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Preface

Food systems are undergoing a renaissance and re-positioning their value as proponents of

sustainable dietary patterns. Industry stakeholders are incorporating measures of sustainability

into their supply chain and innovation pipelines, so they can be leveraged as salient factors of

differentiation to consumers. At the same time, government policies and regulations can affect how

foods are produced and positioned in the marketplace. However, as the domains of sustainable food

systems encompass health, the environment, sociocultural factors, and economic prosperity, there is

a need to understand food environments and motivations of consumers to drive a value proposition

for sustainability in food choices across the food value chain.

The sustainability of food systems has been characterized as a “wicked problem” that is met

with broad and complex challenges without a single solution. While governments and industry

prioritize sustainable food systems in strategic approaches to innovation, investment, and efficiency,

not aligning with consumers and their needs can impede or even cause initiatives to fail.

This Special Issue focuses on the consumer–food interface within the context of sustainable

dietary patterns. The disseminated research highlights various attributes of consumers and their

food environments that can affect food choices and the tools that can be employed as facilitators of

purchasing and eating behaviors.

I would like to acknowledge all of the authors who contributed to this Special Issue. Your work

and dedication to this important topic is critical to the adoption of sustainable food systems. I would

also like to thank the staff at MDPI for their assistance and support.

This Special Issue is dedicated to James and Monique. Always in my corner and always in yours.

Christopher P. F. Marinangeli

Guest Editor
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Editorial

Understanding Consumers to Enhance Demand for Sustainable
Diets: Comment on “Adopting Sustainable Dietary Patterns:
Effects of Food Labeling, Food Choices, and Eating Behaviors”

Christopher P. F. Marinangeli

Protein Industries Canada, Centre for Regulatory Research and Innovation, 200-1965 Broad Street,
Regina, SK S4P 1Y1, Canada; christopher@proteinsupercluster.ca

The creation of sustainable food systems is a “wicked problem”; it is multifaceted
with no single or one-size-fits-all solution [1]. Initiatives that aim to solve specific problems
related to food system sustainability can differ between geopolitical regions, countries,
and communities. Increasingly, sustainability is becoming an essential component of food
systems and is generally measured against four domains: human health and nutritional
adequacy, ecological preservation, social equity, and economic prosperity [2,3]. Each is
critical for a food system to be both sustainable and successful in its own right. The interplay
between these domains cannot be overlooked, as effects on one can affect others. The
complexity of food systems requires that multiple stakeholders across producers, industry,
and government work to leverage resources that create efficiencies, establish systems, and
develop new technologies that affect outcomes related to sustainability. However, resource
allocation affects how these domains are prioritized, which can accelerate or decelerate
activities that affect metrics related to sustainability outcomes [4,5]. While many attributes
of food system sustainability occur between the production and distribution of food in
retail, the importance of consumers cannot be forgotten [6]. They are an integral stakeholder
of food systems that can create demand for sustainable solutions.

This Special Issue on “Adopting Sustainable Dietary Patterns: Effects of Food Labeling,
Food Choices, and Eating Behaviors” focuses on consumer-centric factors related to the
adoption of sustainable dietary patterns. The ability to find solutions that align with
consumer needs and values which are related to food choices can enhance the demand
and value proposition for upstream sustainability efforts that occur prior to the point
of purchase [7]. This Issue covers a range of topics that highlight the challenges and
the need for tailored approaches to creating inclusive food environments for consumers
while aligning with global objectives for sustainable food systems. They have important
implications for the adoption of sustainable diets, including 1. the examination of the
sociodemographic characteristics of food environments; 2. the nutritional profiling of plant-
based diets and targeted consumer needs; 3. the role of policy and regulatory modernization
in changing food behaviors; and 4. the importance of consumer beliefs and value systems
that affect food choices. This Editorial provides a brief synopsis of the studies and reviews
included in this Special Issue.

1. Food Environments and Socioeconomic Factors

Consumers and their food environments can be diverse. As such, understanding food
environments and the unique problems that affect consumer food choices can allow the
identification and prioritization of the areas where resources are needed in order to ensure
the highest impact on sustainability outcomes. Lewis et al. evaluated the post-pandemic
individual and household characteristics of those who regularly used corner/convenience

Nutrients 2025, 17, 70 https://doi.org/10.3390/nu17010070
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stores as their main sources of food in Baltimore, Maryland. Most respondents had low
incomes, were Black (62.2%), and did not own a home (66.9%). These individuals had a
lower intake of calories from sugar-sweetened beverages compared to White participants,
but also consumed fewer servings of fruit and vegetables (3.20 vs. 4.68 servings/day).
Fiber intake was also higher (18.41 g/day) amongst White compared to Black individuals
(12.71 g/day). Income, home ownership, and food security status also had differing effects
on beverage, fruit and vegetable, and fiber consumption. The authors argue that consumers
are critical in the “supply-and-demand” feedback loop that dictates food offerings in re-
tail environments.Understanding their needs in complex urban environments can create
demand and access to healthy foods. Forray et al. examined the adherence to Romanian
dietary guidelines in the North-Western Regions of Romania based on sociodemographic
characteristics. While most understood the link between nutrition and health, the majority
of individuals (83.5%) did not adhere to the dietary recommendations, which was under-
pinned by a low consumption of fruit and vegetables, fish and seafood, and water intake.
Interestingly, older individuals (OR = 0.98), unemployed individuals (OR = 0.40), retirees
and those receiving social welfare (OR = 0.53), and those with illnesses (OR = 0.69) were
the least likely to consume <5 servings of fruit and vegetables per day. It was suggested
that access to affordable vegetables or the likelihood of growing their own fresh food could
explain these results. The authors note the need for tailored approaches to addressing food
security with linkages between food literacy and sociodemographic factors. Zhang et al.
showed that, in rural China, women were the most likely to consume “traditional” (higher
in vegetables/fruit and meat/seafood/eggs, and lower in milk, beans, and nuts) and
“meat/animal protein” dietary patterns compared to a highly diverse “healthy” pattern.
Non-obese participants had a 69% greater likelihood of consuming a “healthy” dietary
pattern compared to the “meat/animal” pattern. Education level and income showed
similar associations.

The results from these studies all underscore the regional specificity related to metrics
of sustainable diets. They reinforce that the adoption of sustainable dietary patterns by
consumers may require discrete approaches that are unique to the needs of specific food
environments to affect the demand for specific dietary patterns.

2. Evaluating “Plant-Based” as a Sustainable Dietary Pattern

Global discussions around sustainable diets often default to the adoption of a plant-
based dietary pattern. This is predicated on the simplified notions that plant-based diets
and protein require fewer environmental resources to produce, can be nutrient-dense,
and include higher and lower levels of fiber and saturated fat, respectively, than typical
Western-type dietary patterns [8]. The fact is that a plant-based diet is an inclusive “term”
that can encompass various patterns of eating, including veganism, vegetarianism (and
its subcategories lacto-ovo- and pesco-vegetarian), and flexitarianism. The integration
of healthy plant-based diets into dietary guidelines focuses on a high consumption of
fruit and vegetables and whole grains, with the important distinction of sourcing most
dietary protein from plant foods, which include legumes, nuts, seeds, and nutrient-dense
processed foods such as high-protein fortified plant milks. If these patterns are integrated
based on scientific evidence that support dietary guidelines, plant-based diets would be
nutritionally complete and limit the consumption of nutrients of concern [9]. Innovation
in the plant protein space is creating new food platforms but is heterogenous in terms of
nutrient content. Studies have started to demonstrate that their use can facilitate a decrease
in risk factors for cardiovascular disease [10]. Measurements of the nutritional merits of the
proposed “plant-based” dietary paradigms require evaluation to ensure they align with the
principles of sustainable diets.
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In this Special Issue, Acosta et al. used an overall plant-based diet index (oPDI),
healthful PDI (hPDI), and less healthful (lhPDI) to evaluate the nutrient and food group
intakes of Canadian preschool-aged children. Their results demonstrated that different
indices can be used to evaluate nutrient intakes and associated food groups. For the oPDI
score, both healthy and unhealthy plant foods were scored positively. Healthy plant foods
were scored positively for the hPDI, while unhealthy plant foods were scored negatively.
The scoring was the opposite for the lhPDI. Animal foods were scored negatively for all
indices. Using the oPDI, children in the highest tertile had higher (folate, iron, fiber) and
lower intakes (calcium, vitamin D, vitamin B12) of nutrients and foods to encourage. Protein
was also lower given the negative scoring for animal protein, as was as saturated fat intake.
The diets that generated the highest hPDI scores showed higher intakes of fiber, folate, and
iron, and a lower consumption of cholesterol and saturated fat compared to Tertile 1. Lastly,
the lhPDI scores in Tertile 3 showed a greater intake of added sugar and carbohydrate
alongside a lower intake of protein and various vitamins and minerals, including calcium,
vitamin D, vitamin B12, folate, and iron. Across all indices, fruits and refined grains were the
primary plant food groups consumed, with relatively minor contributions from legumes,
nuts, and seeds. These indices can be used to identify nutritional gaps in plant-based
dietary patterns to be addressed. Fulgoni et al. used the National Health and Nutrition
Examination Study (2013–2018) to show that nutrition adequacy for some varied across age
groups. For example, the highest quartile of plant protein amongst adolescents showed a
decrease in calcium, potassium, and vitamin D adequacy and an increase in adequacy for
copper and magnesium. For adults 19–50 years of age, protein and vitamin B12 adequacy
decreased, but folate and iron adequacy increased. Furthermore, zinc and calcium adequacy
were reduced for older adults (≥51 years). These results emphasize that as plant protein
is promoted to become a more prominent attribute of dietary patterns, care is needed to
ensure nutrient intakes are sufficient. In order to achieve this, planning and shifts toward a
greater incorporation of plant protein foods not typically prominent in typical US dietary
patterns, such as legumes, nuts, and seeds, are required. Furthermore, depending on
the level of animal proteins consumed in a diet, the fortification of manufactured foods
could be a valuable tool for maintaining the adequate intake of some nutrients. Accurate
dietary assessments and newly developed assessment tools can assist with the adoption of
sustainable plant-based diets that are nutritionally adequate.

Sustainability efforts and targets can change across the lifespan, given that nutrient
requirements can also change over time. Metabolic perturbations, health status, and socioe-
conomics can also affect nutrient needs and food accessibility. Wakayama et al. developed
and validated the Meiji Nutritional Profiling System that can assess the nutritional density
of innovative food products for adults ≥ 65 years in Japan. With shifts in dietary patterns
being used to drive sustainability efforts, sufficient guidance and access to tools could
be helpful for highlighting challenges for specific populations. This ensures that diets
are nutritionally adequate by recommending specific foods and strategies that address
individual needs.

3. Steering Consumers Toward Sustainable Food Behaviors with
Regulation and Policy

The role of regulations and policies as facilitators of consumer food choices cannot
be ignored. They create rules by which nutritional attributes can be communicated and
can be used as tools to help address food system sustainability. Levis et al. summarized
the results of a 7-day workshop organized by the Pan American Health Organization and
World Health Organization in July 2022. The results generated a variety of objectives and
population-focused tactics aimed at improving the nutrient density of diets and decreasing
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the risks of non-communicable disease. The highlighted regulatory and policy initiatives
included labeling, taxation and tax incentives, marketing, school programs, and conflict-
of-interest mitigation. It was also emphasized that efforts should be coordinated to create
efficiencies for implementation. Onyeaka et al. systematically evaluated the global policy
and regulatory initiatives that have helped address food security and its effects on mental
health. Integrated approaches have been successful in addressing both conditions, but
tactics are regionally specific given the different challenges and infrastructures in place
across food systems. The successful case studies discussed were targeted social safety net
programs and tax reductions (West and Central Africa), humanitarian efforts through the
FAO, World Trade Organization, and Group of Seven countries (Europe), the Supplemental
Nutrition Assistance Program (US), Universal Childcare Benefit (Canada), community food
programs as a replacement for food banks (UK and Canada), and the electronic Public
Distribution System used to streamline the distribution of subsidized grain (India). The
authors also state that food security policies that combine social, economic, and healthcare
outcomes will address food security and have concomitant benefits on mental health.
Regulation and policy outcomes should be continuously evaluated to reflect the present
food system and create sustainable food environments for consumers.

4. Driving Sustainable Food Choices by Aligning with Consumer
Beliefs and Values

Personal beliefs and values around food are an important consideration when it
comes to food choices. It is these personal ideals and food behaviors that can affect the
sustainability of food systems. Consumer insights are a useful tool that can be leveraged
for successful food innovation, research, messaging, and merchandizing, as well as the
implementation of effective regulations and policies that support sustainable food purchase.
Yang et al. evaluated perceptions and support for front-of-pack labeling on menus in
Canada. Most respondents indicated that they would like to see more health logos that
outline healthier options (27% of respondents) and foods with high amounts of nutrients of
concern (21% of respondents). However, when asked whether healthy logos would affect
their eating behaviors, 44% of consumers indicated that logos would not affect whether
they ate at a restaurant. Furthermore, 62% indicated that they would still consider buying a
menu item associated with a health warning logo. Given that “health” was the fourth most
important factor given for eating outside the home (after taste, price, and convenience),
health logos may not have a strong value proposition for food items in restaurants. Other
tactics could be more successful for facilitating healthier food choices when eating outside
the home. The authors highlight that a multitude of factors affect food choices, including
socioeconomic status, and that multidisciplinary approaches are required to facilitate the
purchase of healthier foods inside and outside the home.

The results of Hayashi et al. highlight that consumer food beliefs can differ within
the same population demographic. An analysis of the “Survey on Dietary Habits of the
Younger Generation” (n = 1888) showed that amongst 18–35-year-olds in Tokyo, Japan,
three attitudes toward healthy and balanced meals emerged: 1. “Valuable yet burdensome”;
2. moderate value, but “environment-reliant”; and 3. “low value due to hassle.” Various
attributes were associated with each attitude. For example, the group that viewed nutritious
meals as having “low value due to hassle” was associated with having a lower income, and
was more concerned with taste, price, and the effort required in preparing and consuming
a balanced meal. Those who assigned the greatest value to the consumption of healthy,
balanced meals had the skills and knowledge for ease of adoption. The authors emphasize
that tactics aimed at improving diets should be dynamic and tailored to the knowledge,
beliefs, attitudes, and socioeconomic indicators of the target group.

4
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What drives purchase intent? Segmenting and understanding consumer food val-
ues can predict willingness to pay. Albornoz et al. investigated the effects of perceived
value on the willingness to pay for healthy branded food using a sample (n = 518) of
Peruvian consumers of the healthy brand “Union Brand”. The results demonstrated that
being health-conscious was associated with the perceived quality, social value, emotional
value, and financial value of a food. Furthermore, all of these “perceived values”, except
for financial value, were associated with a willingness to purchase healthy foods. It was
hypothesized that the non-association between financial value and willingness to pay was
due to consumers placing higher value on quality. For consumers of healthy foods, per-
ceived value can facilitate purchase decisions where the industry can tailor communication
strategies toward successful sales. It could be worthwhile to apply the same methodology
to other consumer demographics to find values to align with sustainability outcomes.

Although plant-based dietary patterns represent a fundamental construct around sus-
tainable diets, adoption can be a challenge. For consumers identifying as vegan or vegetar-
ian, there is little guidance for those who self-identify as flexitarian/or semi-vegetarian [11].
In alignment with some of the other results presented in this Issue, the primary drivers
for food purchase decisions have consistently been taste > price > health > convenience
> environment [12]. In the context of plant-based diets, there is value in understanding
sustainability attributes and attitudes toward food choices.

