the transparency of production and the provision of more information to
consumers. In this paper, we aimed to better understand what is the role of transparency
expectations and how they influence consumers’ decision to consume sustainable food
products. Based on scales already validated in the literature, a theoretical model with
nine hypotheses was proposed. A questionnaire was structured and empirically tested
through a survey with 136 consumers of food from alternative networks. Six hypotheses
were validated. Three segments of consumers target were identified from an exploratory
factor analysis and cluster. Based on the results some marketing actions were suggested
for the participants of alternative food networks. Other studies may validate the model
proposed here.

Keywords: sustainable consumption, food chain transparency, sustainability, consumer behavior, alternative
food system

INTRODUCTION

Consumers’ desire to eat food products from sustainable chains, such as alternative food networks
has been increasing in the past years (De Bernardi and Tirabeni, 2018; Fourat et al., 2020). One
of the main reasons for that is the fact that consumers expect such food products to have lower
environmental impacts and greater positive impacts for local economies, the environment and for
the health of individuals, including workers and consumers (Maier et al., 2020). The alternative
food networks are “very diverse,” including short commercialization circuits, such as fresh produce
fairs, delivery of weekly baskets, small producer stores, agrotourism, and institutional sales for
school meals (Brandenburg et al.,, 2015). One of the most recognized examples of alternative
food networks is the Community Supported Agriculture (CSA), which consists of a partnership
between producers and consumers, in that consumers can have access to local and organic food,
and producers have the certainty that their production will be sold at a fair price. The pandemic of
COVID-19 has accelerated this movement toward sustainable food chains (Ricker and Kardas-
Nelson, 2020; Chiche and Lachapelle, 2021; Futemma et al., 2021). This increasing interest for
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sustainable food products is aligned with today’s critical and
ethical consumerism, highly concerned with environmental
impacts and effects on health and food consumption (Grunert
etal., 2014).

Brazil is a big country, with a dimension of more than 8
million km” and more than 212 million inhabitants. From the
one side, the country counts with the presence of large agri-
food chains, such as soybeans, corn, wheat, and sugar. From
the other side, data from the 2017 to 2018 Agricultural Census,
conducted by the Brazilian Institute of Geography and Statistics
(IBGE), reveal that almost 80% of Brazil’s rural establishments
were characterized as belonging to family farming. While not all
family farms can be characterized as alternative food networks,
they are more likely to participate in such actions, including
short circuit commercialization, organic production practices,
etc. Even though the availability of data concerning alternative
food networks is still limited, we can infer that they are especially
present in the state of Sao Paulo. One of the arguments that
gives support to this is the fact that organic production in Sao
Paulo is higher than the Brazilian average (2.6% of all agricultural
establishments in the state, while the Brazilian average is 1.3%;
IBGE, 2019).

In Brazil, alternative network foods have also been the focus
of some studies. The following are some of them: the role of
transaction costs in the intensity of organic food consumption
in Brazil (Cechin et al., 2021), an evaluation Brazilian cocoa
production chain from the perspective of sustainable rural
development (Gontijo, 2020), short food supply chains (Queiroz,
2021), the proposal of a theoretical model for the diagnosis
of transparency in the food sector (Nicastro and dos Santos,
2021), and finally, how to contribute to sustainability being
economically from cases of alternative food systems (Fialho,
2020). However, no study focusing on consumers’ expectations
on the transparency of sustainable food chains.

It is already supported by the literature that environmental
values and concerns about supporting local communities are
among the reasons why people join sustainable food chains, such
as CSAs (Brehm and Eisenhauer, 2008). Concerns about food
quality and how food is produced have also been recognized as
one of the most relevant motivating factors for participating in
such initiatives (Brehm and Eisenhauer, 2008). Questions about
quality and food practices have played an important role in
increasing demands on transparency in the food supply chain.
However, little is known about the role of transparency of the
food chain in consumer behavior. Nevertheless, “the growing
popularity of transparency in supply chains and networks” are
not “accidents or fads that are soon to be replaced” (Mol,
2015). Rather, “transparency in value chains is there to stay”
(Mol, 2015). Also, although “generally assumed to empower
the powerless, transparency in sustainable chains can as well
empower the powerful” (Mol, 2015).

“Transparency might be perceived differently between
individuals because its perception is mainly determined
by the limited ability of individuals to collect, process and
transfer information, as well as by subjective feelings and
experiences in the past” (Deimel et al, 2008). Karg (1990)
describes perceived transparency as the feeling of being informed

about something and defines it as the availability of relevant
information as experienced by the individual that makes
processes subjectively distinct and clear. Deimel et al. (2008)
compared the transparency of the pork and dairy chains
of production as experienced by farmers. They found that
transparency was higher in the dairy than in the pork business,
influenced by a lower number of transaction partners and a
tendency toward a longer-term governance structure. Also, “the
explicitness and clearness of information exchanged and the
levels of trust and commitment were higher in the dairy sector”
(Deimel et al., 2008). The authors call for further research on the
transparency of food chains.

In their study (Bhaduri and Ha-Brookshire, 2011), found that
consumers “questioned the legitimacy of the claims made by
the businesses with regard to their transparent supply chain
practices.” In this sense, they required a “standard seal” or
“seal of approval” which would certify businesses’ transparency
efforts to ensure the businesses are “living up to a particular
standard of operations and, thereby, giving consumers the
confidence to make an educated decision.” They demand
a “standard authorizing agency to verify the claims of the
transparent businesses.”

Grunert (2011) proposes six gaps that hinder the consumption
of food with sustainable characteristics. They are: (1) exposure
does not lead to perception, i.e., consumers simply do not notice
the label, because they are in a hurry to buy and most shopping
is done habitually; (2) perception leads only to peripheral
processing, i.e., consumers see the label, but do not bother to
make the effort to understand what it means; (3) the consumer
makes “wrong” inferences, i.e., he looks at the label, however he
relies on “wrong” reasons; (4) eco-information is offered with
other criteria, i.e., the price may be higher, but the taste is not
good and the family may prefer something else; (5) lack of
environmental awareness and/or credibility, i.e., consumers who
want to make sustainable choices may find it difficult to do so
in practice, and finally, (6) lack of motivation at the moment of
choice, i.e., although consumers have a positive attitude toward
sustainability, this attitude is not so strong as to affect behavior
in all situations where sustainability may be a relevant criterion.
We can say that consumers “forget” their positive attitude toward
sustainability when making their food choices. These “latent”
attitudes are an important factor in explaining the discrepancies
between attitude and behavior.

In this paper, we aim to understand the importance of
transparency of the chain in consumers’ perception, including
both the lack of information, and the gaps involving the
motivation and decision to consume food from sustainable
chains. Thus, we aim to answer the following research question:
What is the role of transparency expectations in consumers’
decision to buy food from sustainable chains?

METHODOLOGY

Research Hypotheses

Based on the literature review, nine hypotheses were formulated
and are presented in Figure1l. We used the database Web
of Science and the criteria for keywords and the literature
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review was based on the terms “transparency of the chain” and
“alternative food and networks.” The first group of hypotheses
are related to the expectation of chain sustainability transparency
(TEX). As antecedents of this expectation, we have involvement
with sustainability (ISU), knowledge about sustainability (KNS),
and credibility in chain sustainability (COS). Therefore, we
formulated the following hypotheses:

Hla: Engagement with sustainability (ISU) is directly
related to expectations about the transparency of the chain’s
sustainability (TEX).
HIb: Knowledge about sustainability (KNS) is directly
related to expectations about the transparency of the chain’s
sustainability (TEX).
Hic: Credibility in chain sustainability (COS) is directly
related to expectations about transparency of the chain’s
sustainability (TEX).

The second set of hypotheses is related to the consequences of
the expectation of transparency of the sustainability of the chain
(TEX). These consequences would be related to attitudes such as
knowledge of the possibilities for action (KAP), willingness to act
(WAC), and confidence in one’s own influence (COI).

According to Mol (2015), consumer transparency involves
the disclosure of production and product information related to
claims of sustainable production processes and products through
public or private labeling and certification. Organic, green, fair

trade, and all types of other sustainability products and processes
are articulated in standards, disclosed in certifications, labels,
and information systems can be called consumer transparency
(Mol, 2015). It is expected that these behaviors will happen with
more intensity or likelihood when the expectation about the
transparency of the sustainability chain is also higher:

H2a: Expectation about the transparency of the chain’s
sustainability (TEX) is directly related to knowledge of the
possibilities for action (KAP).

H2b: Expectation about transparency of chain sustainability
(TEX) is directly related to willingness to act (WAC).

H2c: Expectation about transparency of chain sustainability
(TEX) is directly related to trust in ones own influence (COI).

Finally, the third group of hypotheses relates the three attitudes
of the previous hypotheses to the willingness to buy from
sustainable chains (WTB). The attitudes are: knowledge about
the possibilities to act (KAP), willingness to act (WAC), and
confidence in ones own influence (COI). Similarly to the
previous hypotheses, it is expected that the higher the intensity
of these attitudes the more likely will be the desire to buy from
transparent and sustainable chains. Therefore, we formulated the
following hypotheses:

H3a: Knowledge about the possibilities of action (KAP) is
directly related to the desire to buy from transparent and
sustainable chains (WTB).
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H3b: Willingness to act (WAC) is directly related to the desire to
buy from transparent and sustainable chains (WTB).

H3c: Confidence in ones own influence (COI) is directly
related to the desire to buy from transparent and sustainable
chains (WTB).

Design of the Study and Data Collection

To achieve the aim of this paper we applied a quantitative study
design. A field survey was carried out to test the hypotheses
elaborated in our proposed model. The population was defined
as any consumer of food from alternative networks from
the state of Sdo Paulo. We focused on this state because it
concentrates most Brazilian consumers of food from alternative
networks. The sample was defined as non-probabilistic, and the
questionnaire was structured in the Google Forms platform and
distributed randomly through snowballs on social networks such
as Facebook and LinkedlIn, as well as message applications such
as e-mail and WhatsApp. As there is no official data regarding
the population consuming this type of food, it was not possible to
stratify the sample for statistical inference. The main focus was to
ensure that the respondents were consumers of alternative food
and, therefore, able to answer the questions with confidence. The
minimum number of individuals necessary for the analysis of the
proposed model (Figure 1) was 127 and was calculated using the
GPower software (Kang, 2021). The collection period was from
August 18 to 30, 2021. We collected 145 responses, 11 individuals
being discarded from the analysis of variance and outliers. To
analyze the results, we used univariate and multivariate analysis
(Malhotra et al.,, 2017). Part of the research was causal type,
with hypothesis testing conducted using the Confirmatory Factor
Analysis method. Another part of the research was descriptive,
with the use of quantitative methods, but without the presence of
a dependent variable: Exploratory Factor Analysis and the Cluster
Analysis (Hair et al., 2009b).

Even though the research included consumers from all over
Brazil, the survey covered mainly the state of Sao Paulo because it
has the highest level of urbanization and concentrates most of the
country’s higher income and higher education level population
(IBGE, 2010). These characteristics make this state the main
target audience of alternative food network initiatives.

To ensure the validity of the data collection instrument, the
original scales used in the questionnaire were translated from
English into Portuguese and the final version was approved by
three researchers specialized in the marketing area. The objective
of this translation and linguistic survey process was to ensure
that the meaning of the applied statements was consistent with
the references used in English and that the questions were not
ambiguous, which could affect the integrity of the results. These
conditions are recommended by Brislin (1980). In addition, a
pre-test was conducted with 30 participants to avoid problems
with the understanding of the respondents, to adjust some terms,
as well as to identify problems regarding the completion of
the questionnaire. The pre-test was applied 30 days before the
data collection, using the same criteria for the selection of the
final sample.

The final questionnaire applied included 37 questions, with
five questions characterizing the respondent and 32 in a

TABLE 1 | Discriminant validity of the constructs.

Latent lIoCc cos ISU KAP KNS TEX WAC WTB
variable

10C 0.828

COs 0.404 0.808

ISU 0.487 0.365 0.879

KAP 0.556 0.380 0.341 0.870

KNS 0.315 0.078 0.458 0.425 0.907

TEX 0.444 0.574 0434 0.420 0.420 0.684

WAC 0.794 0501 0.614 0527 0280 0.488 0.925

WTB 0.625 0.464 0.635 0.326 0259 0.451 0.751 0.893
CR* 0.897 0904 0931 0925 0933 0.777 0.946 0.940
CA*™ 0.845 0.867 0.901 0.889 0.893 0.642 0915 0.915
AVE** 0.686 0.653 0.772 0.758 0.823 0.468 0.855 0.798

Source: Original research data.
*CR, Composite Reliability.

**CA, Cronbach’s Alpha.

**AVE, Average Variance Extracted.

seven-point Likert scale format, ranging from 1 (strongly
disagree) to 7 (strongly agree). These questions represent
dimensions validated in the literature and the respective articles
of these scales can be found in the Appendix 1.

With the intention of verifying the measurement quality of
the proposed theoretical model, a confirmatory factor analysis
(CFA) was performed using variance-based structural equation
modeling. This evaluative method allows to verify the fit of the
collected data structure to the theoretical model (Hair et al,,
2009a), through a combination of dependence (factor analysis)
and interdependence (multiple regression analysis) techniques
(Hair et al., 2016). Data were analyzed using SmartPLS software
version 3.3. The reliability of the proposed scales was tested, as
well as their convergent and discriminant validations (Table 1).
To identify the validity of the constructs, it was verified if the
variables really belong to the construct to be measured, being
that the more abstract the construct, the greater the difficulty in
establishing its validity (Souza et al., 2017). The hypotheses raised
in this study, described in the model presented in Figure 1, were
tested using the same SmartPLS software, followed by a set of
multiple regression equations.

In order to group the questions into dimensions based on
consumer perception and then group them among consumers,
an exploratory factor analysis was performed using the Principal
Components extraction method and rotated using the Varimax
method with Kaiser normalization (Appendix 4). To perform the
cluster analysis or segmentation the K-means method was used.
Three clusters were previously chosen and the factor loadings
obtained in the exploratory factor analysis were used as a source
of information.

RESULTS

Regarding monthly family income, the average value was
concentrated in 14,400 Reais (~US$2,880.00). The average age of
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TABLE 2 | Evaluation of the structural model.

Original sample (O) VIF Sample mean (M) Standard deviation (STDEV) T statistics (|O/STDEV|) P-values

Hia: ISU -> TEX 0.092 1.467 0.104 0.083 1.104 0.270

H1ib: KNS -> TEX 0.338 1.297 0.340 0.080 4.238 0.000"
Hic: COS -> TEX 0.514 1.167 0.509 0.083 6.170 0.000**
H2a: TEX -> KAP 0.420 1.000 0.426 0.084 5.018 0.000**
H2b: TEX -> WAC 0.488 1.000 0.494 0.079 6.140 0.000**
H2c: TEX -> COI 0.444 1.000 0.453 0.082 5.380 0.000**
H3a: KAP -> WTB -0.120 1.490 —-0.113 0.093 1.298 0.195

H3b: WAC -> WTB 0.717 1.000 0.678 0.130 5.505 0.000**
H3c: COIl -> WTB 0.122 2.909 0.155 0.124 0.989 0.323

Source: Original research data.
N =134.
**Mean significance level at p < 0.01.

the participants was ~39 years old, with a standard deviation of
12.82. Regarding gender, the sample was equally distributed, with
50% of the participants being female and 50% male. Most of the
interviewees, 47.01%, had a graduate degree. The general profile
of the sample is described in Appendix 2.

Regarding the Likert-type questions, the ones with the highest
agreement were “I believe that what each person does is
important for sustainable development” (Mean = 8.93, Standard
Deviation 1.67), “I would buy food from transparent and
sustainable chains if it is available where I shop” (M = 8.75,SD =
1.82), and “There is a high probability that I will buy food from
transparent and sustainable chains in the future” (M = 8.69, SD
= 1.95) (Appendix 3).

In relation to the affirmations that consumers most disagreed,
they were: “Alternative food producers use registered workers
to produce their products” (M 5.66, DP 1.93), “I
wanted/ I could easily find out about the working conditions
on farms that produce alternative foods” (M = 5.16, DP =
2.82), and “People who know me, consider me an expert
in the area of food sustainability” (M = 3.97, DP
2.69). The results show that even though the respondents
are involved with alternative foods, they demonstrate little
knowledge regarding technical issues about their production and
food sustainability.

Confirmatory Factor Analysis

Although the variables were taken from the literature, their
subsequent adaptation for the purposes of the present study
warranted validation. The validation process was carried out
using the total sample of 134 participants. The results of this
confirmatory analysis are summarized in Table 1.

It was observed that the assumptions of reliability and
convergent and discriminant validity were met for all scales.
Through the Average Variance Extracted (AVE), we obtained a
value >0.500 (acceptable load) for all the constructs, with the
exception of the latent variable TEX (0.468). Although the latter
does not meet the stipulated value, the theoretical complexity
presented in the paper is reasonable justification to consider this
value acceptable in these circumstances.

The composite reliability (CR) for all constructs was
considered to be above 0.700, which is an acceptable load for this
variable (Fornell and Larcker, 1981; Hair et al., 2009a). Even with
an AVE of <0.5, it is noted that TEX also showed a CR above 0.7,
a characteristic also obtained for other authors’ valid constructs
(Lam, 2012). Finally, the effectiveness analysis of the discriminant
validity tests, according to the precepts of Fornel and Larcker
(1981), evaluated possible construct relationships with the other
variables and did so, successively, in all cases. The square root
values of the AVE, on the diagonal of the Table 1 (highlighted in
bold), confirm that the constructs are indeed valid. Therefore, the
results of the confirmatory analysis of the constructs show that
the adaptations made to categorize and measure the dimensions
of interest in this paper were effective.

Hypothesis Validation

The results applicable to the structural model analysis show
that six out of the nine hypotheses tested were supported at a
significance level of p < 0.01, as shown in Table 2. It can be noted
that all significant relationships between the constructs proposed
in the hypotheses were positive, as expected. Contrary to
expectations, hypotheses Hla, H3a, and H3c were not significant.

The inflation variance factor (VIF) values were > 1,000 for all
the hypotheses, indicating no multicollinearity (Bowerman and
O’Connell, 1990). All VIF values are acceptable, since they are
below 3,000, as explained by Ringle et al. (2015).

When it comes to the first group of hypotheses (Hla,
H1b, Hlc), we wanted to understand consumers sustainability
transparency expectations. As H1lb and Hlc were supported
by our data, we confirmed that as consumers show a greater
knowledge about sustainability, their expectation of transparency
of the sustainability of the chain also increases. Also, the greater
the credibility in the sustainability of the chain, the greater the
expectation of transparency. Contrary to what we expected, our
results do not support the affirmation that engagement with
sustainability is directly related to the expectation about the
transparency of the chain’s sustainability (H1a).

The results indicate that higher expectations about the
sustainability and transparency of the chain generate three types
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of attitudes: a desire for greater knowledge of the possibilities
of action (H2a), a greater willingness to act (H2b) and, greater
confidence in ones own influence (H2c). All of these were
confirmed, including their positive relationship, which indicates
greater engagement and proactivity about food from alternative
networks. This is an indication that transparence may play an
important role in generating action toward food from alternative
networks. The three hypotheses were confirmed, including their
positive relationship, which indicates greater engagement and
proactivity about food from alternative networks.

Finally, from the third group of hypotheses, only H3b
was supported by our data, confirming the affirmation that
willingness to act is directly related to the desire to buy
transparent and sustainable chains. On the other hand, we
found that knowledge about the possibilities of action (H3a)
and confidence in one’s own influence are not directly related
to the willingness to buy from transparent and sustainable
chains. One of the explanations for that may be the low self-
confidence derived from the still low knowledge of consumers
about the production process of these foods. As evidenced earlier,
the questions about knowledge about food from alternative
networks were the ones with the lowest average agreement. These
results suggest, therefore, the need for communication actions
to generate an active attitude from the consumer in searching
for this type of product. More engaged, with more knowledge
and confidence, these consumers can become influencers of
other consumers.

Cluster Analysis

We performed an exploratory factor analysis using the Principal
Components extraction method and rotated using the Varimax
method with Kaiser normalization (Appendix4). Based on
the 23 Likert-type questions, six factors were obtained, which
explained 72.53% of the variance (Appendix5). The factors
were: (1) Action and likelihood of sustainable food consumption
(15.84%); (2) Credibility and expectations of chain transparency
and sustainability (13.12%); (3) Confidence in own influence
(12.38%); (4) Action on sustainable development (11.54%);
(5) Concern about sustainable food (9.86%) and finally; (6)
Knowledge about food sustainability (9.80%). The total variance
explained is generally not 100%. This metric indicates how well
the questions asked evaluate the entire variance. The values of
each factor above 3% demonstrate that the data were aggregated
consistently and the explained variance above 60% demonstrates
that the set of questions measure what we aimed to analyze
(Fabrigar and Wegener, 2011). The remaining factors have
eigenvalues smaller than 1 and are, therefore, considered to be
unexplained variance.

The cluster analysis revealed the existence of three clusters
(Appendix 6 brings more information about each cluster or
segment). Cluster 1, called Acting, is composed of consumers
that are active in relation to sustainable food and are more
likely to consume this type of product. This cluster is made up
of 54.05% females, single (64.86%), aged 18-37 years (46.27%),
complete college education (32.43%), living in a family of three
people (29.73%), family income from R$1,001.00 to R$10,000.00
(49.97%) and residing in the state of Sao Paulo (83.78%).

Cluster 2, called Confident, is formed by consumers that are
confident in their own influence, as they show preoccupation
about sustainable development worry. The profile of consumers
is majority of females (52.33%), married (51.16%), between 18
and 37 years old (62.16%), with a complete post-graduation
course (53.49%), living in a family of four people (29.07%), with
a family income of R$1,001.00 to R$10,000.00 (50%), and living
in the state of Sdo Paulo (83.72%).

Cluster 3, called Indifferent, is made up by consumers that
are less active when it comes to acquiring food from sustainable
networks. This cluster is formed by 81.82% of males, married
(54.55%), between 38 and 57 years old (69.64%), with complete
post-graduation (54.55%), living in a 3-person family (54.55%),
with a family income of R$1,001.00 to R$10,000.00 (60%), and
living in the state of Sdo Paulo (63.64%).

CONCLUSION

The results confirm the existence of gaps mitigating the
consumption of sustainable products are also present in
the research’s target audience. Therefore, more effective
communication strategies focused on both increasing consumer
understanding and increasing motivation for action regarding
sustainable food chains are suggested. Both positioning and
tactical marketing actions, i.e., price, product, promotion and
place, should be tailored to the three identified segments: Active,
Confident, and Indifferent.

Our results on the first group of hypotheses indicate credibility
and knowledge about sustainability generate the expectation
of transparency of alternative food networks (hypothesis H1b
and Hlc). In managerial terms, the results indicate that the
actors belonging to sustainable food chains should invest in
knowledge and increase credibility to consequently increase
expectations about the transparency of their products and
practices. Campaigns focused on credibility and transparency
with the endorsement of digital influencers can be an effective
motivation to intention-to-buy action. Also, actions in social
media with the generation of informational content can raise
awareness about sustainability. However, we observed that
consumers need to be encouraged and communicated about the
transparency of alternative food networks, once being involved
with sustainability was not enough to generate the expectation of
transparency. Perhaps one of the explanations is the fact that the
involved consumer is more skeptical about the capacity of chains
to be sustainable or even that their expectation level is already
high and, therefore, no longer subject to change (hypothesis
H1la). Therefore, there is a need to improve the perception of
transparency for consumers involved with alternative network
foods. This could be solved through a direct engagement with
the alternative food network initiative. For example, the research
conducted by Savarese et al. (2020) explored the consumer-
farmer relationship in Community Supported Agriculture (a type
of alternative food network) an found that consumers felt really
engaged whenever they had a “strong and direct relation with
the farmers,” including, for instance, sharing the production
fees or participating in educational activities. These authors

Frontiers in Sustainable Food Systems | www.frontiersin.org

n

April 2022 | Volume 6 | Article 853692


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles

Pozelli Sabio and Spers

Transparency of Sustainable Food Chains

concluded that engagement is “a key element for the creation of
an environment for consumer education and behavior change”
toward sustainable consumption practices (Savarese et al., 2020).

Regarding the second group of hypotheses, the results show
that transparency is a good antecedent and promoter of action
intention about alternative foods (hypothesis H2a, H2b, and
H2c). The results suggest that short alternative food chains
invest in transparency about the production processes of these
foods as well as the benefits they provide (put a reference). For
instance, the use of labels that externalize and make tangible
the transparency of the practices are interesting actions to
culminate in consumer action on this chain. This finding is
aligned with the study conducted by De Bernardi et al. (2020),
which found that “higher levels of transparency lead to higher
levels of quantity and frequency of purchases” from alternative
food networks. The authors suggest that farmers “keep their
consumers informed about the characteristics of their products”
(De Bernardi et al., 2020).

Finally, the third group of hypotheses shows that, although
there is a positive availability in relation to the action, it is
possible that the intention of buying this type of product does not
occur in practice. The results indicate that the purchase of these
foods is a more impulsive purchase, based on the willingness to
act (hypothesis H3b) and not a more conscious purchase based
on knowledge about the possibilities of action and confidence
(hypothesis H3a and H3c). Actions in the decision process, as
suggested by Grunert (2011) are necessary.

In terms of validity of the research and the collection
instrument, although several procedures have been adopted
to mitigate possible errors and the metrics of adjustment
and statistical tests of the proposed model, some limitations
regarding the measurement of the constructs may have occurred,
as well as possible biases of the respondents regarding the
interpretation of the questions formulated. In terms of sample
reliability and possible statistical inference, it is suggested that
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The degrees to which diets are consistent with food system sustainability, are the result
of influences across scales of social interaction. This study considers the importance
and limitations of institutional influence over integration of sustainable food systems
ideas and concepts in dietetics practice. Working with the International Confederation
of Dietetics Associations (ICDA) and their Member Country Associations our objectives
are to (a) understand ways by which ICDA could contribute to global sustainable food
systems, (b) develop a method for assessing ICDA's contribution to sustainable food
systems and (c) test initial data collection options for this assessment. Assessment of
institutional support for sustainable food system integration to practice was conducted by
examining usage data (from Google Analytics) of the ICDA sponsored online sustainable
food system Toolkit, and website content analysis. Study results establish baseline data
and indicate initially modest support for backing integration of sustainable food system
concepts within the dietetics profession.

Keywords: sustainable food system, dietetics, practice, behavior change, institutional change, institutional
influence

INTRODUCTION

Contributions of our global food systems to an unsustainable world are clear (Mason and Lang,
2017; Mosby et al., 2020), and the need for food system participants to make positive change toward
sustainable food systems (SFS) and to be able to assess progress is increasingly pressing. Among the
vast network of actors within the food system who can make contributions toward SFS, dietitians
and nutritionists are often overlooked. Dietitians work in various roles across the food system
that are well-positioned to support pro-SFS behavior change across their communities (Vogliano
et al., 2015; Dietitians Canada, 2020; Spiker et al., 2020). For this study, researchers worked
with a global body of registered dietitians, and their representative association, the International
Confederation of Dietetics Associations (ICDA), to (a) understand ways by which ICDA and
member affiliates could contribute to SFS, (b) develop a method for assessing ICDA and member
affiliates’ contributions to SFS, and (c) test initial data collection options for this assessment.

The following sections introduce concepts of institutional influence for behavior change
as they relate to ICDA, dietitians, and sustainable food systems. We continue by exploring
the importance of addressing barriers to behavior change, and the possibility of assessing
the extent to which barriers to change are being reduced or removed. This is followed by
presentation of the methods used to develop and select assessment measures, as well as the
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data collection process. The final sections present results and a
discussion of the findings.

ICDA, Institutions, and Behavioral

Influence

Organizational and institutional theorists have long explored the
interplay of influence between institutions and their members
(Meyer and Rowan, 1977). Institutions directly influence
individual behaviors and group norms through “shared rules
and typifications that identify categories of social actors and
their appropriate activities or relationships” (Barley and Tolbert,
1997). Likewise, individuals, as organizational participants, both
enact and influence the rules and norms of legitimate behavior
for and within institutions. As an international confederation, the
ICDA has no direct influence over the daily routines of registered
dietitians-nutritionists (RDNs), yet they play an important role
in setting the global context of standards and expectations
for RDNs. Further, ICDA must also work to ensure that the
management of the organization and replication of norms are
not overly reliant on, or expressive of, one region of the world or
cultural identity. Within this context, the ICDA governing Board
of Directors supports and promotes international standards of
practice that are derived by and for RDNs across the globe.
Through communications via their newsletter, website, and
member conferences, basic professional standards of practice and
norms for activities and patterns of behavior are shared and
reproduced. Given that RDNs occupy various roles of influence
across the food system (Dietitians Canada, 2020), the ICDA isina
powerful position to support standards, norms and expectations
for RDNs to be a positive influence toward global sustainable
food systems.

The relationship between institutions and individual
sustainability related values and behavior has been observed in
several different industries. Velasco and Harder (2014) examined
an education for sustainable development (ESD) intervention
enacted by the International Federation of Red Cross and Red
Crescent Societies with their Youth as Agents of Behavior
Change program. Their study highlights the importance of an
institutional and societal context that supports behavior change
for sustainability. Without institutional and broader contextual
support, people can learn about the need for sustainability,
but transfer to behavior change will be inhibited (Velasco and
Harder, 2014). Another study exploring the influence of small
and medium business owners in New Zealand showed that
appropriate institutional support can foster the development
of sustainability-related identities, which as a result, can
lead to behavior, organizational, and cultural change toward
sustainability (Kiefhaber et al., 2020).