Consavage Stanely et al. conducted a secondary analysis of the International Food
Information Council’s Food & Health Survey (2012–2022) to evaluate the perception, beliefs,
and behaviors related to plant-rich dietary patterns. While environmental sustainability
was perceived to be positive, it influenced less than half of purchase decisions. From 2020
to 2022, the proportion of respondents that reported eating somewhat or much more red
meat increased from 13.1 to 18.7%. Furthermore, >50% of older consumers were more
inclined to eat the same amount of red meat vs. <45% of younger consumers. Between 2019
and 2022, adherence to plant-based dietary patterns was low, with vegan and vegetarians
making up an average of 4.6% of respondents. Flexitarian patterns ranged between 2.1
and 7.4%, while “plant-based” dietary adherence ranged from 4.0 to 11.8%. These results
emphasize the “say-and-do” gap between food beliefs and behaviors. Understanding how
consumers can translate their food beliefs into actional behaviors in the retail environment
could be a valuable strategy for driving the adoption sustainable food behavior promotion.

5. Final Thoughts

The 12 papers presented in this Special Issue on “Adopting Sustainable Dietary Pat-
terns: Effects of Food Labeling, Food Choices, and Eating Behaviors” report on a variety of
consumer-centric topics related to sustainable diets. Given the complexity of consumers
with diverse needs, food beliefs, and values, different tactics are required to encourage
their interest in embracing sustainable diets. Also, it is important to acknowledge that
consumers might not be interested in the sustainability attributes of their food. However,
this does not preclude strategies from promoting foods associated with better sustainability
characteristics by communicating on those attributes that do matter to those consumers.
Analytical tools can assess the nutritional merits of diets, while regulation and policy can
expedite efforts. Sustainability is a “wicked problem” and stakeholders across the food
value chain will continue to design initiatives that advance it in various domains. However,
by integrating approaches that target consumers, demand, and sustainable food behaviors,
the success of these efforts across the food system can be magnified.

Conflicts of Interest: CPFM is an employee of Protein Industries Canada and former employee of
Pulse Canada and Kellogg Canada.
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Abstract: Objective. Diet-related disease is rising, disproportionately affecting minority communities
in which small food retail stores swamp supermarkets. Barriers to healthy food access were exacer-
bated by the pandemic. We examined the following: (1) individual- and household-level factors in
a sample of Baltimore community members who regularly shop at corner stores and (2) how these
factors are associated with indicators of dietary quality. Design. Cross-sectional data were collected
using an online survey to capture sociodemographics, anthropometrics, and food sourcing, spending,
and consumption patterns. Concurrent quantitative and qualitative analyses were conducted in
Stata 18 and ATLAS.ti. Setting. This study was set in Baltimore, Maryland, USA. Participants. The
participants included adults (n = 127) living or working in Baltimore who identified as regular
customers of their neighborhood corner store. Results. The respondents were majority Black and
low-income, with a high prevalence of food insecurity (62.2%) and overweight/obesity (66.9%).
Most (82.76%) shopped in their neighborhood corner store weekly. One-third (33.4%) of beverage
calories were attributed to sugar-sweetened beverages, and few met the recommended servings for
fruits and vegetables or fiber (27.2% and 10.4%, respectively). Being Black and not owning a home
were associated with lower beverage and fiber intake, and not owning a home was also associated
with lower fruit and vegetable intake. Food insecurity was associated with higher beverage intake,
while WIC enrollment was associated with higher fruit and vegetable and fiber intakes. Open-ended
responses contextualized post-pandemic food sourcing and consumption in this setting. Conclusions.
This paper helps characterize the consumers of a complex urban food system. The findings will
inform future strategies for consumer-engaged improvement of local food environments.

Keywords: urban; Baltimore; food sourcing; food environment; dietary quality; COVID-19; corner
stores

1. Introduction

Nearly 60% of United States adults are currently living with at least one chronic
disease (e.g., obesity, cancer, diabetes), and this rate is projected to increase over the next
three decades [1,2]. Diet contributes to the development of many chronic diseases, and the
presence of at least one increases the risk for multimorbidity [3]. The chronic disease burden
disproportionately affects minority populations because of the complexity of historical,
social, economic, and environmental mechanisms [4]. Members of these populations are
more likely to reside in under-resourced communities with high access to energy-dense
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foods and sugar-sweetened beverages, which increase the risk for chronic disease, and
low access to fruits and vegetables, which are protective for chronic disease [5]. These
communities, often referred to as “food swamps”, tend to be characterized by an abundance
of small independently owned food retail stores (“corner stores”) and prepared food
sources (“carryouts”), and a lack of nearby supermarkets. Strong linkages have been made
among inequitable food environments, food access (e.g., availability and affordability), and
dietary quality as predictors of disease [5]. In recent years, the coronavirus disease of 2019
(COVID-19) pandemic further exacerbated existing inequities, as resources were stretched
thin for many American families [6].

Many interventions, programs, and policies have sought to improve food access
under usual and emergency (e.g., pandemic) conditions, although most have focused
extensively on one level of the food system, failing to address root causes of diet-related
health disparities. There has been a recent call to action for research to develop and
implement strategies with a broader focus on the food system as a whole across local,
state, and federal levels [7]. Several examples of successful multi-level multi-component
intervention trials further support this requisition, some of which demonstrated particular
promise in Baltimore, Maryland, prior to COVID-19 [8–11].

In 2020, the Baltimore Urban food Distribution (BUD) study received funding to
improve the food distribution system for healthy, affordable foods and beverages among
Baltimore corner stores and local farmers, producers, wholesalers, and distributors [12].
The BUD intervention leverages a digital tool—a timely innovation given the rise in the use
of digital health technology during COVID-19—referred to as the BUD mobile application
(“BUD app”). The app is designed to allow for a streamlined exchange of hyperlocal
items between retailers and suppliers [13,14]. While the intervention primarily focuses on
engaging retailers and suppliers in the supply-side proliferation of healthy foods, the app
can be expanded to involve consumers in the demand-side feedback loop for reinforced
stocking and purchasing of these foods in their community environments.

As of January 2024, the Maryland Food Bank estimates that grocery prices have in-
creased by nearly 20% since January 2020 [15]. To that end, acquiring fresh, nutritious
foods has become increasingly challenging for Baltimore residents, especially those nav-
igating neighborhoods where generational disparities in food access and health persist.
An updated understanding of who the consumers in this food system are, and how their
food sourcing patterns and perceptions play a role in their diets, could inform future
intervention strategies including the integration of consumer input in the BUD app and
parameterization of an agent-based model to simulate chronic disease risk. Therefore, the
present paper sought to explore the following research questions:

1. What are the individual- and household-level factors characterizing a sample of Balti-
more community members who regularly shop in their neighborhood corner stores?

2. How are these individual- and household-level factors associated with indicators
of dietary quality (i.e., sugar-sweetened beverage consumption, fruit and vegetable
intake, and dietary fiber intake)?

2. Methods

2.1. Study Setting

Baltimore, Maryland, is an example of an inequitable urban food system that contributes
to differential food access among residents. In 2018, it was estimated that nearly one-quarter
of residents (23.5%) lived in areas deemed to be “Healthy Food Priority Areas”—more com-
monly recognized as food deserts or swamps—where healthy food availability, transportation,
annual household income, and the presence of supermarkets are low [16]. Racial/ethnic
minority residents are more likely to live in these areas and disproportionately lack adequate
access to food compared to their White counterparts. While there were 47 supermarkets and
6 public markets in Baltimore prior to the pandemic, small independently owned corner
stores and convenience stores are much more ubiquitous, amounting to over 700 locations
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(525 corner stores and 183 convenience stores) citywide [16]. Given the absence of supermar-
kets in many neighborhoods, residents often frequent these smaller stores for food purchases.

2.2. Sampling

Respondents (n = 127) were adults who (1) live or work within a 0.5-mile radius of
a corner store; (2) purchase food items at least once per week from a corner store; (3) are
21–75 years old; (4) plan to stay in Baltimore for at least the next 12 months; and (5) are not
pregnant. The age range for eligible respondents was selected to capture adults who would
be most likely to have high individual purchasing power at small stores. Recruitment
was carried out via in-person flyers, social media, and word-of-mouth (e.g., snowball
sampling), including follow-up emails sent to respondents encouraging the referral of local
friends, family, and colleagues. A description of the original study protocol can be found in
Gittelsohn and Colleagues (2022), although the data collection strategies described here
reflect a later shift from in-person to online because of pandemic-related restrictions [12,17].

2.3. Materials and Measures

Data were collected between March and September 2023 using a modified online ver-
sion of an Adult Impact Questionnaire (AIQ) fielded in previous studies in Baltimore [12,18].
The instrument consisted of 84 closed- and open-ended questions including dietary in-
take screeners selected to capture foods belonging to the categories promoted as part
of the larger BUD trial including (1) beverages (2) fruits and vegetables, and (3) whole
grains/fiber. The AIQ was administered using Qualtrics and made available for mobile
and web through a secure Johns Hopkins University server. On average, respondents spent
50.76 min completing the survey.

2.3.1. Quantitative Measures

Individual factors. Sociodemographic information. Individual-level sociodemo-
graphic information was gathered including home address (to capture neighborhood
and proximity to BUD-participating corner stores), age in years, gender, race/ethnicity,
marital status, level of highest education, and employment status. Food sourcing. Patterns
and behaviors related to food sourcing were collected through questions pertaining to
how many times certain foods and beverages were bought over the last 30 days and from
which types of food sources they were purchased. Psychosocial factors. Psychosocial
questions pertaining to healthy eating were used to assess behavioral intentions, outcome
expectancies, and self-efficacy. For example, selected items were used as prompts for future
purchasing intentions, such as “The next time you purchase bread, which would you
choose?” with pre-selected options (e.g., white bread, potato bread, 100% whole wheat
bread). Anthropometry. Respondents were asked questions regarding their blood pressure,
weight, and height. Body Mass Index (BMI) was calculated using self-reported height in
inches and self-reported weight in pounds as measured by a medical professional or at
home. If the respondent provided their weight as measured by a medical professional,
that number was utilized. Using the formula: weight (Ib)/[height (in)]2 × 703, BMI was
recorded in Excel Version 16.85 and categorized in Stata 18 as either underweight (BMI less
than 18.5), normal (BMI between 18.5 and 24.9), overweight (BMI between 25 and 29.9),
obese (BMI between 30 and 39.9), or severely obese (BMI of 40 or over) [19].

Household factors. Household-level information was assessed through questions
pertaining to socioeconomic status (e.g., number of adults and children living in the
household, annual household income, housing arrangement, and household participation
in food assistance programs), as well as questions on food purchasing and food preparation.
Household food security status was obtained using the U.S. Household Food Security
Survey Module: Six-Item Short Form [20]. Responses to the six questions were scored to
produce a sum total raw score ranging from 0 to 6. A raw score of 0–1 was considered “high
or marginal food security”, a raw score of 2–4 was considered “low food security”, and a
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raw score of 5–6 was considered “very low food security”. In other words, respondents
with a score from 2 to 6 were generally food insecure.

Dietary quality indicators. Beverage intake. Beverage intake was measured using
the Beverage Intake Questionnaire (BEVQ-15) [21,22]. The questionnaire asks respondents
to indicate approximately (1) how often and (2) how much each time, they drank fifteen
researcher-selected beverages, including sugar-sweetened beverages, in the past month.
Responses are scored into average daily fluid ounces, average daily calories, and average
daily grams consumed for each beverage, and then these scores are summed to find the total
average daily fluid ounces, total average daily calories, and total average daily grams for
all beverages. Fruit and vegetable intake. Fruit and vegetable intake was measured using
the Block Fruit/Vegetable/Fiber (FVF) Screener [23,24]. The screener includes 7 questions
about fruit and vegetable intake and 3 questions about foods high in fiber. Responses are
used to rank individuals with regard to their usual intake, producing scores ranging from
0 to 35 for fruits and vegetables (with a score of less than 11 being considered “low”) and
from 0 to 50 for fruits, vegetables, and beans, as well as a point estimate of total daily
fruit and vegetable servings. Fiber intake. Fiber intake from fruits and vegetables, beans,
and whole grains was also measured using the Block FVF Screener, which, in addition to
producing a score associated with fruit and vegetable intake, produces point estimates for
various daily nutrient intakes including vitamin C (mg), magnesium (mg), potassium (mg),
and dietary fiber (mg).

2.3.2. Qualitative Measures

COVID-19 impact. Respondents were asked two qualitative open-ended questions
as follows: (1) “In 1–2 sentences, can you tell us about how the COVID-19 pandemic has
impacted how and where you food shop? What foods do you shop for? (Please respond
with at least 10 words.)” and (2) “In 1–2 sentences, do you think the COVID-19 pandemic
has changed how people in your community shop for food? What about how stores in
your community sell food? (Please respond with at least 10 words)”. The questions were
designed to prime respondents for the thoughtfulness of both facilitators and barriers to
food sourcing as they completed the AIQ, as well as to supplement the quantitative data
with the shared lived experiences of respondents.

2.4. Data Checking

Given the nature of online data collection, extensive data checking was required
because of the infiltration of bots and scammers. We developed a comprehensive two-part,
three-reviewer protocol based on recommendations from Griffin and Colleagues (2022)
who reported experiencing similar challenges [25].

2.5. Data Analysis

A concurrent nested triangulation approach to data analysis was used, whereby the
quantitative and qualitative data were collected at the same time during the administration
of the AIQ but analyzed separately with more weight given to the quantitative analy-
ses [26]. Concurrent triangulation designs allow researchers to define relationships more
accurately among variables of interest and to recontextualize theory in other populations
and settings [27,28]. Descriptive and statistical quantitative analyses were conducted using
Microsoft Excel for Mac (version 16.81) [29] and Stata (version 18) [30]. Thematic qualitative
analysis was conducted using ATLAS.ti Web (version 24) [31].

Descriptive analysis. Respondent characteristics were analyzed using descriptive
statistics in Stata. Variables were created to collapse or dichotomize measures of interest, if
appropriate. All dietary data were scored based on guidelines provided by the developers
of each screener tool. Independent samples t-tests and Wilcoxon–Mann–Whitney tests were
used to compare the means of dependent dietary intake variables among dichotomous
independent factors of interest. Chi-square tests and one-way analysis of variance (ANOVA)
were used to examine associations among categorical sociodemographic variables.
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Statistical analysis. A linear regression model-building approach was used to analyze
the associations between categorical measures of interest, or factors, and continuous dietary
intake outcomes. Three models were constructed beginning with sociodemographic factors,
then adding additional individual-level factors, and finally, adding household-level factors.
This was repeated three times for each of the three dietary outcomes of interest (daily
beverage intake, daily servings of fruits and vegetables, and daily dietary fiber intake),
which were each regressed on different independent variables. Assumptions of normality
were investigated, as well as model specification and backward stepwise selection, and
independent t-tests were used to select the final model of best fit for each outcome of
interest, taking multicollinearity into account. The variance inflation factor (VIF) was
employed to check for multicollinearity within each regression model with a tolerance
(defined as 1/VIF) level set to 0.1. For all analyses, statistical significance was defined by a
p-value of <0.05.

Thematic analysis. An inductive approach to coding was employed by a primary
(Y.X.) and secondary (E.C.L.) coder. The coding process followed a similar process to that of
Grounded Theory, such that codes were derived directly from the question responses first
and then condensed into a shorter list of codes applied to each response [32]. Codes were
further examined for those with few quotations and, in some instances, were combined
with other codes. The codes were categorized into two overarching groups—“Individual-
Level Changes” and “Store/Community-Level Changes”—based on the premises of the
two open-ended response questions, and the resulting key themes were then analyzed
in ATLAS.ti.

3. Results

3.1. Description of the Study Sample

Individual-level factors. The respondents (n = 127) ranged in age from 21 to 67 years
old (mean (M) = 38.95 years, standard deviation (SD) = 11.27). The majority reported being
female (65.4%) and Black or African American (51.2%). A little less than half (46.5%) were
married, about one-quarter (23.6%) held a bachelor’s degree, and around two-thirds (66.9%)
were currently employed. Two-thirds (66.9%) were overweight or obese based on calculated
BMI scores. Overall, 82.76% reported shopping at a neighborhood corner store at least once
per week—while 16.55% reported daily corner store shopping, and only 66.90% reported
shopping in a supermarket at least once per week. When asked about food purchasing
intentions for staple items such as milk, bread, and rice, only one-quarter (25.20%) said
they would choose 1% low-fat milk over higher-fat options (e.g., 2% milk, whole milk),
one-third (34.65%) said they would choose 100% whole wheat bread over potato or white
bread, and a little less than one-quarter (21.26%) said they would choose brown rice over
white or yellow rice at their next purchase. About forty-five percent (44.83%) indicated
intention to purchase the healthiest option for all three items.

Household-level factors. Most (63.8%) rented their household residence and had a
mean annual household income of less than USD 40,000—and more than eighty percent
(81.1%) reported an annual household income that was below the median annual household
income level for Baltimore (USD 54,735) [33]. Regarding food spending, respondents spent,
on average, USD 710.31 total on food in the last 30 days, of which an average of USD 238.05
came from food assistance, to feed a mean number of three people per household. Seventy-
two percent (72.44%) reported having at least one (M = 1.21, SD = 0.98) child under 18 years
of age living in the household. More than half (57.48%) reported that someone in their
household had participated in the Special Supplemental Nutrition Program for Women,
Infants, and Children (WIC) within the past year, followed by 39.37% in free or reduced-cost
school breakfast, 34.65% in the Supplemental Nutrition Assistance Program (SNAP), and
14.17% in free or reduced-cost school lunch. Almost two-thirds (62.2%) shared that their
household had experienced food insecurity (low or very low food security) in the last year.

Relationships among factors. Being Black was significantly associated with food
insecurity status (F(2, 123) = 3.87, p = 0.023). A Tukey post hoc test revealed that the
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likelihood of being Black was significantly associated with low food security (0 = 0.043) or
very low food security (p = 0.064) compared with high or marginal food security. Being
Black was also significantly associated with BMI status (F(5, 120) = 3.83, p = 0.003), especially
for those in obesity classes II (p = 0.003) and III (p = 0.046) compared with those considered
normal weight, and for those in obesity class II compared with those considered overweight
(p = 0.039).

Not surprisingly, the highest level of education obtained was significantly associated
with employment status (F(2, 124) = 20.02, p = 0.0001) and annual household income
(F(2, 124) = 25.61, p = 0.0001). WIC enrollment was significantly associated with food
security status (F(2, 124) = 4.29, p = 0.016), and this was seen particularly for those who
had very low food security compared with high or marginal food security (p = 0.012).
Participating in the SNAP program, however, was not associated with food security in
this sample.

Regarding dietary intake, the average daily caloric intake from beverages was
1372.68 calories (SD = 1240.004), 458.37 calories (SD = 423.47) of which were attributed to
consumption of sugar-sweetened beverages (SSBs) on average. Estimated daily servings of
fruits and vegetables was 3.78, on average (SD = 2.06), which is only 75.6% of the recom-
mended daily serving size of 5 [34]. In fact, only 27.2% of the sample had a predicted daily
serving size of 5 or more servings. Predicted daily intake of fiber was 15.13 g on average
(SD = 7.09). This is similar to the national average for adults, which falls around 15 g of
fiber per day, although the United States Department of Agriculture (USDA) recommends
that adults up to age 50 consume 25 g for women and 38 g for men, per day, and those
above 50 consume 21 g for women and 30 g for men [35]. In our sample, across all adults,
only 10.4% were estimated to consume 25 g or more of fiber daily.

A summary of respondent characteristics across food and nutrient intakes can be
found in Table 1.

Table 1. Daily food and nutrient intakes by individual- and household-level characteristics.

Daily Food and Nutrient Intake

Beverages,
Kcal

Fruits and Vegetables, Servings Total Fiber, Grams

Characteristics n = 127 Mean (SD) Mean (SD) Mean (SD)

Individual level

Gender

Male 42 1514.36 (1162.00) 4.29 (2.15) * 19.65 (6.19) ***

Female ∇ 83 1307.25 (1290.62) 3.52 (1.98) 12.84 (6.42)

Non-Binary 2 1113.04 (676.92) - -

Age (years)

21–34 ∇ 50 1319.68 (1118.45) 3.98 (2.22) 17.34 (6.62)

35–44 45 1611.52 (1424.05) 3.74 (1.75) 15.66 (6.50)

45–54 13 878.85 (765.54) 2.85 (2.37) 10.49 (7.95) **

55–64 17 1402.08 (1318.90) 3.88 (2.18) 11.22 (6.94) **

65–75 2 283.89 (294.32) 5.01 (1.18) 13.73 (1.05)

Race/ethnicity

Black or African American ∇ 65 1101.86 (1057.52) 3.20 (1.96) 12.71 (6.97)

White 49 1649.27 (1322.39) * 4.68 (2.06) *** 18.41 (6.81) ***

Other 13 1724.13 (1601.13) 3.40 (1.47) 14.95 (3.06)
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Table 1. Cont.

Daily Food and Nutrient Intake

Beverages,
Kcal

Fruits and Vegetables, Servings Total Fiber, Grams

Characteristics n = 127 Mean (SD) Mean (SD) Mean (SD)

Marital status

Married ∇ 59 1766.02 (1275.38) 4.69 (1.93) 19.24 (5.97)

Never Married 49 953.20 (1009.41) *** 2.79 (1.85) *** 11.14 (6.02) ***

Divorced 6 1746.00 (2257.14) 3.01 (1.31) * 12.00 (5.00) **

Other 13 996.33 (618.23) * 3.57 (1.99) 12.34 (6.31) ***

Education

Less than 12th grade ∇ 10 1899.49 (2010.92) 2.88 (1.55) 13.25 (7.25)

High School or GED 32 1112.63 (997.78) 2.84 (2.01) 11.59 (6.81)

Less than 2 years of college or
vocational school

31 971.83 (639.77) * 3.65 (1.68) 14.02 (5.44)

Associate or bachelor’s degree 42 1687.87 (1426.35) 4.65 (2.20) * 18.58 (7.17) *

Graduate School 10 1649.74 (1300.68) 4.36 (1.87) 17.48 (6.33)

Other 2 1108.17 (750.20) 4.96 (0.78) 17.67 (6.46)

Employment status

Employed ∇ 85 1619.11 (1386.16) 4.23 (2.08) 17.34 (6.62)

Unemployed 25 893.48 (545.58) ** 2.83 (1.68) ** 11.20 (5.86) ***

Disabled 12 673.99 (477.33) * 2.80 (1.95) * 9.35 (5.70) ***

Retired or other 5 1256.27 (1210.21) 3.47 (1.88) 11.95 (7.42)

Body Mass Index (BMI)

Underweight ∇ 3 903.87 (664.71) 2.86 (0.87) 14.09 (6.00)

Normal weight 39 1503.43 (1058.71) 4.75 (1.87) 18.49 (6.39)

Overweight 39 1537.17 (1449.35) 3.60 (1.76) 15.38 (5.97)

Obesity class I 9 1477.74 (1204.48) 4.56 (2.93) 16.40 (10.09)

Obesity class II 9 733.94 (673.18) 3.33 (2.01) 11.19 (5.82)

Obesity class III 28 1183.23 (1334.02) 2.67 (1.94) 11.06 (6.74)

Household level

Annual household income (USD)

Less than 40,000 ∇ 62 1123.45 (1132.43) 3.27 (1.94) 12.23 (6.78)

40,001–80,000 51 1569.10 (1266.46) 4.08 (2.08) * 17.48 (6.13) ***

More than 80,000 14 1760.90 (1451.47) 4.95 (1.98) ** 19.40 (6.75) ***

Housing arrangement

Own Home ∇ 30 1845.96 (1383.33) 4.95 (1.66) 19.01 (5.28)

Rent Home 81 1242.47 (1218.18) * 3.42 (2.03) *** 14.07 (7.25) ***

Live with Family 11 1280.89 (929.01) 3.84 (2.48) 14.74 (7.50)

Other 5 844.34 (573.61) 2.36 (1.24) ** 9.61 (4.38) **
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Table 1. Cont.

Daily Food and Nutrient Intake

Beverages,
Kcal

Fruits and Vegetables, Servings Total Fiber, Grams

Characteristics n = 127 Mean (SD) Mean (SD) Mean (SD)

Household size

One person ∇ 11 778.03 (602.39) 2.94 (1.61) 11.49 (4.35)

Two people 27 1131.25 (1078.47) 2.97 (1.87) 10.97 (6.39)

Three people 36 1384.44 (1231.52) 4.29 (2.33) 17.34 (8.04) *

Four people 35 1669.35 (1504.20) * 3.76 (1.97) 15.42 (5.73)

Five people 10 1462.35 (1374.96) 4.31 (1.93) 17.56 (7.43) *

>Five people 8 1542.21 (754.39) 4.61 (1.76) 18.90 (6.18) *

Food assistance participation

WIC Program ∇ 73 1179.71 (1013.37) 3.39 (2.25) 13.29 (7.82)

SNAP Program 44 2292.84 (1312.08) 5.46 (1.55) * 20.69 (4.13) *

Free/reduced school meals 68 1460.69 (1370.62) 3.95 (2.17) 15.08 (7.94)

Other 9 1378.77 (1055.79) 4.77 (1.83) 16.84 (9.47)

Food security status

High/marginal food security ∇ 48 1323.22 (1149.14) 4.19 (2.18) 17.16 (6.98)

Low food security 26 1020.38 (1201.08) 3.15 (2.09) * 12.75 (7.18) *

Very low food security 53 1590.30 (1313.80) 3.72 (1.88) 14.44 (6.77)
∇ Reference group. * Statistically significant association (p-value < 0.05) compared with the reference group.
** Statistically significant association (p-value < 0.01) compared with the reference group. *** Statistically significant
association (p-value < 0.001) compared with the reference group.

3.2. Associations with Beverage, Fruit and Vegetable, and Fiber Intake

Daily calories from beverages. In the final model, being Black (β = −456.74, CI: −891.73,
−21.74, p = 0.040) and not owning a home (β = −349.67, CI: −695.64, −3.71, p = 0.048)
were significantly associated with a lower daily intake of calories from beverages. Being
at greater risk for food insecurity (β = 592.87, CI: 99.43, 1086.32, p = 0.019) and having at
least one child under 18 years of age in the home (β = 541.48, CI: 66.87, 1016.08, p = 0.026)
were significantly associated with higher daily intake of calories from beverages. WIC
enrollment, annual household income, future intention for purchasing rice, and high blood
pressure were not significantly associated with daily beverage intake.

Daily servings of fruits and vegetables. In the final model, not owning a home
(β = −0.58, CI: −1.07, −0.09, p = 0.017) was significantly associated with lower daily serv-
ings of fruits and vegetables. Having a higher level of education (β = 0.51, CI: 0.12, 0.91,
p = 0.012) and WIC enrollment (β = 1.07, CI: 0.37, 1.78, p = 0.003) were significantly associ-
ated with higher daily servings of fruits and vegetables. Being Black, overweight/obese,
male, household size, and spending more food money on fruits and vegetables were
surprisingly not significantly associated with daily fruit and vegetable intake.

Daily dietary fiber intake. In the final model, being Black (β = −2.40, CI: −4.39, −0.40,
p = 0.019), being older (β = −2.40, CI: −4.38, −0.42, p = 0.018), and not owning a home
(β = −1.77, CI: −3.19, −0.35, p = 0.015) were significantly associated with a lower daily
intake of dietary fiber. Being male (β = 6.12, CI: 4.02, 8.22, p = 0.0001) and WIC enrollment
(β = 3.22, CI: 1.16, 5.28, p = 0.003) were significantly associated with a higher daily intake of
dietary fiber. Being overweight/obese, having a higher level of education, and spending
more food money on fruits and vegetables were not significantly associated with daily
fiber intake.
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All factors included in each of the three final linear models can be found in Table 2.

Table 2. Factors associated with beverage, fruit and vegetable, and fiber intake.

Characteristics

Beverages,
kcal

Fruits and Vegetables, Servings
Total Fiber,

Grams

β (95% CI) β (95% CI) β (95% CI)

Gender - −0.63 (−1.31, 0.05) 6.12 (4.02, 8.22) *

Age - - −2.40 (−4.38, −0.42) *

Race/ethnicity −456.74 (−891.73, −21.74) * −0.63 (−1.31, 0.05) −2.40 (−4.39, −0.40) *

BMI category - −0.61 (−1.32, 0.09) −1.93 (−3.97, 0.11)

Marital status - - -

Education level - 0.51 (0.12, 0.91) * 1.08 (−0.09, 2.25)

Employment status - - -

Annual income 255.58 (−136.83, 647.98) - -

Housing arrangement −349.67 (−695.64, −3.71) * −0.60 (−1.09, −0.11) * −1.77 (−3.19, −0.35) *

Household size - 0.19 (−0.07, 0.45) 0.84 (0.08, 1.61) *

Food security status 592.87 (99.43, 1086.32) * - -

Children in home 541.48 (66.87, 1016.08) * - -

Blood pressure −379.16 (−863.57, 105.25) - -

Food spending - 0.64 (−0.01, 1.28) 1.86 (−0.06, 3.77)

Food assistance

SNAP - - -

WIC 318.77 (−124.11, 761.66) 1.07 (0.37, 1.78) * 3.22 (1.16, 5.28) *

Food intentions

Milk - - -

Bread - - -

Rice 422.73 (−88.34, 933.80) - -

Corner store shopping

Daily - - -

Weekly - - -

Supermarket shopping - - -

* Statistically significant (p-value < 0.05).

3.3. Perceptions of COVID-19 Impacts on Food Sourcing and Consumption

Twenty-two key themes were identified as representing community member per-
spectives of COVID-19 impacts on food sourcing and consumption. Examples of each
theme can be found in Table 3 and are included in a discussion of the study findings in the
following section.
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Table 3. Key themes (n = 22) and relevant examples from respondent quotations.

Theme Example

Staple foods “. . .pantry staples like rice, beans, flour, etc.”

Fresh foods
“The closest corner [store] near me had no fresh produce at the height of the
pandemic which forced me to have to go to the nearest supermarket which is at
least a mile from my house.”

Online food shopping
“I have observed that not only me tend to shop sometimes online that a lot more
people in my neighborhood tends to do that now and all this came about due to the
COVID-19 pandemic that limited one from going to the corner stores in person.”

Store operation changes
“When I go out, my options are limited. Because so many places closed down or
restricted business operations during the pandemic, there are fewer options for me
to get what I need.”