Similar to these organizational settings, the ICDA can leverage
change toward SFS within the dietetic profession by setting a
broader institutional context that highlights the importance of
sustainable food and understanding sustainable food systems. As
an international association that reaches a large audience the
ICDA can facilitate learning and leverage behavior change that
supports SFS (Carlsson and Callaghan, 2022). Figure 1 illustrates
domains of influence across four concentric rings of scale within

the dietetics profession: populations of focus (individual people)
for RDNs, practicing RDNs who work with individual people
and institutions of various nations, national level Associations
of RDNs, and finally the International Confederation of Dietetic
Associations (ICDA).

Reducing Barriers for Behavior Change
Setting a positive context and expectations is often not enough to
illicit behavior change. When people are interested in learning
or doing something new, such as adopting a new hobby or
habit, or in some significant way changing their behavior
pattern, barriers often arise. Because barriers to change can
slow or completely block drivers that promote a desired change,
identifying barriers and creating and implementing strategies
that support the removal of barriers can be productive in
facilitating individual, organizational and social change. The
need to address barriers to change has been seen in a variety
of contexts, including: corporate shifts toward sustainability
(Lozano, 2007), sustainable consumer behavior (Rizzi et al.,
2020; Chwialkowska and Flicinska-Turkiewicz, 2021), public
health promotion and programming (Ljungqvist et al., 2014),
and programs to enhance effectiveness in workplace settings
(Mohajer and Singh, 2018; Maltinsky and Swanson, 2020).

In a study of Registered Dietitians of Canadian (Carlsson
et al, 2020), participants were asked what barriers they saw
for achieving SFS. Four high-level barriers were identified: (1)
competing food-health messages that lack scientific evidence,
(2) inadequate opportunities for developing understanding
of interactions between food, people, and the environment,
(3) cultural expectations of stable access to a variety of
imported foods year-round, and (4) cultural de-prioritization
of food. While this study took a comprehensive approach to
understanding barriers to SFS as perceived by dietitians, the
context was limited to Canada, a high-income country. It is
reasonable to assume that barriers may differ between countries
of different income levels and cultural contexts.

Building on the Canadian research, another study explored
perceived barriers to SFS from an international audience of
dietitians (Carlsson et al,, 2019). Working with the ICDA,
researchers found that the ICDA membership perceived
seven high-level barriers to moving toward SES globally: (1)
professional culture that is reluctant to embrace sustainability
related research and practice, (2) lack of common ground for
understanding the scope and complexity the SES challenges, (3)
the food price paradox (high food prices inhibit access, low food
prices can incentivize unhealthy diet patterns), (4) profits as
priority, (5) food safety/waste trade-offs, (6) access to adequate
infrastructure and technology, (7) environmental degradation.
As a loosely coupled global association of national dietetics
associations, there is a relatively low degree of dependence
among the organizations of which the ICDA is comprised.
Thus, the ICDA is limited in its ability to address some of
these barriers directly. Many are tied to social and economic
policies at the country or international level. However, of these
high-level barriers identified, the first two barriers were within
ICDA’s purview. Within these two ICDA relevant barriers, seven
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FIGURE 1 | Influence across scales of the dietetics profession.

additional sub-barriers were identified (Carlsson and Callaghan,
2022):
Reluctance within Professional Culture:

Inability to influence peers on relevance of SFS to practice.
Cultural norms in the workplace impedes N-D SFS work.
Lack of a clear, collective vision of success.

Lack of Common Ground borne from Complexity:

Complexity of food systems issues is overwhelming.

Rapid emergence of new research and developments, difficult
to keep up with.

Lack of common language for SFS-Food-Nutrition.

Lack of multidisciplinary thinking for  collective
understanding.

Process as Indication of Progress

In order to assess progress toward significant objectives (such as
sustainable diets, or climate adaptation) within a complex system
(such as the food system, or the earth’s climate), evaluators of
programs are encouraged to use a mix of both outcome and
process indicators (Bagheri and Hjorth, 2007; Niemann et al.,
2017). Outcome indicators demonstrate that a specific objective
has been achieved and are most useful when assessing progress
toward a specific, clearly defined end goal. Process indicators
are more suitable for contexts and problems that are constantly
changing, where the time horizon for achievement of the
objective is difficult to determine, and the exact measure of success
is fuzzy due (in part) to the many voices of stakeholders who can
influence the outcome. Process indicators “measure progression

toward the achievement of an outcome (e.g. ‘resilience to
drought’), but do not guarantee or measure the final outcome
itself” (Bours et al., 2014).

Like adaptation to a changing climate, or supporting society
in reducing its reliance on plastics, the evolution toward food
systems sustainability is wickedly complex (Hull et al., 2018;
Lehtonen et al., 2018). In relation to sustainable food systems, the
influence of ICDA allows them to provide professionally relevant
information and support activities designed to enable dietetic
associations and their members to incorporate SFS framing
into their practice. Ideally, this will assist in promoting dietary
patterns that are consistent with SFS on local and global levels.
Within this context, process indicators are a more useful tool than
outcome indicators for assessing contribution toward SFS.

The operationalization of process indicators are actions
(processes). The previous study of ICDA membership presented
above, also explored what types of supports/actions RDNs felt
would be useful to them in their efforts to integrate SFS within
their practice (Carlsson and Callaghan, 2022). Three high-level
action areas were identified. These action areas are shown in
Table 1, with each associated barrier to SES that could potentially
be addressed by the action/process.

The identification of these three clear areas of action, and
associated barriers that could be addressed by ICDA, led ICDA
to invest in development of an online SFS Toolkit! for global
dietitians (Carlsson et al., 2019). The SFS Toolkit was designed
to demonstrate SFS leadership by ICDA, assist others in taking

!Please see ICDA Sustainable Food Systems Toolkit: https://icdasustainability.org.
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TABLE 1 | Actions for addressing barriers to integration of SFS work in dietetics
practice.

Action Area 1: Provide strong leadership for sustainable food systems in
practice

Barrier 1 Inability to influence peers on relevance of SFS to practice
Barrier 2 Cultural norms in the workplace impedes RDN SFS work
Barrier 3 Lack of a clear, collective vision of success

Action Area 2: Facilitate learning and collaboration among ICDA
members

Barrier 4~ Complexity of food systems issues is overwhelming

Barrier 5 Rapid emergence of new research and developments, difficult to keep
up with

Barrier 6 Lack of common language for SFS-Food-Nutrition

Action Area 3: Identify and engage global partners in this work

Barrier 7 Lack of multidisciplinary thinking for collective understanding

SES leadership, and to facilitate learning and collaboration
(the first two action areas). Identifying and engaging global
partners in SFS work was beyond the initial scope for the
SES Toolkit. In existence since September 1, 2020, the SFS
Toolkit contains three main sections: Resources, Community of
Practice, and Professional Development. The Resources section
includes various types of literature, reports and case studies.
The Community of Practice section provides a number of
opportunities for users to share their own stories, and interact
with one another in a way that could build community around
SES. Finally, the Professional Development section provides
a curated set of learning opportunities regarding SFS related
webinars, podcasts, etc. Refer to Table4 for more details
regarding the various Toolkit elements.

Development of the SFS Toolkit is a strong indication
of ICDA’s intention to make positive contributions toward
integrating SFS into dietetic practice. Of course, the mere
existence of a toolkit is not enough. Building the toolkit was a step
in the right direction, further actions must be taken, however,
before barriers to change will diminish. Assessment of toolkit
usage, through Google Analytics and a user Self-Assessment
survey, allowed for initial consideration of contributions made
by ICDA and member affiliates toward supporting a shift within
the profession toward sustainable food systems.

METHODS

Data Collection

This study is one component of a larger body of work, and
builds directly from earlier publications (Carlsson et al., 2019;
Carlsson and Callaghan, 2022). As with the earlier work, the
population for this study was dietitians who are registered with
their country’s ICDA Member Association. Initial invitation to
participate was sent from the ICDA Board via email to member
country ICDA representatives. At the time of this work, there
were 43 ICDA member countries, each with one or two elected
ICDA representatives, elected by numerous registered dietitians
within each country. Participant recruitment, and inclusion
criteria, are fully discussed in a previously published paper

TABLE 2 | Questions from the ICDA member Delphi Inquiry process.

1 What does a sustainable food system look like to you?

2 What are the major barriers to achieving the sustainable food system
you describe above?

3 What types of support do you believe are most needed to move toward
a sustainable food system?

4 What types of supports could ICDA provide to support movement
toward a sustainable food system?

5 What do you think is the role of nutritionists and dietitians in promoting
sustainable food systems?

6 Identify specific measures (or indicators) you believe are important for
monitoring progress toward your vision of a sustainable food system?

(Carlsson and Callaghan, 2022). Ethical approval for the methods
used was granted by Acadia University, Research Ethics Board.

Initial data collection was done through a Delphi Inquiry
Method (administered through an online survey system, Lime
Surveys © 2017), where participants were asked a set of
the same questions in three consecutive rounds. For each
consecutive round, participants were given a composite summary
of responses from the prior round and asked to respond to the
questions again considering what their colleagues have expressed.
This method of data collection allowed us to facilitate a quasi-
dialogue with members, over time, and across the globe. In the
first round, 72 ICDA members participated from 30 countries
(including all continents except Antarctica). In round two, 61
members participated, and 50 participants completed round
three. Australia had the highest level of participation, followed
by Portugal and Greece.

Data and analysis presented for this publication is one
component of a larger study. Six questions were asked in the
Delphi Inquiry, as shown in Table 2. Results and analysis for the
first five questions are the subject of another paper (Carlsson
and Callaghan, 2022). Initial ideas for how to monitor progress
were taken from participants responses to questions 6 below, and
further framed by responses to questions 2 and 4 as presented in
other published work (Carlsson and Callaghan, 2022).

The vast majority of respondents’ answers to question 6
spoke to broad scale societal, human health, infrastructure, and
ecological indicators that are beyond the bounds of this study,
such as: affordability of local food, food type intake, energy
production, and fish stocks. When data collection of the Delphi
Inquiry process was complete, respondents had suggested over
500 possible indicators of progress toward SFS. Of the indicators
suggested, the researchers zoomed in on those relevant to the
barriers identified and the action areas highlighted in Table 1.
Indicators were culled according to the following criteria:

1) Relevance to ICDA

2) Suggested by participants

3) Availability of data

4) Feasibility of data collection (measurable, time, cost)

In total, 16 indicators to assess progress toward dismantling
barriers that impede integration of SFS into RDN practice were
identified. Of these, 12 were feasible to research within the
constraints of this study. The full list of indicators are provided
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TABLE 3 | (a) Barrier 1 — Inability to influence peers on relevance of SFS to practice; (b) Barrier 2 — Cultural norms in the workplace impede RDN SFS work; (c) Barrier 3 — Lack of a clear, collective vision of success;
(d) Barrier 4 — Complexity of food systems issues is overwhelming; (e) Barrier 5 — Rapid emergence of new research and developments, difficult to keep up with; (f) Barrier 6 — Lack of common language for
SFS-food-nutrition; (g) Barrier 7 — Lack of multidisciplinary thinking for collective understanding.

Process indicators

Indicator data source

Data results

(a) Existence of ICDA strategic plan to guide
SFS work*

Existence of an ICDA position statement on

inclusion of SFS in dietetic scope of practice
(or,ICDA-led support finding other members

who have one)*

Member associations with a position, role or
policy statement

Member associations with a link to the ICDA
toolkit

Inclusion/amount of relevance-related support
material in the SFS Toolkit

IDS-1 ICDA website content analysis for policy
integration of SFS

IDS-2 ICDA SFS website content analysis for
position statement of ICDA, OR examples of
other member associations

IDS-3 Search each member association
website for position/role statements and collate

IDS-4 Search dietetic literature for position/role
statements,collate

IDS-5 Content analysis of memberwebsites

IDS-6 Y/N indicator assessed by content
analysis of the SFS website/inclusion of this
topic on thewebsite

IDS-7 Self-Assessment data, percentage
interested in understanding relevance of topic
topractice

IDS-8 Traffic to the SDG Briefs and Learning
Modules

Analysis revealed no specific strategic plan focused on sustainability/SFS. However, in the general
ICDA Strategic Plan 2017-2020, “Decision makers in health, agriculture and food have readily
available advice from dietitian-nutritionists on sustainable food systems that promote healthy diets”
is included in their “goals”. No further supporting action was mentioned (as of June 30, 2021)
Analysis of ICDA website revealed no existing position statement on the inclusion in dietetic scope
of practice from the ICDA. There was also no ICDA-led support finding other members who have
one (as of April 6, 2021). Analysis of content on the ICDA-SFS Toolkit, revealed no position
statements from other (ICDA) members on the Toolkit. There are three SFS related role
statement/papers from Canada, Australia, and Italy (as of April 6, 2021)

Analysis uncovered a total of 6 (of 45) member-country associations (Canada, Australia, Italy,
United Kingdom, Portugal, and Norway) with an SFS related position, role or policy statement (as
of June 11, 2021)

The cost and time for researching this indicator was deemed not practical, beyond the ability of
this research project. No data was collected for this indicator.

There were two associations (Spain and Sweden), out of a possible 45, member country websites
that have posted a link to the Toolkit (as of June 11, 2021)

Analysis revealed relevance-related support material is included in multiple sections: the SDG
briefs, the resource database, the self-assessment, and the webinars, workshops & podcasts
pages (as of June 11, 2021)

Reported in Self-Assessment: 32% of respondents (RDN's & Trainees) selected that they want to
understand the relevance of this topic (SFS) to their practice area

Page Views Avg time Bounce rate Date Other notes
range
M/D/Y
SDG Briefs 167 3min,20sec  51% 9/1/20- None.
6/24/21
Learning module 201 1min, 13sec  47% 9/1/20- Navigation summary shows
homepage 6/24/21 that 90 users clicked on one
of the 3 learning modules
after visiting this page.
Learning module 1 231 3min,51sec  82.5% 9/1/20- Navigation summary shows
6/24/21 that 15 users clicked on one
of the other learning
modules after this page.
Learning module 2~ 69 2min,34sec  77% 9/1/20- Navigation summary shows
6/24/21 that 11 users clicked on one
of the other learning
modules after this page.
Learning module 3 53 1min, 24 sec  83% 9/1/20- Navigation summary shows
6/24/21 that 5 users clicked on one

of the other learning
modules after this page.

(Continued)
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TABLE 3 | Continued

Process indicators

Indicator data source

Data results

(b) Existence of ICDA-led Standards of Practice
for integrating SFS into various practice areas*

ICDA Supports finding practice standards
examples that can be adapted (e.g., through
examples made available online)

Recognitions for SFS leaders*

IDS-9 ICDA SFS Website(content analysis)

IDS-10 ICDA website, and SFS
Website(content analysis)

IDS-11 Content analysis of the ICDA website
and newsletter; Content analysis of ICDA-SFS
website and ICDA SFS newsletter

IDS-12

Association level promotion of SFS and/or D-N
role in SFS (media promotion or other, e.g.,
social media,advocacy work)

Analysis of the ICDA SFS Website revealed no relevant resources/attachments/links related to
ICDA-led standards of practice for integration of SFS into practice areas (as of May 27, 2021)

Analysis of the ICDA website and ICDA-SFS website found no examples of practice standards (as
of May 27, 2021)

Analysis of 13 ICDA newsletters (between 2017 and April 2021) were analyzed for any
grants/awards/news highlights related to SFS work completed by/involving an RDN. In total, 6
newsletter issues recognized/contained SFS-work by RDNs. One issue contained 2 recognitions,
and the rest contained 1 each, for a total of 7recognitions.

The webinars, workshops & podcasts page on the SFS-Toolkit was analyzed for any resources
that related to the process indicator (i.e., recognized SFS-work by RDs) in April 2021. Out of 21
resources on this page, 10 fit the criteria—recognizing SFS-work by RDNs.

Analysis of ICDA-SFS newsletters (March, April, May — 2021) found a total of 4 recognitions (out of
9 potential opportunities) of SFS-work by RDs in the ICDA-SFS newsletter.

The cost and time for researching this indicator was deemed not practical, beyond the ability of
this research project. No data was collected for this indicator.

Process indicators

Indicator data source

Data results

(c) Vision of success posted and integrated
into ICDA work, and member countries*

IDS-13 Content analysis of ICDA website

IDS-14 Content analysis of Member
Association websites

The vision of success is not posted on the ICDA website (as of May 19, 2021)

The vision of success is not posted on Member Associations websites (as of May 19, 2021)

Process indicators

Indicator data source

Data results

(d) Toolkit existence and usage*

IDS-15 Usage stats (hits, downloads, time) for
learning modules

Page Views Avg time Bounce rate Date Other notes
range
M/D/Y
Learning module 201 1min, 13sec  47% 9/1/20- Navigation summary shows
homepage 6/24/21 90 users clicked on one of 3
learning modules after
visiting this page.
Learning module 1 231 3min, 51sec  82.5% 9/1/20- Navigation summary shows
6/24/21 15 users clicked on one of
the other learning modules
after this page.
Learning module 2~ 69 2min, 34sec  77% 9/1/20- Navigation summary shows
6/24/21 11 users clicked on one of
the other learning modules
after this page.
Learning module 3 53 1min, 24 sec  83% 9/1/20- Navigation summary shows
6/24/21 5 users clicked on one of

the other learning modules
after this page.
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TABLE 3 | Continued

Toolkit usage to seek information regarding
broad understanding of SFS

IDS-16 Usage stats (hits, downloads, time on
webinars, podcasts and emerging research,
these three are all designed to facilitate
peer-to-peer learning)

IDS-17 Content analysis of discussion forum
for Toolkit peer-to-peer support content

IDS-18

Self-assessment data, percentage of people
who “select all” when asked what type of
sustainability information they were seeking,
and # of RDNs completing the SAoverall.

Page Views Avg time Bounce rate Date Other notes
range
M/D/Y
Workshops 346 2min, 25sec  67.69% 9/1/20- None
webinars podcasts 4/22/21
Resource 511 2min, 19sec  41.68% 9/1/20- Navigation summary shows
database 4/22/21 204 users (or ~40%) clicked
on one of the resources
provided after visiting this
page.
Emerging research 94 1min,3sec  60% 3/1/21- Navigation summary shows
5/10/21 37 users clicked on one of

the research reports from
the emerging research main
page.

Mailchimp analytics show the number of clicks on the emerging research section of the

newsletters. From the three newsletters released (March, April, and May), there were a total of 15

clicks on this section.

Newsletter Total Total click Specific clicks on
opens throughs an emerging
research report
March, 2021 185 26 6
April, 2021 105 25 5
May, 2021 214 31 4

Currently, there is little use of the discussion forum, not enough content for analysis (as of June 30,
2021)

A total of 104 people completed the Self-Assessment survey between September 1, 2020 and
January 13 2021. Of these, 84 indicated they were RDNs or Trainees. When asked what
sustainability issues they were interested in learning more about, 14 of the 84 (17%) chose “all”.
The five additional users (non-RDN and not Trainee) also selected “all” in response to this question
(or just over 18% of total respondents).

Process indicators

Indicator data source

Data results

(e) Existence of/Use of a toolkit section
dedicated to knowledge translation of new and
emerging research

IDS-19 Y/N to if it exists

IDS-20 Google Analytics (# hits, time on page)

There is an existing webpage on the Toolkit dedicated to emerging research, which launched on
March 1, 2021.

Page Views Avg time Bounce rate Date Other notes
range
M/D/Y

Emerging research 94 1min,3sec  60% 3/1/21- Navigation summary shows
5/10/21 37 users clicked on one of

the annotated research
reports from the emerging
research main page.

(Continued)
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TABLE 3 | Continued

IDS-21

Content analysis of forum (number of shares
new data/research, discussion of relevance for
practice)

Mailchimp analytics show the number of clicks on the emerging research section of the
newsletters. From the three newsletters released (March, April, and May), there were a total of 15

clicks on this section.
Newsletter

March
April
May

Total

opens

185
105
214

Total click
throughs

26
25
31

Specific clicks on

an emerging

research report

6
5
4

Currently, there is little use of the discussion forum, not enough content for analysis (as of June 30,

2021)

Process indicators

Indicator data source

Data results

(f) Toolkit Usage to support development of
common language

IDS-22

Percentage of people completing
self-assessments looking for sustainable
informed curriculum

IDS-23 Google analytics stats on the learning
modulespage(s)

Of 84 RDNs/Trainees who completed the Toolkit Self-Assessment (September 1, 2020 and January
13 2021), 38 (45%) of them selected “sustainable informed curriculum” as a topic of interest.

Page

Learning module

homepage

Learning module 1

Learning module 2

Learning module 3

Views

201

231

69

53

Avg time

1min, 13 sec

3min, 51 sec

2min, 34 sec

1min, 24 sec

Bounce rate

47%

82.5%

77%

83%

Date
range
M/D/Y
9/1/20-
6/24/21

9/1/20-
6/24/21

9/1/20-
6/24/21

9/1/20-
6/24/21

Other notes

Navigation summary shows
90 users clicked on one of 3
learning modules after
visiting this page.
Navigation summary shows
15 users clicked on one of
the other learning modules
after this page.

Navigation summary shows
11 users clicked on one of
the other learning modules
after this page.

Navigation summary shows
5 users clicked on one of
the other learning modules
after this page.
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TABLE 3 | Continued

RDNSs participating in working groups/Task
Forces*

IDS-24
Google analytics stats on the
webinars/workshops/podcastspage

IDS-25
Google analytics stats on the glossarypage

IDS-26

Interviews and/or surveys with directors of
member associations; Surveys of ICDA
members

Page Views
Workshops 346
webinars podcasts

Page Views
Glossary 59

Avg time

2min, 25 sec

Avg time

2min, 59 sec

Bounce rate

67.69%

Bounce rate

66.67%

Date
range
M/D/Y
9/1/20-
4/22/21
Date
range
M/D/Y

9/1/20-
4/22/21

Other notes

None

Other notes

None

The cost of researching this indicator was beyond the ability of this research project. No data was

collected for this indicator.

Process indicators

Indicator data source

Data results

(g) Number of member associations/RDNs
collaborating with other food interests (farmers,
retailers, etc.)*

Number of ICDA or Member association SFS

specific events (workshops, conferences, etc.)
where cross pollination and collaboration with
other food interests are intentional.

IDS-27

Interviews and/or surveys with directors of
member associations; Surveys of ICDA
members

IDS-28

Content analysis of ICDA website and member

country websites

The cost and time for researching this indicator was deemed not practical, beyond the ability of
this research project. No data was collected for this indicator.

The cost and time for researching this indicator was deemed not practical, beyond the ability of
this research project. No data was collected for this indicator.

NOTE: the asterisk next to some process indicator items indicates that these were identified by the ICDA membership as possible indicators for assessing SFS.
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TABLE 4 | Elements of the ICDA SFS toolkit, overview of features/elements used in data collection.

SFS toolkit feature

Brief description

Resources

Professional development

Community of practice

Existing Resources Database: Compilation of mostly gray literature reports released by external organizations, annotated by the ICDA
SFS team.

Case Studies: Stories of SFS challenges addressed by initiatives, programs and organizations from across the world.

SDG Biriefs: Eight of the 17 UN Sustainable Development Goals (SDGs) are explained, along with their relevance to RDN practice.
Glossary: A number of terms relevant to SFS are defined. References provided.

Emerging Research: Summarizing of recent scholarly research articles that are relevant to SFS and the Dietetics/Nutrition profession.
Relevance to practice is explained for all reports.

Learning Modules: A curated series of SFS learning modules with introductory text and reflective question written by the Toolkit
designers, and direct links to relevant articles, reports, videos and podcasts. The learning modules are structured to support three
levels of knowledge:

e Understanding foundational concepts of sustainability and food systems

e Understanding the relevance of SFS to nutrition and dietetic practice

* Being able to apply SFS concepts in practice

Podcasts and Webinars: These cover a wide variety of topics. Some curated from other sources, others are produced by the ICDA
SFS Team. Topics range from basic sustainability theory, to in depth consideration of complex aspects of sustainable food systems.
This section of the Toolkit includes, Examples of Sustainability in Practice, Share Your Story, and Discussion Forum. It was designed
to encourage interaction among practitioners and other users through shared stories, and a discussion forum board. In addition to
the ICDA SFS Project Team, a further 10 RDNs are listed on the site as regional contacts to support usage in ways appropriate to the

local context.

in Tables 3a-g, along with data sources and results of data
collection. For each barrier, there are two or more potential
indicators of progress, and for each indicator, there are often
multiple sources of data identified. Indicators with an asterisk are
those suggested by Delphi participants.

As illustrated in Tables 3a-g, data collection for the identified
indicators involved several different methods, including website
content analysis, descriptive statistics, and google analytics. In
addition to the websites of ICDA, and Member Associations,
the ICDA SES Toolkit was used extensively in this research. A
detailed description of the various aspects of the Toolkit relevant
to this research is provided in Table 4.

To assess the pages within Resources and Professional
Development a variety of analytical tools were used. Many of
the pages were assessed for content of key terms that were
relevant to the barrier being assessed. Researchers also used
Google Analytics to understand user interaction with the SES
Toolkit [Google Analytics, (n.d)]. The bounce rate for pages
was also examined along with the average time spent per page,
and exits per page. Bounce rate is a metric which refers to
the percentage of single-page sessions in which there was no
interaction with the page (i.e., that a person exits the page without
page interaction). A higher bounce rate (e.g., 100%) indicates
that on average, users interacted less with the page. A lower
bounce rate (e.g., 0%) indicates higher interaction with the page.
Exits include moving to another page on the site, or clicking
a link on the page which leads to an external website (e.g.,
some resources on the workshops and webinars page lead to
other websites).

In addition to analysis of specific page use within the Toolkit,
the ICDA SES Toolkit includes an anonymous, voluntary Self-
Assessment Tool. This Self-Assessment asked users a number of
questions designed to help them navigate the Toolkit, quickly
identifying information relevant to their interests. This also gave
researchers insight into the learning needs of users. The 100 Self-
Assessments (from 21 countries) competed between September

1, 2020-January 13, 2021, were used as a source of data for
this study. The data collection period varied slightly among the
different elements of the Toolkit. Date ranges for each analysis
and detailed descriptions of data collection method for each
indicator is presented in Table 3.

RESULTS

Tables 3a-g report the findings for each of the indicators, the
indicator data sources (IDS), and their associated barrier. In the
text below, the data are discussed.

Action Area 1: Provide Strong Leadership

for Sustainable Food Systems in Practice
Barrier 1: Inability to Influence Peers on Relevance of
SFS to Practice

Results for IDS-1, IDS-2 and IDS-3 reveals that ICDA and
the majority of Member Associations have not yet documented
actionable commitments to integrating SFS into dietetics
practice. With no SES focus in their strategic plan, no existing
position statement for practice, and just over a handful of
Member Associations with an SFS related policy statement, there
was no documented evidence that SFS has penetrated to the core
of institutional planning and policy making. Usage stats from
the other indicator data sources however, counter this second
possibility. The results of IDS-7 show that of the 100 respondents
to the Toolkit Self-Assessment, 32% indicated that they were
interested in learning more about all aspects of sustainability in
relation to food systems.

With respect to traffic on the SDG briefs and learning
modules pages (IDS-8), is appears that users spent adequate
time on each page to review and consider what was presented,
and interact with the material provided. Almost half of the
users who examined the SDG briefs page (167) explored the
page interactively by clicking through to the SDG briefings
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as indicated by the 51% bounce rate. Similarly, just over half
of the users who accessed the Learning Modules main page,
clicked into one of the three modules offered on that page
(bounce rate 47%). The analytics from the learning modules
is more difficult to interpret. Each Learning Module includes
explanatory text, reflection questions, references, and links to
other websites for further information. As shown in the Data
Results table, people spent the most time, on average, on Learning
Module 1 (3min, 51 s/231 pageviews), a bit less on Learning
Module 2 (2min, 34 s/69 pageviews), and the least time on
Learning Module 3 (1min, 24 s/53 pageviews). The text on
the Learning Module pages is more generally contextual, with
the more rigorous explanations and learning coming from the
downloadable files and the video links from other websites. It
could be that users downloaded the files that they wanted, then
exited the site to examine the detailed more closely. Further,
each click through to a different website would count as an
exit of the site, rather than interaction with the material. Thus,
while the data shows that people are using the various pages,
limitations of the data inhibit our ability fully understand the
extent to which they are interacting with, and learning from, the
material provided.

Barrier 2: Cultural Norms in the Workplace Impede
RND SFS Work

Results from IDS-9 and IDS-10 reveal that ICDA has not
promoted standards for practice relevant to SFS in dietetics
practice. For IDS-11, content analysis of ICDA and ICDA-SES
newsletters was conducted to find recognition of SFS work by
RDNs. Between January 2017 and April 2021, analysis of 13
ICDA newsletters, which are sent to all registered members of
ICDA, revealed seven recognitions of RDN SFS work; analysis
of four ICDA-SFS newsletters, which is sent to people who
explicitly sign-up for the newsletter on the SFS Toolkit, found
four recognitions of this type of recognition out of nine
recognition opportunities.

Barrier 3: Lack of a Clear, Collective Vision of
Success

For both IDS-13 and IDS-14, content analysis was conducted
for the ICDA and Member Association website to see if the
ICDA member generated Vision of Success for SFS was posted
or referenced. No such references or postings were found.

Action Area 2: Facilitate Learning and

Collaboration Among ICDA Members
Barrier 4: Complexity of Food Systems Issues Is
Overwhelming

Data for examining means by which IDCA is addressing this
barrier were taken entirely from usage data of the ICDS SES
Toolkit. The data from IDS-15 are summarized above (IDS-8),
however it is worth noting that the process indicator suggested
for IDS-15 was toolkit usage.