Store cleanliness and sanitary practices
“Pre COVID me didn’t really care much about cleanliness and packaging of
products but after COVID started, I look out for stores that are not known for
taking due process in [cleanliness].”

Concern for expiration of perishable foods “The food is really not good some is expired. . .”

Money spent on food “We save the bigger grocery stores for larger trips only once or twice a month.”

Changes in price and affordability of food “We try to eat healthy but the prices have went up so much. It seems as if fruits
and vegetables cost more than unhealthy foods.”

Use of food assistance programs and pantries “[I] saw an increase in people relying on food pantries and corner stores for quick,
cheap, or free foods”

Proximity to stores and access to transportation “[Corner stores] get food from other stores and sell it to us for a much higher price
than at the original store [but] most of them are far to get to if you don’t drive”

Adoption of new cooking methods “I began trying out new recipes and cooking more meals at home due to
restaurant closures.”

Reduced income and job loss “I was shopping in bulk to try to stretch my money and feed my family”

Fear of COVID-19 infection “Makes me want to not shop around other people or just go to the nearest store for
something fast.”

Food deserts
“The pandemic has created another food desert in my community. The closest
market was Save A Lot and they closed and replaced it with Dollar General. So
no fresh fruits or veggies. . .”

Customer foot traffic in stores
“For me personally, I’ve had to make some pretty drastic changes to my grocery
routine. . .now I’m finding that [some] stores are too crowded with people looking
for deals.”

Relationship between store owners and their customers
“We did not really pay much attention to the stores around our place before the
pandemic and after the pandemic we started patronizing the stores around. Now
we are known more by the [store owners].”

Last resort measures to obtain food “People have to be more creative about how they access food.”

Community togetherness and support for local businesses “When I do go grocery shopping, I try to stick with local businesses where
possible. . .this helps keep money circulating in our communities. . .”

Changes to food sourcing and shopping patterns “I don’t buy the things I want as much anymore just the things I need.”

Limited food variety and quality “I shop for meat bread water and fresh veggies if available [but] where I live there
is not that many options.”

Increased awareness of health “[People] are more concerned about healthy purchases than they used to”

No post-pandemic changes to food sourcing or consumption made “. . .the pandemic didn’t really affect my grocery shopping habits. I shop for quick
meals when I am on the go and groceries when I can get to the store.”

4. Discussion

This paper examines individual- and household-level factors and community member
perceptions associated with dietary quality (beverage, fruit and vegetable, and dietary fiber
intake) in the wake of pandemic-related disruptions to small urban food retailers. We found
that one-third of daily average beverage consumption was attributed to sugar-sweetened
beverages, and few adults met the recommended daily intakes for fruits and vegetables
and fiber. Linear regression models revealed significant associations among factors such as
being Black, home ownership, WIC program enrollment, and indicators of dietary quality.
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Community member perceptions codified across 22 themes pointed to several implications
for food sourcing and consumption patterns given recent shifts in the food system.

Most (82.8%) respondents reported shopping in their neighborhood corner store at
least once per week, citing proximity and convenience as major factors in their selection of
food retail sources. In regard to diet, one-third (33.4%) of daily average beverage calories
consumed were attributed to sugar-sweetened beverages, less than 30 percent (27.2%)
met the recommended amount of daily fruit and vegetable servings, and only 10 percent
(10.4%) consumed the minimum recommended amount of dietary fiber per day. Mentions
of COVID-19’s impact on the selection of types and quality of foods pertained to a lack of
fresh items and the need to shift towards more processed, shelf-stable, and canned goods.
Importantly, processed and ultra-processed foods are commonly higher in added sugars
and lower in fiber, protein, vitamins, and other nutrients compared with whole, nutritious
foods [36]. Ultra-processed foods in particular may contribute towards empty calories,
displacing more nutrient-dense foods and leading to a calorically dense yet undernourished
diet [36].

Interestingly, among our sample, being Black and not owning a home were associated
with lower daily beverage and fiber intake, and not owning a home was also associated
with lower fruit and vegetable intake. Homeownership is an important indicator of wealth
accumulation over time and may affect health through various mechanisms, especially
for low-income households [37]. Individuals with greater wealth have been shown to
experience lower mortality, higher life expectancy, and decreased risk of chronic diseases
including obesity, hypertension, and asthma [38]. A 2018 report highlighted several key
findings linking greater wealth with better health, including that wealth is associated
with healthier living conditions and access to health care and is protective against chronic
stress—which is known to negatively impact diet and mental and physical health [39].
Moreover, home ownership may suggest greater housing stability, which could be pro-
tective for dietary quality. In one study, housing instability was associated with lower
vegetable consumption and lower overall dietary quality among an urban adult popu-
lation [40]. However, the existing literature on specific mechanisms underlying home
ownership and its impact on diet in the United States is mixed, with most studies focused
on income and broader health outcomes. Given that not owning a home was associated
with a lower intake of all three dietary groups assessed in our sample, further investigation
of potential mechanisms is warranted, and local, state, and federal homeownership pro-
grams should be considered as part of future systems interventions aimed at improving
healthy food access and diet.

Not surprisingly, food insecurity was associated with higher daily caloric intake
from beverages—one-third (33.39%) of which came from sugar-sweetened beverages, on
average—and WIC enrollment was associated with higher daily fruit and vegetable and
fiber consumption. Previous studies in the literature have identified food insecurity as a
potential driver of sugar-sweetened beverage consumption across child, adolescent, and
adult populations [41–43]. This relationship has been observed both inside and outside of
the home—a 2019 study found that the odds of purchasing a sugar-sweetened beverage
at a small or top chain restaurant were higher in households with marginal and low food
security, and the odds of purchasing a low-calorie beverage were lower in households
with very low food security [44]. Previous studies also support the finding that WIC
program enrollment is associated with increased consumption of fruits and vegetables
and dietary fiber. Most recently, the increased WIC cash value benefit (CVB) was found
to be associated with a greater amount and diversity of redeemed fruits and vegetables
among participants of the program [45]. In addition, according to a 2021 report, WIC
participants buy and eat more fruits and vegetables, as well as whole grains and low-fat
dairy products [46]. However, national WIC enrollment rates remain low, with more than
half of WIC-eligible recipients not enrolled in the program as of 2021 [47]. In Maryland,
the enrollment rate for all eligible recipients dropped from 59.8% to 55.4% from 2020 to
2021 [47,48]. Therefore, future interventions in this setting should consider ways in which
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to increase WIC enrollment and retention for eligible households. WIC benefits redemption
could be explored in small independently owned corner stores and other small-box stores
(e.g., dollar stores), as well, in order to improve the selection of healthy options given the
program’s minimum stocking requirements.

When asked about food sourcing and consumption in their communities, many re-
spondents shared that their nearby stores lacked variety in the healthy items available, and
stores that did offer them were often located further away or had higher prices. This seemed
to be exacerbated by the pandemic, with some respondents mentioning shifts in their food
shopping behaviors, such as sourcing shelf-stable canned fruits and vegetables and utilizing
online food services that offer coupons or discounts. Respondents also expressed concerns
regarding the quality of foods stocked in corner stores. Several sentiments placed the blame
on corner stores, although others acknowledged the influence of broader food system
challenges due to the pandemic. A desire for convenience, accessibility, and close proximity
to stores was brought up frequently by community members, sometimes overriding the
desire for healthy options. Interestingly, a few respondents mentioned having relationships
with small store owners, and some highlighted the importance of community togetherness
and supporting local businesses. Support from local food assistance programs, such as
food pantries, tended to be associated with feelings of community togetherness, especially
for those hit by harder times during the pandemic.

Coupled with our findings pertaining to dietary quality and associated characteristics,
these respondent perspectives provided a deeper understanding of the complex food shop-
ping experiences of those navigating a disrupted urban food environment. For example, it
is possible that the lower overall fruit and vegetable intake could be partly explained by
the challenges related to availability, variety, quality, and price discussed by respondents.
In addition, lower intake of dietary fiber could be due in part to increased purchasing of
canned and processed foods, which are more likely to be lower in fiber and other nutrients
than fresh or frozen foods. Mention of relationships with small, neighborhood store owners
could be leveraged in the BUD study—in fact, a consumer module (called “BUDConnect”)
of the BUD app is currently being developed and tested to provide a digital platform
for relationship-building between store owners and their regular customers. Therefore,
these findings will help ensure community members’ needs are adequately met through
BUDConnect, such as being able to request the stocking of desired healthy items and rate
and review the quality and pricing across various neighborhood stores.

The present study had several challenges worth noting. Online recruitment required
the need to develop and implement an added step to our data-checking protocol given
the nature of online bots. In addition, the data collected were cross-sectional and included
self-reported anthropometric measures, which were used to calculate BMI and may have
introduced opportunities for bias. However, most recent studies agree that self-reported
height and weight are sufficient for use in research [49]. Finally, daily caloric intake from
beverages was high among one-fifth (18.9%) of the sample relative to the average estimated
total daily caloric intake in the United States. This could be due in part to the self-report
nature of the BEVQ-15 instrument, although we did not capture total daily caloric intake in
our sample and were therefore limited in our ability to contextualize unexpectedly high
average intakes of dietary components with regard to respondents’ overall diet. Future
research should take this into consideration, in addition to our sample, which was limited
in size.

Given recent calls to action for research to develop and implement informed, broad-
scale programs and policies for improved nutrition and health [7], our next steps will
include parameterizing an agent-based simulation model. Simulation models have been
used to represent flows and accumulated stocks of healthy foods using modern represen-
tations of urban food systems, including Baltimore [50]. In this case, the planned model
will utilize our AIQ data and other existing data sources to represent the impact of food
environment programs and policies on dietary behaviors, obesity, and cancer risk. Once
calibrated and tested, this tool can provide policymakers with guidance in the selection
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of evidence-based strategies for improving outcomes and reducing the burden of disease.
To our knowledge, a model of this nature does not currently exist but could play a crucial
role in future preparedness and response to both usual and emergency disruptions to the
food system.

5. Conclusions

The pandemic exacerbated existing issues of food access and food security for vulnera-
ble communities nationwide, introducing nuanced challenges for sourcing and consuming
healthy foods and beverages. Diet-related chronic disease risk continues to rise, under-
scoring a critical need for effective and sustainable interventions, programs, and policies
that target the consumer, retailer, and supplier levels of the food system simultaneously.
Consumers play a particularly important role in the supply–demand feedback loop for
stocking and purchasing in small food retail stores, and the factors implicated in this
complex system require better understanding. The findings presented here fill a critical
gap in the literature and help inform intervention strategies such as the design and testing
of an app to engage consumers in the demand-side proliferation of healthy food access
and a simulation model for policymakers to assess potential risks and benefits of future
programs and policies.
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Abstract: This study investigates food literacy-related abilities and adherence to dietary recommen-
dations in relation to sociodemographic characteristics and health-related features (health literacy,
self-rated health and morbidity) in the North-Western region of Romania. This is a secondary
analysis of cross-sectional data collected in 2019 from a representative and randomised sample of
1572 individuals. A questionnaire was employed to record participants’ sociodemographic charac-
teristics, food-related and health-related features. Most participants were non-adherent to dietary
recommendations for fruit and vegetables (83.5%), fish and seafood (61.3%), and water intake (67.9%).
However, most participants reported an adequate ability to understand the connection between
nutrition and health (89.1%), to distinguish between healthy and less healthy options (84.4%), and to
acquire nutrition information (75.6%). Non-adherence to dietary recommendations and low food
literacy abilities were more prevalent in disadvantaged groups (older age, rural settings, retirement
or social welfare, low educational attainment, formerly married). Health literacy was negatively
associated with not adhering to dietary recommendations and poor self-rated food literacy abilities.
The study suggests that low socioeconomic status negatively impacts food literacy and adherence
to dietary recommendations among Romanian adults. Identifying target populations to improve
food-related abilities and health literacy can aid public health services in improving health outcomes.

Keywords: health literacy; dietary recommendations; dietary intake; food literacy; self-rated health;
adherence; Romania; representative sample; cross-sectional study

1. Introduction

The relationship between nutrition and disease is well-researched. Evidence is avail-
able to help develop solutions to prevent nutrition-related diseases and implement large-
scale options, especially in key populations [1–3]. Health literacy (HL) is a mediator of
health outcomes, necessary for understanding and using common health information.
Deficiencies in health education are associated with low access to preventive care services,
difficulties with self-management of chronic diseases, and inadequate health status of
populations [4]. Increasing scientific evidence demonstrates that those with low health
literacy suffer from chronic non-communicable diseases in a higher proportion and show
adverse health outcomes [5,6]. Since nutrition is a major fundamental factor in developing
and treating type 2 diabetes mellitus, high blood pressure, hyperlipidemia, and obesity,
reduced food literacy (FL) can be particularly alarming. Improved HL and FL have been
shown to result in diets that are both healthier and of higher quality [7,8]. Similarly, diets
of higher quality have been linked to a lower risk of developing chronic diseases related to
diet [9]. Preventing these diseases in any population requires understanding and applying
nutritional knowledge, referred to as the nutritional awareness [10].
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Although eating habits are multifactorial, FL represents an important determining
factor [11,12]. FL, an integral component of health literacy (HL), is a collection of interre-
lated knowledge, skills, and behaviours critical for a healthy diet. Specifically, FL encom-
passes the four domains of planning, managing, selecting, preparing, and eating, providing
a framework for understanding and influencing dietary behaviours. Existing FL inter-
ventions are highly varied in nature, targeting different groups, implementing various
strategies, and assessing different FL domains [13]. Given the broad cultural, social, and
economic factors that shape food and diet choices, such interventions must be carefully
tailored to specific population groups [14,15]. In addition to this demographic diversity,
successful interventions must account for the diverse dietary needs across different devel-
opmental stages of a person’s lifespan [16]. Within this context, FL involves more than
just acquiring specific skills. It requires understanding the health-related consequences,
such as overweight and obesity, and developing effective learning mechanisms, such as
information seeking and professional support. This comprehensive view of FL implies
that these factors are not merely part of FL’s definition but are influential elements that are
both affected by and can influence FL [17]. Although the significance of FL is increasingly
recognised, research on FL in Europe, including Romania, is scarce [18]. There is a critical
need for evidence-based research providing a comprehensive understanding of FL’s do-
mains, determinants, and influential factors. Such research could help develop effective
food-related knowledge, behaviours, skills, and systems [17].

Previous research typically focused on the associations between dietary behaviours,
HL, FL, and quality of life in populations with certain chronic conditions [19–24]. A sys-
tematic review from 2018 evaluated the association between health literacy and adherence
to dietary recommendations [25]. It produced mixed results, with only five out of eleven
associations between health literacy and eating practices being significant and direct. The
authors suggested that research on how health literacy relates to dietary adherence is
limited, and further studies on the subject should be conducted. Adhering to dietary
guidelines is linked to improved health outcomes. Therefore, people are encouraged to
improve their diet by reducing their consumption of certain foods and increasing their
consumption of healthy options such as fruits and vegetables [26].

In this regard, little is known about FL and dietary behaviours in Romania. There
is a strong need for more accurate data and effective nutrition programs in Romania, a
country still facing problems of undernutrition and in which issues associated with food
overconsumption and diet-related non-communicable diseases are on the rise [27–29].
Recent statistics indicate that 57,7% of Romanians are overweight or obese [30]. Currently,
the major causes of death in Romania are diet-related non-communicable diseases, such as
cardiovascular diseases, stroke, cancer, and type 2 diabetes [31].