IDS-16 examines usage stats from specific pages of the Toolkit.
During the 8 month date range of data collection, there were
almost 350 visits to the Workshops, Webinars and Podcast page
of the Toolkit, as well as the Resource Database page. There was
more traffic on the Resources Database, and the bounce rate for

this page was lower than for other pages (41.68%). The bounce
rate for the Workshops Webinars and Podcasts page was higher
relative to some other pages (67.69%). It is important to note that
direct comparison between bounce rate numbers is misleading.
All of the items on the Resource Database page keep users within
the website, but most of the items on the Workshops Webinars
and Podcasts take users to other website. Thus, the bounce
rate away from the Resources Database page is an accurate
reflection of people leaving without further explorations of the
material on the page, whereas the bounce rate for Workshops
Webinars and Podcasts likely includes interactions with the
page that took users to other websites. Emerging research had
significantly fewer visits, but data collection only occurred over
~2.5 months. Analysis of clicks from the ICDA SFS newsletters
onto specific articles on the Emerging Research page showed
moderate interest.

Data from ISD-18 shows that during the period of data
collection 104 people filled in the Self-Assessment form. When
asked what type of sustainability issues they would like to learn
more about, just over 18% chose “select all.”

Barrier 5: Rapid Emergence of New Research and
Developments, Difficult to Keep Up With

The Emerging Research section was not part of the initial Toolkit
design. In early 2021, however, funding to support this became
available. Therefore, the relatively lower number of page views
(94) needs to be understood with this in mind.

With IDS-21, the intention was to assess discussions of
research in the Toolkits Discussion Forum. Unfortunately,
there was insufficient traffic on the Discussion Forum to allow
for analysis.

Barrier 6: Lack of Common Language for
SFS-Food-Nutrition

Of the RDNs/Trainees who completed the Self- Assessment, IDS-
22 shows that 45% of them were interested in sustainable
informed curriculum.

The data results for IDS-23 and IDS-24 have been summarized
above (IDS-8 and IDS-16 respectively). To understand Toolkit
usage to support development of a common language for SES, we
also examined Google Analytics from the Glossary page. Results
showed that relatively few people (59 views) reviewed the glossary
page, but those that did spend time to review the material, and
interact with it.

Action Area 3: Identify and Engage Global
Partners in This Work

Barrier 7: Lack of Multidisciplinary Thinking for
Collective Understanding

Both process indicator sources of data collection were deemed
not practical, and beyond the project capacity for current
collection (IDS-27, IDS-28). No data were collected to assess
progress toward addressing this barrier.

DISCUSSION

Tracking and analysis of data collected over 9 months during
the first year of the Toolkit’s existence provides a baseline for
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understanding how the website is being used. Two types of data
were collected: contiguous and binary. The intent with this data
is not to arrive at a single score, nor are we are able to provide
conclusive answers regarding progress toward or away from the
dismantling of barriers to the integration of SFS in RDN practice.
We do, however, provide an initial narrative regarding the
contribution made by ICDA and Member Associations, toward
promoting integration of SFS to dietetic practice. Progressive
tracking over years, and further development of the ICDA
SES Toolkit, will allow researchers to provide a more nuanced
understanding of these indicators as well as possibly identify
and develop additional indicators. This discussion is organized
around Action Areas identified as important by RDNs toward
supporting SFS, and consideration is given to both actions taken
and potential action to be taken by ICDA, National/Regional
Dietetics Associations, and RDNs themselves. Actions and future
opportunities across scales of the profession are illustrated in
Figure 2.

Action Area 1: Provide Strong Leadership

for Sustainable Food Systems in Practice
ICDA has demonstrated leadership in supporting SES as relevant
to RDN practice by providing a free, accessible, online Toolkit
with relevance-related support material in multiple sections (i.e.,
SDG briefs, learning modules, resource database, self-assessment
tool, webinars and workshops, emerging research). This resource
provides RDNs with tools and information that, theoretically, can
provide grounding in SFS and its relevance to practice. Strong
grounding in the relevance of SFS to dietetics practice will help
RDNs facilitate the shift of cultural norms within workplace
environments toward greater acceptance of SES. This shift can
also be supported by establishment of SES certifications and
acknowledgment and promotion of SFS leadership by dietetics
institutions. Results illustrate that minimal institutional level
efforts have been dedicated toward this type of support. We are
unsure if this is because standards of practice or certifications
have not developed, or if documentation of such standards have
not yet been posted to their website and/or the Toolkit.

Leadership can also be demonstrated by articulating and
promoting a clear vision of success in relation to a particular goal.
The ICDA membership has generated such a vision for SFS in the
dietetics profession, however more can be done to use the vision
to its potential as a guide to orient action. Public promotion
and acknowledgment, and inclusion of the vision in strategic
documents, are two ways to more fully leverage the potential of
the Vision of Success. Finally, that only two Member Associations
provide a link to the ICDA SES Toolkit on their own member
country websites (ISD-5) is either: further indication that SES
remains a peripheral concern for most Member Association, or
that the SFS Toolkit has been found to not be relevant (additional
research is required to determine this).

The data collected demonstrates that the ICDA and the
Member Associations have initiated leadership in supporting
integration of SFS in dietetics practice. However, given the
urgency of global sustainability challenges, much more must be
done and more quickly. While these early steps of leadership are

good, a more proactive approach would strengthen the field in
this area (see recommendations for practice below).

Action Area 2: Facilitate Learning and

Collaboration

Active use of the ICDA SFS Toolkit can make strong
contributions toward SFS learning and collaboration. Further,
frustration stemming from the overwhelming complexity of SES
issues coupled with the daunting task of keeping pace with
rapidly emerging new research can be calmed by systematic and
consistent support in learning and application to practice. Usage
statistics from Emerging Research and Learning Modules pages
indicate that RDNs are seeking these types of learning materials
and activities. Building the mechanisms for learning is necessary
for progress in this area, however, it is not sufficient. It is possible
that SFS learning and collaboration is strongly inhibited by lack
of time and institutional support. This brings the discussion back
to the need for strong leadership. Once SFS learning for RDNs is
legitimized through certification, and collaboration is rewarded
through strong institutional support, uptake in this area will
likely gain pace.

Action Area 3: Identify and Engage Global
Partners in This Work

Unfortunately, as noted earlier, the research team did not have
capacity to investigate activities in this area. Nevertheless, it is
our belief that action by RDNs toward engaging global partners
will be facilitated by strong leadership. Further, without strong
institutional support in this area, the energy and time required
to initiate and sustain such partnerships will be impede progress.
Investigation of activities designed to promote multidisciplinary
thinking is an opportunity for future research.

LIMITATIONS

The authors acknowledge challenges and limitations of website
usage data. Two significant challenges stand-out. First, simply
because someone looks at a page, we cannot know what is
gleaned from their examination of the resource. A proxy for the
relative utility of a page or Toolkit resource can be estimated by
tracking usage over time. Alternatively, a more accurate measure
of utility can be assessed by interviewing and/or surveying users
of the Toolkit. The second limitation of website usage data is
that if interest in certain aspects of the Toolkit wain, without
further research it is impossible to interpret why such a drop-off
occurred. Perhaps, for example, if users no longer show interest
in a specific set of resources it could be because their need
for knowledge provided by that resource has been satisfied, or
perhaps the recourse is no longer seen as adequate or relevant. As
this field progresses, a broader reading of the socio-ecological and
institutional contexts will be required to further ground website
usage data. Additionally, data collection for this study was limited
to a seven to 8 month period, and Self-Assessment data were only
obtained for a 4 month period. Longer periods of data collection
for future assessments will grant additional depth to this study.
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FIGURE 2 | Actions and opportunities across scales of the dietetics profession.
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CONCLUDING REFLECTIONS

This paper has argued the importance of institutional leadership
for integrating SFS into dietetics practice. In concert with our
initial objectives we have identified ways by which ICDA can
contribute to SFS through addressing barriers RDNs experience
toward integration of SFS in dietetics practice. We have
developed and tested a method for assessing ICDA’s contribution
toward addressing these barriers, and established a baseline
regarding current ICDA and Member Association actions aimed
at addressing barriers. Results show that ICDA, and some
ICDA Member Associations, have taken initial steps toward
demonstrating leadership for SFS, and supporting learning and
collaboration for SES. Further, results from Google Analytics
indicate that RDNs from around the globe are interested in
learning more about SFS. Our results also show that there remain
several relatively easy and low cost steps that could be taken
by the institutions to further reduce barriers to SFS experienced
by RDNG. Finally, additional research is needed to identify ways
dietetics institutions can support productive partnerships of
diverse expertise designed to enhance collaboration on SFS.

Even with the forementioned limitations, we believe that
this research has made a contribution toward understanding
the importance of institutional support for SFS in the field of
dietetics, and we have provided suggestions to enhance this
support on into the future.

RECOMMENDATIONS FOR PRACTICE

In order for RDNS to reach a tipping point, where SFS integration
into practice is a norm, stronger and more proactive leadership
from institutions is required. The commitment of time, energy,
and financial resources to development and maintenance of the
ICDA SFS Toolkit has been positive. However, for the Toolkit
to have maximum benefit RDNs must know about the resource,
be encouraged to use it, and have time to use/integrate it. ICDA
could promote the toolkit, and/or various aspects of it, to member
associations through the ICDA newsletter. This may influence
these associations to use it in their own work or share it on their
own websites in the future. Additional potential promotion and
outreach options include: learning modules that steer learners
to emerging research and discussion the forum, promotion of
new emerging research papers and discussions on Twitter, and
national/international workshops that introduce these aspects of
toolkit to participants.

Finally, greater efforts need to be put toward creating
incentives for Toolkit usage, and integration of ideas into
practice. Positive incentives for usage will likely be motivated
by: (1) social media promotion of emerging research and
debates, (2) recognition and promotion of individual RDN
SES leadership in their practice, (3) development of a SFS
certification, and (4) development of SFS curriculum modules for
Dietetics education.
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" Department of Gastroenterology, Affiliated Hospital of Shandong University of Traditional Chinese Medicine, Jinan, China,
2 Graduate School, Shandong University of Traditional Chinese Medicine, Jinan, China

Background and Obijectives: Diets containing red or processed meat are associated
with a growing risk of digestive system cancers. Whether a plant-based diet is protective
against cancer needs a high level of statistical evidence.

Methods: We performed a meta-analysis of five English databases, including PubMed,
Medline, Embase, Web of Science databases, and Scopus, on October 24, 2021
to identify published papers. Cohort studies or case-control studies that reported
a relationship between plant-based diets and cancers of the digestive system were
included. Summary effect-size estimates are expressed as Risk ratios (RRs) or Odds
ratios (ORs) with 95% confidence intervals and were evaluated using random-effect
models. The inconsistency index (1?) and 2 (Tau?) index were used to quantify the
magnitude of heterogeneity derived from the random-effects Mantel-Haenszel model.

Results: The same results were found in cohort (adjusted RR = 0.82, 95% Cl: 0.78-
0.86, P < 0.001, 2 = 46.4%, Tau? = 0.017) and case-control (adjusted OR = 0.70,
95% Cl: 0.64-0.77, P < 0.001, I° = 83.8%, Tau® = 0.160) studies. The overall analysis
concluded that plant-based diets played a protective role in the risk of digestive system
neoplasms. Subgroup analyses demonstrated that the plant-based diets reduced the
risk of cancers, especially pancreatic (adjusted RR = 0.71, 95% ClI: 0.59-0.86, P <
0.001, /2 = 55.1%, Tau? = 0.028), colorectal (adjusted RR = 0.76, 95% Cl: 0.69-0.83,
P < 0.001, > = 53.4%, Tau® = 0.023), rectal (adjusted RR = 0.84, 95% Cl: 0.78-0.91, P
< 0.001, 2 = 1.6%, Tau? = 0.005) and colon (adjusted RR = 0.88, 95% ClI: 0.82-0.95,
P < 0.001, /2 = 0.0%, Tau? = 0.000) cancers, in cohort studies. The correlation between
vegan and other plant-based diets was compared using Z-tests, and the results showed
no difference.

Conclusions: Plant-based diets were protective against cancers of the digestive
system, with no significant differences between different types of cancer.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_rec
ord.php?ID=CRD42022322276, |dentifier: CRD42022322276.
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INTRODUCTION

Common digestive system cancers include liver, esophageal,
gastric, and colorectal tumors, which are among the 10 most
significant healthcare issues worldwide (1). According to the
latest statistics in the 2020 GLOBOCAN database, more than
1.9 million new colorectal cancer (including anus) cases and
935,000 deaths occurred (2), and the cancer burden could
rise to 27.5 million new cases annually by 2040. Gastric
tumors were responsible for over one million new cases and
an estimated 769,000 deaths, ranking fifth for incidence and
fourth for mortality globally. Liver cancer was the sixth most
commonly diagnosed cancer and the third leading cause of
cancer death worldwide (906,000 new cases and 830,000 deaths),
and esophageal cancer ranked seventh in incidence (604,000 new
cases) and sixth in mortality overall (544,000 deaths). Therefore,
it is urgent and essential to establish primary prevention
programs for digestive system cancers (3). Because 30-50% of
all cancer cases are preventable, the World Cancer Research
Fund (WCRF) and American Institute for Cancer Research
(AICR) published 10 cancer prevention recommendations that
set the benchmark for evidence-based guidance, and diet was
particularly important (4).

Diet is an inseparable part of people’s daily lives, and it has
attracted much attention. High quality evidence investigated
that red meat, especially the consumption of processed meat,
was associated with a growing risk of digestive system cancers
(5, 6). Increasing emphasis has been placed on the tumor-
preventing function of plant-based diets (7). However, a recent
meta-analysis (8) suggested that vegetarian diets were not
significantly associated with a lower risk of breast, colorectal or
prostate cancer compared to non-vegetarian diets. This study
systematically searched two databases and included six cohort
studies included with limited types of digestive system cancers.
Therefore, the evidence is not sufficiently strong to evaluate
the relationship between digestive system cancers and plant-
based diets. Comprehensive evaluations are scarce, especially for
various digestive system cancers and multiple dietary patterns.

Several styles of vegetarian diets are defined based on the
specific animal products consumed (9). Vegetarian diets are
classified into six different types according to food selection
(10, 11). The vegetarian diets (12) include vegan (eats only plant-
based foods but no red meat, poultry, fish, dairy or eggs), pesco-
lacto-ovo-vegetarian (eats fish, dairy and eggs without red meat
or poultry), lacto-ovo-vegetarian (eats dairy and eggs without
red meat, poultry or fish), pesco-vegetarian (eats fish, but no red
meat, poultry, dairy or eggs), ovo-vegetarian (eats eggs but no red
meat, poultry, fish or dairy), lacto-vegetarian(eats dairy, but no
red meat, poultry, fish or eggs) and semi vegetarian (eats dairy,
eggs and some red meat, poultry and fish >1 time/month but
only 1 time/week).

Other classified dietary patterns, such as the Mediterranean
diet (13), prudent diet (14) and dietary approaches to stop
hypertension (DASH) (15), are widely defined and followed.
Because these three diets also focus on vegetables, fruits, and
cereals, they were considered plant-based diets. In summary,
plant-based diets were defined as follows: (1) a diet excluding

any meat, meat products, seafood, or food of animal origin
(i.e., vegetarian and vegan diets, respectively); and (2) a diet
characterized by a higher consumption of fruits, vegetables,
legumes, and nuts rather than animal products (16).

With these complicated classifications, the dietary patterns
and subtypes of cancer require further detailed grouping.
Therefore, we did this meta-analysis to better assess the
association between plant-based diets and gastrointestinal
cancers to provide evidence for dietary guidance.

METHODS

Registration and Reporting Format

The performance of the meta-analysis adhered to the guidelines
in the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement (17) and Meta-analysis of
Observational Studies in Epidemiology (MOOSE) statement
(18). The PRISMA and MOOSE checklists are presented in
Supplementary Tables 1, 2. The study protocol was registered
with the International Prospective Register of Systematic Reviews
(PROSPERO), and the registration number is CRD42022322276.

Search Strategy

A literature search was performed in the PubMed, Medline,
Embase, Web of Science and Scopus databases before October
24, 2021. The PICOS tool was used to guide the search
strategy: (P) Population: patient with digestive system cancers;
(I) Intervention: plant-based diet; (C) Comparator: other diet
patterns; (O) Outcomes: gastrointestinal system cancers; (S)
Study type: case-control and cohort studies. A complete list of
the search terms is available in the additional materials section
(Supplementary Table 3).

Eligibility Criteria

Our analysis was restricted to articles that met the following
criteria: (1) study participants: population with plant-based diets;
(2) endpoints: all kinds of digestive system cancers; (3) study type:
cohort studies or case-control studies; (4) follow-up rate: at least
70%; and (5) the dietary patterns in the articles included specific
food components. Case reports or case series, editorials, narrative
reviews, non-English articles,and literature with unqualified data
and not available were excluded.

Study Selection

Endnote 20 literature management software was used to manage
the literature search records. The selection process covered three
sections. Two reviewers (Y.Z. and Y.W.) independently reviewed
articles based on their titles, and duplicates were removed.
Articles with questionable titles were included in the abstract
review phase. The same two independent reviewers screened
and evaluated the abstracts of all articles selected from the
first section for eligibility. Meanwhile, they assessed full-text
articles that warranted further investigation using the eligibility
criteria. Disagreements in each phase were resolved by a third
independent reviewer (D.W.) from our group.
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Data Extraction

Two investigators (Y.Z. and Y.W.) independently extracted data
from each qualified article, including the first author, year of
publication, country where study was performed, sex, sample
size, study type, follow-up years, the age of study subjects, cancer
type, definition of the vegetarian dietary pattern, menstrual
status and other confounding risk factors, when available. The
divergence was resolved via joint re-evaluations of original
articles, and by a third author (D.W.) when necessary.

Risk of Bias of Individual Studies

Two authors (Y.Z. and Y.W.) independently assessed the risk
of bias of all eligible studies using the Risk of Bias in Non-
randomized Studies-of Interventions (ROBINS-I) assessment
tool (19). The following seven domains were considered: (i) bias
due to confounding; (ii) bias in selection of participants into
the study; (iii) bias in classification of interventions; (iv) bias
due to deviations from intended interventions; (v) bias due to
missing data; (vi) bias in measurement of outcomes; (vii) bias in
selection of the reported result. Each part were categorized into
five levels of ROB: low risk of bias (the study is comparable to
a well-performed randomized trial with regard to this domain);
moderate risk of bias (the study is sound for a non-randomized
study with regard to this domain but cannot be considered
comparable to a well- performed randomized trial); serious risk
of bias (the study has some important problems); critical risk of
bias (the study is too problematic to provide any useful evidence
on the effects of intervention); no information (no information is
reported about the methods of outcome assessment). Trials were
divided into three levels of ROB by the number of components
for which high ROB potentially existed: high risk (five or more),
moderate risk (three or four) and low risk (two or less).

Statistical Analyses
Data management and analyses were handled using STATA
software version 14.1 for Windows (Stata Corp, College Station,
TX, USA). Effect size was estimated as risk ratios (RRs) or
hazard ratios (HRs) with 95% confidence intervals (CIs) in
cohort studies and as odds ratios (ORs) with 95% CIs in case-
control studies. To make the statistical results more accurate,
we transformed the HRs into RRs using the formula RR =
(1-expHR*In (1-r))/r. Pooled effect-size estimates were derived
under the random-effects model, regardless of the magnitude of
between-study heterogeneity. Differences between two estimates
were tested using the Z-test proposed by Altman and Bland (20).
The inconsistency index (I3) statistic, which represents the
percent of diversity due to heterogeneity rather than chance, was
used to quantify the magnitude of heterogeneity derived from the
random-effects Mantel-Haenszel model. An I? > 50% indicated
the presence of significant heterogeneity, and a higher percent
corresponded to a higher degree of heterogeneity. Another index,
72 (Tau?), was used to examine the sensitivity of the results to
different levels of between-study heterogeneity. To account for
possible sources of between-study heterogeneity from clinical
and methodological aspects, a large number of pre-specified
subgroup analyses were performed according to geographic

Total articles identified (#=1286)

Articles excluded by title review (»=355)
> o Non-relevant

© Failure to meet predefined search criteria

Eligible articles (n=931)

Articles excluded by title review (n=703)
oWith other diseases (n=228)
® Review or guideline (n=401)

o Fundamental research (#=37)
® Micro-organism studies (#=30)
o With trace elements (n=7)

| Eligible articles (»=228)

Articles excluded by full text review (n=179)
© Incomplete data (»=38)
® Cross-sectional study (n=5)
© Non digestive cancers (#=138)

v

| Qualified articles (#=49) in this meta-analysis

FIGURE 1 | Flow chart of records retrieved, screened and included in this
meta-analysis.

region, study design, age, sex, cancer type, definition of plant-
based dietary pattern, and follow-up interval. To avoid giving
large weight to relatively small studies, we fitted the fixed effect
models using sensitivity analyses.

The probability of publication bias was evaluated using
Begg’s funnel plots and Egger regression asymmetry tests at a
significance level of 10%. The trim-and-fill method was used to
estimate the number of theoretically missing studies.

RESULTS
Eligible Studies

A total of 5,232 articles were initially identified using predefined
medical subject words to search the predefined public database,
and 49 of studies met the criteria for eventual inclusion, including
3,059,009 subjects. The detailed selection process is shown
in Figure 1.

Study Characteristics

Supplementary Table 4 shows the baseline characteristics of the
49 articles (21-69) included in this meta-analysis. Eighteen of
these articles were cohort studies (21, 24-27, 32, 33, 36, 40, 41,
47, 51, 55, 57, 59, 61, 62, 69), and 31 were case-control studies
(22,23,28-31, 34, 35, 37-39, 42-46, 48-50, 52-54, 56-58, 60, 63—
68). Sixteen articles were performed in Europe (22, 24, 29, 33,
37, 40, 42, 43, 45, 48-50, 52, 59-61), 15 articles were attributed
to North America (21, 23, 26, 28, 30, 32, 35, 36, 38, 41, 44,
54, 56, 57, 68), 16 articles were Asian (25, 27, 31, 34, 46, 47,
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51, 53, 58, 62-67, 69) and the remaining 2 articles were from
Oceania (39, 55). Depending on the study endpoints, 6 articles
focused on pancreatic cancer (21, 28, 41-44), 23 articles focused
on colorectal cancer (22, 24, 27, 29, 34-37, 40, 45, 46, 50, 51, 53—
56, 58, 59, 61-64), 12 studies examined colon cancer (23, 24,
26, 27, 37, 51, 55-57, 59, 61, 62), 12 studies were performed
on rectal cancer (24, 27, 32, 37, 51, 55-59, 61, 62), 9 studies
investigated gastric cancer (25, 30, 33, 48, 52, 60, 65-67), 3 studies
focused on esophageal cancer (31, 39, 69), 2 studies examined
pharyngolaryngeal cancer (38, 49), and 2 articles were on liver
cancer (47, 68). Fifteen of the included articles used female
groups (24, 27, 28, 30, 32, 36, 40, 41, 44, 47, 56, 58-60, 66) and
16 studies examined male subjects (25-28, 30, 32, 35, 36, 40, 41,
44, 47, 56, 58, 60, 66). We created a detailed classification of the
dietary patterns involved according to the principles mentioned
in the incorporated eligible article (Supplementary Table 5).
Classification resulted in 14 articles on vegan diets (21, 22, 25,
28,29, 31, 35, 36, 39, 43,47, 51, 54, 57), 8 articles contained semi-
vegetarian diets (24, 32, 37, 38, 41, 48, 61, 63), 1 article was on
pesco-vegetarians (27), 1 study mentioned lacto-ovo-vegetarians
(55), 2 studies reported on pesco-laco-ovo-vegetarians (46, 53), 1
study involved lacto-vegetarians (68), 10 articles were on prudent
diets (23, 26, 27, 30, 34, 44, 56, 58, 60, 62), 3 studies referred to the
DASH diet (56, 65, 66) and 11 articles were on the Mediterranean
diet (33, 40, 42, 45, 49, 50, 52, 59, 60, 64, 69).

Results of ROB Assessment

The details of the ROB assessment in each study we included
was showed in Supplementary Table 6. Overall, 32 articles were
judged to be of low ROB, 14 articles were rated to be of moderate
risk and 2 were of high risk. In the box of confounding bias,
31 articles showed low ROB and 2 were rated as serious. In the
box of selection bias, 16 studies were judged to be of low risk
and the remaining 32 were of moderate risk. For the bias of
missing data, 25 articles presented the low ROB and for bias due
to deviations from intended interventions, 24 studies didn’t show
the detail information.

Overall Analyses

After summarizing the results of all qualified cohort and case-
control studies, the pattern of plant-based diets was statistically
associated with the risk of digestive system cancer. The results
suggested that a plant-based diet pattern played a protective
factor for the risk of digestive system cancer in the cohort studies
(adjusted RR = 0.82, 95% CI: 0.78-0.86, P < 0.001, P = 46.4%,
Tau? = 0.017) and case-control studies (adjusted OR = 0.70, 95%
CI: 0.64-0.77, P < 0.001, I* = 83.8%, Tau® = 0.160).

Plant-based diets were statistically significant for pancreas
cancer (adjusted RR = 0.71, 95% CI: 0.59-0.86, P < 0.001, I?
= 55.1%, Tau? = 0.028), colorectal cancer (adjusted RR = 0.76,
95% CI: 0.69-0.83, P < 0.001, I = 53.4%, Tau® = 0.023), colon
cancer (adjusted RR = 0.88, 95% CI: 0.82-0.95, P < 0.001, I> =
0.0%, Tau® = 0.000), rectal cancer (adjusted RR = 0.84, 95% CI:
0.78-0.91, P < 0.001, I = 1.6%, Tau?> = 0.005), gastric cancer
(adjusted RR = 0.81, 95% CI: 0.68-0.97, P = 0.021, P = 0.0%,
Tau? = 0.000), liver cancer (adjusted RR = 0.61, 95% CI: 0.47-
0.80, P < 0.001, I* = 0.0%, Tau? = 0.000), and esophageal cancer

(adjusted RR = 1.08, 95% CI: 1.00-1.16, P = 0.04, I* = 3.7%, Tau?
= 0.001) in the cohort studies, and equivalent connections were
found in case-control studies for pancreatic cancer (adjusted OR
= 0.65,95% CI: 0.55-0.77, P < 0.001, I? = 47.4%, Tau* = 0.035),
colorectal cancer (adjusted OR = 0.67, 95% CI: 0.56-0.80, P <
0.001, I? = 88.3%, Tau? = 0.177), gastric cancer (adjusted OR =
0.58, 95% CI: 0.44-0.77, P < 0.001, I* = 86.1%, Tau* = 0.252),
pharyngolaryngeal cancer (adjusted OR = 0.44, 95% CI: 0.32-
0.61, P < 0.001, > = 81.6%, Tau?> = 0.135) and liver cancer
(adjusted OR = 0.61, 95% CI: 0.48-0.79, P < 0.001, I* = 0.0%,
Tau? = 0.000). No statistically significant relationship was found
between plant-based diets and colon cancer (adjusted OR = 0.93,
95% CI: 0.80-1.06, P = 0.280, I* = 53.9%, Tau” = 0.045) or rectal
cancer (adjusted OR = 0.91, 95% CI: 0.71-1.17, P = 0.469, I> =
82.1%, Tau? = 0.204) (Figure 2).

Cumulative and Sensitivity Analyses
Cumulative analysis of the included studies obtained completely
similar conclusions, and the trend tended to be stable. Sensitivity
analyses revealed no significant impact on any single study on
overall effect-size estimates.

Publication Bias

Figure 3 shows Begg’s funnel plot of publication bias for the
association of plant-based diets with digestive system cancers.
Evidence of asymmetry of study effects was found using Eggers’s
test in the cohort (Coef. = —1.43, 95%CI: —1.94 to —0.93, P =
0.000) and case-control studies (Coef. = —1.23, 95%CI: —2.08 to
—0.38, P = 0.005). The “trim and fill” method was used and no
correction was made to the original estimates.

Subgroup Analyses

Because of between-study heterogeneity, we performed a series of
pre-specified analyses to further explore the relationship between
plant-based diets and digestive system cancer risk. Notably, the
protective effect of plant-based diet patterns was accordant in all
subgroup analyses (Table 1). We did not find a consistent pattern
of difference or heterogeneity in the results by sex, or any other
study characteristics examined in the selected cohort studies.
However, significant heterogeneity was found in the results of the
included case-control studies, including sex, geographic region,
type of digestive cancers, classification of plant-based diets, and
follow-up intervals.

Plant-based diets were statistically associated with digestive
system cancer risk in males (adjusted RR = 0.85, 95% CI: 0.81-
0.90, P < 0.001, I> = 46.4%, Tau? = 0.017) and females (adjusted
RR = 0.77, 95% CI: 0.69-0.87, P < 0.001, I* = 45.8%, Tau®
0.031) in the cohort studies (two-sample Z-test P = 0.128).