The purpose of this study is to examine the relationships between sociodemographic
characteristics, HL, self-reported health and morbidity, and non-adherence to dietary
recommendations and FL concepts (the connection between health and nutrition and
nutrition information seeking) of a representative sample from the North-Western region
of Romania. The results of this study could support the design of public health services in
Romania by targeting specific groups that could benefit from food literacy programs and
reaching those with inadequate food literacy-related abilities and dietary intake.

2. Materials and Methods

2.1. Study Design

We performed a secondary analysis on cross-sectional data gathered for the project
named “Evaluating and enhancing the population’s knowledge in the North-West region
of Romania regarding soy product types and the influence of nutrition on health.” The data
set comprises information from 1715 participants residing in five counties within the North-
Western region of Romania. This region covers 2 million individuals and is divided into five
counties, which include 35 urban and 340 rural communities. A representative stratified
random sample from this region was selected using a systematic random sampling method.
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A proportional number of households were systematically randomly selected according
to the size of urban and rural areas from the Romanian counties of Bihor, Sălaj, Bistrit,a-
Năsăud, Maramures, , and Cluj. In the five regions, 15 urban and 28 rural communities
were selected, then polling sites, and then the starting streets at each polling site. After
the initial starting point, every fifth address was selected to which one questionnaire was
filled out until the required questionnaires were collected for that starting place. Thus,
1715 households were included in this study between March and November 2019. The
survey questions were read by trained field technicians who completed the questionnaire
using the Survey Monkey platform on mobile devices, ensuring consistent administration.
The eligibility criteria for participants were: 18 years or above, Romanian residency and
language, no clear sign of psychological or learning disabilities, and willingness to answer
the survey. Additionally, data obtained from 143 participants were excluded from the
current analysis due to incomplete responses regarding dietary intake, health literacy, and
food literacy domains.

2.2. Questionnaire

The questionnaire is part of a more extensive study that assessed general and so-
ciodemographic characteristics of the sample, questions regarding self-rated health and
morbidity, dietary behaviour, health literacy, food literacy concepts, interest in healthy
eating, perceptions of being informed regarding health aspects, the use and understand-
ing of nutrition labels, and general notions about sugar and soy consumption. In this
cross-sectional study, we utilised questions from previously validated questionnaires in
other settings as the basis for our survey instrument. The items selected from previously
developed instruments were methodically translated into Romanian and adapted following
WHO guidelines, involving steps like translation, expert panel review, back-translation,
pre-testing, cognitive debriefing, and final consensus [32]. The current study presents
adherence to dietary recommendations and FL concepts in relation to sociodemographic
characteristics, health literacy and self-reported health features. The general and sociode-
mographic questions include gender, residence, age, educational attainment, job status,
marital status, and parental status. The questionnaire was pilot tested on a convenience
sample of 100 persons for content validity, comprehensiveness, and reliability before data
collection started.

2.3. Measures
2.3.1. Adherence to Dietary Recommendations

Participants reported their food consumption behaviour using a food frequency ques-
tionnaire comprising 18 variables that measured their consumption of starchy products,
fruits, nuts and seeds, vegetables, milk and dairy products, meat, fish and seafood, eggs,
oil and fats, and water. The initial question, “How often do you eat the following foods?”,
queried participants about the frequency of their regular consumption of each food group
in the last month individually (7-point scale: “more than six times a day”, “2–5 times a
day”, “once a day”, “3–5 times a week”, “1–2 times per week”, “2–3 times a month”, and
“never/less than once a month”). The instrument was based on pre-existing validated food
frequency questionnaires adapted and translated for the study [33,34]. During the admin-
istration of the food frequency questionnaires, the field technicians presented examples
of portion sizes for each food group. These portion sizes were based on the Food-Based
Dietary Guidelines reported by the Romanian Nutrition Society [35]. The technicians
provided visual references to assist participants in accurately estimating their food portion
sizes for each specific food group. In the pilot phase of the study, the internal consistency
of the questionnaire, as assessed by Cronbach’s alpha, was found to be high (α = 0.917),
indicating strong reliability of the instrument for our sample. For our analysis, we used the
National Food-Based Dietary Guidelines [35] to compute the variables of adherence to fruit
and vegetables, fish and seafood, and water recommendations. For the number of fruit and
vegetable servings a day, the recommended cut-off was more than five times a day. The
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fish and seafood intake had a cut-off of more than 1–2 times per week, and the cut-off for
water intake was more than six glasses per day.

2.3.2. Food Literacy Concepts

The basis for our survey instrument was the Short Food Literacy Questionnaire (SFLQ)
for adults, a validated questionnaire for measuring food literacy in an adult population de-
veloped by Krause et al. [36]. We adapted and translated three questions from the SFLQ that
were most relevant to the aim of the study, namely: (1) “When I have questions on healthy
nutrition, I know where I can find information on this issue”; (2) “How easy is it for you to
evaluate the longer-term impact of your dietary habits on your health?”; (3) “How easy is
it for you to evaluate if a specific food is relevant for a healthy diet?”. The first question
measures the ability to acquire information about food, food preparation, and the influence
of nutrition on health (functional food literacy). The last two questions evaluate critical food
literacy domains: (2) the ability to understand the connection between nutrition and health,
(3) to assess whether a food contributes to healthy nutrition and to distinguish between
healthy and less healthy options, (4) to determine if a food contributes to healthy nutrition.
The responses were measured on a Likert scale from 1 (“very difficult”) to 4 (“very easy”).
For our analysis, the questions were dichotomised into “difficult” (scored 1) and “easy”
(scored 0). During the pilot study phase, the three items were administered, demonstrating
satisfactory internal consistency as evidenced by a Cronbach’s alpha of 0.769.

2.3.3. Health Literacy

Health literacy was assessed using the Romanian version of the European Health
Literacy Survey Questionnaire, a short version with 16 items (HLS-EU-Q16). A separate
article was previously published containing the results on the validation of the HLS-EU-
Q16 questionnaire and exploring HL predictors in this sample from the North-Western
region of Romania [37]. The questionnaire demonstrated good internal consistency during
pretesting with a Cronbach’s alpha of 0.813. In the current data analysis of the HLS-EU-Q16
questionnaire, the total scores obtained were treated as continuous data.

2.3.4. Self-Perceived General Health and Morbidity

Self-perceived general health and morbidity were assessed using translated questions
from the European Health Interview Survey [38]: (1) “How is your health in general?”,
which was rated on a 5-point Likert scale from 1 = very good to 5 = very bad, and (2) “Do
you have any longstanding illness or health problem? [By longstanding, I mean illnesses or
health problems that have lasted, or are expected to last, for six months or more.]” with the
following response possibilities “Yes, more than one,” “Yes, one longstanding illness,” and
“No”. These were recoded as moderate/good general health (1–3) and poor health (4–5)
and, respectively, yes (1–2) and no (3). The two self-reported indicators represent reliable
and valid instruments to measure health in general and ill health [39–42].

2.4. Statistical Analysis

All statistical analyses were performed using SPSS Software (version 29; MacOS).
Data were reported as frequencies and percentages for categorical variables and as means
and standard deviations for continuous variables. Univariate and multivariate logistic
regression models were conducted to evaluate the relationship between dependent vari-
ables, including sociodemographic characteristics (gender, residence, age, educational
attainment, job status, marital status, and parental status), self-reported health features
(self-perceived general health and morbidity), and health literacy, and the independent
variables, namely non-adherence to dietary recommendations and low self-rated food liter-
acy abilities. A Pearson correlation analysis was conducted to examine the relationships
between non-adherence to dietary recommendations, low self-rated food literacy domains,
health literacy, and self-reported health and morbidity. The statistical significance threshold
chosen was p < 0.05.
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3. Results

3.1. Participant Profile

Out of 1715 participants who responded to the survey (response rate equal to 72.63%),
1572 participants were included in the current statistical analysis. We excluded respondents
who did not answer questions regarding health literacy, food literacy, and items regarding
food intake. The sociodemographic features of the participants are presented in Table 1.
Most of the sample were females (62.0%), and most lived in rural areas (53.0%). The average
age was 52.94 years (DS = 16.83). Regarding educational attainment, respondents’ most
common form of education was high school (44.5%), followed by university studies (21.0%).
A small percentage of the sample (0.5%) had no formal education. Most of the sample was
economically inactive, with 55.2% of participants identifying as students, on pension/social
welfare, or homemakers. Most participants included in the study were married (68.6%)
and reported having children (81.2%).

Table 1. Sample description (n = 1572).

Variables n %

Gender
Female 974 62.0
Male 598 38.0

Age (years)

18–29 169 10.8
30–39 199 12.7
40–49 271 17.2
50–59 307 19.5
60–69 356 22.6

70 years and older 270 17.2

Residence
Urban 736 46.8
Rural 833 53.0

Missing 3 0.2

Educational
attainment

Without formal
education 8 0.5

Elementary school 70 4.5
Middle school 257 16.3

High
school/Professional

school
699 44.5

Post-secondary school 155 9.9
University 330 21.0

Missing/Not wanting to
respond 53 3.4

Job status

Worker 699 44.5
Job-seeking unemployed 46 2.9

Pension or on social
welfare 675 42.9

Student 61 3.9
Homemaker 87 5.5

Missing/Not wanting to
respond 4 0.3

Parental status
Parent 1276 81.2

Non-parent 296 18.8

Marital status

Currently married 1079 68.6
Never married 203 12.9

Widowed 226 14.4
Separated or divorced 45 2.9

Cohabiting 15 1.0
Missing/Not wanting to

respond 4 0.3

The levels of health literacy in the sample tested are considered unsatisfactory, with
42.9% of the participants having sufficient HL levels and only 16.3% having excellent
health literacy levels. In our sample, most participants reported having moderate to
good health (85.3%), with a smaller group reporting poor health (14.7%). Regarding
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longstanding illnesses, a slight majority of participants (53.3%) indicated they did not
have any. In contrast, nearly half of the participants (46.7%) reported having at least one
longstanding illness.

3.2. Factors Associated with Non-Adherence to Dietary Recommendations

Table 2 shows factors associated with non-adherence to dietary guidelines for daily
fruit and vegetable consumption, weekly fish and seafood consumption, and daily water
consumption. The overall percentage of participants not adhering to more than five portions
of fruit and vegetables per day was 83.5%. The level of non-adherence to the recommended
amount of fruit and vegetables was significantly lower for participants unemployed and
looking for a job (OR = 0.40, 95% CI: 0.20–0.80), those retired or on social welfare (OR = 0.53,
95% CI: 0.40–0.72), elderly (OR = 0.98, 95% CI: 0.98–0.99), and who self-reported living with
at least one chronic condition (OR = 0.69, 95% CI: 0.53–0.91). The dietary recommendation
for weekly fish and seafood consumption was not followed by 61.3% of the sample. There
was a significant difference between non-adherence to the weekly recommended amount
of fish and seafood intake and gender, residence, educational attainment, marital status,
job status, and health literacy. Fish and seafood consumption was lower among rural
residents (OR = 1.49, 95% CI: 1.22–1.83), individuals who did not complete secondary
education (OR = 2.07, 95% CI: 1.58–2.70), who were formerly married (OR = 1.50, 95%
CI: 1.14–1.96), who have retired or receive social welfare (OR = 1.34, 95% CI: 1.08–1.66),
and students (OR = 2.13, 95% CI: 1.18–3.85). Non-adherence to fish and seafood dietary
recommendations was negatively associated with a higher health literacy score (OR = 0.98,
95% CI: 0.96–0.99) and being male (OR = 0.75, 95% CI: 0.61–0.93). In the case of water
consumption, 67.9% of the sample reported inadequate intake. There was a significant
negative association between inadequate intake and the health literacy score (OR = 0.98,
95% CI: 0.96–0.99) and a positive association with older age (OR = 1.00, 95% CI: 1.00–1.01),
low educational attainment (OR = 1.32, 95% CI: 1.01–1.72), and poor self-rated health
(OR = 1.75, 95% CI: 1.26–2.43).

In the multivariable model of factors influencing dietary habits, specific variables were
found to significantly affect the consumption of fruits and vegetables, fish and seafood,
and water intake.

Employment status emerged as a key factor for those consuming fewer than 5 portions
of fruit and vegetables per day. Those unemployed and searching for work were 61.8% less
likely (aOR: 0.38, 95% CI: 0.18–0.78) to meet this consumption level compared to employed
individuals. Similarly, retirees or those on social welfare were 52.4% less likely (aOR: 0.476,
95% CI: 0.30–0.74) to consume the recommended portions of fruits and vegetables.

In terms of fish and seafood consumption, place of residence and education level
significantly influenced the likelihood of eating less than one portion per week. Residents
of rural areas were 1.47 times more likely (aOR: 1.47, 95% CI: 1.18–1.82) to fall below
this consumption level compared to their urban counterparts. Individuals who had not
completed secondary education were 62% more likely (aOR: 1.62, 95% CI: 1.19–2.19) to
consume less fish and seafood.

For those consuming less than 1.5 litres of water daily, self-reported health status and
the presence of longstanding illness were critical. Individuals with poor health were 81.3%
more likely (aOR: 1.81, 95% CI: 1.26–2.59) to consume less water. Conversely, those with at
least one longstanding illness were 28.2% less likely (aOR: 0.71, 95% CI: 0.55–0.92) to fall
short of this water consumption level.

Other factors such as gender, marital status, parental status, age, and health literacy
did not exhibit significant associations in these multivariate models. While potentially
impactful, they did not meet the statistical significance threshold in this analysis.
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Table 2. Factors associated with non-adherence to dietary recommendations.

Variables

Fruit & Vegetables
<5 Portions/Day

Fish & Seafood
<1 Portion/Week

Water
<1.5 Litters/Day

n (%) OR (95% CI) n (%) OR (95% CI) n (%) OR (95% CI)

Gender
Female 804 (82.5) Ref. 621 (63.8) Ref. 662 (68.0) Ref.

Male 508 (84.9) 1.19 (0.90–1.57) 342 (57.2) 0.75 (0.61–0.93) ** 406 (67.9) 0.99 (0.80, 1.24)

Residence
Urban 626 (85.1) Ref. 413 (56.1) Ref. 509 (69.2) Ref.

Rural 684 (82.1) 1.24 (0.94, 1.62) 547 (65.7) 1.49 (1.22, 1.83) *** 557 (66.9) 0.90 (0.72, 1.11)

Educational
attainment

Finished high
school 996 (84.1) Ref. 677 (57.2) Ref. 781 (66.0) Ref.

Not finished
high school 269 (80.3) 1.30 (0.95, 1.77) 246 (73.4) 2.07 (1.58, 2.70) *** 241 (71.9) 1.32 (1.01, 1.72) *

Marital
status

Married/Cohabiting 917 (83.8) Ref. 643 (58.8) Ref. 738 (67.5) Ref.

Never married 147 (85.0) 1.09 (0.69, 1.70) 112 (64.7) 1.28 (0.92, 1.79) 117 (67.6) 1.00 (0.71, 1.42)

Formerly
married 248 (81.3) 0.84 (0.60, 1.16) 208 (68.2) 1.50 (1.14, 1.96) *** 213 (69.8) 1.11 (0.84, 1.47)

Parental
status

Non-parent 252 (83.1) Ref. 185 (62.5) Ref. 196 (66.2) Ref.