The included cohort and case-control studies were divided
into North America, Europe, and Asia. In the cohort studies,
subgroup analysis demonstrated statistical significance of plant-
based dietary patterns for digestive cancers in Europe (adjusted
RR = 0.67, 95% CI: 0.59-0.76, P < 0.001, I* = 49.8%, Tau’
0.039), Asia (adjusted RR = 0.90, 95% CI: 0.85-0.96, P = 0.001,
I’ = 24.1%, Tau? = 0.007) or North America (adjusted RR =
0.84, 95% CI: 0.80-0.89, P < 0.001, I* = 13.4%, Tau? = 0.002).
In the case-control studies, subgroup analysis proved statistical
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significance of plant-based dietary patterns for digestive cancers
in Europe (adjusted OR = 0.72, 95% CI: 0.61-0.84, P < 0.001, I?
= 86.0%, Tau? = 0.135), Asia (adjusted OR = 0.30, 95% CI: 0.23—
0.40, P < 0.001, I* = 79.3%, Tau® = 0.281) or North America
(adjusted OR = 0.88, 95% CI: 0.80-0.96, P = 0.004, I> = 65.7%,
Tau? = 0.070).

We found a significant difference between the vegan pattern
(adjusted RR = 0.80, 95% CI: 0.74-0.86, P < 0.001, P =27.2%,
Tau? = 0.008) and digestive system cancers in the cohort studies,
and this relationship also existed in the prudent dietary pattern
(adjusted RR = 0.85, 95% CI: 0.77-0.92, P < 0.001, I = 0.0%,
Tau? = 0.000), semi vegetarian pattern (adjusted RR = 0.87,
95% CI: 0.82-0.92, P < 0.001, I* = 0.0%, Tau? = 0.000), and
Mediterranean pattern (adjusted RR = 0.69, 95% CI: 0.59-0.82,
P < 0.001, > = 84.3%, Tau? = 0.091). However, there were no
significant difference between pesco-vegetarians (adjusted RR =
0.90, 95% CI: 0.80-1.03, P =0.118, I* = 0.0%, Tau? = 0.000)
and lacto-ovo-vegetarians (adjusted RR = 0.97, 95% CI: 0.71-
1.33, P =0.871, I* = 0.0%, Tau? = 0.000). Vegan (adjusted OR
= 0.62, 95% CI: 0.52-0.75, P < 0.001, I* = 43.2%, Tau* = 0.067),
prudent (adjusted OR = 0.59, 95% CI: 0.46-0.75, P < 0.001, I?
= 84.6%, Tau? = 0.220), Mediterranean (adjusted OR = 0.55,

95% CI: 0.46-0.67, P < 0.001, I* = 89.5%, Tau? = 0.136), pesco-
laco-ovo-vegetarian (adjusted OR = 0.21, 95% CI: 0.12-0.36, P <
0.001, > = 0.0%, Tau? = 0.000) and lacto-vegetarian (adjusted
OR = 0.61, 95% CI: 0.48-0.79, P < 0.001, I* = 0.0%, Tau? =
0.000) diets had robust correlations with digestive tract cancers
in case-control studies, but not semi-vegetarian (adjusted OR =
0.73,95% CI: 0.45-1.18, P = 0.195, I = 89.0%, Tau? = 0.421) or
DASH diets (adjusted OR = 0.96, 95% CI: 0.86-1.08, P = 0.499,
I = 68.9%, Tau® = 0.082).

We combined plant-based diets other than the vegan pattern
into the non-vegan diet and found that vegan and non-vegan
diets were statistically significant for digestive cancers, but no
significant difference was found between the two diets in cohort
studies (two-sample Z-test P = 0.617) or case-control studies
(two-sample Z-test P = 0.158).

Prominent differences were found in people of the Adventists
faith (adjusted RR = 0.54, 95% CI: 0.39-0.74, P < 0.001, P =
48.4%, Tau? = 0.085) and normal populations (adjusted RR =
0.83,95% CI: 0.79-0.87, P < 0.001, I = 43.9%, Tau® = 0.015) in
cohort studies.

For the median value (10 years) of the follow-up period, the
protective effect of plant-based diets for digestive cancers was
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consistent and significant regardless of the length of follow-up
in cohort studies (< 10 years: adjusted RR = 0.83, 95% CI: 0.78-
0.88, P < 0.001, I> = 31.4%, Tau? = 0.008; > 10 years: adjusted RR
=0.79,95% CI: 0.73-0.86, P < 0.001, I* = 49.9%, Tau” = 0.021).

DISCUSSION

To the best of our knowledge, this study is the first comprehensive
examination of meta-analyses between plant-based diets and
digestive system tumors. Our key findings suggest protective
effects of a plant-based diet on digestive cancer risk in cohort
and case-control studies. Our adjunctive analysis showed that
geographic region, type of digestive cancer, classification of plant-
based diets, and follow-up intervals may be sources of inter-study
heterogeneity. The implication of this study is a call for action
to pay special attention to plant-based diets to reduce the risk of
digestive system cancers.

Our findings are biologically plausible. Inflammation,
oxidative stress, and the mediating effect of insulin all affect
the development of tumors (70). Oxidative stress causes DNA

damage and the risk of cancer if not repaired (71). The process
by which insulin and insulin-like growth factors regulate
carbohydrate and energy metabolism is associated with cancer
risk (72). Inflammation is also a recognized marker of cancer
that affects the development and progression of malignant
tumors (73).

Plant foods (e.g., fruits, vegetables, grains, nuts and seeds,
legumes and vegetable oils) are primary sources of fiber and
other bioactive compounds in the diet (16, 74). A well-
planned plant-based diet promotes a high intake of vitamins,
minerals, and phytochemicals, which regulate antioxidant and
anti-inflammatory prcoesses (9, 75). Notably, plant bioactive
substances, including fiber, sulfur compounds, carotenoids, and
polyphenols, are rich in foods such as cruciferous vegetables,
allium vegetables, tomatoes, green tea, and whole grain grains
(74), which are beneficial against cancer. Carotenoids promote
good health due to their special physiological efficacy as
provitamins and antioxidant reactions, especially in the clearance
of singlet oxygen, which reduce the risk of cancers (76).
Vitamin C, vitamin E, and other natural antioxidants of plants,
such as polyphenols, alfalfa, anthocyanins, flavonoids, lignans,
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and phenolic acids, have a variety of biological properties,
such as anti-inflammatory and anti-cancer properties (77-
79). More interestingly, Afshari et al. (80) evaluated the anti-
cancer properties of eggplant extract on human gastric cancer
cell lines. They concluded that eggplant was rich in phenolic
components and had powerful antioxidant properties that
effectively scavenged free radicals. Therefore, eggplant may be a
protective food to reduce the incidence of cancer (81).

Evidences suggests that the effect of a plant-based diet on
intestinal flora is inextricably linked to digestive tract tumors.
Daily consumption of nuts reduces the risk of cancers of
the digestive system. High levels of dietary fiber, polyphenols
and unsaturated fats are rich nutrients in nuts, and dietary
fiber increases anaerobic fermentation and reduces intestinal
transit time, which may reduce the exposure of colorectal
mucosa to carcinogens (82). Polyphenols and unsaturated fats
increase the abundance of Bifidobacterium and Lactobacillus
in the intestine, which inhibit gastrointestinal inflammation
and carcinogenic effects by promoting the production of short-
chain fatty acids (83). The present study found that vegetarian
diets were more protective in Asians. With fast economic
growth and rapid industrialization, the thriving middle class in
developing countries is adopting a Westernized lifestyle that is
characterized by a high-fat, high-protein diet, which may change

the community of microbes living in the humans to increase the
risk of cancer (84, 85). Notably, the latest data show that East
Asia was the worst-affected region, with 637,096 new cases and
275,604 deaths due to colorectal cancer (85).

Due to the protective effect of vegetarian dietary patterns
on tumors, we examined whether people needed to ensure a
pure vegan diet. For further research, we divided the plant-
based dietary patterns into two categories, including a pure
vegan diet and other types of primarily vegetarian diets and
found that these two diet types produced equivalent protective
roles against digestive system cancers. This conclusion means
people do not need to adopt a pure plant-based diet. These
results provide a more robust understanding of healthy eating
guidance. According to WCREF dietary recommendations, people
do not need to completely avoid eating meat but should limit
consumption to no more than approximately three portions per
week. People should consume a diet that provides at least 30 g
per day of fiber and five portions or servings (at least 400 g or
15 oz in total) of a variety of non-starchy vegetables and fruit
every day (4). These results are consistent with the pant-based
diet advocated in the present study.

Our review was systematic and exhaustive and concluded the
most different types of digestive cancers and various plant-based
diets. A considerable sample size of 3,059,009 subjects and adults
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FIGURE 2 | Overall analysis of plant-based diets and cancer risk in cohort studies and case-control studies with risk ratio (RR), odds ratio (OR) and 95% confidence
interval (Cl). (A) Pancreas cancer with cohort study in overall analysis (adjusted). (B) Pancreas cancer with case- control study in overall analysis (adjusted). (C)
Colorectal cancer with cohort study in overall analysis (adjusted). (D) Colorectal cancer with case-control study in overall analysis (adjusted). (E) Colon cancer with
cohort study in overall analysis (adjusted). (F) Colon cancer with case- control study in overall analysis (adjusted). (G) Rectal cancer with cohort study in overall
analysis (adjusted). (H) Rectal cancer with case-control study in overall analysis (adjusted). (I) Gastric cancer with cohort study in overall analysis (adjusted). (J) Gastric
cancer with case-control study in overall analysis (adjusted). (K) esophagus cancer with cohort study in overall analysis (adjusted). (L) esophagus cancer with case-
control study in overall analysis (adjusted). (M) Pharyngolaryngeal cancer with case-control study in overall analysis (adjusted). (N) Liver cancer with cohort study in
overall analysis (adjusted). (O) Liver cancer with case- control study in overall analysis (adjusted).
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FIGURE 3 | The Begg's funnel plots for plant-based diets and cancer risk. (A), Plant-based diets and cancer risk in cohort studies. (B), Plant-based diets and cancer
risk in case-control studies.
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TABLE 1 | Overall and subgroup analyses of plant-based diets and digestive cancer risk.

Groups Number of Plant-based diets (cohort study) Plant-based diets (case-control study)
qualified
observations

RR (95% CI); P P Tau? OR (95% CI); P P Tau?
Overall analyses
Digestive system cancer 82/106 0.82 (0.78-0.86); <0.001 46.4% 0.017 0.70 (0.64-0.77); <0.001 83.8% 0.160
(adjusted)
Subgroup analyses based on Cancer
By cancer type
Pancreas cancer 9/11 0.71 (0.59-0.86); <0.001 55.1% 0.028 0.65 (0.55-0.77); <0.001 47.4% 0.035
Colorectal cancer 25/29 0.76 (0.69-0.83); <0.001 53.4% 0.023 0.67 (0.56-0.80); <0.001 88.3% 0177
Colon cancer 19/17 0.88 (0.82-0.95); 0.001 0.0% 0.000 0.93 (0.80-1.06); 0.277 53.9% 0.045
Rectal cancer 19/15 0.84 (0.78-0.91); <0.001 1.6% 0.005 0.91 (0.71-1.17); 0.469 82.1% 0.204
Gastric cancer a7 0.81 (0.68-0.97); 0.021 0.0% 0.000 0.58 (0.44-0.77); <0.001 86.1% 0.252
Esophagus cancer 3/9 1.08 (1.00-1.16); 0.040 3.7% 0.001 0.62 (0.45-0.84); 0.002 41.2% 0.084
Pharyngolaryngeal cancer */6 * * * 0.44 (0.32-0.61); <0.001 81.6% 0.135
Liver cancer 3/2 0.61 (0.47-0.80); <0.001 0.0% 0.000 0.61 (0.48-0.79); <0.001 0.0% 0.000
By sex
Male 23/28 0.85 (0.81-0.90); <0.001 46.4% 0.017 0.79 (0.65-0.95); 0.015 85.6% 0.223
Female 23/26 0.77 (0.69-0.87); <0.001 45.8% 0.031 0.92 (0.81-1.05); 0.236 58.9% 0.068
Both 34/49 0.81 (0.75-0.88); <0.001 63.7% 0.029 0.57 (0.50-0.65); <0.001 85.5% 0.161
By region
North America 21/54 0.84 (0.80-0.89); <0.001 13.4% 0.002 0.88 (0.80-0.96); 0.004 65.7% 0.070
Europe 20/28 0.67 (0.59-0.76); <0.001 49.8% 0.039 0.72 (0.61-0.84); <0.001 86.0% 0.135
Asia 38/21 0.90 (0.85-0.96); 0.001 24.1% 0.007 0.30 (0.23-0.40); < 0.001 79.3% 0.281
Oceania 3/3 0.97 (0.71-1.33); 0.871 0.0% 0.000 0.71(0.38-1.32); 0.274 78.7% 0.239
By population
Adventist 8/* 0.54 (0.39-0.74); <0.001 48.4% 0.085 * * *
Normal person 74/106 0.83 (0.79-0.87); <0.001 43.9% 0.015 0.70 (0.64-0.77); <0.001 83.8% 0.160
By plant-based diets
Vegan 24/19 0.80 (0.74-0.86); <0.001 27.2% 0.008 0.62 (0.52-0.75); <0.001 43.2% 0.067
Semi vegetarian 13/8 0.87 (0.82-0.92); <0.001 0.0% 0.000 0.73(0.45-1.18); 0.195 89.0% 0.421
Lacto-vegetarian */2 * * * 0.61 (0.48-0.79); <0.001 0.0% 0.000
Pesco-vegetarian 18/* 0.90 (0.80-1.03); 0.118 0.0% 0.000 * * *
Lacto-ovo-vegetarian 3/* 0.97 (0.71-1.33); 0.871 0.0% 0.000 * * *
Pesco-laco-ovo-vegetarian /2 * * * 0.21 (0.12-0.36); <0.001 0.0% 0.000
DASH diets */40 * * * 0.96 (0.86-1.08); 0.499 68.9% 0.082
Prudent diets 7/18 0.85 (0.77-0.92); <0.001 0.0% 0.000 0.59 (0.46-0.75); <0.001 84.6% 0.220
Mediterranean diet 1717 0.69 (0.59-0.82); <0.001 84.3% 0.091 0.55 (0.46-0.67); <0.001 89.5% 0.136
Non-vegan 58/87 0.82 (0.77-0.87); <0.001 56.2% 0.026 0.72 (0.65-0.79); <0.001 85.8% 0.165
By follow-up years
<10 years 39/¢ 0.83 (0.78-0.88); <0.001 31.4% 0.008 * * *
>10 years 40/* 0.79 (0.73-0.86); <0.001 49.9% 0.021 * * *

RR, risk ratio; OR, odds ratio; 95% ClI, 95% confidence interval; DASH, Dietary Approaches to Stop Hypertension, *, data not available.

living with digestive cancers (n = 34,009) were included, which
provided the power to detect a statistically significant relationship
between plant-based diets and digestive cancers. However, the
possible limitations of our meta-analysis must be considered.
First, the present meta-analysis involved sufficient sample sizes
for overall analyses, but the number of qualified studies in
some subgroups was very limited. For example, the number

of original articles involving pesco-vegetarian, lacto-vegetarian,
and lacto-ovo-vegetarian diets was too small, which results in
bias in the results to some extent. Second, although all studies
used validated questionnaires to collect dietary data, most studies
did not provide repeated measurements during the follow-up
periods and did not register possible change in diet over time.
Third, several of the analyses involved comparing the highest vs.
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lowest exposure categories, which may exaggerate associations by
focusing on the extremes of the distribution. However, with the
relative paucity of studies referring to different exposure levels of
plant-based diets, we were not able to perform a dose-response
analysis to obtain more detailed guideline results. Although all
the selected original articles were detailed in their investigation
of food, they differentiated between meat from common poultry
and red meat and foods with higher fat content and assessed the
definition of plant-based diets using specialized scales. However,
we cannot completely exclude the consumption of a mixture
of red meat and other meats. The World Health Organization
classified processed meat as a Class 1 carcinogen and red meat
as a Class 2A carcinogen (86). However, there is no evidence
that natural poultry meats have a significant effect on digestive
cancers. Finally, the food industry provides a wide variety of
vegan foods, which are classified as ultra-processed food due to
the degree of processing. Whether vegans are harmed and have
an increased risk for digestive system cancers is not clear because
they may consume these foods more than non-vegan people. This
aspect should be investigated in future studies.

In summary, it is important to understand and reveal eating
habits that make our lives healthier and the important role these
habits play in the management and prevention of oncological
diseases. Our study propose that a plant-based diet is promising
to prevent the development of cancer.

REFERENCES

1. Global Burden of Disease Cancer C, Fitzmaurice C, Allen C, et al. Global,
regional, and national cancer incidence, mortality, years of life lost, years lived
with disability, and disability-adjusted life-years for 32 cancer groups, 1990 to
2015: a systematic analysis for the global burden of disease study. JAMA Oncol.
(2017) 3:524-48. doi: 10.1001/jamaoncol.2016.5688

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A,
et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2021)
71:209-49. doi: 10.3322/caac.21660

3. Clinton SK, Giovannucci EL, Hursting SD. The world cancer research
fund/american institute for cancer research third expert report on diet,
nutrition, physical activity, and cancer: impact and future directions. ] Nutr.
(2020) 150:663-71. doi: 10.1093/jn/nxz268

4. World Cancer Research Fund/American Institute for Cancer Research
Diet, Nutrition, Physical Activity and Cancer: A Global Perspective.
Continuous Update Project Expert Report. (2018). Available online at: http://
dietandcancerreport.org (accessed on April 19, 2022).

5. Yiannakou I, Barber LE, Li S, Adams-Campbell LL, Palmer JR, Rosenberg L,
et al. A prospective analysis of red and processed meat intake in relation to
colorectal cancer in the black women’s health study. J Nutr. (2021) 52:1254-
62. doi: 10.1093/cdn/nzab036_030

6. Cross AJ, Ferrucci LM, Risch A, Graubard BI, Ward MH, Park Y, et al. A
large prospective study of meat consumption and colorectal cancer risk: an
investigation of potential mechanisms underlying this association. Cancer Res.
(2010) 70:2406-14. doi: 10.1158/0008-5472.CAN-09-3929

7. Oussalah A, Levy J, Berthezene C, Alpers DH, Gueant JL. Health outcomes
associated with vegetarian diets: an umbrella review of systematic reviews
and meta-analyses. Clin Nutr. (2020) 39:3283-307. doi: 10.1016/j.clnu.2020.
02.037

8. Godos J, Bella F, Sciacca S, Galvano E, Grosso G. Vegetarianism and breast,
colorectal and prostate cancer risk: an overview and meta-analysis of cohort
studies. ] Hum Nutr Diet. (2017) 30:349-59. doi: 10.1111/jhn.12426

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

DW and YZ: conceived and designed the experiments. YZ and
JZ: performed the experiments and wrote the paper. JZ and
YW: analyzed the data. YW: contributed materials and analysis
tools. All authors read and approved the final manuscript prior
to submission.

FUNDING

Taishan Scholar Foundation of Shandong Province (Award
number(s): 2018-35).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2022.892153/full#supplementary-material

9. Bye ZL, Keshavarz P, Lane GL, Vatanparast H. What role do plant-based diets
play in supporting the optimal health and well-being of canadians? a scoping
review. Adv Nutr. (2021) 12:2132-46. doi: 10.1093/advances/nmab061

Rizzo NS, Jaceldo-Siegl K, Sabate J, Fraser GE. Nutrient profiles of vegetarian
and nonvegetarian dietary patterns. ] Acad Nutr Diet. (2013) 113:1610-
9. doi: 10.1016/j.jand.2013.06.349

. Craddock JC, Probst YC, Peoples GE. Vegetarian and omnivorous nutrition
- comparing physical performance. Int J Sport Nutr Exerc Metab. (2016)
26:212-20. doi: 10.1123/ijsnem.2015-0231

Pohl A, Schunemann E Bersiner K, Gehlert S. The impact of vegan and
vegetarian diets on physical performance and molecular signaling in skeletal
muscle. Nutrients. (2021) 13:3884. doi: 10.3390/nu13113884

Kushi LH, Lenart EB, Willett WC. Health implications of mediterranean diets
in light of contemporary knowledge. 1. Plant foods dairy products. Am J Clin
Nutr. (1995) 61(6 Suppl):1407S—1415S. doi: 10.1093/ajcn/61.6.1407S

. Chandler PD, Balasubramanian R, Paynter N, Giulianini F Fung T,
Tinker LE et al. Metabolic signatures associated with western and
Prudent dietary patterns in women. Am ] Clin Nutr. (2020) 112:268-
83. doi: 10.1093/ajcn/nqaal31

Mohseni R, Mohseni F, Alizadeh S, Abbasi S. The association of dietary
approaches to stop hypertension (DASH) diet with the risk of colorectal
cancer: a meta-analysis of observational studies. Nutr Cancer. (2020) 72:778-
90. doi: 10.1080/01635581.2019.1651880

Molina-Montes E, Salamanca-Fernandez E, Garcia-Villanova B,
Sanchez MJ. The Impact of plant-based dietary patterns on cancer-
related outcomes: a rapid review and meta-analysis. Nutrients. (2020)
12:2010. doi: 10.3390/nu12072010

Page M]J, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow
CD, et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. (2021) 372:n71. doi: 10.1136/bmj.n71

Stroup DE Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D,
et al. Meta-analysis of observational studies in epidemiology: a proposal for
reporting. Meta-analysis of observational studies in epidemiology (MOOSE)
group. JAMA. (2000) 283:2008-12. doi: 10.1001/jama.283.15.2008

Frontiers in Public Health | www.frontiersin.org

97

June 2022 | Volume 10 | Article 892153


https://www.frontiersin.org/articles/10.3389/fpubh.2022.892153/full#supplementary-material
https://doi.org/10.1001/jamaoncol.2016.5688
https://doi.org/10.3322/caac.21660
https://doi.org/10.1093/jn/nxz268
http://dietandcancerreport.org
http://dietandcancerreport.org
https://doi.org/10.1093/cdn/nzab036_030
https://doi.org/10.1158/0008-5472.CAN-09-3929
https://doi.org/10.1016/j.clnu.2020.02.037
https://doi.org/10.1111/jhn.12426
https://doi.org/10.1093/advances/nmab061
https://doi.org/10.1016/j.jand.2013.06.349
https://doi.org/10.1123/ijsnem.2015-0231
https://doi.org/10.3390/nu13113884
https://doi.org/10.1093/ajcn/61.6.1407S
https://doi.org/10.1093/ajcn/nqaa131
https://doi.org/10.1080/01635581.2019.1651880
https://doi.org/10.3390/nu12072010
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1001/jama.283.15.2008
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Zhao et al.

Plant-Based Diet and Digestive Cancers

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Sterne JA, Hernan MA, Reeves BC, Savovic ], Berkman ND, Viswanathan M,
et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of
interventions. BMJ. (2016) 355:i4919. doi: 10.1136/bm;.i4919

Altman DG, Bland JM. Interaction revisited: the difference between two
estimates. BM]J. (2003) 326:219. doi: 10.1136/bm;j.326.7382.219

Mills PK, Beeson WL, Abbey DE, Fraser GE, Phillips RL.
Dietary habits and past medical history as related to fatal
pancreas cancer risk among Adventists. Cancer. (1988) 61:2578-
85.3.doi: 10.1002/1097-0142(19880615)61:12&It;2578::AID-

CNCR2820611232&gt;3.0.CO;2-0

Centonze S, Boeing H, Leoci C, Guerra V, Misciagna G. Dietary habits
and colorectal cancer in a low-risk area. Results from a population-
based case-control study in southern Italy. Nutr Cancer. (1994) 21:233-
46. doi: 10.1080/01635589409514322

Slattery ML, Boucher KM, Caan BJ, Potter JD, Ma KN. Eating patterns and risk
of colon cancer. Am ] Epidemiol. (1998) 148:4-16. doi: 10.1093/aje/148.1.4-a
Terry P, Hu FB, Hansen H, Wolk A. Prospective study of major dietary
patterns and colorectal cancer risk in women. Am ] Epidemiol. (2001)
154:1143-9. doi: 10.1093/aje/154.12.1143

Masaki M, Sugimori H, Nakamura K, Tadera M. Dietary patterns and stomach
cancer among middle-aged male workers in Tokyo. Asian Pac ] Cancer Prev.
(2003) 4:61-6

Wu K, Hu FB, Fuchs
E. Dietary patterns
a cohort of men (United States). Cancer Causes
15:853-62. doi: 10.1007/s10552-004-1809-2

Kim MK, Sasaki S, Otani T, Tsugane S. Dietary patterns and subsequent
colorectal cancer risk by subsite: a prospective cohort study. Int J Cancer.
(2005) 115:790-8. doi: 10.1002/ijc.20943

Nkondjock A, Ghadirian P. Associated nutritional risk of breast and colon
cancers: a population-based case-control study in Montreal, Canada. Cancer
Lett. (2005) 223:85-91. doi: 10.1016/j.canlet.2004.11.034

Rouillier P, Senesse P, Cottet V, Valléau A, Faivre J, Boutron-Ruault MC.
Dietary patterns and the adenomacarcinoma sequence of colorectal cancer.
Eur ] Nutr. (2005) 44:311-8. doi: 10.1007/s00394-004-0525-8
Campbell PT, Sloan M, Kreiger N. Dietary patterns
of incident gastric adenocarcinoma. Am ] Epidemiol.
167:295-304. doi: 10.1093/aje/kwm294

Joshi SC, Saxena SR, Satyawali VN, Joshi A, Nigam P, Singh VK, et al.
Oesophageal carcinoma-a study of risk factors (emphasis on nutrition) in
a teaching hospital of Kumaon region of Uttarakhand. ] Assoc Phys India.
(2009) 57:631-5.

Wirfilt E, Midthune D, Reedy J, Mitrou P, Flood A, Subar AF et al
Associations between food patterns defined by cluster analysis and colorectal
cancer incidence in the NIH-AARP diet and health study. Eur J Clin Nutr.
(2009) 63:707-17. doi: 10.1038/ejcn.2008.40

Buckland G, Agudo A, Lujan L, Jakszyn P, Bueno-de-Mesquita HB,
Palli D, et al. Adherence to a Mediterranean diet and risk of gastric
adenocarcinoma within the European Prospective Investigation into Cancer
and Nutrition (EPIC) cohort study. Am ] Clin Nutr. (2010) 91:381-
90. doi: 10.3945/ajcn.2009.28209

Kurotani K, Budhathoki S, Joshi AM, Yin G, Toyomura K, Kono S,
et al. Dietary patterns and colorectal cancer in a Japanese population:
the Fukuoka Colorectal Cancer Study. Br ] Nutr. (2010) 104:1703-
11. doi: 10.1017/S0007114510002606

Miller PE, Lazarus P, Lesko SM, Muscat JE, Harper G, Cross AJ, et al.
Diet index-based and empirically derived dietary patterns are associated
with colorectal cancer risk. J Nutr. (2010) 140:1267-73. doi: 10.3945/jn.110.
121780

Reedy J, Wirfilt E, Flood A, Mitrou PN, Krebs-Smith SM, Kipnis V, et al.
Comparing 3 dietary pattern methods-cluster analysis, factor analysis, and
index analysis—-With colorectal cancer risk: the NIH-AARP Diet and Health
Study. Am J Epidemiol. (2010) 171:479-87. doi: 10.1093/aje/kwp393
Magalhdes B, Bastos J, Lunet N. Dietary patterns and colorectal cancer:
a case-control study from Portugal. Eur ] Cancer Prev. (2011) 20:389-
95. doi: 10.1097/CE].0b013e328347220a

Bradshaw PT, Siega-Riz AM, Campbell M, Weissler MC, Funkhouser WK,
Olshan AF. Associations between dietary patterns and head and neck cancer:

C, Rimm EB, Willett
risk of colon cancer

WC, Giovannucci
and adenoma in

(2004)

and
Control.

and risk
(2008)

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

the Carolina head and neck cancer epidemiology study. Am ] Epidemiol.
(2012) 175:1225-33. doi: 10.1093/aje/kwr468

Ibiebele TI, Hughes MC, Whiteman DC, Webb PM. Dietary patterns and
risk of oesophageal cancers: a population-based case-control study. Br ] Nutr.
(2012) 107:1207-16. doi: 10.1017/S0007114511004247

Agnoli C, Grioni S, Sieri S, Palli D, Masala G, Sacerdote C, et al. Italian
Mediterranean Index and risk of colorectal cancer in the Italian section of the
EPIC cohort. Int ] Cancer. (2013) 132:1404-11. doi: 10.1002/ijc.27740

Arem H, Reedy J, Sampson J, Jiao L, Hollenbeck AR, Risch H, et al. The
Healthy Eating Index 2005 and risk for pancreatic cancer in the NTH-AARP
study. J Natl Cancer Inst. (2013) 105:1298-305. doi: 10.1093/jnci/djt185
Bosetti C, Bravi F, Turati F, Edefonti V, Polesel J, Decarli A, et al. Nutrient-
based dietary patterns and pancreatic cancer risk. Ann Epidemiol. (2013)
23:124-8. doi: 10.1016/j.annepidem.2012.12.005

Bosetti C, Turati E Dal Pont A, Ferraroni M, Polesel J, Negri E, et al. The role
of Mediterranean diet on the risk of pancreatic cancer. Br J Cancer. (2013)
109:1360-6. doi: 10.1038/bjc.2013.345

Chan JM, Gong Z, Holly EA, Bracci PM. Dietary patterns
and risk of pancreatic cancer in a large population-based case-
control study in the San Francisco Bay Area. Nutr Cancer. (2013)
65:157-64. doi: 10.1080/01635581.2012.725502

Kontou N, Psaltopoulou T, Soupos N, Polychronopoulos E, Xinopoulos D,
Linos A, et al. The mediating effect of Mediterranean diet on the relation
between smoking and colorectal cancer: a case-control study. Eur ] Public
Health. (2013) 23:742-6. doi: 10.1093/eurpub/cks109

Safari A, Shariff ZM, Kandiah M, Rashidkhani B, Fereidooni F. Dietary
patterns and risk of colorectal cancer in Tehran Province: a case-control study.
BMC Public Health. (2013) 13:222. doi: 10.1186/1471-2458-13-222

Zhang W, Xiang YB, Li HL, Yang G, Cai H, Ji BT, et al. Vegetable-based dietary
pattern and liver cancer risk: results from the Shanghai women’s and men’s
health studies. Cancer Sci. (2013) 104:1353-61. doi: 10.1111/cas.12231
Denova-Gutiérrez E, Hernandez-Ramirez RU, Lépez-Carrillo L. Dietary
patterns and gastric cancer risk in Mexico. Nutr Cancer. (2014) 66:369-
76. doi: 10.1080/01635581.2014.884237

Filomeno M, Bosetti C, Garavello W, Levi F, Galeone C, Negri E, et al. The role
of a Mediterranean diet on the risk of oral and pharyngeal cancer. Br ] Cancer.
(2014) 111:981-6. doi: 10.1038/bjc.2014.329

Grosso G, Biondi A, Galvano E Mistretta A, Marventano S, Buscemi
S, et al. Factors associated with colorectal cancer in the context of the
mediterranean diet: a case-control study. Nutr Cancer. (2014) 66:558-
65. doi: 10.1080/01635581.2014.902975

Kumagai Y, Chou WT, Tomata Y, Sugawara Y, Kakizaki M, Nishino Y, et al.
Dietary patterns and colorectal cancer risk in Japan: the ohsaki cohort study.
Cancer Causes Control. (2014) 25:727-36. doi: 10.1007/s10552-014-0375-5
Praud D, Bertuccio P, Bosetti C, Turati F Ferraroni M, La Vecchia C.
Adherence to the Mediterranean diet and gastric cancer risk in Italy. Int |
Cancer. (2014) 134:2935-41. doi: 10.1002/ijc.28620

Azizi H, Asadollahi K, Davtalab Esmaeili E, Mirzapoor M. Iranian dietary
patterns and risk of colorectal cancer. Health Promot Perspect. (2015) 5:72-
80. doi: 10.15171/hpp.2015.009

Chen Z, Wang PP, Woodrow J, Zhu Y, Roebothan B, McLaughlin JR, et al.
Dietary patterns and colorectal cancer: results from a Canadian population-
based study. Nutr J. (2015) 14:8. doi: 10.1186/1475-2891-14-8

Gilsing AM, Schouten LJ, Goldbohm RA, Dagnelie PC, van den Brandt
PA, Weijenberg MP. Vegetarianism, low meat consumption and the risk
of colorectal cancer in a population based cohort study. Sci Rep. (2015)
5:13484. doi: 10.1038/srep13484

Jones-McLean E, Hu J, Greene-Finestone LS, de Groh M. A DASH dietary
pattern and the risk of colorectal cancer in Canadian adults. Health Promot
Chronic Dis Prev Can. (2015) 35:12-20. doi: 10.24095/hpcdp.35.1.03

Orlich MJ, Singh PN, Sabaté ], Fan J, Sveen L, Bennett H, et al.
Vegetarian dietary patterns and the risk of colorectal cancers. JAMA

Internal  Med. (2015) 175:767-76. doi:  10.1001/jamainternmed.20
15.59
Park Y, Lee J, Oh JH, Shin A, Kim J. Dietary patterns and
colorectal cancer risk in a Korean population: a case-control
study. Medicine.  (2016)  95:e3759. doi:  10.1097/MD.00000000000
03759

Frontiers in Public Health | www.frontiersin.org

June 2022 | Volume 10 | Article 892153


https://doi.org/10.1136/bmj.i4919
https://doi.org/10.1136/bmj.326.7382.219
https://doi.org/10.1002/1097-0142(19880615)61:12&lt
https://doi.org/10.1080/01635589409514322
https://doi.org/10.1093/aje/148.1.4-a
https://doi.org/10.1093/aje/154.12.1143
https://doi.org/10.1007/s10552-004-1809-2
https://doi.org/10.1002/ijc.20943
https://doi.org/10.1016/j.canlet.2004.11.034
https://doi.org/10.1007/s00394-004-0525-8
https://doi.org/10.1093/aje/kwm294
https://doi.org/10.1038/ejcn.2008.40
https://doi.org/10.3945/ajcn.2009.28209
https://doi.org/10.1017/S0007114510002606
https://doi.org/10.3945/jn.110.121780
https://doi.org/10.1093/aje/kwp393
https://doi.org/10.1097/CEJ.0b013e328347220a
https://doi.org/10.1093/aje/kwr468
https://doi.org/10.1017/S0007114511004247
https://doi.org/10.1002/ijc.27740
https://doi.org/10.1093/jnci/djt185
https://doi.org/10.1016/j.annepidem.2012.12.005
https://doi.org/10.1038/bjc.2013.345
https://doi.org/10.1080/01635581.2012.725502
https://doi.org/10.1093/eurpub/cks109
https://doi.org/10.1186/1471-2458-13-222
https://doi.org/10.1111/cas.12231
https://doi.org/10.1080/01635581.2014.884237
https://doi.org/10.1038/bjc.2014.329
https://doi.org/10.1080/01635581.2014.902975
https://doi.org/10.1007/s10552-014-0375-5
https://doi.org/10.1002/ijc.28620
https://doi.org/10.15171/hpp.2015.009
https://doi.org/10.1186/1475-2891-14-8
https://doi.org/10.1038/srep13484
https://doi.org/10.24095/hpcdp.35.1.03
https://doi.org/10.1001/jamainternmed.2015.59
https://doi.org/10.1097/MD.0000000000003759
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Zhao et al.

Plant-Based Diet and Digestive Cancers

59.

Jones P, Cade JE, Evans CEL, Hancock N, Greenwood DC. The Mediterranean
diet and risk of colorectal cancer in the UK Women’s Cohort Study. Int J

and treatment of chronic disease. | Geriatr Cardiol. (2017)

14:355-68. doi: 10.11909/j.issn.1671-5411.2017.05.012

Epidemiol. (2017) 46:1786-1796. doi: 10.1093/ije/dyx155 76. Singh B, Singh JP, Kaur A, Singh N. Bioactive compounds in banana
60. Castello A, Fernindez de Larrea N, Martin V. High adherence to and their associated health benefits - a review. Food Chem. (2016) 206:1-
the Western, Prudent, and Mediterranean dietary patterns and risk of 11. doi: 10.1016/j.foodchem.2016.03.033
gastric adenocarcinoma: MCC-Spain study. Gastric Cancer. (2018) 21:372- 77. 1iY, Zhang JJ, Xu DP, Zhou T, Zhou Y, Li S, et al. Bioactivities and health
82. doi: 10.1007/s10120-017-0774-x benefits of wild fruits. Int ] Mol Sci. (2016) 17:1258. doi: 10.3390/ijms17081258
61. Rada-Fernandez de Jauregui D, Evans CEL, Jones P, Greenwood DC, 78. Zhang JJ, Li Y, Zhou T, Xu DP, Zhang P, Li S, et al. Bioactivities
Hancock N, Cade JE. Common dietary patterns and risk of cancers and health benefits of mushrooms mainly from China. Molecules. (2016)
of the colon and rectum: analysis from the United Kingdom Women’s 21:938 doi: 10.3390/molecules21070938
Cohort Study (UKWCS). Int ] Cancer. (2018) 143:773-81. doi: 10.1002/ijc. 79. Xu DP, Li Y, Meng X, Zhou T, Zhou Y, Zheng J, et al. Natural antioxidants in
31362 foods and medicinal plants: extraction, assessment and resources. Int ] Mol
62. Shin S, Saito E, Sawada N, Ishihara ], Takachi R, Nanri A, et al Sci. (2017) 18:96. doi: 10.3390/ijms18010096
Dietary patterns and colorectal cancer risk in middle-aged adults: a large 80. Afshari E Seraj H, Hashemi ZS, Timajchi M, Ensiyeh O, Ladan G,
population-based prospective cohort study. Clin Nutr. (2018) 37:1019- et al. The cytotoxic effects of eggplant peel extract on human gastric
26. doi: 10.1016/j.cInu.2017.04.015 adenocarcinoma cells and normal cells. Mod Med Lab J. (2017) 1:77-
63. Bahrami A, Houshyari M, Jafari S, Rafiei P, Mazandaranian M, Hekmatdoost 83. doi: 10.30699/mmlj17.1.2.77
A, et al. Dietary patterns and the risk of colorectal cancer and adenoma: 81. Samtiya M, Aluko RE, Dhewa T, Moreno-Rojas JM. Potential health benefits
a case control study in Iran. Gastroenterol Hepatol Bed Bench. (2019) of plant food-derived bioactive components: an overview. Foods. (2021)
12:217-25. 10:839. doi: 10.3390/foods10040839
64. Jafari Nasab S, Bahrami A, Rafiee P, Hekmatdoust A, Ghanavati 82. Gonzalez CA, Salas-Salvado J. The potential of nuts in the prevention of
M, Rashidkhani B, et al. Healthy Eating Index-2010 and cancer. Br ] Nutr. (2006) 96(Suppl. 2), S87-94. doi: 10.1017/BJN20061868
mediterranean-style dietary pattern score and the risk of colorectal 83. Singh RK, Chang HW, Yan D, Lee M, Ucmak D, Wong K, et al. Influence of
cancer and adenoma: a case-control study. Nutr Cancer. (2020) diet on the gut microbiome and implications for human health. J Transl Med.
72:1326-35. doi: 10.1080/01635581.2019.1683212 (2017) 15:73. doi: 10.1186/s12967-017-1175-y
65. Toorang F, Sasanfar B, Hadji M, Esmaillzadeh A, Zendehdel K. Adherence to 84. Ang QY, Alba DL, Upadhyay V, Bisanz JE, Cai ], Lee HL, et al. The
“dietary approaches to stop hypertension” eating plan in relation to gastric East Asian gut microbiome is distinct from colocalized white subjects and
cancer. Nutr J. (2020) 19:40. doi: 10.1186/s12937-020-00560-w connected to metabolic health. Elife. (2021) 10:e70349. doi: 10.7554/eLife.
66. Jafari Nasab S, Ghanavati M, Rafiee P, Bahrami A, Majidi N, Clark CCT, et al. A 70349
case-control study of Dietary Approaches to stop hypertension (DASH) diets, 85. Collaborators GBDCC. Global, regional, and national burden of colorectal
colorectal cancer and adenomas among Iranian population. BMC Cancer. cancer and its risk factors, 1990-2019: a systematic analysis for the
(2021) 21:1050. doi: 10.1186/s12885-021-08786-5 global burden of disease study 2019. Lancet Gastroenterol Hepatol.
67. Kim JH, Lee ], Choi IJ, Kim YI, Kim J. Dietary patterns and gastric cancer (2022). doi: 10.1016/S2468-1253(22)00044-9. [Epub ahead of print].
risk in a Korean population: a case-control study. Eur ] Nutr. (2021) 60:389- 86. Willett W, Rockstrom J, Loken B, Springmann M, Lang T,
97. doi: 10.1007/500394-020-02253-w Vermeulen S, et al. Food in the anthropocene: the EAT-
68. Moussa I, Day RS, Li R, Du XL, Kaseb AO, Jalal PK, et al. Dietary lancet commission on healthy diets from sustainable food
patterns and hepatocellular carcinoma risk among US adults. Nutrients. systems. Lancet. (2019) 393:447-92. doi: 10.1016/S0140-6736(18)
(2021) 13:2011 doi: 10.3390/nu13062011 31788-4
69. Nojomi M, Tehrani Banihashemi A, Niksima H, Hashemian M, Mottaghi
A Male.kzaddeh R. 'The r.elationship be'tween c?ietary p .attems, dietary Conflict of Interest: The authors declare that the research was conducted in the
quality index, and dietary inflammatory index WIFh the risk of all types absence of any commercial or financial relationships that could be construed as a
of cancer: golestan cohort study. Med ] Islamic Repub Iran. (2021) potential conflict of interest.
35:48. doi: 10.47176/mjiri.35.48
70 2;621;)52%: f;:jggydffl Ol?llg;agl’/}; 4I;a5t6t;1:gi 9a-r(;gz;aj:cer risk. Nat Rev Cancer. Publisher’s Note: Al'l claims expressed in this' articl'e are solely tfh0§e of the authors
71. Halliwell B. The antioxidant paradox: less paradoxical now? Br J Clin and do not necessarily represent those of their affiliated organizations, or those of
Pharmacol. (2013) 75:637-44. doi: 10.1111/j.1365-2125.2012.04272.x the publisher, the editors and the reviewers. Any product that may be evaluated in
72. Pollak M. Insulin and insulin-like growth factor signalling in neoplasia. Nature this article, or claim that may be made by its manufacturer, is not guaranteed or
Rev Cancer. (2008) 8:915-28. doi: 10.1038/nrc2536 endorsed by the publisher.
73. Diakos CI, Charles KA, McMillan DC, Clarke §SJ. Cancer-related
inflammation and treatment effectiveness. Lancet Oncol. (2014) Copyright © 2022 Zhao, Zhan, Wang and Wang. This is an open-access article
15:€493-503. doi: 10.1016/S1470-2045(14)70263-3 distributed under the terms of the Creative Commons Attribution License (CC BY).
74. Subramaniam S, Selvaduray KR, Radhakrishnan AK. bioactive The use, distribution or reproduction in other forums is permitted, provided the
compounds: natural defense against cancer? Biomolecules. (2019) original author(s) and the copyright owner(s) are credited and that the original
9:758. doi: 10.3390/biom9120758 publication in this journal is cited, in accordance with accepted academic practice.
75. Hever J, Cronise RJ. Plant-based nutrition for healthcare professionals: No use, distribution or reproduction is permitted which does not comply with these
implementing diet as a primary modality in the prevention terms.
Frontiers in Public Health | www.frontiersin.org 99 June 2022 | Volume 10 | Article 892153


https://doi.org/10.1093/ije/dyx155
https://doi.org/10.1007/s10120-017-0774-x
https://doi.org/10.1002/ijc.31362
https://doi.org/10.1016/j.clnu.2017.04.015
https://doi.org/10.1080/01635581.2019.1683212
https://doi.org/10.1186/s12937-020-00560-w
https://doi.org/10.1186/s12885-021-08786-5
https://doi.org/10.1007/s00394-020-02253-w
https://doi.org/10.3390/nu13062011
https://doi.org/10.47176/mjiri.35.48
https://doi.org/10.1038/s41568-019-0227-4
https://doi.org/10.1111/j.1365-2125.2012.04272.x
https://doi.org/10.1038/nrc2536
https://doi.org/10.1016/S1470-2045(14)70263-3
https://doi.org/10.3390/biom9120758
https://doi.org/10.11909/j.issn.1671-5411.2017.05.012
https://doi.org/10.1016/j.foodchem.2016.03.033
https://doi.org/10.3390/ijms17081258
https://doi.org/10.3390/molecules21070938
https://doi.org/10.3390/ijms18010096
https://doi.org/10.30699/mmlj17.1.2.77
https://doi.org/10.3390/foods10040839
https://doi.org/10.1017/BJN20061868
https://doi.org/10.1186/s12967-017-1175-y
https://doi.org/10.7554/eLife.70349
https://doi.org/10.1016/S2468-1253(22)00044-9
https://doi.org/10.1016/S0140-6736(18)31788-4
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

& frontiers | Frontiers in

ORIGINAL RESEARCH
published: 13 June 2022
doi: 10.3389/fnut.2022.902498

OPEN ACCESS

Edited by:
Renata Puppin Zandonadli,
University of Brasilia, Brazil

Reviewed by:

Kisang Ryu,

Sejong University, South Korea
Sunghyup Hyun,

Hanyang University, South Korea

*Correspondence:
Jongsik Yu
andyjs.yu@gmail.com

Specialty section:

This article was submitted to
Nutrition and Sustainable Diets,
a section of the journal
Frontiers in Nutrition

Received: 03 April 2022
Accepted: 11 May 2022
Published: 13 June 2022

Citation:

Park J, Park Y and Yu J (2022) Can
Multiple Attributes of Vegan
Restaurants Affect the Behavioral
Intentions by Customer Psychological
Factors? Front. Nutr. 9:902498.

doi: 10.3389/fnut.2022.902498

Check for
updates

Can Multiple Attributes of Vegan
Restaurants Affect the Behavioral
Intentions by Customer
Psychological Factors?

Junghyun Park, Yunmi Park? and Jongsik Yu®*

! College of Hospitality and Tourism Management, Sejong University, Seoul, South Korea, 2 Department of Aviation Service,
Cheongju University, Cheongju-si, South Korea, ° College of Business Division of Tourism and Hotel Management, Cheongju
University, Cheongju-si, South Korea

Over the past decade, there has been an increased interest in veganism in several nations
across the world. In 2021, there were around 79 million vegans. While veganism is
growing, it still covers only 1% of the global population. But if the diet keeps its steady
growth rate, it's predicted to increase to one in 10 people within the next 10 years.
However, in addition to the traditional, though poorly studied, multiple attributes ascribed
to vegan restaurants, there may be other factors influencing the approach intentions of
vegan restaurant customers. Within this context, this study investigated the psychological
resilience associated with customer engagement (identification, enthusiasm, attention,
absorption, and interaction) with the vegan movement for Korean vegan customers.
The analysis was conducted using SPSS 22.0 and AMOS 22.0. The results revealed
that numerous attributes ascribed to vegan restaurants positively affected customer
engagement, especially identification, and strongly influenced psychological resilience as
well. However, the identification customer engagement factor did not significantly affect
the approach intentions of vegan restaurant customers. The study results suggested
that when eliciting customer engagement to increase approach intentions toward vegan
restaurants, it is necessary to emphasize customer psychological resilience, enthusiasm,
attention, absorption, and interaction. This study contributes to food and consumer
behavior literature on the approach intentions toward vegan restaurants.

Keywords: vegan restaurants, multiple attributes, consumer engagement, psychological resilience, approach
intentions

INTRODUCTION

Food has long been a major social issue and has taken on an even more critical role in recent
years owing to its close associations with people’s lives (1). Vegan foods, in particular, have lately
shown exceptional stability and development in both sales and consumption (2). Expert Market
Research (3) reported that the worldwide vegan food market reached USD 15.4 billion in 2020 and
was expected to reach USD 26.1 billion by 2026. Reflecting this trend, one of the most noticeable
foodservice trends in the recent decade has been the increase in the number of vegan restaurants
(4). Although vegans constitute a very small percentage of the population, their influence on the
food industry and general consumption habits is expected to continue to expand (5, 6).
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Customers typically select the product or service at a
restaurant based on multiple attributes, such as food quality,
location convenience, price, hygiene, design and layout, taste, and
nutritional value. However, vegan restaurants are different from
general restaurants. There are numerous reasons why consumers
switch to veganism (7). The 2019 Global Vegan Survey reported
that 68.1% of the participants had switched to a vegan diet
owing to concerns about ethics and animal welfare. Of those
surveyed, 17.4% claimed that they had switched to a vegan diet
owing to health and beauty reasons, 9.7% reported that they
were motivated by environmental concerns, and 4.8% switched
for religious or personal reasons (8). Several academic studies
found that people had switched to vegan diets owing to ethical
considerations (guilt), curiosity, environmental concerns, and
health and beauty benefits (5, 9, 10). Therefore, the attributes that
can be ascribed to vegan restaurants are health and beauty, guilt,
curiosity, and environmental concerns (7).

As individuals’ beliefs and values influence their choice to
follow a vegan diet, their particular psychology affects the
vegan restaurant attributes they perceive as valuable (11-13).
Particularly, their preference for vegan eateries is associated with
their psychological resilience to specific ways of eating. Von
Essen and Mértensson (14) highlighted that internalized food
memories are connected with positive feelings that help people
adjust and better manage their developmental stress, which, in
turn, can assist in building psychological resilience. In addition,
vegan diets are more meaningful psychologically than physical in
that they have fewer symptoms of eating disorders, lower eating
intentions, less stress, and less motivation for weight control
compared to other diets (15).

These customer psychological factors also affect restaurant
customer engagement (16). attracting and retaining customers is
one of the top priorities of running a restaurant, and customer
engagement can significantly influence a restaurant’s success
(17). As customer engagement is the ability to keep customers
happy at every stage and interaction with the business (18), the
multiple attributes ascribed to vegan restaurants drive customer
engagement (19). As engaged customers become more involved
in the service process, they share the absorption, identification,
and enthusiasm for the service outcomes and develop social
bonds (17, 20).

Despite its psychological importance, numerous studies on
vegan choices focus on health and physical benefits (21-24), so
research on individual psychological aspects has been lacking.
In addition, there is a lack of an empirical approach to which
factor has the most important influence on the selection of
vegan restaurants. Specifically, it is unclear how the identified
attributes of vegan restaurants, such as health and beauty,
guilt, curiosity, and environmental concerns, are associated with
psychological resilience and customer engagement, and little
is known of the particular psychological beliefs that motivate
customers to choose vegan restaurants. Thus, the need for further
research on customer engagement in the choice and approach
of vegan restaurants in the psychological and emotional context
of customers is critical and timely. Consequently, this study
sought to fill these research gaps by investigating the influence of
engagement on the formation of consumer approach intentions

toward vegan restaurants and presenting significant implications
for the importance of psychological and emotional parts in vegan
restaurant selection and approach intention.

This study had three primary objectives: (1) to understand
and determine the influence of the multiple consumer attributes
on vegan restaurant selection, (2) to verify the effect of these
multiple consumer attributes of vegan restaurants on customer
engagement and psychological resilience, and (3) to determine
whether psychological factors, such as psychological resilience
and engagement, encourage consumers to approach vegan
restaurants. Thus, this study used a mixed-method of qualitative
and quantitative research that has not been attempted before in
a vegan-related study and it will help a clear understanding of
the vegan restaurant choices of growing Korean customers. In
addition, the result can present practical measures to increase
customer accessibility to Korean vegan restaurants.

LITERATURE REVIEW

Multiple Attributes of Vegan Restaurants

Many people follow vegan diets that has led to the emergence
of vegan restaurants (25, 26), which are restaurants that do
not serve animal products in their dishes or drinks (27); that
is, all menu items are dairy- and meat-free, and no animal or
animal by-products are used in the kitchen. However, veganism
is a “life endeavor” or a series of “catalytic encounters” (10,
28). Hirschler (29) found that social rejection and prejudicial
interactions caused psychological distress to vegans. Vegans are
often viewed as judgmental, are frequently confronted about their
meat-free lifestyles, and are unable to eat at most establishments
(30). Nevertheless, as people have specific reasons to adopt
veganism, they tend to prefer to visit vegan restaurants for health,
nutrition, socializing, and to have a positive experience (31).
Previous research found that the main motivations for choosing
to eat at vegan restaurants were health and beauty (32-34), guilt
(10, 28, 35), curiosity (10), and environmental concerns (36, 37).

Health and Beauty

Craig (32) reported that vegan diets have numerous health
benefits. For example, these diets can increase the intake of
protective nutrients and phytochemicals and minimize the
dietary factors associated with several chronic diseases (32, 38-
41). In addition, it can help us achieve the highest levels of fitness
while also lowering our risk of developing chronic diseases (41).
Vegans generally consume more fruit, legumes, vegetables, and
fiber than omnivores (38-40), all of which have been found to
protect against some cancers, metabolic syndromes, mortality,
and obesity (42). A study by Cruwys et al. (43) and Ryan (44)
found that people were slimmer and attempted to lose weight
more frequently than those who did not cut their meat intake, and
that the societal ideals of slimness and beauty led them to choose a
vegan diet (45, 46). In addition, Lim et al. (47) found that vegans
preferred foods that were rich in vitamins and mineral content,
had nutritional value, and had hair, nail, and skin beauty benefits,
which indicated that health and beauty were important factors
for vegans and their preference to dine in vegan restaurants.
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Guilt

Guilt is associated with the breaking of internal moral or religious
rules (28, 48) and can also be defined as the feelings of a person
who has violated a moral standard and must bear the sanctions
imposed by the breaking of that standard (49). Greenebum (37)
found that some people had a sense of discomfort, guilt, and
anxiety about animals being slaughtered for their food. Ghaffari
etal’s (50) study of consumer motivations for adopting the vegan
diet suggests that eco- and animal-friendly components have
connected to emotional outcomes, such as feeling less guilty,
implying that eco- and animal-friendly vegan diets allow people
to feel less guilty when eating vegan meals. Therefore, vegan
restaurants’ eco- and animal-friendly ingredients can assuage
vegan guilt (10, 35, 50, 51).

Curiosity

People curious about veganism tend to try vegan restaurants for
the experience. Curiosity, which is associated with exploration,
investigation, and learning (52, 53), is strongly linked to human
growth and the desire to acquire knowledge and skills (53, 54).
Owing to the increasing interest in vegan diets, there had been
a growth in restaurants that only serve plant-based food, which
in turn has sparked further curiosity. In addition, According to
Dedehayir et al. (55), it is necessary to make dishes that increase
curiosity to appeal to more adventurous individuals in major
non-vegan markets, and their curiosity induces initial purchases.
A study on plant-based food motives among college students
in the Midwestern United States found that Fifty-five percent
had tried a plant-based alternative to meat. The top reasons
were enjoying new foods and curiosity about the products (56).
Therefore, curiosity is an important part of choosing a vegan diet.

Environmental Concerns

With growing interest in the impact of eating habits on
global health, there is a growing worldwide interest in the
environmental sustainability of dietary patterns (5, 57). A
2010 United Nations report claimed that animal agriculture
requires more resources and generates higher greenhouse gas
emissions than plant-based agriculture (58), which has raised
public awareness about the impacts of food production on the
environment (36, 37, 59). In this context, plant-based diets,
such as vegetarian or vegan diets, have emerged as solutions for
healthier eating and reducing environmental impact. Willet et al.
(60) claimed that adopting a plant-based or vegan diet may have
significant environmental benefits, such as reduced greenhouse
gas emissions, land use, and water use compared to animal
agriculture. Consequently, environmental concerns are a major
reason people choose to follow a vegan diet and dine in vegan
restaurants (37, 58, 61). Therefore, it can be said people often
choose to follow a vegan lifestyle for environmental concerns.

Multiple Attributes Ascribed to Vegan

Restaurants and Customer Engagement

Customer engagement, is the level of a consumer’s cognitive,
physical, and emotional connections with products or services
(18, 62-65), is the highest priority for the service and marketing
sectors (66, 67). So et al. (68) took a cognitive, emotional, and

behavioral perspective and categorized customer engagement
into five dimensions: enthusiasm, attention, identification,
absorption, and interaction and suggested that they had covary;
that is, changes in one led to proportionally associated changes in
the others (69). In this regard, a study of hotel guests (restaurant,
lobby, and room) by Rather and Sharma (66) found that positive
attributes of a hotel form a significant causal relationship with
sub-factors of customer engagement leading to customer loyalty.
In addition, such sub-factor leading to customer engagement was
found to interact with each other.

Enthusiasm comprises vigor and activation (64), both
of which imply a high degree of energy; attention is the
focused engagement on a product, service, or company (68);
identification is a perception of oneness or belonging (66);
absorption is the action of being entirely focused, happy, and
deeply immersed in certain goods and services (64, 66, 70); and
interaction is a behavioral expression of customer engagement
(68). For instance, a highly engaged customer may devote
more attention on posts, advertising, or product in-formation
(66). These five fundamental customer engagement components
are closely associated with a consumer’s psychology, emotions,
and behavior.

As restaurant food choices influence satisfaction with life
and physical and mental health (71), they extend beyond just
nutrition and health to mood, sensory experience, beauty,
and personal ethics (71, 72). In particular, sensory restaurant
experiences can stimulate psychological and behavioral responses
(73). Coveney and Bunton (74) reported that because many
people feel that the consumption of plant-based (vegan) foods has
physical and psychological benefits, the act of doing so can elicit
feelings of wellbeing; therefore, the multiple attributes that people
ascribe to vegan restaurants have a significant causal relationship
with psychological consumer satisfaction, which can significantly
affect customer engagement. Therefore, based on prior studies,
the following hypotheses are proposed:

Hypothesis 1: The multiple attributes ascribed to vegan
restaurants have a positive impact on identification.
Hypothesis 2: The multiple attributes ascribed to vegan
restaurants have a positive impact on enthusiasm.

Hypothesis 3: The multiple attributes ascribed to vegan
restaurants have a positive impact on attention.

Hypothesis 4: The multiple attributes ascribed to vegan
restaurants have a positive impact on absorption.

Hypothesis 5: The multiple attributes ascribed to vegan
restaurants have a positive impact on interaction.

Multiple Attributes Ascribed to Vegan

Restaurants and Psychological Resilience

From a psychological perspective, food is a good factor in
such tactics as people use to become well-differentiated and
independent entities (14, 75). At the individual level, the
demand for particular types of food is driven primarily by social
psychological factors, such as beliefs, attitudes, norms, and values
(13, 76=79). In particular, the vegan eating pattern can be said
to be a self-defining lifestyle composed of psychological aspects
such as an individual’s ethical, moral, and value beliefs beyond

Frontiers in Nutrition | www.frontiersin.org

June 2022 | Volume 9 | Article 902498


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Park et al.

Multiple Attributes of Vegan Restaurants

simple dietary preferences (11-13, 80). A study by Von Essen and
Martensson (14) found that food-related positive internalized
memories can be used to build resilience by helping young people
adapt to and better manage developmental stress.