Parent 1060 (85.1) 0.85 (0.60, 1.21) 778 (61.0) 1.06 (0.82, 1.38) 872 (68.3) 0.90 (0.69, 1.18)

Labour
Market
status

Worker 612 (87.6) Ref. 397 (56.8) Ref. 461 (66.0) Ref.

Job-seeking
unemployed 34 (73.9) 0.40 (0.20, 0.80) ** 30 (65.2) 1.42 (0.76, 2.66) 35 (76.1) 1.64 (0.82, 3.29)

Retired/Social
welfare 534 (79.1) 0.53 (0.40, 0.72) *** 431 (63.9) 1.34 (1.08, 1.66) ** 475 (70.4) 1.22 (0.97, 1.53)

Student 56 (91.8) 1.59 (0.62, 4.08) 45 (73.8) 2.13 (1.18, 3.85) * 43 (70.5) 1.23 (0.69, 2.18)

Homemaker 74 (85.1) 0.80 (0.43, 1.52) 57 (65.5) 1.44 (0.90, 2.30) 50 (57.5) 0.69 (0.44, 1.09)

Age Years
(continuous)

−3.25 (−1.02,
−5.49) 0.98 (0.98, 0.99) **

0.69
(−1.01,
2.40)

1.00 (0.99, 1.00) 1.96 (0.18,
3.75) 1.00 (1.00, 1.01) *

Health
Literacy

Score
(continuous)

−0.14 (−0.73,
1.01) 0.99 (0.97–1.01)

−0.72
(−1.38,
−0.05)

0.98 (0.96, 0.99) *
−0.80

(−1.49,
−0.10)

0.98 (0.96, 0.99) *

Self-rated
health

Moderate/Good 1125 (83.9) Ref. 812 (60.6) Ref. 889 (66.3) Ref.

Poor 187 (81.0) 0.81 (0.57–1.16) 151 (65.4) 1.23 (0.91–1.64) 179 (77.5) 1.75 (1.26, 2.43) ***

Longstanding
illnesses

No 716 (85.7) Ref. 514 (61.6) Ref. 570 (68.3) Ref.

Yes 591 (80.7) 0.69 (0.53–0.91) ** 447 (61.1) 1.02 (0.83–1.25) 493 (67.3) 0.95 (0.77, 1.18)

* p < 0.05, ** p < 0.01, *** p < 0.001. Bold font denotes statistical significance. Statistical test: univariate logistic
regression. Abbreviations: CI = confidence interval; OR = odds ratio. For continuous variables, values are
presented as mean difference (MD) with a 95% confidence interval (95% CI) instead of n (%).

3.3. Factors Associated with Poor Food Literacy-Related Abilities

The results of the evaluated food literacy concepts are more encouraging, with most
participants reporting an adequate ability to understand the connection between nutrition
and health (89.1%), to distinguish between healthy and less healthy options (84.4%), and to
acquire information about nutrition (75.6%). Table 3 summarises the results concerning
sociodemographic and health-related factors associated with food literacy.

An inadequate understanding of the connection between nutrition and health was
positively associated with individuals living in a rural setting (OR = 1.60, 95% CI: 1.13–2.26)
who had not finished secondary education (OR = 2.64, 95% CI: 1.85–3.75), with those
formerly married compared to those currently married (OR = 1.68, 95% CI: 1.15–2.44),
having children (OR = 1.86, 95% CI: 1.12–3.10), with those retired or on social welfare
compared to employed (OR = 1.59, 95% CI:1.11–2.27), with older age (OR = 1.02, 95%
CI: 1.01–1.03) and with poor self-rated health (OR = 1.59, 95% CI: 1.05–2.41). A higher
health literacy score was negatively associated with a low understanding of the connection
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between nutrition and health (OR = 0.84, 95% CI: 0.82–0.87), as well as with those who
never married compared to coupled individuals (OR = 0.46, 95% CI: 0.22–0.98).

Table 3. Factors associated with low self-rated abilities regarding food literacy concepts.

Variables
Low Understanding of the

Connection
between Nutrition & Health

Low Ability to Distinguish
between Healthy & Less

Healthy Options

Low Ability to Acquire
Information about Nutrition

n (%) OR (95% CI) n (%) OR (95% CI) n (%) OR (95% CI)

Gender
Female 86 (8.9) Ref. 118 (12.2) Ref. 225 (23.1) Ref.

Male 69 (11.6) 1.35 (0.96, 1.89) 117 (19.6) 1.76 (1.33, 2.32) *** 144 (24.2) 1.05 (0.83, 1.34)

Residence
Urban 56 (7.6) Ref. 123 (16.8) Ref. 150 (20.4) Ref.

Rural 97 (11.7) 1.60 (1.13, 2.26) ** 110 (13.2) 0.75 (0.57, 1.00) 217 (26.1) 1.37 (1.08, 1.74) **

Educational
attainment

Finished high
school 91 (7.7) Ref. 166 (14.1) Ref. 221 (18.7) Ref.

Incomplete
high school 60 (18.1) 2.64 (1.85, 3.75) *** 58 (17.4) 1.28 (0.92, 1.78) 128 (38.2) 2.68 (2.06, 3.49) ***

Marital
status

Married/Cohabiting 102 (9.4) Ref. 159 (14.6) Ref. 232 (21.3) Ref.

Never married 8 (4.6) 0.46 (0.22, 0.98) * 25 (14.5) 0.98 (0.62, 1.56) 24 (13.9) 0.59 (0.37–0.84) *

Formerly
married 45 (14.8) 1.68 (1.15, 2.44) ** 51 (16.7) 1.17 (0.83, 1.65) 113 (37.0) 2.17 (1.65–2.86) ***

Parental
status

Non-parent 18 (6.1) Ref. 35 (11.8) Ref. 52 (17.6) Ref.

Parent 137 (10.8) 1.86 (1.12, 3.10) * 200 (15.7) 1.39 (0.94, 2.04) 317 (24.9) 1.55 (1.12, 2.15) **

Labor
Market
status

Worker 56 (8.0) Ref. 95 (13.6) Ref. 118 (17.0) Ref.

Job-seeking
unemployed 7 (15.2) 2.05 (0.87, 4.78) 8 (17.4) 1.33 (0.60, 2.94) 10 (21.7) 1.36 (0.65, 2.81)

Retired/social
welfare 82 (12.2) 1.59 (1.11, 2.27) * 116 (17.2) 1.32 (0.98, 1.77) 214 (31.7) 2.27 (1.76, 2.93) ***

Student 1 (1.6) 0.19 (0.02, 1.40) 7 (11.5) 0.82 (0.36, 1.85) 5 (8.2) 0.43 (0.17, 1.11)

Homemaker 8 (9.2) 1.15 (0.53, 2.51) 9 (10.3) 0.73 (0.35, 1.50) 22 (25.3) 1.65 (0.98, 2.79)

Age Years
(continuous) 6.09 (3.31, 8.87) 1.02 (1.01, 1.03) ***

2.45 (0.12,
4.79) 1.00 (1.00, 1.01) *

8.11 (6.19,
10.04) 1.03 (1.02, 1.03) ***

Health
Literacy

Score
(continuous)

−6.48 (−7.52,
−5.44) 0.84 (0.82, 0.87) ***

−4.52
(−5.41,
−3.64)

0.89 (0.87, 0.91) ***
−5.74

(−6.45,
−5.02)

0.85 (0.83, 0.87) ***

Self-rated
health

Moderate/Good 123 (9.2) Ref. 186 (13.9) Ref. 270 (20.2) Ref.

Poor 32 (13.9) 1.59 (1.05, 2.41) * 49 (21.3) 1.67 (1.18, 2.38) ** 99 (42.9) 2.96 (2.21, 3.97) ***

Longstanding
illnesses

No 75 (9.0) Ref. 116 (13.9) Ref. 160 (19.2) Ref.

Yes 80 (11.0) 0.79 (0.57, 1.11) 119 (16.3) 0.83 (0.62, 1.09) 209 (28.7) 1.69 (1.34, 2.14) **

* p < 0.05, ** p < 0.01, *** p < 0.001. Bold font denotes statistical significance. Statistical test: univariate logistic
regression. Abbreviations: CI = confidence interval; OR = odds ratio. For continuous variables, values are
presented as mean difference (MD) with a 95% confidence interval (95% CI) instead of n (%).

A low ability to distinguish between healthy and less healthy options was more fre-
quent in men (OR = 1.76, 95% CI: 1.33–2.32), elderly (OR = 1.00, 95% CI: 1.00–1.01) and those
with poor-self rated health (OR = 1.67, 95% CI: 1.18–2.38). High health literacy (OR = 0.89,
95% CI: 0.87–0.91) reported a negative association with a low ability to distinguish between
healthy and less healthy options.

A low ability to acquire nutrition information was significantly more frequent in those
of older age (OR = 1.03, 95% CI: 1.02–1.03), rural residence (OR = 1.37, 95% CI: 1.08–1.74),
who had not finished high school (OR = 2.68, 95% CI:2.06–3.49), were formerly married
(OR = 2.17, 95% CI: 1.65–2.86), have children (OR = 1.55, 95% CI: 1.12–2.15), and those
who are retired or on social welfare compared to employed (OR= 2.27, 95% CI: 1.76–2.93).
In terms of self-reported health features, living with at least one longstanding illness
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(OR = 1.69, 95% CI: 1.34–2.14) and poor self-rated health (OR = 2.96, 95% CI: 2.21–3.97)
were positively associated with a low ability to acquire nutrition information. Individuals
with high health literacy (OR = 0.85, 95% CI: 0.83–0.87) and those who never married
(OR = 0.59, 95% CI: 0.37–0.94) were more likely to self-report that they know where to
obtain information on healthy nutrition.

In the multivariate model for assessing factors associated with a low understanding of
nutrition and health, a low ability to distinguish between healthy and less healthy options,
and a low ability to acquire information about nutrition, several significant variables were
identified across the three dependent variables.

Health literacy was the most prevalent, affecting all three dependent variables. Each
unit increase in the scale significantly reduced the odds of low understanding of nutrition
and health by 15% (aOR: 0.85, 95% CI: 0.82–0.88), low ability to distinguish between healthy
and less healthy options by 11% (aOR: 0.89, 95% CI: 0.87–0.91), and low ability to acquire
information about nutrition by 13% (aOR: 0.87, 95% CI: 0.84–0.89).

Being female was significantly associated with being 1.75 times more likely to have
a low ability to distinguish between healthy and less healthy options (aOR: 1.75, 95%
CI: 1.27–2.40). Residence in a rural area was associated with a 38% lower likelihood of
having a low ability to distinguish between healthy and less healthy options (aOR: 0.62,
95% CI: 0.45–0.85).

The parental status also significantly affected the ability to distinguish between healthy
and less healthy options, with parents being two times more likely to report a low ability
(aOR: 1.94, 95% CI: 1.08–3.48).

Being separated, divorced, or widowed significantly increased the likelihood of having
a low ability to acquire information about nutrition by 59% (aOR: 1.59, 95% CI: 1.12–2.26).
Having poor health status was associated with an 82% higher likelihood of having a
low ability to acquire nutrition information (aOR: 1.82, 95% CI: 1.26–2.62). Finally, each
additional year of age increased the likelihood of having a low ability to acquire nutrition
information by 1.5% (aOR: 1.015, 95% CI: 1.00–1.03).

The following variables did not show a statistically significant association with any of
the three dependent variables: education level, employment status, and the existence of a
medical condition.

3.4. The Association between Non-Adherence to Dietary Recommendations, Self-Reported Health
Features, Health Literacy, and Food Literacy Concepts

A Pearson correlation examined the relationship between non-adherence to dietary
recommendations, healthy literacy, self-reported health and morbidity, and low self-rating
of food literacy abilities (Table 4). The relationship between low self-rating of abilities
regarding food literacy was statistically significant, positive, and weak in strength between
all domains, except for the ability to acquire nutrition information and distinguish healthy
and less healthy options, which was moderate in power. Non-adherence to the dietary
guidelines regarding the intake of fish and seafood products was positively associated
with a low ability to acquire nutrition information. Inadequate hydration behaviour
was positively associated with low trust in nutritional information from media, non-
adherence to fruit and vegetable recommendations, as well as with fish and seafood intake
recommendations. Poor self-rated health showed a significant positive correlation with
low self-rating of three of the abilities regarding food literacy (except for trust in nutritional
information from media) and low water intake. Living with a longstanding illness showed
a significant positive correlation with poor self-rated health and a low ability to acquire
information about nutrition, while a negative correlation with a low intake of fruit and
vegetables. The relationship between health literacy and the other variables was statistically
significant and negative, except for fruit and vegetable intake. The relationships of health
literacy ranged from weak to moderate in strength for all the variables examined.
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Table 4. Relationship between non-adherence to dietary recommendations, health-related aspects,
and food literacy concepts.

Variables n (%) (1) (2) (3) (4) (5) (6) (7) (8)

(1) Low
understanding of
the connection
between nutrition
and health

155
(9.9) 1

(2) Low ability to
distinguish
between healthy
and less healthy
options

235 (14.9) −0.257 ** 1

(3) Low ability to
acquire
information
about nutrition

369 (23.5) 0.199 ** 0.312 ** 1

(4) Intake of fruit
and vegetables
< 5 portions/day

1312 (83.5) 0.010 0.005 0.021 1

(5) Intake of fish
and seafood
products < 1
portion/week

963 (61.3) 0.031 0.008 0.093 ** 0.008 1

(6) Intake of
water < 1.5
litters/day

1068 (67.9) 0.008 0.044 0.043 0.109 ** 0.089 ** 1

(7) Health literacy
score 49.68 (6.58) −0.271 ** −0.234 ** −0.361 ** −0.007 0.053 * −0.067 * 1

(8) Poor self-rated
health 231 (14.7) 0.056 * 0.073 ** 0.189 ** −0.028 0.035 0.085 ** −0.174 ** 1

(9) Living with a
longstanding
illness

732 (46.6) 0.034 0.033 0.112 ** −0.067 ** −0.005 −0.010 −0.141 ** 0.345 **

* Correlation is significant at the 0.01 level (2-tailed), ** Correlation is significant at the 0.001 level (2-tailed). Bold
font denotes statistical significance. Statistical test: Pearson correlation. For the health literacy score, values are
presented as mean (M) with standard deviation (SD) instead of n (%).

4. Discussion

This study contributes to the existing knowledge by providing a comprehensive anal-
ysis of the relationship between food literacy, adherence to dietary recommendations,
sociodemographic characteristics, and health-related features among adults in the North-
Western region of Romania. The representative sample in our study is predominantly
consistent with the data reported by the National Institute of Statistics in 2019, with the pro-
portion of individuals living in urban (46.8%) and rural (53.0%) areas in our sample closely
resembling that of the North-Western population in 2019 (52.41% urban and 47.59% rural).
Similarly, when considering the economically active population in our sample (47.4%), the
percentage is near the rate recorded for Romania in 2019 (47.6%). The economically inactive
population in our sample (52.3%), with 42.9% being pensioners or social welfare recipients,
aligns with the national statistics for the economically inactive population aged 15 and over
(50.78%) and the average number of pensioners in 2019 (35.63%) [43].