People may choose to follow a vegan diet for different
psychological reasons, such as beauty, health, animal rights
(ethics), sensory disgust, environmental concerns, and the
influence of others (32, 33, 81). Simons et al. (82) claimed that
a vegan diet responded to bodily signals that could contribute
to regulating states and emotions and provided opportunities
for creative activities and psychological resilience. Therefore,
the patronage of vegetarian restaurants may have significant
causal relationships with psychological factors, such as guilt,
curiosity, and other concerns. Cagnina et al. (36) found that
positive experiences, such as the need to have psychological
resilience at a vegan restaurant, in-creased the intention to
approach. Consequently, choosing to eat at vegan restaurants
may be significantly associated with psychological resilience,
which increases the intention to approach a vegan restaurant.
Therefore, based on prior studies, the following hypotheses
are proposed:

Hypothesis 6: The multiple attributes ascribed to vegan
restaurants have a positive impact on psychological resilience.
Hypothesis 7: The psychological resilience gained from
dining at vegan restaurants has a positive impact on
approach intention.

Customer Engagement and Approach

Intentions

Positive thoughts and impressions can raise the intention
to approach; therefore, cognitive and emotional constructs,
such as identification, attention, absorption, enthusiasm, and
interaction, are essential aspects of intention (68, 83, 84).
An engaged individual has a strong psychological bond with
a company or brand, which increases the possibility of a
loyal response (85). So et al’s (68) survey of hotel and
airline customers found that customer engagement significantly
impacted visit intention and positive psychological behavior
in both hotel and airline customers, and Kim et al. (71)
found that vegan restaurants often offered free samples of their
latest snacks and creations to customers to solicit feedback
on menu development, which allowed the restaurants to
form emotional and psychological bonds with the customers,
thereby enhancing customer engagement and approach. These
interactions highlight the importance of engaging with customers
to build loyalty (e.g., approach and recommendation intentions)
beyond the transactions in an emerging vegan restaurant
environment (36). Therefore, based on prior studies, the
following hypotheses are proposed:

Hypothesis 8: Identification has a positive impact on vegan
restaurant approach intentions.
Hypothesis 9: Enthusiasm has a positive impact on vegan
restaurant approach intentions.
Hypothesis 10: Attention has a positive impact on vegan
restaurant approach intentions.

Hypothesis 11: Absorption has a positive impact on vegan
restaurant approach intentions.
Hypothesis 12: Interaction has a positive impact on vegan
restaurant approach intentions.

Research Model

The conceptual framework of this study comprises eight
theoretical structures describing the attributes of a vegan
restaurant, including customer engagement, which consists of
identification, enthusiasm, interaction, attention, absorption, and
interaction; psychological resilience; and approach intention. In
this study, attributes of a vegan restaurant are categorized into
health and beauty, guilt, curiosity, and environmental concern,
and a total of 12 hypotheses are included within the proposed
theoretical framework. The research model presented in this
study is shown in Figure 1.

METHODOLOGY
Qualitative Approach

This study aims to identify attributes of a vegan restaurant
to develop marketing activation measures and strategies given
today’s consistent increase in customers interest in and
patronization of vegan restaurants. To identify the characteristics
and fundamental elements of attributes of vegan restaurants,
a literature review was conducted, followed by focus group
interviews with experts. The expert group interviews were
conducted with vegan restaurant staff who had a clear
understanding of the purpose of this study, customers with vegan
restaurant experiences, and professors specializing in restaurant
management. Through these interviews, the opinions, thoughts,
and ideas of experts on vegan restaurants were collected, and
the conclusions proposed by each expert were shared with other
members. Opinions and ideas obtained through expert group
interviews were summarized and divided into overlapping and
conflicting parts. The latter were then revised and enhanced
through two group discussions. Through this process, it was
possible to improve the processing quality of developing the
attributes of vegan restaurants. A total of 18 properties were
obtained through expert group interviews and discussions, and
three properties that were considered to be inconsistent with the
subject and purpose of this study were excluded. Accordingly,
in this study, a total of 15 properties was established. The 15
properties were categorized into four attributes by referring to
the qualitative approach proposed by Spiggle (86). Thus, four
attributes of vegan restaurants were developed in this study:
health and beauty, guilt, curiosity, and environmental concern.

Measurement Tools for Other Constructs

In this study, validity- and reliability-confirmed measurement
items from existing studies were used to measure customer
engagement (e.g., identification, enthusiasm, at-attention,
absorption, and interaction), psychological resilience, and
approach intention; the properties of vegan restaurants were
excluded. Specifically, 19 questions of customer engagement
were used based on the study of So et al. (68), and three questions
of psychological resilience were used based on the study of
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FIGURE 1 | The proposed conceptual framework.

Gascon et al. (87). In addition, four questions were used based
on a study by Wu et al. (88). Interviewees were limited to those
who had visited vegan restaurants more than once over the past
year, and their responses were rated on a 7-point Likert scale
ranging from 1 to 7 points (strongly disagree to strongly agree,
respectively). Subsequently, a pre-test was conducted to improve
and develop the contents of the interview. The pre-test was
conducted on a group composed of vegan restaurant employees,
graduate students majoring in restaurant management, and
professors specializing in restaurant management.

Data Collection and Sample

Characteristics

The data used for this study were collected through a web-
based system of an Internet research agency specialized in data
collection. The respondents were randomly selected through
e-mail for Korean vegan customers and the contents of the
interview were designed so that respondents could clearly
understand the purpose of this study. Through this method,
305 individuals were recruited in total, and 302 individuals
were included in the empirical analysis; three individuals
were excluded owing to insincere responses. To determine the
sample’s demographic characteristics, frequency analysis was
conducted using SPSS 22.0. The demographic characteristics of
the respondents who participated in the survey are as follows:
in terms of gender, 39.7% (120) were male, and 60.3% (182)
female; regarding age, 22.8% (69) were in their 20s, 51.7%
(156) were in their 30s, 16.6% (50) were in their 40s, and 8.9%
(27) were in their 50s; regarding annual income, 4.6% (14)

earned below US$30,000, 58.9% (178) earned between US$30,000
and US$50,000, 26.6% (80) earned between US$50,000 and
US$70,000, and 9.9% (30) earned above US$70,000; regarding
academic background, 1.3% (4) were high school graduates,
70.9% (214) had a bachelor’s degree and 27.8% (84) had a master’s
degree or above; regarding marriage, 32.1% (97) were unmarried
and 67.9% (205) were married.

RESULTS

Measurement Model Results

Exploratory Factor Analytic Approach

In this study, exploratory factor analysis (EFA) was conducted
using SPSS 22.0 to understand the properties of vegan
restaurants. In addition, principal factor analysis was used to
extract the key figures of vegan restaurants, and the varimax
orthogonal rotation method was used to prevent problems of
independence and multi collinearity of the extracted factors (89).
Furthermore, the suitability of variables was confirmed through
Kaiser-Meyer-Olkin and Bartlett values; as a result, the value of
Kaiser-Meyer-Olkin was 0.954, and the value of Bartlett was at the
p < 0.01 level, showing statistical relevance. The results of EFA
conducted to identify the properties of vegan restaurants were as
follows. First, it was found that four factors had an intrinsic value
of one or more, and the total variance was 89.083. In other words,
four properties of vegan restaurants were shown. The first was
“health and beauty”, which consisted of four questions, where
the variance was 30.523%. The second factor was “guilt”, which
consisted of four questions, with a variance of 26.042%. The third
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TABLE 1 | Summary of exploratory factor analysis results.

Factors

% of variance Factor loadings Cronbach’s alpha

Factor 1: Healthy and beauty
| feel | am getting healthier when | eat food from vegan restaurants
| feel that my skin improves when | eat food from vegan restaurants

| feel that my body becomes beautifully shaped when | eat food from vegan
restaurants

| feel like | am getting cured when | eat food from vegan restaurants
Factor 2: Guilty

| feel guilty when | think of visiting meat- and seafood-based restaurants
instead of vegan restaurants

| feel like | am abusing animals when | think of visiting meat- and
seafood-based restaurants instead of vegan restaurants

| feel like | am harming my body when | think of visiting meat- and
seafood-based restaurants instead of vegan restaurants

| think that it is ethically wrong to visit meat- and seafood-based restaurants
instead of vegan restaurants

Factor 3: Curiosity

| am constantly curious about vegan restaurants

| am curious about food provided in vegan restaurants

| am curious about characteristics of those who visit vegan restaurants

| am deeply interested in ingredients (e.g., beans, wheat, and alternative
meat) used in vegan restaurants

Factor 4: Environmental concern

Environments are destroyed when people visit meat- and seafood-based
restaurants instead of vegan restaurants.

The amount of greenhouse gas emissions increases when people visit
meat- and seafood-based restaurants instead of vegan restaurants.

Ingredients used in vegan restaurants lead to a decrease in the amount of
carbon emissions.

30.5623 0.921
0.907
0.900

0.894

0.892
26.042 0.916

0.869

0.836

0.887

0.820

24.496 0.902

0.824
0.829
0.855
0.904

8.022 0.950

0.862

0.858

0.880

Total variance explained: 89.083, KMO measure of sampling adequacy: 0.954, Bartlett's test of sphericity (p < 0.01).

factor was “curiosity”, which consisted of four questions, and a
variance of 24.496%. Lastly, the fourth factor was “environmental
concern”, which consisted of three questions, and a variance of
8.022%. Next, reliability analysis was conducted to confirm the
internal consistency of the measured properties presented in this
study. The results were as follows: health and beauty (8: 0.962),
guilt (B: 0.908), curiosity (B: 0.931), and environmental concern
(B: 0.942). In other words, all of the Cronbach’s alpha values of
the presented measured properties were 0.7 or higher, proving
its compatibility with internal consistency. The results of EFA
conducted to understand the properties of vegan restaurants are
shown in detail in Table 1.

Presented Measurement Model Results

In this study, confirmatory factor analysis (CFA) was conducted
using AMOS 22.0 to verify the validity and reliability of
the presented measurement model. CFA can be said to be
the most pragmatic analytic method to verify the single
dimensionality of the scale, its reliability, and the validity of
the measurement model (90). The CFA results are as follows.
The eligibility of the measurement model presented in this
study was statistically appropriate, with x? = 1,876.997, df
= 539, p < 0.01, x2/df = 3.482, RMSEA = 0.074, CFI =

0.901, TLI = 0.903. Next, standardized regression weight was
measured to verify the reliability of the measured properties:
the results were between 0.745 and 0.946. Therefore, reliability
was certified with the standardized regression weight of all
measured properties being 0.5. The values of average variance
extracted (AVE) and composite reliability (CR) were analyzed
to verify the internal consistency and concentrated validity of
proposed measured variables. As a result, the AVE value was
from 0.622 to 0.784, and the CR value ranged from 0.830 to
0.936. Thus, it can be said that the internal consistency and
concentrated validity of the measured properties are statistically
appropriate. Finally, discriminant validity was analyzed to verify
the differentiation between the presented constituent concepts;
discriminant validity can be said to be irreproachable when the
AVE value is greater than the square of the correlation coefficient
(91). Upon examination of the analyses results, discriminant
validity was confirmed because the AVE value was larger than the
square value of the correlation coefficient. The detailed results of
the CFA of this study are shown in Table 2.

Structural Equation Modeling
In this study, structural equations were used to verify the
proposed conceptual features and hypotheses. The results of the
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TABLE 2 | Measurement model assessment and correlations.

(U] 2 ®) 4) (®) (6) @) @ ) (10) (1)
Health and beauty (1) 1.000
Guilty (2) 0.5672 1.000
(0.321)°
Curiosity (3) 0.650 0.605 1.000
(0.422) (0.366)
Environmental concern (4) 0.649 0.580 0.578 1.000
(0.421) (0.336) (0.334)
|dentification (5) 0.596 0.511 0.624 0.471 1.000
(0.355) (0.261) (0.389) (0.221)
Enthusiasm (6) 0.462 0.586 0.534 0.537 0.450 1.000
(0.213) (0.343) (0.285) (0.288) (0.202)
Attention (7) 0.427 0.546 0.438 0.532 0.449 0.554 1.000
(0.182) (0.298) (0.191) (0.283) (0.201) (0.306)
Absorption (8) 0.550 0.575 0.552 0.546 0.458 0.617 0.628 1.000
(0.302) (0.330) (0.304) (0.298) (0.209) (0.380) (0.394)
Interaction (9) 0.569 0.544 0.430 0.537 0.472 0.583 0.533 0.559 1.000
(0.323) (0.295) (0.184) (0.288) (0.222) (0.339) (0.284) (0.312)
Psychological resilience (10) 0.574 0.592 0.587 0.585 0.529 0.593 0.431 0.543 0.445 1.000
(0.329) (0.350) (0.344) (0.342) (0.279) (0.351) (0.185) (0.294) (0.198)
Approach intention (11) 0.499 0.514 0.496 0.490 0.421 0.506 0.439 0.449 0.457 0.465 1.000
(0.249) (0.264) (0.246) (0.240) (0.177) (0.256) (0.192) (0.201) (0.208) (0.216)
Mean 5.615 5.585 5.538 5.661 5.500 5.588 5.598 5.664 5.931 6.098 5.972
SD 1.268 1.231 1.346 1.370 1.471 1.229 1.263 1.205 1.053 0.909 1.025
CR 0.936 0.879 0.904 0.885 0.920 0.864 0.844 0.830 0.868 0.897 0.877
AVE 0.784 0.645 0.637 0.721 0.793 0.682 0.643 0.622 0.686 0.744 0.705

Goodness-of-fit statistics for the measurement model: x2 = 1,876.997, df = 539, p < 0.001, y2/df = 3.482, RMSEA = 0.074, CFl = 0.901, IFl = 0.903.

aCorrelations between the variables are below the diagonal.
bThe squared correlations between the variables are within the parentheses.

analysis are as follows. First, the result of the model suitability
was x? = 1,957.962, df = 578, p < 0.01, x2/df = 3.387, RMSEA
= 0.077, CFI = 0.902, TLI = 0.902; thus, statistically satisfactory.
Second, the results of the second-order factor structure of
vegan restaurants’ properties demonstrated that standardized
coeflicients of the four proposed first-order factors were health
and beauty (B = 0.937), guilt (B = 0.968), curiosity (f =
0.914), and environmental concern (B = 0.915); thus, statistically
meaningful at p < 0.1. The results of 12 hypothesis verifications
were as follows. To verify hypotheses 1-6, the influencing
relationship of multiple attributes of vegan restaurants on
customer engagement and psychological resilience composed of
five factors were analyzed. As a result, multiple attributes of vegan
restaurants had a positive effect on identification (f = 0.850, p <
0.01), enthusiasm (B = 0.657, p < 0.01), attention (f = 0.628,
p < 0.01), absorption (B = 0.658, p < 0.01), interaction (B =
0.635, p < 0.01), and psychological resilience (f = 0.593, p <
0.01). To verify hypotheses 7-12, the influencing relationship
of customer engagement and psychological resilience consisting
of five sub-factors on approach intentions was examined. As
a result, identification (8 = 0.091, p > 0.01) was found to be
statistically non-significant, while enthusiasm (B = 0.147, p <
0.01), attention (B = 0.124, p < 0.01), absorption (B = 0.164,
p < 0.01), interaction (B = 0.288, p < 0.01), and psychological
resilience (B = 0.397, p < 0.01) were found to be statistically
significant. Therefore, out of 12 hypotheses presented in this

study, hypothesis 8 was not confirmed, and the remaining
hypotheses 1-7 and 9-12 were verified. Details of the hypotheses
verification results are shown in Figure 2 and Table 3.

DISCUSSION AND IMPLICATIONS

Even Despite its psychological importance, it was unclear
how the multiple attributes ascribed to vegan restaurants
were associated with individual psychological resilience and
customer engagement, and the information was scarce about
the psychological beliefs that drive people to choose to dine
in vegan restaurants. Therefore, to better understand vegan
restaurant adoption, it is essential to identify the attributes of
vegans who experienced such changes. Hence, this study tried
to examine the multiple attributes that have been ascribed to
vegan restaurants, verify the effects, and assess the impacts of
psychological resilience and customer engagement on vegan
restaurant patronage.

The most important finding of this study was that the
variables suggested as the factors for choosing a vegan diet
were the multiple attributes that consumers ascribed to vegan
restaurants. The proposed attributes were found to have a
significant relationship, with health and beauty being the most
crucial factor. This result supports previous studies by Oh
et al. (31) and Larsson et al. (79) on the choice attributes of
vegan restaurants. In addition, it was found that the multiple
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FIGURE 2 | Results of structural model. *p < 0.05, *p < 0.01.

attributes ascribed to vegan restaurants improved customer
engagement, with identification being the most important factor.
In other words, key personal-psychological drivers, such as
health and beauty, guilt, curiosity, and environmental concerns,
were significant factors for customer engagement and catalysts
that increased the approach intention toward vegan restaurants.
Therefore, it is necessary to emphasize this so that more people
can visit vegan restaurants by identifying the main drivers
(Health and beauty) of those who choose a vegan diet. In
addition, identification is the recognition of oneness with the
organization or a sense of belonging (66), and it is necessary to
emphasize this aspect in order to increase customer engagement
and intention to approach vegan restaurants. Consequently, the
result of this study is the driving force of approach intention
to vegan restaurants leads to the vitalization through positive
customer engagement, especially from a long-term perspective.
These results confirmed that the personal beliefs or values
about vegan restaurants and the importance of the ascribed
multiple attributes of vegan restaurants played essential roles
in customer engagement and consumer psychological resilience.
These results corresponded to previous studies that emphasized
the psychological roles associated with veganism and the building
of psychological resilience to personal health problems, guilt, and
environmental concerns that arise from not following veganism
done by Kalof et al. (13), Von Essen and Martensson (14),
and Larsson et al. (79). Furthermore, these results suggested
that psychological resilience was a key factor in increasing
vegan diet choices and vegan restaurant approach intentions.
Therefore, to improve vegan restaurant approach intentions, it is

crucial to strengthen unique vegan restaurant characteristics and
consumer psychological resilience. This study suggests important
academic implications for the importance and necessity of
strengthening psychological resilience in veganism and vegan
restaurant visits. In addition, emphasizing the psychological
resilience of vegan restaurants has practical implications that
can help entice more people to choose vegan and approach
the restaurants.

All factors barring identification significantly affected the
relationship between the composition factors leading to vegan
restaurant customer engagement and approach intentions.
Therefore, Hypothesis 8 was rejected, but all other hypotheses
were supported, which partially corresponded to previous studies
done by Ashley et al. (62). In addition, the study of Rather
and Sharma (66) on the importance of customer engagement
for strengthening customer loyalty in the hospitality sector also
corresponds partially with the result.

These results provided meaningful insights. First, it suggests
that enthusiasm, attention, absorption, and interaction
significantly contribute to increasing the approach intention
in building customer relationships. Hence, vegan restaurant
managers should also consider personalized services to
increase customer engagement and intention to approach
where necessary. In addition, as interaction has the greatest
influence among factors that increase customer engagement,
it is essential to devise various ways to strengthen interaction
with customers for the successful operation of vegan restaurants.
Second, research shows that vegan restaurants can actively
incorporate various strategies to enhance customer engagement,
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TABLE 3 | The structural model estimation.

Hypothesized paths Coefficients t-values
H1: MAVR —- D 0.850 16.241*
H2: MAVR — EN 0.657 9.873**
H3: MAVR — AT 0.628 10.115*
H4: MAVR - AB 0.658 11.156*
H5: MAVR - N 0.635 10.555**
H6: MAVR - PR 0.593 9.226**
H7: PR - Al 0.397 7.953**
H8: ID - Al 0.091 1.700

H9: EN - Al 0.147 3.236"*
H10: AT - Al 0.124 2.794*
H11: AB — Al 0.164 3.568™*
H12: IN — Al 0.288 6.205™

Indirect effect:

B mavR-—ID/EN/AT/AB/IN/PR—AI EXplained variance:

=778 R? (H) = 0.878 R? (ID) = 0.722 R? (IN) = 0.403
R? (G) = 0.937 R? (EN) = 0.432 R? (PR) = 0.352
R? (C) = 0.836 R? (AT) = 0.394 R? (Al) = 0.797
R? (E) = 0.837 R (AB) = 0.433

*p < 0.01.

MAVR, multiple attributes of vegan restaurant, H, heathy and beauty; G, guilty; C, curiosity;
E, environmental concern; ID, identification; EN, enthusiasm; AT, attention; AB, absorption;
IN, interaction; PR, psychological resilience; Al, Approach intention.

Goodness-of-fit statistics for the structural model: y? = 1,957.962, df = 578, p < 0.001,
x2/df = 3.387, RMSEA = 0.077, CFl = 0.902, IFl = 0.902.

which in turn develops sustainable customer relationships by
increasing customer engagement. In particular, identification is
the most crucial factor leading to customer engagement in vegan
restaurants. Identification is the recognition of oneness with the
organization or a sense of belonging (66), and it is necessary to
emphasize this aspect in order to increase customer engagement
and intention to approach vegan restaurants. Consequently, this
study is a very meaningful result that proves that all customer
engagement factors suggested through indirect effect verification
are essential to increase customer approach intention to vegan
restaurants, and in particular, interaction with customers is an
important factor.

Identification is a person’s perceived oneness with or
belongingness to an organization and is positively related to
customer attitudinal engagement (66, 92, 93). However, the
relationship found between the identification of customer
participation and approach intentions differed from the
conclusions in previous studies (62, 68). Therefore, it
can consider that identification does not fully explain the
psychological/emotional aspect of the approach intentions. These
results further implied that individual values and beliefs were
important when choosing to dine in vegan restaurants; however,
the aspect that increased access through the identification
process was weak compared with the other factors.

This study focused on the psychological factors associated
with choosing to be a vegan and the main attributes ascribed

to vegan restaurant visits and verified that individual norms,
beliefs, and environmental values were the main attributes for
choosing to patronize vegan restaurants. Health and beauty
were found to be the important factors that provide some
guidance for vegan restaurant operators. In particular, the
proposed attributes were found to have a significant causal
relationship with the factors that increased customer engagement
and suggested that this main vegan restaurant attribute enhanced
approach intentions by enhancing the customer’s psychological
resilience. Therefore, this study successfully addressed the
insufficiencies in previous vegan-related studies. It is suggested
that emphasizing the interactions between the customer
engagement factors and psychological resilience could improve
vegan restaurant operations.

CONCLUSION

The number of vegan restaurants continues to grow as demand
for vegan products increases. As people choose to follow vegan
diets for various reasons, this study focused on the attributes
ascribed to vegan restaurants, customer engagement factors, and
role of consumer psychological resilience. The reasons for visiting
vegan restaurants were theoretically and empirically investigated,
and the various attributes that influenced vegan restaurant
patronage were examined by comparing them with existing
research results. All presented attributes were found to have a
significant relationship, with the most significant being health
and beauty. In addition, it was found that personal psychological
factors, such as guilt, curiosity, and environmental concerns,
were attributes ascribed to vegan restaurants. A significant
relationship was found between the five customer engagement
factors (i.e., identification, enthusiasm, attention, absorption,
and interaction) and the multiple attributes ascribed to vegan
restaurants. In particular, identification was found to be the
key factor for vegan restaurant customer engagement. However,
all multiple attributes ascribed to vegan restaurants contributed
to customer psychological resilience, which had a significant
influence on vegan restaurant approach intentions. All the four
customer engagement factors, except identification, significantly
affected vegan restaurant approach intentions.

LIMITATION

Despite the meaningful results, this study had several limitations.
First, as this study targeted Koreans, a culture in which there
is relatively little vegan awareness and adherence, there is a
limit to generalizing the study results. Second, the results cannot
be applied to other vegan industries as it only targeted vegan
restaurant customers. Third, it was not possible to verify the
attribution and psychological factors associated with choosing
to eat in a vegan restaurant for general customers as only
vegan customers were focused on. Therefore, future studies
should expand the study to examine all potential users of the
various vegan-related industries that have not been discussed in
previous studies.
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The aim of this study was to examine whether breakfast status, place
and habits are associated with psychosocial behavioural problems in a
nationally representative sample of young people aged 4-14 years residing
in Spain. This study analysed secondary data from the Spanish National Health
Survey (2017), including 3,772 Spanish children and adolescents. Breakfast
status, place, and habits were assessed by ad hoc questions answered by
parents/guardians. The Strengths and Difficulties Questionnaire (SDQ) parents’
version form was applied to evaluate the psychosocial health of their children.
Skipping breakfast and eating breakfast out of home were linked to greater
odds of psychosocial behavioural problems (skipping breakfast: OR = 3.29;
Cl 95%, 1.47-7.35; breakfast out of home: OR = 2.06; Cl 95%, 1.27-3.33)
than eating breakfast at home. Similarly, not consuming coffee, milk, tea,
chocolate, cocoa, yogurt, etc., for breakfast was related to greater odds
of psychosocial behavioural problems (OR = 1.76; Cl 95%, 1.21-2.55). This
association was also found for those who did not eat bread, toast, cereals,
pastries, etc., for breakfast (OR = 1.31; Cl 95%, 1.01-1.73). Conversely, not
consuming eggs, cheese, ham, etc., was associated with lower odds of
psychosocial behavioural problems (OR = 0.56; Cl 95%, 0.38-0.83). Our
results show that eating breakfast (specifically at home) and breakfast habits
related to the intake of certain food/beverages groups were associated with
higher or lower odds of psychosocial behavioural problems.
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frontiersin.org
112


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2022.871238
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2022.871238&domain=pdf&date_stamp=2022-08-23
https://doi.org/10.3389/fnut.2022.871238
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fnut.2022.871238/full
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Lopez-Gil et al.

Introduction

Psychosocial health is broadly defined to include
psychological and social psychological outcomes interlinked
with socioeconomic factors (1). There is no accepted definition
in the field, although it usually includes characteristics such
as self-esteem and mood, as well as affect, such as anxiety (2).
Importantly, affective disorders (e.g., anxiety) are the leading
causes of illness and disability (3), as well as years lost due to
disability (4) among children and adolescents (young people).
Most affective disorders begin in childhood (3) and have been
shown to be considerably stable over time (5). Therefore, early
identification and treatment of such complications is essential
during this life period (3). Owing to this, the assessment of
affective disorders in childhood has expanded over the last two
decades (3, 6, 7).

One potentially important factor associated with an
increased risk of psychosocial complications is lower adherence
to a healthy diet. In a meta-analysis (8) including 14 studies
and 399,550 participants, skipping breakfast was related to a
higher risk of stress, depression, and psychological distress in all
age groups, as well as anxiety in adolescents. Likewise, another
systematic review found similar findings (9).

Consuming a healthy breakfast on a daily basis has been
observed to have multiple beneficial effects on psychosocial
and health behaviours, such as improved memory recall and
cognitive function, as well as higher levels of physical activity,
among others (10). Furthermore, O’Sullivan et al. (11) indicated
that breakfast quality is a key factor in the interaction between
lifestyle and psychosocial health during early adolescence.
Concluding that in children, a high-quality breakfast should
include cereals, low-fat milk or other dairy products, and fruit
or fruit juice (12). However, the intake of whole fruit rather than
fruit juices has been discussed because of the more conclusive
evidence of the health benefits of whole fruit (13). Thus, the
Spanish Society of Community Nutrition (14) indicates that an
adequate breakfast should be composed of the triad: (1) dairy
products (one glass of milk, one fresh yogurt or cheese); (2)
cereals (bread, cookies, whole wheat bread, homemade pastries
or breakfast cereals); and (3) fruit or natural juice. Furthermore,
it could also be complemented on some occasions with other
protein foods, such as eggs, ham, nuts, etc. Thus, it is not
surprising that daily breakfast consumption along with adequate
breakfast selections have been highlighted as an important
public health message (15).

The association between eating breakfast and psychosocial
health in young people has been previously studied (8, 11, 16,
17). However, to date, the association between breakfast place
(i.e., at home, out-of-home) and breakfast habits in relation
to psychosocial behavioural problems in young people remains
unknown. Interestingly, a systematic review suggested that the
social context (e.g., breakfast at home) plays a key role in
breakfast consumption (18). Similarly, eating at home favours
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the accessibility and availability of different foods, in addition
to the key sociocultural scenario that family meals represent,
since they provide a setting in which parents/guardians often
control children’s behaviours, interact with them, and imposes
rules and expectations on them (19). Supporting this notion,
a systematic review by Lachat et al. (20) has pointed out that
eating out of home is a risk factor for greater energy and fat
consumption and lower consumption of micronutrients. More
specifically, in children, the consumption out of home (e.g.,
coffee shops/restaurants) seems to favour a greater consumption
of energy-dense foods and a lower consumption of nutrient-
rich foods (21). This consumption of meals out of home could
translate into a lower quality of individual meals (e.g., breakfast)
and/or global diet, which could influence (as mentioned above)
the psychosocial health complications of young people (22).
Therefore, it could be suggested that eating breakfast away from
the home or skipping breakfast per se, as well as consuming a
breakfast that does not follow the Spanish recommendations,
may be related to psychosocial behavioural problems in young
people. Considering these premises, the aim of this study
was to examine whether breakfast status, place and habits
are associated with psychosocial behavioural problems in a
nationally representative sample of young people aged 4-
14 years residing in Spain.

Materials and methods

Population sample and study design

A cross-sectional study was carried out using nationwide
data from the Spanish National Health Survey (2017) (23). This
survey was conducted by the Ministry of Health, Consumer
Affairs and Social Welfare and the National Statistics Institute
(24). The sampling framework involved non-institutionalised
Spanish individuals (i.e., people who live in group quarters
other than institutions, such as college dormitories, rooming
houses, religious group homes, communes, and halfway houses).
A three-stage sampling design was applied. The census section
was the first stage, the households were the second-stage
units, and the individuals were the third-stage units. Within
each household, an adult (aged 15 or older) was chosen to
complete the Adult Questionnaire, and if there were minors
(from 0 to 14 years of age), a minor was randomly chosen
to complete the Minors Questionnaire. Data on the minors
were reported by the parents/guardians. The participants were
informed about the survey methodology through an informative
letter from the Ministry of Health, Consumer Affairs and Social
Welfare describing the aims of the survey, the anonymous and
voluntary nature of participation, and the visit of a qualified and
authorised interviewer.

For the purpose of this study, the sample was restricted
to individuals aged 0-14 years old (Minors Questionnaire).
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The sample originally consisted of 6,106 participants. As
psychosocial behavioural problems were only evaluated in
children and adolescents from 4 to 14 years, we excluded 1,502
participants under the age of 4 years. Moreover, 832 participants
were removed due to missing data in relation to diet, weight or
height or any covariate. Thus, the final sample included 3,772
(49.4% females) Spanish children and adolescents. Differences
between the included and excluded samples can be found in
Supplementary Table 1.

Anonymised data were obtained from the Ministry of
Health, Consumer Affairs and Social Welfare (23). Following the
Spanish regulations, no Ethics Committee approval was needed
for this study due to the use of secondary data.

Procedures

Breakfast status and breakfast place

Using the original question from the Spanish National
Health Survey (2017), we determined breakfast status (eating
breakfast/skipping breakfast) and breakfast place (eating
breakfast at home/eating breakfast out of home): “Where does
your child usually eat breakfast?.” The options varied from (a)
“at home”; (b) “out of home”; and (c) “no breakfast.”

Breakfast habits

Breakfast habits were determined by the following question:
What does your child usually eat for breakfast? This question
was applied for five different food/beverage groups: (a) “coffee,
milk, tea, chocolate, cocoa, yogurt, etc.”; (b) “bread, toast,
cookies, pastries, etc.”; (c) “fruit and/or juice”; (d) “eggs, cheese,
ham, etc.”; (e) “other foods.” These categories correspond
to those originally designed for the Spanish National Health
Surveys and were designed to report what has been defined
in Spain as a complete breakfast: hot drink (e.g., milk, cacao),
accompanied by a solid food (e.g., bread, toasts), and fruit/fruit
juice (25).

Strengths and difficulties questionnaire

The Strengths and Difficulties Questionnaire (SDQ) (26)
parents’ version form was applied for the evaluation of different
behavioural, emotional, and social problems related to the
psychosocial health of children and adolescents.* In this study,
the Spanish version of the SDQ, which has been previously
validated in other studies (7, 27), was applied. The SDQ contains
a total of 25 items with five different subscales: (a) “emotional
problems”, (b) “conduct problems”, (c) “hyperactivity”, (d)
“peer problems”; and (e) “prosocial behaviour.” A Likert-
scale with three possible options (0: “not true”; 1: “somewhat
true”; 2: “certainly true”) was applied. Furthermore, the score
on each subscale varies from 0 to 10 points. The first

1 www.sdqginfo.org
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four subscales (hyperactivity, emotional problems, conduct
problems, and peer problems) were used to establish a total
score of psychosocial behavioural problems. The original 3-
band categorisation of SDQ included normal (0-13 points),
borderline (14-17 points), or “abnormal” (17-40 points). For
additional analyses, the SDQ score was dichotomised into (a)
no psychosocial behavioural problems (normal and borderline)
and (b) psychosocial behavioural problems (abnormal).

Covariates

Age, sex, region, and immigrant status were declared by
the parents/guardians. Social class was categorised according
to the reference person’s occupation. Height and weight were
also reported by parents/guardians. These values were used to
determine the body mass index (BMI), which was transformed
into BMI z score (zBMI) following the sex- and age-criteria from
the International Obesity Task Force (IOTF) (28). According to
the zBMI, participants were categorised as “no excess weight”
(“underweight,” and “normal weight”) and “excess weight”
(“overweight,” and “obesity”). Physical activity was evaluated
by a modified short version of the International Physical
Activity Questionnaire (29), with only one specific question
about engagement in physical activity during free time. The
question has four possible options: (a) “no exercise” (free-
time mainly engaged in sedentary behaviours such as watching
television, reading, going to the cinema, etc.); (b) “occasional
sport or physical activity”; (c) “physical activity several times
a month”, and (d) “sports or physical training several times
a week” (23). Recreational screen time was assessed by
asking respondents for weekdays and weekends independently:
How much time does your child typically spend on a
weekday/weekend in front of a screen, including a computer,
tablet, television, video, video game or cell phone screen?.”
The possible options were (a) “nothing or almost nothing”;
(b) “less than 1 h” and (c) “1 h or more.” The proportion
of the young population meeting the recreational screen time
recommendation was determined through the World Health
Organization international guidelines for children under 5 years
old (30) and the Canadian guidelines on screen time for the
young population (31). Sleep duration was assessed by the
following question: “Approximately how many hours does your
child usually sleep per day? (Including nap times).” The meeting
of the sleep recommendation was determined by the National
Sleep Foundation’s sleep duration guidelines (32). Global quality
diet was assessed by the Spanish Health Eating Index (S-
HEI) (33), which is an adapted version of the original Healthy
Eating Index (HEI) (34). The S-HEI includes 10 food groups
(vegetables, cereals, legumes, fruit, meat, dairy, sweets, soft
drinks, cold meats, and variety of the diet) divided into five
categories (“never or hardly ever,” “one time per week,” “from
one to two times per week,” “more than three times per week,
but not daily,” and “daily”) according to the frequency of food
intake indicated within the guidelines of the Spanish Society
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of Community Nutrition (35). The score on each food group
ranged from 0 to 10 points. The total score for the S-HEI
was calculated by summing the frequency of intake from the
different food groups (Supplementary Table 2). A higher S-HEI
score denotes a greater adherence to the guidelines of the
Spanish Society of Community Nutrition (i.e., global quality
diet). The choice of these covariates was based on prior literature
(2,22, 36-39).

Statistical analysis

Continuous information was depicted as the mean
(standard deviation), while categorical information was
displayed as a number (percentage). Normality assumption
was tested by statistical procedures (Kolmogorov-Smirnov
test), as well as graphical procedures (normal probability plot).
The SDQ score did not meet the assumption of normality.
Consequently, we opted for the bootstrapping technique
as a reliable method to determine confidence intervals for
measures of both central tendency and association, as well as
robust assessments of standard errors. To assess the differences
between the mean values of the SDQ score (dependent variable)
across breakfast habits (independent variable), analyses of
covariance (ANCOVAs) were applied. For the ANCOVAs
performed, we used the following a priori parameters: effect size
(f) = 0.10, alpha (a) error probability = 0.05, statistical power
(1-B) = 0.95, number of dependent variables = 1, number of
groups = 2, and number of covariates = 15. Thus, a sample size
with 1,302 observations would be enough to reach high effect
sizes. The effect sizes of different ANCOVAs performed were
computed by omega squared (w?). Preliminary analyses did not
indicate significant interactions between sex or age group and
breakfast status, place and habits and mean differences in SDQ
(p > 0.05 for all). Thus, all analyses were performed including
both sex (girls and boys) age groups (preschoolers, children,
and adolescents) together to obtain increased statistical
power. Binary logistic regression analyses were performed to
determine the association of psychosocial behavioural problems
(dependent variable) according to breakfast status, place,
and habits (independent variables). Age, sex, region, social
class, immigrant status, physical activity level, recreational
screen time, sleep duration, and S-HEI score were included as
potential covariates. Additionally, since for most participants,
breakfast consisted of a combination of habits, the analyses
were adjusted for the remaining different possible habits. For
instance, the consumption of “coffee, milk, tea, chocolate,
cocoa, yogurt, etc.” was further adjusted by the consumption of
eggss
cheese, ham, etc.,” and “other foods.” Statistical analyses were
conducted with SPSS 25.0 (IBM Corp, Armonk, New York,
NY, United States). A p-value lower than 0.050 was applied to
determine statistical significance.

» «

etc.,

» «

“bread, toast, cookies, pastries, fruit and/or juice;
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Results

Table 1 depicts the characteristics of the study participants.
The final sample included 3,772 Spanish young people.
According to parents/guardians, 98.9% of the analysed sample
ate breakfast, of whom 95.8% ate breakfast at home. The
consumption of bread, toast, cereals, pastries, etc., was the
most reported habit for breakfast (94.5%) by parents/guardians.
The SDQ mean score was 7.4 =+ 5.1. Furthermore, 12.9%
of the sample
for the SDQ score.

The mean differences in SDQ scores in relation to breakfast

presented borderline/abnormal  values

status and breakfast place are shown in Figure 1. A higher
SDQ mean score was found for those who skipped breakfast in
comparison with those eating breakfast (p < 0.001), with a small
effect size (w? = 0.006). Similarly, this greater SDQ mean score
was found in those who ate breakfast out of home compared
to those who breakfast at home (p < 0.001), with a small effect
(@? = 0.008).

In relation to the mean differences between the SDQ score
according to the different foods/beverages, Figure 2 shows that
those who do not consume coffee, milk, tea, chocolate, cocoa,
yogurt, etc., or bread, toast, cereals, pastries, etc., for breakfast
showed a greater SDQ mean score (p < 0.05 for both). The
effect sizes for both associations were small (coffee, milk, tea,
chocolate, cocoa, yogurt, etc.: ®? = 0.006; bread, toast, cereals,
pastries, etc.: @® = 0.003). In addition, those consuming eggs,
cheese, ham, etc., for breakfast showed higher SDQ mean scores
(p = 0.006), with a small effect (o = 0.003).

On the other hand, Figure 3 shows the association
between breakfast status, place or habits and psychosocial
behavioural problems. Skipping breakfast and eating
breakfast out of home were linked to greater odds of
psychosocial ~ behavioural
OR = 3.29; CI 95%,
OR = 2.06; CI 95%,

at home.

problems (skipping breakfast:
1.47-7.35; breakfast out of home:
1.27-3.33) than eating breakfast
milk,
for breakfast was related

Similarly, not consuming coffee, tea,

chocolate, cocoa, yogurt, etc.,
to greater odds of psychosocial behavioural problems
(OR = 1.76; CI 95%, 1.21-2.55), with a small effect size
®* = 0.006). This association was also found for those
who did not consume bread, toast, cereals, pastries, etc.,
for breakfast (OR = 1.31; CI 95%, 1.01-1.73). Conversely,
not consuming eggs, cheese, ham, etc., was associated
with lower odds of psychosocial behavioural problems
(OR = 0.56; CI 95%, 0.38-0.83), with a small effect size

(w?* = 0.003).

Discussion

To the best of our knowledge, the present study is the
first to assess the role of breakfast status, place and habits
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TABLE 1 Descriptive data of the study participants (N = 3,772).

Variables M (SD)/n (%) CI95%
Age (years) 9.4(3.2) 8.4-10.4
Sex
Boys 1908 (50.6) 49.0-52.2
Girls 1864 (49.4) 47.8-51.0
Immigrant status
Native 3591 (95.2) 94.5-95.9
Immigrant 181 (4.8) 4.1-5.5
Social class
Class 1 (the highest) 507 (13.4) 12.4-14.5
Class 2 317 (8.4) 7.5-9.3
Class 3 756 (20.0) 18.8-21.3
Class 4 529 (14.0) 12.9-15.1
Class 5 1199 (31.8) 30.3-33.3
Class 6 (the lowest) 464 (12.3) 11.3-13.3
Anthropometric data
Weight (kg) 37.5 (14.8) 37.0-38.0
Height (cm) 139.4 (20.6) 138.7-140.1
BMI (kg/mz) 18.6 (3.7) 18.5-18.7
BMI (z-score) 0.57 (1.37) 0.53-0.61
Eating healthy
S-HEI? (score) 70.0 (8.8) 69.7-70.3
Movement behaviours
Physical activity (%, sports/physical 1276 (33.8) 32.3-35.3
training several times a week)
Meeting screen time 1857 (49.2) 47.6-50.8
recommendation (%, yes)
Meeting sleep duration 2921 (77.4) 76.1-78.8
recommendation (%, yes)
Breakfast status
Eating breakfast (%) 3731 (98.9) 98.6-99.2
Skipping breakfast (%) 41 (1.1) 0.8-1.4
Breakfast place
At home (%) 3613 (96.8) 96.3-97.4
Out of home (%) 118 (3.2) 2.6-3.7
Breakfast habit
Coffee, milk, tea, chocolate, cocoa, 3563 (94.5) 93.7-95.2
yogurt, etc. (%, yes)
Bread, toast, cookies, cereals, 3330 (88.3) 87.3-89.3
pastries, etc. (%, yes)
Fruit and/or juice (%, yes) 780 (20.7) 19.4-22.0
Eggs, cheese, ham, etc. (%, yes) 197 (5.2) 4.5-5.9
Other foods (%, yes) 53(1.4) 1.0-1.8
Psychosocial behavioural
problems
SDQ (score)® 7.4 (5.1) 7.2-7.6
Normal (%) 3295 (87.0) 86.3-88.4
Borderline (%) 259 (6.8) 6.1-7.7
Abnormal (%) 232 (6.1) 5.4-6.9

BMI, body mass index; SDQ, strengths and difficulties questionnaire; S-HEI, Spanish
healthy eating index.

“Spanish Healthy Eating Index ranges from 0 to 100 points (33).

bStrengths and Difficulties Questionnaire ranges from 0 to 40 points (26).
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related to the intake of certain food/beverages groups and
psychosocial behavioural problems in a young population. In
the present study, we found that skipping breakfast, eating
breakfast out of home, and eating some breakfast habits were
associated with higher or lower odds of psychosocial behavioural
problems in the young population after adjustment for several
sociodemographic, anthropometric, and lifestyle factors.

One interesting finding is that skipping breakfast was
associated with higher odds of psychosocial behavioural
problems. Similarly, an association between an unhealthy diet
and psychosocial behavioural problems has been suggested in
the young population (8, 9), as well as in other age stages
(8). Recently, a meta-analysis by Mullan and Singh (18) found
that skipping breakfast was positively associated with odds of
depression, stress and psychological distress in all age groups
and anxiety in adolescence. Richards and Smith (40) showed
that not eating breakfast daily was linked to psychosocial
behavioural problems (e.g., anxiety, stress, depression). Despite
this evidence, there are no well-defined mechanisms that explain
why skipping breakfast might affect psychosocial health (8).
Two possible explanations could partly justify this finding. First,
a young population skipping breakfast might not be able to
obtain the nutrients lost with the rest of the meals of the day
(41). Second, children and adolescents who skip breakfast may
compensate for their daily energy intake by consuming more
energy-dense foods during the rest of the day or during lunch
(42). These two factors could lead to an overall unhealthy/low-
quality diet, which has been associated with depression or
poorer psychosocial health in the young population (9, 22).
Accordingly, breakfast consumption, as a part of healthy eating
habits, may be promoted as a helpful approach to prevent
psychosocial health problems (8).

Another interesting finding of this study is that young
people who eat breakfast out of home showed higher odds of
psychosocial behavioural problems than those who eat breakfast
out of home. One reason explaining (at least partially) our
results may be related to family meals. The social context (e.g.,
breakfast at home) may play a key role in breakfast intake,
as it appears to be associated with higher quality breakfast
intake (i.e., including dairy, cereal, and fruit groups) (18, 43).
Children and adolescents who eat breakfast at home are more
likely to do so in the presence of their family members.
Thus, Kameyama et al. (44) showed that children (aged 7-
12 years) who ate breakfast with their families less than once a
week and those who ate breakfast alone on weekends showed
a greater prevalence of borderline or abnormal psychosocial
health status than those who ate breakfast seven times a week
and those who ate breakfast on weekends with their families,
respectively. Furthermore, one study by Videon and Manning
(45) indicated that adolescents who regularly used to eat
out of home/missed family meals show a greater prevalence
of skipping breakfast, as well as a lower quality diet (e.g.,
low intake of dairy products). Similarly, Agathdo et al. (46)
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FIGURE 1
Association between breakfast status and breakfast place and Strengths and Difficulties Questionnaire mean score in young population.
Estimated mean (bars) and 95% Cls (lines) represent values after adjustment for age, sex, region, social class, immigrant status, excess weight,
physical activity level, recreational screen time, sleep duration, Spanish Healthy Eating Index score, and breakfast habits.
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FIGURE 2
Association between different breakfast habits and Strengths and Difficulties Questionnaire mean score in young population. Estimated mean
(bars) and 95% Cls (lines) represent values after adjustment for age, sex, region, social class, immigrant status, excess weight, physical activity
level, recreational screen time, sleep duration, and Spanish Healthy Eating Index score. Analyses were also adjusted for the remaining possible
habits (i.e., the consumption of "coffee, milk, tea, chocolate, cocoa, yoghurt, etc.” was further adjusted for "bread, toast, biscuits, pastries, etc.,”
"fruit and/or juice,” "eggs, cheese, ham, etc.”, and "other foods."

pointed out the key protective role of regular family meals
for psychosocial health. This is because family meals can
facilitate parents to connect emotionally with children through
feelings of closeness and belonging (47), as well as identify
early changes in existing behavioural patterns (e.g., dress,
friendships and academic performance) that may be associated
with behavioural modification (48). In addition, family meals
are a family time that provides an opportunity for families to
connect despite the ongoing intense demands of modern life
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(49). Thus, current evidence indicates positive relations between
diet quality and physical, emotional and mental strength in
the young population, suggesting, as a promising strategy, the
promotion of family-based meals, with a focus on breakfast.
One possible reason justifying this relationship is that family
meals (e.g., breakfast) could offer a formal/informal time in
which parents/guardians could connect with their children’s
emotional well-being (50), control children’s behaviours, or
establish norms and restrictions (19). Another possible reason
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Psychosocial behavioural problems
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Odds of psychosocial behavioural problems according to breakfast status, place and habits. Data expressed as odds ratio (dots) and standard
error (bars). No psychosocial behavioural problems group was considered as the reference category. Adjusted by age, sex, region, social class,
immigrant status, excess weight, physical activity level, recreational screen time, sleep duration, and Spanish Healthy Eating Index score.
aAnalyses were further adjusted by breakfast habits. ?Analyses were also adjusted for the remaining possible breakfast habits (i.e., the
consumption of "coffee, milk, tea, chocolate, cocoa, yoghurt, etc.” was further adjusted for "bread, toast, biscuits, pastries, etc.,” "fruit and/or

juice," "eggs, cheese, ham, etc.," and "other foods").

could lie in the relationship between breakfast out of home and a
lower-quality breakfast/global diet. Eating out of home has been
related to energy-dense and high-fat food consumption, as well
as a lack of micronutrients (20). This association has also been
shown in children (21). All of these aspects are associated with
a lower quality breakfast/global diet, which has been associated
with psychosocial behavioural problems among young people
(22). Therefore, it seems reasonable to promote breakfast at
home, preferably with the family and in a relaxed atmosphere,
since family members have a great influence on the acquisition
of habits among the young population (51).

On the other hand, we found that breakfast habits related
to the intake of certain food/beverages groups were associated
with lower (e.g., not consuming eggs, cheese, ham) or higher
odds of psychosocial behavioural problems (e.g., not consuming
coffee, milk, tea, chocolate, cocoa, yogurt, or not consuming
bread, toast, cereals, pastries). With the questions provided
by the Spanish National Health Survey, we are not able to
know what and how many foods are consumed within a food
group. For instance, it is possible that young people including
in the group “coffee, milk, tea, chocolate, cocoa, yogurt, etc.”
consume milk or dairy products and not necessarily coffee. In
fact, coffee consumption is not recommended for Spanish young
people (14), and its intake is low among this population (52).
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Supporting this idea, the latest breakfast recommendations in
Spain separate coffee from the group "milk or dairy products"
and include it in the group “other foods” (51). Given the
impossibility of separating foods from the established groups,
future editions of the national health survey should provide
more specific questions regarding the breakfast composition
of the young population. Nevertheless, breakfast habits can
potentially impact psychosocial behavioural problems through
several pathways. In this sense, there are dietary benefits of
consuming breakfast, specifically if it includes cereals, grains,
lower fat milk, and fruit/fruit juices, in comparison to the
potential negative impact of skipping breakfast (53). This is
mainly because they are suitable nutrient sources that may
influence brain function, including carbohydrates, calcium,
B-complex vitamins (including folate), dietary fibre, and iron
(11). Supporting this notion, there is emerging evidence of the
relationship between breakfast cereal intake and higher feelings
of well-being (54) (although further research is necessary).
Likewise, whole grains are rich in several macronutrients,
including magnesium that may have beneficial effects on
psychosocial health (55). In addition, Ferrer-Cascales et al.
(56) revealed that a high-quality breakfast, characterised by
the intake of cereal and dairy products, is related to a higher
health-related quality of life and lower levels of perceived
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stress and depressive symptoms in adolescents. Similarly,
adolescents eating a high-quality breakfast (e.g., cereals, milk)
had an improved overall dietary pattern compared with their
counterparts eating a low-quality breakfast (57). Similarly,
children who ate breakfast had greater daily protein and
energy consumption than children who skipped breakfast (58).
Concerning psychosocial behavioural problems, it has been
shown that the type of breakfast or lunch was associated
with significant differences in well-being scores (59) and high
levels of quality of life compared with those who eat a low-
quality breakfast (in children) (60). Furthermore, O’Sullivan
et al. (11) found in adolescents that for every additional food
group eaten at breakfast, the associated total mental health score
decreased after adjustment for potential confounding factors.
The beneficial influence of an adequate quality breakfast (as
a healthy lifestyle indicator) is especially important during
childhood and adolescence, when dietary and other lifestyle
habits begin to be acquired, resulting in long-term health and
nutritional advantages in adulthood (60). Thus, the prevention
of psychosocial behavioural problems in young populations
supports the prevention of the onset in adulthood, suggesting
that promoting a healthy breakfast (at home if possible) as
a modifiable factor could be effective in preventing such
problems (8).

Although the mechanisms through which breakfast habits
contribute to decreased psychosocial behavioural problems
remain unclear, certain mechanisms have been suggested. Thus,
after eating breakfast, carbohydrates from foods (e.g., cereals,
milk) are transformed into glucose, generating alterations in
the levels of insulin, glutamate, acetylcholine, serotonin, and
cortisol (11, 61). Carbohydrate intake is especially helpful
for the brain after night fasting since it diminishes the
production of cortisol levels, thereby reducing the “stress”
signal (62). Furthermore, the transformation of carbohydrates
into glucose is crucial for tryptophan formation, a precursor
protein involved in the synthesis of serotonin, which regulates
depressive symptoms, cognitive functioning, and irritable mood
(63). Similarly, the consumption of tryptophan-rich foods
has been noted as important to maintain a high quality
of sleep and morning-type diurnal rhythm and indirectly
improved psychosocial health, probably by the metabolism
of tryptophan to serotonin in the daytime and melatonin at
night in children (64). In contrast, the potentially beneficial
effect of other vitamins (e.g., vitamin D) on psychosocial
health in children has been pointed out in a recent systematic
review (65). Additionally, it has been suggested that lower
vitamin D levels may be linked to depression among
children and adolescents (66). Thus, the consumption of
milk and/or dairy products may provide greater amounts of
vitamin D and, consequently, help to reduce the odds of
psychosocial behavioural problems. In addition, B-complex
vitamin deficiency (e.g., folate, B6, and B12) might also
affect psychosocial behavioural problems, and it has been
associated with mood and cognitive performance (67). Similarly,
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dietary patterns have been related to depression via alterations
in folate and vitamin B12 serum levels (68). Moreover,
Esnafoglu and Ozturan (66) has indicated that vitamin B12
and increased homocysteine may support the etiopathogenesis
of depression. In addition, dietary fibre intake could also
help in psychosocial behavioural problems. A meta-analysis
of observational studies by Fatahi et al. (69) showed that
a greater intake of total dietary fibre was linked to lower
odds of depression, suggesting some possible mechanisms
that could explain this association, such as the variations
in the intestinal microbiome composition and the decrease
in oxidative stress. Supporting this notion, one possible
hypothesis is that a higher consumption in fibre-rich healthy
foods (e.g., bread, cereals) may (to some degree) explain
the association found. Another finding is the association
found between the non-consumption of high-protein foods
(e.g., eggs, cheese, ham) and lower odds of psychosocial
behavioural problems. One possible explanation of this finding
may be related to the ratio of carbohydrates/protein in the
dietary intake. A higher intake of high-protein foods (e.g.,
eggs, cheese, ham) might displace carbohydrate-rich foods
and modify the ratio of protein to carbohydrate, which
has been related to consistent and reciprocal changes in
important regulatory factors (e.g., cortisol). Despite this fact,
it must be considered that the intake of some protein-
rich foods (e.g., eggs) contains high amounts of choline
that is essential for producing neurotransmitters that can
positively affect psychosocial health (70). Based on the above,
recommending what is considered a healthy breakfast in
Spain [i.e, hot drink (e.g., milk, cacao), accompanied by
a solid food (e.g., bread, toasts), and fruit/fruit juice (25)],
could be useful for the prevention of psychosocial problems
in young people.

This current study includes some limitations that should
be noted. First, due to the cross-sectional design of this study,
we cannot establish whether the observed relationships imply
cause and effect associations. Longitudinal studies are necessary
to determine how breakfast status, place and habits related to the
intake of certain food/beverages groups could exert an essential
role on psychosocial behavioural problems. Notwithstanding,
this cross-sectional analysis could serve as a helpful first step in
detecting relations between breakfast patterns and psychosocial
behavioural problems in youth. Second, this study did not
consider the influence of both daily energy intake and parental
feeding practices, since there was no information available
on both variables for analyses. Future studies using 24-h
dietary recall or dietary history are needed to obtain more
accurate information. However, it is complex to use more
specific methodologies in relation to dietary intake or parental
feeding practices in national epidemiological studies. Third, we
were not able to establish individual associations between the
consumption of a specific food and psychosocial behavioural
problems, since frequencies and serving sizes of consumption
of different breakfast items were not assessed. However, the

frontiersin.org


https://doi.org/10.3389/fnut.2022.871238
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Lopez-Gil et al.

Spanish National Health Survey (2017), as well as previous
waves, were designed to report information related to a typical
Spanish complete breakfast (25). Fourth, we used parent-
reported questionnaires. For this reason, both measurement
and recall bias are still plausible. Nonetheless, information
was reported by parents/guardians and not by young people,
which may be closer to the reality of their children’s breakfasts.
Likewise, the SDQ and HEI are validated and useful instruments
that have been widely used in the scientific literature for both
psychosocial behavioural problems and diet quality. Fifth, BMI
and excess weight were determined through height and weight
reported by the parents/guardians for children and adolescents,
which could introduce measurement error. Conversely, the
main strength of this study is that, to date, it is the first study
to examine the relationship between breakfast status, place and
habits related to the intake of certain food/beverages groups and
the association of psychosocial behavioural problems among a
young population. Another strength is the nationwide, large
sample of children and adolescents analysed. It is noteworthy
that the relationship between breakfast (as an isolated meal)
and the odds of psychosocial behavioural problems has been
assessed. Therefore, it should be considered that a child or
adolescent may not consume some of the foods listed for
breakfast (e.g., fruits) and consume them later in the day at other
meals. To try to minimise this concern, we adjusted the analyses
performed by global quality diet (through the S-HEI score).
Despite this fact, caution is required to interpret our results.

Conclusion

Our results show that skipping breakfast or eating breakfast
out of home is associated with higher odds of psychosocial
behavioural problems in a nationwide, large sample of Spanish
children and adolescents. Similarly, some habits related to the
consumption of certain foods/beverages are related to higher or
lower odds of psychosocial behavioural problems. This finding
is clinically meaningful, as psychosocial behavioural problems
are one of the most important worldwide worries in the young
population. It might be possible to underscore the significance of
focussing not only on breakfast intake but also on habits related
to the consumption of certain foods/beverages to try to reduce
the deleterious effects of psychosocial behavioural problems in
young populations. Nevertheless, further studies with different
designs are needed to verify cause-effect associations.
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Background: Current studies on the protective effects of dietary spermidine
(SPD) on cardiovascular disease (CVD) are mainly limited to animal studies, and
the relationship between dietary SPD and CVD mortality remains inconclusive.

Objective: This study aims to evaluate the association between dietary SPD
intake and CVD and all-cause mortality.

Methods: Atotal of 23,894 people enrolled in the National Health and Nutrition
Examination Survey (NHANES) from 2003 to 2014 were recruited for this
study. The dietary intake of SPD from 11 specific food origins and total SPD
was categorized into tertiles or quartiles. Cox proportional hazard regression
models were developed to evaluate the association of SPD intake with CVD
and all-cause mortalities.