Regarding dietary intake, the European Health Interview Survey findings showed
that only 2% of the Romanian population eats at least five portions of fruit and vegetables
daily [44,45]. This differs from the findings presented here, where the overall percentage of
Romanian participants adhering to more than five portions of fruit and vegetables per day
was 16.5%. In this study, we found that older individuals, those who are retired, receiving
social welfare, or unemployed were less likely to deviate from the recommended fruit
and vegetable dietary guidelines. This study brings new insights to the understanding of

33



Nutrients 2023, 15, 2853

fruit and vegetable consumption patterns among different sociodemographic groups in
Romania. Our research shows that older individuals, those retired or on social welfare,
and the unemployed were less likely to deviate from the recommended fruit and vegetable
dietary guidelines. Interestingly, our findings contradict the notion of a clear socioeconomic
and educational gradient in fruit and vegetable consumption often reported in the literature,
which found lower consumption rates among the low-income-education groups compared
to the high-income-education groups [46–49]. Contrary to several previous studies [49,50],
we found no gender difference in fruit and vegetable intake in the Romanian sample. The
discrepancy between these findings may be attributed to a variety of factors not fully
explored in our study, such as cultural traditions, dietary habits, or the relative affordability
and accessibility of fresh produce in Romania compared to other regions. This suggests
that gender-related dietary habits may vary widely by geographical and cultural context,
reinforcing the importance of local data in public health research and planning. This is a
tendency in the north and west regions and has a reverse tendency in the south and east
regions of Europe [51]. The current results seem consistent with other research, which
found that in areas where the availability and affordability of fruits and vegetables are
higher, lower socioeconomic categories tend to consume more fruits and vegetables than
individuals with a higher socio-economical rank [51,52]. Roos et al. suggest that individuals
from lower socioeconomic classes from the south and east European regions may have
increased accessibility to more affordable vegetables and fruits and are more likely to grow
or procure vegetables from non-commercial channels [51].

Another important finding was that 38.7% of the sample reported fish and seafood
intake at least once per week. These results support previously published studies, which
showed that between 39–41% of Romanians consume fish and seafood at least once per
week [53]. Fish and seafood consumption was lower among men, those from rural settings,
those who did not complete secondary education, were formerly married, retired, or
on social welfare, and students. This is in accordance with previously published data,
where higher socioeconomic status (e.g., higher income, higher educational attainment)
is associated with higher fish consumption frequency [54,55]. This finding is consistent
with previously reported data on fish and seafood consumption, which shows that women,
compared to men, have a higher intake of fish [54,56–58]. Regarding water intake, only
32.1% of the sample consumed at least six glasses of water per day. Older individuals
reported inadequate fluid intake more frequently. No previous data regarding water intake
was recorded in Romania, although data is available for other European countries [59–61].
Earlier studies with data from European countries have demonstrated that the percentage of
individuals with a markedly low fluid intake (<1500 mL) was found to be between 24–42%
for women based on different age groups and between 33–43% for men, respectively [59].
The current findings align with previous research in demonstrating the interconnectedness
of water intake with age, health literacy, educational attainment, and self-rated health. Our
finding of a negative association between inadequate water intake and high health literacy
scores is supported by previous studies [62,63], highlighting the critical role of health
literacy in hydration, particularly among older adults. The positive association we found
between inadequate water intake and older age aligns with previous work [64–66], which
emphasises the decrease in water consumption and thirst sensation with advancing age.

Our results also suggest the influence of education level on water intake, reinforcing
the idea that socioeconomic factors, including education, play a significant role in healthful
behaviours, such as adequate hydration [65,67,68]. Finally, the positive association we
found between inadequate water intake and poor self-rated health is supported by the
literature [64,69], which suggests that low water consumption might coexist with other
unhealthy behaviours and attitudes and is associated with poorer self-rated health status.
Overall, the current study contributes to a growing body of evidence suggesting the need
for a comprehensive approach to promoting adequate water intake, considering a variety
of factors such as age, health literacy, education level, and self-rated health.
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Existing knowledge about food literacy abilities and what influences them needs to be
improved. This often leads to assumptions being made about the most suitable groups for
targeted health programs [70]. This study sheds new light on these issues, offering a unique
view into distinct food literacy abilities, dietary habits, and participants’ demographic
profiles that would benefit from a food and health literacy program in Romania. The
findings on measuring health literacy in Romania indicated that gender and education
demonstrated a positive association with health literacy, while age and self-reported health
showed a negative association with health literacy [37]. Even though government programs
often focus on the needs of low-income and disadvantaged populations [71,72], the insights
from this study deepen our understanding of food literacy-related aspects, which could
benefit a wider range of individuals.

Our study also explored the influence of various sociodemographic factors on food
literacy-related abilities. It was noted that men reported a lower capacity to distinguish
between healthy and less healthy options. This echoes the recommendation for tailoring
food literacy programs to demographic factors such as gender [15]. This is consistent
with findings by Lee, who observed that women generally exhibit more positive attitudes
toward food and good eating habits, which was attributed to sociocultural factors and their
traditionally assigned role in preparing and cooking food [73]. The research conducted
by Krause et al. [36] and Sponslee et al. [74] corroborated that females display superior
levels of food and health literacy compared to their male counterparts and are more likely
to incorporate healthy dietary practices into their daily routines.

Further, we found that individuals from lower socioeconomic backgrounds, such as
those without a high school diploma, retired or on social welfare, and formerly married,
had a lower ability to understand the connection between nutrition and health and to
acquire nutrition information. These findings align with previous research, which indicates
that people with lower socioeconomic status have lower food literacy levels [15].

Other researchers employing representative samples from the population underscore
that specific demographic groups—such as males, younger adults, and those with limited
education—may yield more efficacious outcomes from cooking and food skills-focused
programs [75,76]. The current results regarding the fact that older individuals and those
that are retired or on social welfare had issues with the ability to understand the connection
between nutrition and health, distinguish between healthy and less healthy options, and
acquire information about nutrition, may be explained by the national economic and social
development context, in which the growing number of retired individuals exceeded the
number of employees in the economy. The current social system for older people needs to
provide a decent household income. Older persons from Romania are the social category
subjected to the highest injustices in the market economy [77,78].

Our findings are in line with a study which investigated nutrition information-seeking
behaviour in five European countries, and reported notable disparities in seeking nutrition
information. It is primarily men, individuals with low levels of education, low income,
and poor health among the surveyed populations who profess not to seek nutritional
information actively. As such, these population groups should be prioritised for targeted
nutrition information education [79]. A recent study further analysed the segmentation of
consumers based on nutrition information-seeking behaviour, and, in the study, a category
of consumers termed ‘uninterested consumers’ was characterised by a low level of food
literacy, a tendency to prioritise cost over nutrition, and a marked difficulty in engagement.
Predominantly older males with the least education and food literacy among the groups
studied made up this category. These individuals tended to value the affordability of food
more than its nutritional content, resulting in a lower frequency of consumption of healthful
foods. The findings highlight the ineffectiveness of merely providing information to this
group, emphasising the necessity for a more nuanced approach [80]. When examining the
eating habits of Romanian, a previous study found that they tend to adopt unhealthy eating
habits, consuming foods high in saturated fats, sugar, and additives [29]. These habits
reflect the influence of highly industrialized societies and the prevalence of unbalanced
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food products. However, there is a positive trend emerging among Romanian consumers
towards healthier and more sustainable food options, characterised by a preference for
foods with a low degree of processing. Our study contributes by adding context to the
need for tailored food literacy programs and targeted nutrition information education for
specific population groups.

Individuals with poor self-rated health and inadequate health literacy reported low
food literacy levels, reaffirming that insufficient health literacy can be a barrier to un-
derstanding nutrition and healthy food practices [17,81]. Living with a longstanding
illness was positively correlated with poor self-rated health and a low ability to acquire
nutritional information in our sample. This aligns with previous research that suggests
healthy individuals tend to have higher health and food literacy levels than individuals
with chronic diseases. This underlines the importance of health and food literacy in dis-
ease self-management and indicates a potential area of intervention for improving health
outcomes [79].

This study was a comprehensive cross-sectional study with large sample size. How-
ever, due to this design, the findings should be interpreted cautiously regarding temporality
or causation. The sample was randomly selected, so it is representative of the North-
Western region of Romania. However, not all participants approached desired to be part
of the study, which might represent self-selection bias, even with the control measures in
place such as randomised polling sites, streets and using a specific data collection pace. It
is possible that individuals who did not complete the evaluation were from culturally and
linguistically diverse groups who were possibly the least health and nutrition literate in a
Romanian context.

The overrepresentation of women in the study sample, potentially due to the timing
of data collection during working hours, may have introduced some bias. Despite this,
our sample is not drastically misaligned with the general population of the North Western
region of Romania, where women made up 51.70% in 2019, according to the National
Institute of Statistics [43]. Nonetheless, the potential overrepresentation of women might
slightly skew the reflection of the targeted population in this study. While the data collection
period (March to November 2019) was designed to minimise the impact of potential
seasonal variation in diet, we acknowledge that the possibility of seasonal effects on dietary
habits cannot be completely excluded. In addition, this study examined multiple factors
affecting healthy nutrition behaviours, attitudes, and knowledge. Considering that the
data was self-reported and obtained using subjective questionnaires, it may be subject to
a social desirability bias. It might reflect self-confidence rather than actual abilities and
knowledge. The findings about adherence to dietary guidelines and food literacy-related
skills were only partially comprehensive due to constraints such as the extensive length of
the questionnaire, cognitive load, and reading level considerations, which could potentially
burden respondents. The questions that were incorporated were deemed significant for
this population based on a review of the limited existing literature on the subject and the
consensus of the research team. Therefore, future studies are suggested to obtain more
information, including the exploration of more food literacy domains and determinants
that still need to be tested (e.g., disease and anthropometric data).

Within the field of public health nutrition in Romania, this study contributes to the
limited body of research in the field and highlights a deeper understanding of the impor-
tance of improving healthy eating behaviours and abilities in disadvantaged Romanians.
These results are important to governmental authorities leading public health and health
professional organisations for the development of effective nutrition programs and strate-
gies for addressing specific needs. Public health nutrition campaigns and educational
programs may aim to improve consumers’ abilities regarding healthy eating to positively
influence their health literacy and knowledge, adherence to dietary recommendations, and
general health. The success of different approaches and tools that may be used to educate
consumers about the consequences of their dietary choices for their health depends on the
consumers’ interests in healthy eating and favourable attitudes towards these concepts.
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Educating consumers about the consequences of their dietary choices for their health may
raise awareness and interest in health and improve the subjective significance of this issue
when making food choices.

5. Conclusions

The present research aimed to examine adherence to dietary recommendations, food
literacy-related abilities, and their determinants in a representative sample from a region
in Romania. These aspects need to be adequately investigated in Romania and Eastern
Europe. The results indicate an independent association with health literacy, self-rated
health, dietary behaviour, and food literacy. Socioeconomic inequalities (lower education
attainment, individuals living in rural areas, older age categories, and job status) play
a significant role in dietary behaviours and food literacy. Recognising and addressing
problems of low food literacy abilities and non-adherence to dietary recommendations in
participants could facilitate the reduction of possible long-term negative health outcomes.
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Abstract: There is limited evidence regarding the factors correlated with dietary diversity (DD) and
dietary pattern (DP) in rural residents of China. This study aims to identify the DD and DP of
rural residents and their association with socio-demographic factors. A cross-sectional survey was
conducted in Pingnan, China. The Food Frequency Questionnaire (FFQ) was applied to evaluate
dietary intake. Latent class analysis (LCA) was used to identify patterns of six food varieties, including
vegetables–fruits, red meat, aquatic products, eggs, milk, and beans–nuts. Generalized linear models
and multiple logistic regression models were used to determine factors associated with the DD and
DP. Three DPs were detected by LCA, namely “healthy” DP (47.94%), “traditional” DP (33.94%),
and “meat/animal protein” DP (18.11%). Females exhibited lower DD (β = −0.23, p = 0.003) and
were more likely to adhere to “traditional” DP (OR = 1.46, p = 0.039) and “meat/animal protein” DP
(OR = 2.02, p < 0.001). Higher educational levels and annual household income (AHI) were positively
associated with higher DD (p < 0.05) and less likely to have “traditional” DP and “meat/animal
protein” DP (p < 0.05). Non-obese people exhibited higher DD (β = 0.15, p = 0.020) and were less
likely to have “meat/animal protein” DP (OR = 0.59, p = 0.001). Our study reveals that females, those
with lower educational levels and AHI, and obese people are more likely to have a lower DD and are
more likely to adhere to “traditional” DP and “meat/animal protein” DP. The local, regional, and
even national performance of specific diet-related health promotion measures and interventions must
target these vulnerable populations to improve a healthier DD and DP.

Keywords: dietary diversity; dietary pattern; socio-demographic factors; rural residents

1. Introduction

Dietary intake is well known as a significant determinant of health [1], and improving
dietary patterns are likely to improve population morbidity and mortality [2]. According
to previous work, dietary intake is a complicated behavior that cannot be reduced to
consuming a single type of food [3]. Indeed, the types of food and their interactions hinder
the investigation of the links between specific foods and diseases [4]. For this reason, the
study needs to shift to dietary diversity (DD) and dietary pattern (DP) analysis to measure
the multidimensional features of food intake. DD is known as the number of different
food varieties consumed over a given reference period [5], and has been recommended
as an indicator for evaluating the composition of the diet [6]. High DD scores have been
strongly associated with better physical performance, lower mortality, and higher quality
of life [7,8]. National and international dietary standards have largely acknowledged the
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importance and value of DD [9]. Similarly, DPs reflect the interrelations among the different
food varieties and provide a more accurate depiction of dietary behavior [4]. It fosters
further research regarding single foods and nutritional guidelines due to providing the
context for identifying specific food groups that are either protective or harmful [10]. A
systematic review has shown that following healthier dietary patterns (DPs), such as the
Mediterranean DP, can reduce the risk of mortality and non-fatal myocardial infarction
in people [11]. However, socio-demographic factors have been shown to significantly
influence food choices [12,13]. Therefore, it is crucial to identify determinants of DD and
DP in the population and to explore whether they contribute to previously described
socio-demographic differences in disease prevalence.

Several factors associated with DD and DP have been previously reported [14–16].
Previous studies have found significant associations between sex and DD or DP. Specifically,
males are usually related to an unhealthy pattern, while overweight or obese females are
more likely to experience food cravings and consume more foods [14,17]. Moreover,
older adults typically make positive decisions concerning their nutrition and health and
tend toward a healthier diet than younger people [18,19]. Additionally, socioeconomic
factors such as education level, financial situation, and knowledge of a healthy diet also
significantly influence DD and DP, mainly due to the lower intake of proteins, fruits, and
vegetables [16,17,20]. Healthy foods, including protein-rich foods, are more expensive
than foods high in saturated fat or carbohydrates [21]. From a public health perspective,
understanding the related factors of high (low) DD and the (un) healthier DP for different
groups of individuals will allow for improved diet policy and aid in health resource
allocation [4]. Although relevant research is already assessing risk factors for DD and
DP, some of these studies have been confined to susceptible groups for more specificity.
Primarily, it is vital to acknowledge that mainland China has a large number of farmers,
and rural areas are the most vulnerable areas and require special attention [22]. However,
there is limited evidence regarding the factors correlated with DD and DP in rural residents.