Results: Among the 23,894 participants, 2,365 deaths, including 736
deaths due to CVD, were documented. After adjustment for potential
confounders, compared with participants in the lowest quartile, participants
in the highest quartile of total SPD had a significantly lower risk of CVD
mortality (HR = 0.68, 95% Cl: 0.51-0.91) and all-cause mortality (HR =
0.70, 95% CI: 0.60-0.82); participants in the highest tertiles or quartiles
of vegetable-derived SPD, cereal-derived SPD, legume-derived SPD, nut-
derived SPD, and cheese-derived SPD had a lower risk of CVD mortality
(HR yegetable—derivedspp = 0.68, 95% Cl: 0.54-0.86; HR cereal—derivedsPD =
0.75, 95% ClI: 0.57-0.97; HR equme—derivedspp = 0.68, 95% CI: 0.52-0.88;
HR nut—derivedspp = 0.66, 95% Cl: 0.53-0.80; HR cheese—derivedspp = 0.68,
95% Cl: 0.52-0.88) and all-cause mortality (HR yegetable—derivedspp = 0.73,
95% ClI: 0.64-0.84; HR cereal_deriveaspp = 0.80, 95% CI: 0.69-0.93; HR
legume—derivedspD = 0.70, 95% CI: 0.60-0.80;HR nyt_derivedspp = 0.72, 95%
Cl: 0.64-0.81; HR cheese—derivedSPD = 0.70, 95% ClI: 0.61-0.81) than those in
the lowest tertiles or quartiles. Moreover, subgroup analysis showed consistent
associations among the people with hypertension and hyperlipidemia.
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Conclusion: Higher intake of dietary SPD is associated with decreased risk
of CVD and all-cause mortality, and among specific food origin SPD, SPD
derived from vegetables, cereals, legumes, nuts, and cheese was associated
with reduced CVD and all-cause mortality.

SPD, CVD mortality, all-cause mortality, NHANES, autophagy

Introduction

The rising prevalence of cardiovascular disease (CVD) has
become the leading cause of morbidity and mortality worldwide
that reduces human life expectancy and causes a heavy burden
on the healthcare system (1). Increasing evidence establishes that
nutritional factors are strongly associated with the development,
treatment, and prevention of CVD (2, 3). Spermidine (SPD), as a
naturally occurring endogenous polyamine, is widely available in
foods of both animal and plant origins and plays a crucial role in
the growth and development of eukaryotic cells (4). Increasing
epidemiologic research has demonstrated that SPD has a wide
range of beneficial effects, such as cardiovascular protection,
immune system regulation, and neuroprotective effects (5-7).

Numerous mechanism studies have indicated that SPD
could exhibit remarkable cardiac and vascular protection in a
variety of model organisms by stimulating autophagy as well
as anti-inflammatory and anti-oxidative stress pathways. For
example, feeding SPD reduced myocardial hypertrophy and
improved cardiomyocyte elasticity in aged mice via enhancing
arterial expression of autophagy markers (8); significantly
decreased infarct size and alleviated myocardial hypertrophy
in SD rats by increasing autophagic flux (9); alleviated
atherosclerosis by reducing epithelial fat accumulation in APOE
model mice (10); and downregulated endoplasmic reticulum
stress signaling components in mice with kidney injury (11).

With increasing mechanism evidence of the beneficial effects
of SPD, greater attention has been paid to its life span-
extending effects, which have been well demonstrated across
species including yeast, nematodes, flies, mice, and rats (12—
14). However, we cannot conclude that its beneficial effects are
applicable to the general population because research on the
relationship between SPD and survival time has been mostly
limited to animal models with no epidemiological validation.
Therefore, we proposed a hypothesis that higher dietary SPD
is associated with increased survival time in human beings.
In this study, we examined the association between dietary
Abbreviations: SPD, spermidine; CVD, cardiovascular disease; NHANES,
National Health and Nutrition Examination Survey; HR, hazard ratio; NDI,
National Death Index; BMI, body mass index; AHEI, Alternative Healthy
Eating Index; CPH, Cox proportional hazards; NO, nitric oxide.
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SPD intake and all-cause and disease-specific mortality in the
U.S. population recruited in the National Health and Nutrition
Examination Survey (NHANES) from 2003 to 2014.

Method
Study population

NHANES is a stratified, multistage study using a nationally
representative sample of the non-institutionalized civilian
population of the U.S. Detailed NHANES has been provided
elsewhere (15). After excluding participants with missing
information on dietary SPD, all-cause and CVD mortality, and
other covariates, 23,894 adults (age > 18 years) with the data of
interviews and examinations who participated in NHANES from
2003 to 2014, including 10,942 men and 12,952 women, were
selected for this study. The NHANES protocol was approved by
the National Health Statistics Research Ethics Committee, and
written informed consent was obtained before data collection.

Dietary assessment

A 24-h dietary recall survey was used to obtain food intake
on 2 non-consecutive days. The first 24-h dietary recall was
conducted in-person, and the second 24-h dietary recall was
conducted by telephone 3 to 10 days later. Dietary energy and
nutrient intakes were estimated using the USDA Dietary Study
Food and Nutrient Database. Dietary intake components were
integrated into 37 MyPyramid major groups and subgroups
according to the USDA MyPyramid Equivalency Database 2.0
(MPED 2.0) User’s Guide for Survey Foods. The mean values
of nutrient intake on the first and the second day of the 24-h
dietary recall were calculated in the analysis. Dietary supplement
use was obtained through a dietary supplement questionnaire.

We calculated the amount of total dietary SPD and the
amount of SPD in foods of animal origin including fresh meat,
cooked meat, dairy products, eggs, cheese, and seafood, and
in foods of plant origin including vegetables, fruits, cereals,
legumes, and nuts. The average SPD content (nmol/g) in
various foods was determined based on previous research (16).
The daily intake of SPD (nmol/d) was based on the average
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SPD content (nmol/g) and the daily intake of various food
components (mg/d).

Main exposure and main outcomes

The main exposures in our study were the accounts of
total dietary SPD intake and SPD intake from foods of plant
origin including vegetables, fruits, cereals, legumes, and nuts,
and foods of animal origin including fresh meat, cooked meat,
dairy products, eggs, cheese, and seafood. The outcome was
the status of mortality as determined by the National Death
Index (NDI). The NDI is a considerably reliable and widely used
death identification resource. The ICD-10 was used to determine
disease-specific death. ICD-10 codes 100-109, I11, 113, 120-151,
or 160-169 were assigned to death due to CVD. In summary, a
total of 736 deaths due to CVD and 2,365 deaths due to all-cause
were documented.

Covariates

The covariates in our study included age (years), sex
(male/female), race/ethnicity (non-Hispanic white/Mexican
Healthy
Eating Index (AHEI), current smoker (yes or no, a current

American/non-Hispanic black/other), Alternative
smoker was defined as someone who had smoked 100 cigarettes
in his or her lifetime and reported currently smoking), current
drinker (having at least 12 alcohol drinks per year or not),
education level (less than high school education, high school,
or above), annual household income (<$20 000, >$20 000
and <$45 000, >$45 000 and <$75 000, >$75 000 and <$100
000, or >$100 000), total energy intake from the 24-h dietary
recall (kcal/d), body mass index (BMI, kg/mz), regular exercise
(having engaged in recreational moderate and vigorous physical
activity (MVPA) in the past 30 days or no), and a history
of hypertension, diabetes, or hyperlipidemia defined as a
physician diagnosis of self-reported hypertension, diabetes,
or hyperlipidemia.

Statistical analysis

Demographic, dietary nutrient intake, and anthropometric
characteristics were presented using the mean and standard
deviation for the continuous variables, and number and
percentage for categorical variables. The baseline characteristics
were analyzed using chi-square tests and generalized linear
models adjusted for age, and gender. All statistical analyses were
performed by R 4.1.2 software, and the two-sided P<0.05 was
regarded as statistically significant.
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Cox proportional hazard (CPH) models

CPH models were used to calculate hazard ratios (HRs) and
95% CI for all-cause and CVD mortality. The time scale in the
Cox model used the follow-up time obtained by person-months
from the date of the interview to their death, or the end of
2015. The dietary SPD was categorized into quartiles and tertiles,
and the lowest quartile and tertile are regarded as the reference
group. The confounders in the CPH model included age, sex,
race, smoking status, drinking status, exercise, total energy
intake, education level, energy intake, annual household income,
BMI, AHEI diabetes, hypertension, and hyperlipidemia. We
performed a log transformation of all non-normal continuous
variables. The gender interaction in the Cox proportional hazard
(CPH) model was conducted.

Sensitivity analysis

A total of five sets of sensitivity analyses were performed
in this study. In sets 1 to set 2, we analyzed the relationship
between dietary SPD and all-cause and CVD mortality in
the hypertension population and hyperlipidemia population,
respectively, to identify the robustness of our results. In set 3
and set 4, we analyzed the relationship between dietary SPD and
all-cause and CVD mortality in male and female populations
separately. The participants who had a follow-up time <5 years
were analyzed in set 5.

Result

Baseline characteristics

The demographic and nutritional characteristics of the
participants are presented in Table 1. Compared with survivors,
the participants with CVD and all-cause mortality were more
likely to be male, older, and non-Hispanic whites; have a higher
prevalence of hypertension, diabetes, and hyperlipidemia; have
lower BMI, household income, education level, and total energy
intake; and more prone to have a higher intake of dairy-derived
SPD and a lower intake of total SPD, vegetable-derived SPD,
legume-derived SPD, fresh meat-derived SPD, nut-derived SPD,
and cheese-derived SPD (all P < 0.05).

Dietary SPD and mortality

The associations between dietary total SPD and specific
food-derived SPD intake with all-cause and CVD mortality in
the total population are presented in Figures 1, 2. As indicated by
HR and 95% CI, the participants in the highest quartiles (quartile
4) of total SPD had a lower risk of CVD mortality (HR = 0.68,
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TABLE 1 Baseline characteristics of variables in survived people, CVD mortality, and all-cause mortality status.

Variable Survival-people CVD mortality P-value (Survival All-cause P-value (Survival
(N =21,529) (N=1736) people vs. CVD mortality people vs.
mortality) (N =2,365) all-cause
mortality)
Age (years) 49.0[36.0-63.0] 76.0[66.0-80.0] <0.001 75.0 [64.0-80.0] <0.001
Male, N (%) 10,026.0 (46.6%) 434.0 (59.0%) <0.001 1,350.0 (57.1%) <0.001
Non-Hispanic white, N (%) 10,188.0 (47.3%) 467.0 (63.5%) <0.001 1,484.0 (62.7%) <0.001
College graduate or above, N 5,437.0 (25.3%) 99.0 (13.5%) <0.001 315.0 (13.3%) <0.001
(%)
>$100,000 annual household 2,924.0 (13.6%) 16.0 (2.2%) <0.001 64.0 (2.7%) <0.001
income, N (%)
BMI (kg/mz) 28.2 [24.5-32.7] 27.9[24.5-31.7] 0.083 27.4[24.1-31.7] <0.001
Total energy intake 1,912.5 [1,469.0-2,473.0] 1,577.8[1,235.6-1,990.2] <0.001 1,633.0 [1,274.0-2,058.0] <0.001
(kcal/d)
Regular exercise, N (%) 5,143.0 (23.9%) 153.0 (20.8%) 0.2 479.0 (20.3%) <0.001
Current drinking, N (%) 14,506.0 (67.4%) 447.0 (60.7%) 0.004 1,437.0 (60.8%) <0.001
Current smoking, N (%) 4,659.0 (21.6%) 126.0 (17.1%) 0.023 468.0 (19.8%) 0.06
Hypertension, N (%) 8,055.0 (37.4%) 510.0 (69.3%) <0.001 1,511.0 (63.9%) <0.001
Hyperlipidemia, N (%) 8,239.0 (38.3%) 393.0 (53.4%) <0.001 1,198.0 (50.7%) <0.001
Diabetes, N (%) 2,622.0 (12.2%) 216.0 (29.3%) <0.001 626.0 (26.5%) <0.001
Total SPD (um/d) 378.6 [271.2-512,5] 304.6 [228.0.5-401.1] <0.001 316.5 [235.2-419.7] <0.001
Fruit SPD (wm/d) 4.2[0.7-8.7] 4.9[1.4-8.7] 0.056 4.6[1.4-8.8] 0.007
Vegetable SPD (um/d) 20.1[12.0-31.1] 16.9 [9.5-26.0] <0.001 17.8[9.9-27.6] <0.001
Cereals SPD (um/d) 309.2[212.2-427.5] 254.6[189.6-348.4] <0.001 264.9[189.9-358.4] <0.001
Legumes SPD (um/d) 8.2[0,6-18.7] 2.9[0.0-10.2] <0.001 3.3[0.0-11.0] <0.001
Fresh meat SPD (jum/d) 3.2[1.6-5.5] 2.6[1.2-4.2] <0.001 2.6[1.1-4.3] <0.001
Cooked meat SPD (pum/d) 5.6[3.4-8.5] 4.5[2.7-6.8] <0.001 4.5[2.7-7.1] <0.001
Nuts SPD (jum/d) 0.0 [0.0-3.5] 0.0[0.0-1.9] <0.001 0.0 [0.0-2.0] <0.001
Egg SPD (um/d) 0.07[0.01-0.3] 0.08[0.01-0.3] 0.9 0.07[0.01-0.3] 0.4
Seafood SPD (jum/d) 0.0[0.0-1.7] 0.0[0.0-0.5] 0.002 0.0[0.0-0.8] <0.001
Milk&Yogurt SPD (jLm/d) 0.2[0.1-0.5] 0.3(0.1-0.6] <0.001 0.3[0.1-0.6] <0.001
Cheese SPD (jum/d) 9.0[0.7-20.8] 3.3[0.0-11.4] <0.001 3.6[0.0-12.2] <0.001

Continuous variables are presented as medians (IQRs). Categorical variables are presented as a percentage.

95% CI: 0.51-0.91) and all-cause mortality (HR = 0.70, 95% CI:
0.60-0.82) than those in the lowest quartile (quartile 1). Also,
the intake of SPD from four specific food sources (vegetables,
cereals, legumes, nuts, and cheese) was significantly associated
with mortality outcomes.

For different dietary sources of SPD, the participants in the
highest quartiles or tertiles had a lower risk of CVD mortality
(HR = 0.68, 95% CI: 0.54-0.86 for vegetable-derived SPD; HR
= 0.75, 95% CI: 0.57-0.97 for cereal-derived SPD; HR = 0.68,
95% CI: 0.52-0.88 for legume-derived SPD; HR = 0.66, 95% CI:
0.53-0.80 for nut-derived SPD; HR = 0.68, 95% CI: 0.52-0.88
for cheese-derived SPD) and all-cause mortality (HR = 0.73,
95% CI: 0.64-0.84 for vegetable-derived SPD; HR = 0.80, 95%
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CI: 0.69-0.93 for cereal-derived SPD; HR = 0.70, 95% CI: 0.60-
0.80 for legume-derived SPD; HR = 0.72, 95% CI: 0.64-0.81
for nut-derived SPD; HR = 0.70, 95% CI: 0.61-0.81 for cheese-
derived SPD). Sex was not a significant effect modifier of the
aforementioned association (P effect modification with sex > 0-05)-

Sensitivity analysis
Consistent with the results of the total sample, analysis

of subgroups among people with hypertension (Supplemental
Figures 1, 2) and hyperlipidemia (Supplemental Figures 3, 4), as
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CVD mortality ALL-cause mortality

Variables Case/N HR(95%CI) Case/N HR(95%ClI)

Total SPD

Quartilet 261/5974 1 L] 806/5974 1 L

Quartile2 232/5973 0.92(0.77-1.11) —_— 728/5973 0.91(0.82-1.01) =

Quartile3 153/5972 0.73(0.59-0.91) —— 513/5972 0.75(0.66-0.85) -

Quartile4 90/5975 0.68(0.51-0.91) —— 328/5975 0.70(0.60-0.82) -=-

P for trend <0.01 <0.01

Psex*SPD 0.59 0.84

Fruit SPD

Quartilet 154/5991 1 L] 498/5991 1 L

Quartile2 183/5972 1.00(0.80-1.25) —— 617/5972 1.07(0.94-1.20) -

Quartile3 217/5963 1.14(0.92-1.41) T 654/5963 1.10(0.97-1.23) -

Quartile4 182/5968 1.07(0.85 -1.34) - 596/5968 1.09(0.96-1.23) —=

P for trend 0.43 0.25

Psex*Fruit SPD 0.8 0.71

Vegetable SPD

Quartile1 240/5998 1 u 736/5998 1 L

Quartile2 193/5959 0.84(0.69-1.02) —— 604/5959 0.85(0.76-0.95) -

Quartile3 170/5973 0.80(0.65-0.98) —— 557/5973 0.83(0.73-0.92) -

Quartile4 133/5974 0.68(0.54-0.86) —-— 468/5974 0.73(0.64-0.84) -

P for trend <0.01 <0.01

Psex*Vegetable SPD 0.56 0.72

Cereals SPD

Quartile1 240/5976 1 L 741/5976 1 L

Quartile2 230/5984 0.95(0.79-1.14) i 724/5984 0.95(0.86-1.06) -

Quartile3 166/5962 0.83(0.67-1.02) —— 530/5962 0.82(0.73-0.92) -

Quartile4 100/5972 0.75(0.57-0.97) —— 370/5972 0.80(0.69-0.93) -

P for trend <0.05 <0.01

Psex*Cereals SPD 0.98 0.95

Legumes SPD

Quartilet 291/5974 1 L 897/5974 1 L

Quartile2 201/5978 0.82(0.69-0.99) — 669/5978 0.85(0.77-0.95) -

Quartile3 166/5967 0.94(0.77-1.14) —— 510/5967 0.87(0.78-0.97) =

Quartile4 78/5975 0.68(0.52-0.88) —— 289/5975 0.70(0.60-0.80) -

P for trend <0.05 <0.01

Psex*Legumes SPD 0.49 0.41

Nut SPD

Quartilet 44112157 1 L 1354/12157 1 L)

Quartile2 172/5767 0.79(0.66-0.95) —— 585/5767 0.87(0.79-0.96) -

Quartile3 123/5970 0.66(0.53-0.80) — 426/5970 0.72(0.64-0.81) -

P for trend <0.01 <0.01

Psex*Nut SPD 0.51 0.83

° Oddshaio : OddsRato :

FIGURE 1
Multivariate adjusted hazard ratios (HRs) of the dietary total SPD, fruit-derived SPD, vegetable-derived SPD, cereal-derived SPD, legume-derived
SPD, and nut-derived SPD with CVD and all-cause mortality. A logarithmic transformation was performed for non-normal continuous variables.
Adjusting factors included age, gender, race, income, education level, regular exercise, smoking, alcohol consumption, BMI, body mass index;
total energy intake, AHEI, Alternative Healthy Eating Index; diabetes, hypertension, and hyperlipidemia.

well as men (Supplemental Figures 5, 6), women (Supplemental
Figures 7, 8), and those with less than 5 years of follow-up
(Supplemental Figures 9, 10), also showed negative associations
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Variables

Total SPD
Quartile1

Quartile2

Quartile3

Quartile4

P for trend
Psex*SPD

Fresh meat SPD
Quartile1

Quartile2

Quartile3

Quartile4

P for trend
Psex*Fresh meat SPD
Cooked meat SPD
Quartile1

Quartile2

Quartile3

Quartile4

P for trend
Psex*Cooked meat SPD
Egg SPD
Quartile1

Quartile2

Quartile3

Quartile4

P for trend
Psex*Egg SPD
Seafood SPD
Quartile1

Quartile2

Quartile3

P for trend
Psex*Seafood SPD
Milk&Yogurt SPD
Quartile1

Quartile2

Quartile3

Quartile4

P for trend
Psex*Milk&Yogurt SPD
Cheese SPD
Quartile1

Quartile2

Quartile3

Quartile4

P for trend
Psex*Cheese SPD

CVD mortality ALL-cause mortality
Case/N  HR(95%CI) Case/N  HR(95%CI)
261/5974 1 806/5974 1 n
232/5973 0.92(0.77-1.11) —— 728/5973 0.91(0.82-1.01)
153/5972 0.73(0.59-0.91) —— 513/5972 0.75(0.66-0.85) -
90/5975 0.68(0.51-0.91) —a— 328/5975 0.70(0.60-0.82) -
<0.01 <0.01
0.59 0.84
231/5974 1 742/5974 1 | |
206/5988 0.93(0.77-1.12) —— 667/5988 0.92(0.83-1.02) -
190/5961 1.03(0.85-1.26) 585/5961 0.95(0.85-1.06) -
109/5971 0.85(0.67-1.08) — 371/5971 0.80(0.70-0.91) -
0.33 <0.01
0.1 0.23
248/5994 1 781/5994 1 |
209/5959 0.96(0.80-1.16) —a— 650/5959 0.93(0.84-1.03) -
158/5969 0.88(0.71-1.08) — 521/5969 0.88(0.78-0.99) -
121/5972 0.90(0.71-1.15) —— 413/5972 0.87(0.76-1.00) -
0.29 <0.05
0.84 0.79
207/6171 1 631/6171 1 | |
149/5799 0.77(0.62-0.95) —— 540/5799 0.90(0.80-1.00) --
179/5960 0.95(0.78-1.17) —— 561/5960 0.95 (0.85-1.07) -
201/5964 1.09(0.89-1.34) 633/5964 1.10(0.98-1.23) A
<0.01 <0.01
<0.05 <0.01
542/16491 1 1711/16491 1 L |
44/1428 0.98(0.72-1.34) —— 140/1428 0.98(0.82-1.17) —a—
150/5975 0.90(0.75-1.09) ——- 514/5975 0.95(0.86-1.06) -
0.28 0.37
0.11 0.67
159/6070 1 500/6070 1 n
161/5887 0.83(0.67-1.04) —— 543/5887 0.91(0.80-1.02) i
208/5977 1.01(0.82-1.25) —— 664/5977 1.04(0.92-1.17) -
208/5960 1.03(0.83-1.28) — 658/5960 1.04(0.92-1.17) -
0.24 0.12
<0.05 <0.05
291/5974 1 897/5974 1 ]
201/5978 0.82(0.69-0.99) —— 669/5978 0.85(0.77-0.95) -
166/5967 0.94(0.77-1.14) —— 510/5967 0.87(0.78-0.97) -
78/5975 0.68(0.52-0.88) —— 289/5975 0.70(0.61-0.81) -
<0.05 <0.01
0.49 0.64

1
Odds Ratio

1
Odds Ratio

FIGURE 2

Multivariate adjusted hazard ratios (HRs) of the dietary total SPD, fresh meat-derived SPD, cooked meat-derived SPD, egg-derived SPD,
seafood-derived SPD, milk & yogurt-derived SPD, and cheese-derived SPD with CVD and all-cause mortality. A logarithmic transformation was
performed for non-normal continuous variables. Adjusting factors included age, gender, race, income, education level, regular exercise,
smoking, alcohol consumption, BMI, body mass index; total energy intake, AHEI, Alternative Healthy Eating Index; diabetes, hypertension, and

hyperlipidemia.
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Discussion

To the best of our knowledge, this study is the first
epidemiologic study to assess the association between dietary
SPD intake and all-cause and CVD mortality among the
U.S. adult population. The results of this study showed that
the consumption of total dietary SPD, vegetable-derived SPD,
cereal-derived SPD, legume-derived SPD, nut-derived SPD, and
cheese-derived SPD was associated with decreased risk of all-
cause and CVD mortality. In addition, these associations were
relatively robust, which could be consistently observed among
different subgroups.
has
demonstrated the autophagy, anti-inflammatory, and anti-

Currently, increasing experimental evidence
oxidative stress effects of SPD treatment. In addition, previous
studies have indicated that SPD could prolong the life span
of different species, from yeast to rodents, and promote the
manifestation of age-related diseases via the induction of
protective autophagy (12). However, very few epidemiological
studies have found that dietary SPD may increase the survival
time in the adult population, which is the most important
finding of this study. Several studies have established an
inverse association between dietary SPD and the risk of
cancer-specific mortality, which could partially support our
findings. In line with our epidemiological analysis finding, a
prospective, population-based cohort study showed that dietary
SPD intake was negatively linked to the prevalence of CVD.
Moreover, animal studies also corroborated the cardiovascular
protective effect of SPD. An aging mice model has revealed
that SPD feeding could reduce myocardial hypertrophy and
improve aging-related cardiomyocyte elasticity (17). Another
animal study showed that SPD significantly reduced the
infarct size of myocardial infarction in SD rats by increasing
autophagic flux through the AMPK/mTOR signaling pathway
and alleviated myocardial hypertrophy (9), and SPD-induced
autophilia could prevent atherosclerosis by reducing epithelial
fat accumulation in vascular smooth muscle cells (VSMCs) of
the APOE model mice (10), alleviate vascular calcification in
kidney injury (11), reverse aging-related vascular calcification,
and improve aging-reduced aortic elasticity (8). These studies
argued for autophagy as a pivotal mechanism underlying
SPD-induced cardioprotection.

Autophagy is a complex degradation/recycling system
in charge of non-apoptotic cell death and intracellular
degradation of misfolded or aggregated proteins and
dysfunctional organelles such as mitochondria, which is
essential for maintaining cellular renovation and homeostasis
(7, 18, 19). The role of SPD-induced autophagy has been
widely demonstrated to be essential not only for cardiovascular
system protection but also for alleviation of age-related
cognitive impairment, and life span extension (7, 20, 21).
Interestingly, autophagy and serum SPD in humans and
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multiple model organisms showed a significant age-related
decrease (8). However, the prevalence of CVD dramatically
increases with age (22). This has led to the conjecture that
the autophagic capacity decreased with age, leading to a large
accumulation of damaged cells and dysfunctional intracellular
organelles in the cardiovascular system, thus causing CVD.
However, intake of more dietary SPD and SPD-induced
autophagy reversed this process, resulting in cardioprotective
effects. This mechanism evidence may strongly support the
negative association of dietary SPD with the reduced risk of
CVD mortality.

In addition to the induction of autophagy, several potential
mechanisms for the cardioprotective effects of SPD may exist
as follows. As known, oxidative damage and inflammation are
widely reported as the main factors leading to atherosclerosis,
which is the most typical and major pathological change of
CVD. The accumulation of oxidized LDL in the vascular
endothelium is the most important factor during early plaque
formation in atherosclerosis (23, 24), and the aggregation of
pro-inflammatory factors may contribute to the acceleration
of vascular calcification. As the most important member of
the polyamine family, SPD is synthesized from putrescine and
serves as a precursor of spermine (25). Numerous in vitro and
in vivo experiments have shown that SPD and spermine may
act as scavengers of ROS and then protect the cardiovascular
system from oxidative damage (26). SPD has been linked to
increased titin phosphorylation, which inhibits downstream
inflammation and thus increases cardiomyocyte elasticity (17).
In addition, due to its polycationic nature, SPD can readily
bind negatively charged biological macromolecules, including
DNA, RNA, proteins, and phospholipids, and can modulate
the function of these macromolecules in many cases. It has
been shown that SPD can enhance the stability and flexibility
of DNA (26), which may be an underlying mechanism for
the cardioprotective effect of SPD. Moreover, arginine, the raw
material for SPD synthesis in vivo, is a substrate for the synthesis
of nitric oxide (NO), which is a recognized cardiovascular
dilator (27). NO also showed an age-related decrease (28, 29).
It has been shown that SPD could improve the bioavailability
of arginine for NO synthesis, implying that relatively sufficient
SPD can lead to greater conversion of arginine to NO, thereby
protecting the cardiovascular system (11, 12). This is another
potential mechanism for the cardioprotective effect of SPD. In
our study, these beneficial effects were found to be relatively
robust, which was significant across many subgroups, including
different genders and disease states, suggesting that a higher
intake of dietary SPD contributes to a cardiovascular protective
effect. Furthermore, significant sex-mediated effects were not
found, except for the egg-derived SPD.

Another key finding of this study was the negative
association between SPD from a specific food origin and CVD
mortality. Our results suggest that vegetables, cereals, legumes,
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nuts, and cheese would be better sources of SPD to protect
the cardiovascular system. SPD is widely found in all foods
containing nucleic acids and is abundant in coarse cereals,
wheat germ, vegetables, and fermented foods containing bacteria
and fungi such as stinky cheese and natto (16, 30). We found
that dietary intake of SPD from vegetables, cereals, legumes,
nuts, and cheese sources could significantly reduce the risk of
CVD mortality. These dietary SPD sources with cardioprotective
effects coincided with the Mediterranean dietary pattern, which
is a recognized dietary pattern with proven cardiovascular
protective effects (31). Although the negative relationships
between the consumption of vegetables, cereals, legumes, nuts,
and cheese and CVD mortality have been well established (32—
35), the association between dietary intake of SPD from the
aforementioned foods and CVD mortality was still significant
after adjusting for AHEI, which indicates the protective role of
dietary SPD was independent of other beneficial ingredients in
food. Therefore, vegetables, cereals, legumes, nuts, and cheese
should be consumed in greater quantities as an ideal food
source of cardiovascular protective SPD. In addition, SPD is a
highly absorbable polyamine that could be taken up in the small
intestine and utilized by multiple systems without secondary
degradation in the circulatory system, which allows dietary SPD
to significantly contribute to elevated SPD concentrations in
the cardiovascular system (36, 37). That is also an underlying
biological basis for the cardioprotective effects of dietary SPD.

This study has several strengths. First, this is the first
epidemiologic study to evaluate the relationship between dietary
SPD and CVD mortality in a representative population sample
of U.S. adults. Second, we identified specific dietary sources
of SPD with cardio protective effects, which provide guidance
for dietary supplementation of SPD. Third, the association
reported in this study was relatively robust that it was
significant in a multitude of subgroups so that we could
provide dietary supplementation strategies for SPD in gender-
specific populations, as well as in populations with multiple
chronic diseases. We are also aware that this study has certain
limitations. First, although 24-h dietary recall is the most valid
and universal method of investigating dietary information in
observational studies, measurement error arising from day-
to-day variation in food intake still exists. Second, we were
unable to control for variables that were not measured in
the observational study. Third, this study lacked an internal
exposure evaluation of dietary SPD, which needs to be refined
for future research.

In conclusion, a higher intake of dietary SPD is associated
with decreased risk of CVD and all-cause mortality, and among
specific food origin SPD, vegetable-, cereal-, legume-, nut-, and
cheese-derived SPD was associated with reduced CVD and all-
cause mortality.
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