With the rapid economic and social development, Chinese rural residents have
changed the single-food diet in the past and are constantly moving towards a healthy
diet. Nevertheless, a small number of foods consumed and an unreasonable single-food
DP remain a big concern in many rural areas, particularly in underdeveloped areas [23].
Pingnan is an impoverished county in Fujian Province’s inland and mountainous regions.
The seventh national census, completed in 2021, recorded a number of 139,815 inhabitants
living in Pingnan [24]. According to the Statistical Bulletin on National Economic and Social
Development of Pingnan in 2022, the annual disposable income per capita was CNY 26,416
(equivalent to USD 3720 using an exchange rate of USD to CNY 1 to 7.10) [25]. Under the
background of comprehensively promoting rural revitalization to achieve more effective
and comprehensive health poverty alleviation strategies, the Adult Chronic Disease and
Nutrition Surveillance were conducted in Pingnan by the Provincial Center for Disease
Control and Prevention (CDC). Using data from this surveillance, this study aims to dis-
cover the DD and DP with the socio-demographic correlates for rural residents. The study’s
findings may provide the necessary scientific basis for the local and regional relevant
government departments to develop or adjust more effective measures and strategies, as
well as good health diet programs, to improve DD and DP in rural residents by targeting
specific populations.

2. Materials and Methods

2.1. Study Design and Samples

The cross-sectional data were derived from the Adult Chronic Disease and Nutrition
Surveillance in Pingnan, China, between June and August 2022. The questionnaire used in
the survey was based on previous Nutrition and Health Surveys conducted in China, which
can increase the reliability of the data. Detailed information about this survey was given in a
report from China CDC [26]. This survey adopted a conversational design and a multistage
systematic clustered random sampling design to select subjects with a good representative
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sample. In the first stage, the number of inhabitants in different towns/villages were thor-
oughly investigated before sampling. According to the latest Pingnan census data, Pingnan
is divided into 11 towns/villages. One of the towns was divided into six sampling units due
to the large population to match with other towns/villages. A total of 16 towns/villages
were included in the first-stage sampling, and the population distribution of each sampling
unit was relatively balanced. The Probability Proportionate to Size (PPS) [26,27] sampling
was adopted to select six towns/villages from 16 towns/villages. Then, three villages were
randomly selected from each selected township by PPS, and a total of 18 villages were
finally selected. If the population was too small, two or more villages situated next to
each other were merged into one sampling unit. Next, each selected village was divided
into several groups of villagers/residents according to the scale of about 60 households.
Two groups of villagers/residents were randomly selected from each village by PPS, and
a total of 36 groups of villagers/residents were used for this study. In the last stage, one
target respondent aged 18 and over was sampled from 50 households per resident group
using the Kish selection table method. There are ten households reserved for replacement.
Overall, 1800 participants were included in the survey.

Inclusion criteria: participants who: (1) were aged 18 and over; (2) were residents or
lived locally for over six months; (3) were conscious, without psychiatric problems/disorders;
(4) were informed of the purpose of the study and willing to cooperate; (5) were able to
complete the survey. The exclusion criteria were those unable to complete the questionnaire
due to critical diseases or poor compliance and non-cooperation.

2.2. Data Collection

In our study, well-trained investigators fluent in the local dialect conducted face-
to-face interviews using a standardized paper questionnaire to collect information on
demographic characteristics and dietary intake. The demographic information includes
gender, age, marital status, educational level, annual household income (AHI), smoking,
drinking, waist circumference, hypertension, and diabetes. Age was further divided into
three groups: 18–44 (younger people), 45–59 (middle-aged people), and over 60 (older
adults). Marital status was grouped into married (married/cohabitating) and others
(unmarried/widowed/divorced/separated). Educational level was classified into five
groups: below primary school, primary school, junior high school, senior high school, and
junior college or above. AHI was categorized into four groups: <12,000 yuan, ≥12,000 yuan
and <19,999 yuan, ≥20,000 yuan and <59,999 yuan, and ≥60,000 yuan. Smoking was
classified as current and non-current smoking (including never smoked and already quit
smoke). Drinking was categorized as drinking (including drinking within 30 days and
before 30 days) and non-drinking. Obesity assessed by abdominal obesity was defined
as yes if a waist circumference of ≥90 cm for men and ≥85 cm for women in physical
examination. Hypertension was defined as yes if answered as diagnosed with high blood
pressure by a doctor in township health centers or community service centers, or medical
institutions above the level. Diabetes was defined as yes if answered as diagnosed with
diabetes by a doctor in township health centers or community service centers, or medical
institutions above the level.

A variety of dietary intake in the past 12 months was surveyed by uniformly trained
investigators using the Food Frequency Questionnaire (FFQ) to evaluate the dietary struc-
ture. FFQ are available in previous Adult Chronic Disease and Nutrition Surveillance
Surveys with good reliability and validity [26,28]. Our study selected six food varieties:
vegetables–fruits, red meat, aquatic products, eggs, milk, and beans–nuts. There are options
for intake, yes or no, to ask about food frequency. The choice for yes was four optional
responses “daily”, “weekly”, “monthly”, and “yearly.” Vegetables–fruits were defined as
sufficient if answered daily/weekly and were coded as 1. If they responded to others, they
were coded as 0. Red meat was defined as sufficient if answered daily and was coded
as 1. If they responded to others, there were coded as 0. Aquatic products, eggs, milk, and
beans–nuts were defined as sufficient if answered daily/weekly and were coded as 1. If
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they responded to others, they were coded as 0. Finally, six food varieties were formed. DD
was calculated by adding together these six food varieties. The DD ranged from zero (none
of the six selected food varieties occurred) to six (all six selected food varieties occurred).
A higher DD means more diversity and a wider variety of food intake.

2.3. Statistical Analysis

Data analysis consisted of four steps. Firstly, a descriptive analysis of the demographic
characteristics, six selected food varieties, and DD was conducted with frequencies and
proportions. Secondly, a Latent Class Analysis (LCA) was used in six food varieties to
identify the DP of rural residents in Pingnan. Three DPs were identified. A high score
indicates a high probability of sufficient food variety intake. Thirdly, the Chi-square test was
performed to compare the demographic characteristics across the DD and DPs. Afterwards,
generalized linear models were used to assess factors associated with the DD, and the
coefficient (β) with associated 95% confidence interval (CI) and p-values were presented in
the model. Finally, multiple logistic regression analysis was used to identify the influencing
factors of different DPs, and odds ratios (ORs) as well as 95% confidence intervals (CIs) and
p-values were calculated. The database was established and double-entered independently
through Epidata 3.1 and analyzed in the Statistical Package for the Social Sciences (SPSS)
version 25.0 (SPSS Inc., Chicago, IL, USA) and Mplus version 8.3, with a significance level
of 0.05.

LCA is a methodological approach that explains population heterogeneity in the
data by identifying underlying subgroups of individuals, thus allowing the examination
of different DPs while dealing with the diverse nature of the population [29]. For the
model evaluation, five model fit indexes were adopted: the Akaike Information Criterion
(AIC) [30], the Bayesian Information Criterion (BIC) [31], the sample size adjusted Bayesian
Information Criterion (ssaBIC) [32], Lo-Mendell-Rubin (LMR), Bootstrapped Likelihood
Ratio Test (BLRT), and Entropy (higher value is preferred) [33]. For AIC, BIC, and ssaBIC,
the lowest absolute values suggest an excellent model class [34]. With LMR and BLRT, a
significant p-value indicates that the model is superior to the model with one less class [29].
Nonetheless, the final choice was based on the investigator’s assessment of interpretable
results [35]. This study chose the 3-class because of the lower AIC, BIC, and ssaBIC, higher
entropy, and LMR-LRT and BLRT < 0.001.

3. Results

3.1. General Demographic Characteristics of the Study Participants

The general demographic characteristics of the study participants are shown in Table 1.
A total of 1800 rural residents were included in the study, among whom 888 were males
(49.33%), and 912 were females (50.67%). Participants were divided into age groups,
18–44 years, 45–59 years, and 60 years or older, accounting for 18.61%, 41.44%, and 39.95%
of the total sample, respectively. Most respondents were married (86.44%) with a primary
school education or lower (59.05%). Participants’ AHI ranged from 20,000 to 59,999 yuan
(43.61%) and 60,000 yuan or more (23.83%), accounting for most of the sample. Moreover,
29.06% of respondents reported smoking, 27.50% said drinking, 27.61% had obesity, 33.89%
had hypertension, and 17.28% had diabetes.

Table 1. Demographic information for survey participants (n = 1800).

Variable Participants Constitutional Ratio (%)

Gender
Male 888 49.33

Female 912 50.67
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Table 1. Cont.

Variable Participants Constitutional Ratio (%)

Age (years)

18–44 335 18.61

45–59 746 41.44

≥60 719 39.95

Marital status
Married 1556 86.44

Others 244 13.56

Educational level

Below primary school 534 29.66

Primary school 529 29.39

Junior high school 380 21.11

Senior high school 194 10.78

Junior college or above 163 9.06

AHI (CNY)

<12,000 234 13.00

12,000–19,999 352 19.56

20,000–59,999 785 43.61

≥60,000 429 23.83

Smoking
Yes 523 29.06

No 1277 70.94

Drinking
Yes 495 27.50

No 1305 72.50

Obesity
Yes 497 27.61

No 1303 72.39

Hypertension
Yes 610 33.89

No 1190 66.11

Diabetes
Yes 311 17.28

No 1489 82.72
Abbreviation: AHI = annual household income; CNY = China Yuan.

3.2. The Six Food Varieties and Dietary Diversity

Figure 1 shows the characteristics of percentages for food varieties. Of the six food
varieties, participants who intake sufficient eggs, vegetables–fruits, aquatic products, and
red meat presented high rates, with 90.83%, 79.72%, 73.33%, and 59.89%, respectively. In
contrast, those who intake sufficient milk and beans–nuts presented low percentages, with
47.94% and 40.72%. Figure 2 illustrates the constitution ratio of the DD. Among those
respondents, 18,55% had two or lower food varieties, 18.89% had three food varieties,
23.00% were four food varieties, 23.61% were five food varieties, and 16.16% reported six
food varieties.
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Figure 2. The constitution ratio for the dietary diversity (%). Note: Percentages may not add up to
100% due to rounding.

3.3. Latent Class Analysis of Dietary Patterns

Latent class models with 1–5 classes were estimated, as Table 2 showed. The 3-class
solution was selected as the final model for this study because of the lower AIC, BIC, and
ssaBIC, higher entropy, and LMR-LRT and BLRT < 0.001 (AIC: 11,462.201; BIC: 11,572.112;
ssaBIC: 11,508.573, and entropy: 0.656). Finally, three DPs were detected. Figure 3 presents
the estimated class-specific response probabilities, which show the three DPs among the
3-class solution, and the constitution ratio of each DP is illustrated in Figure 4. DP 1
was characterized by individuals with the highest probability of consuming the most
food variety, including 47.94% of the samples. Compared to the other DPs, DP 1 can be
characterized as a “healthy” DP. DP 2 accounted for one-third of the sample (33.94%). It
included those with high probabilities for intake of vegetables–fruits, animal foods such as
red meat, aquatic products, and eggs, low possibilities for sufficient milk, and beans–nuts.
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DP 2 can be described as showing a “traditional” DP. DP 3 was characterized by individuals
with a high probability of consuming animal foods such as red meat, aquatic products, and
eggs, with low possibilities for sufficient vegetables–fruits, milk, and beans–nuts, including
18.11% of the samples. DP 3 can be labelled as the “meat/animal protein” DP compared to
the other DPs.

Table 2. Latent class analysis model fit statistics.

Model AIC BIC ssaBIC
LRT

p-Value
BLRT

p-Value
Entropy

1-class 12,367.612 12,400.585 12,381.524 - - -
2-class 11,525.404 11,596.846 11,555.546 <0.001 <0.001 0.633
3-class 11,462.201 11,572.112 11,508.573 <0.001 <0.001 0.656
4-class 11,438.537 11,586.916 11,501.139 0.004 <0.001 0.586
5-class 11,440.136 11,626.984 11,518.968 0.182 1.000 0.622

Abbreviation: AIC = Akaike Information Criterion, BIC = Bayesian Information Criterion, ssaBIC = sample size
adjusted Bayesian Information Criterion, LRT = Lo–Mendell–Rubin likelihood ratio test, BLRT = Bootstrapped
Likelihood Ratio Test.
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Figure 3. Estimated class-specific response probabilities for six food varieties. Note: A high score
indicates a high probability of a sufficient food variety intake. Abbreviation: DP 1 = “healthy” dietary
pattern, DP 2 = “traditional” dietary pattern, DP 3 = “meat/animal protein” dietary pattern.
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pattern, DP 2 = “traditional” dietary pattern, DP 3 = “meat/animal protein” dietary pattern (%). Note:
Percentages may not add up to 100% due to rounding.

3.4. Distribution of Demographic Information among Participants by the Dietary Diversity and by
Dietary Patterns

The distribution of demographic information among participants by the DD is pre-
sented in Table 3. Chi-squared tests observed that gender (χ2 = 16.059, p = 0.003), age
(χ2 = 106.496, p < 0.001), educational level (χ2 = 279.110, p < 0.001), AHI (χ2 = 180.460,
p < 0.001), smoking status (χ2 = 13.527, p = 0.009), obesity (χ2 = 18.797, p < 0.001), and
hypertension (χ2 = 33.835, p < 0.001) were significantly associated with the DD. The dis-
tribution of demographic information among participants by DPs is presented in Table 4.
Chi-squared tests illustrated that gender (χ2 = 25.793, p < 0.001), age (χ2 = 91.568, p < 0.001),
educational level (χ2 = 232.449, p < 0.001), AHI (χ2 = 120.361, p < 0.001), smoking sta-
tus (χ2 = 21.174, p < 0.001), drinking status (χ2 = 7.098, p = 0.029), obesity (χ2 = 26.836,
p < 0.001), and hypertension (χ2 = 36.651, p < 0.001) were significantly associated with DPs.

Table 3. Distribution of demographic information among participants by the dietary diversity.

Variable
DD ≤ 2

(n = 330)
DD = 3

(n = 340)
DD = 4

(n = 414)
DD = 5

(n = 425)
DD = 6

(n = 291)

Gender (χ2 = 16.059, p = 0.003)
Male 170 (19.14) 175 (19.71) 227 (25.56) 197 (22.18) 119 (13.40)
Female 160 (17.54) 165 (18.09) 187 (20.50) 228 (25.00) 172 (18.86)
Age (years) (χ2 = 106.496, p < 0.001)
18–44 28 (8.36) 51 (15.22) 75 (22.39) 85 (25.37) 96 (28.66)
45–59 109 (14.61) 148 (19.84) 181 (24.26) 187 (25.07) 121 (16.22)
≥60 193 (26.84) 141 (19.61) 158 (21.97) 153 (21.28) 74 (10.29)
Marital status (χ2 = 6.135, p = 0.189)
Married 281 (18.06) 295 (18.96) 346 (22.24) 377 (24.23) 257 (16.52)
Others 49 (20.08) 45 (18.44) 68 (27.87) 48 (19.67) 34 (13.93)
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Table 3. Cont.

Variable
DD ≤ 2

(n = 330)
DD = 3

(n = 340)
DD = 4

(n = 414)
DD = 5

(n = 425)
DD = 6

(n = 291)

Educational level (χ2 = 279.110, p < 0.001)
Below primary school 158 (29.59) 122 (22.85) 131 (24.53) 81 (15.17) 42 (7.87)
Primary school 116 (21.93) 118 (22.31) 127 (24.01) 104 (19.66) 64 (12.10)
Junior high school 43 (11.32) 66 (17.37) 97 (25.53) 109 (28.68) 65 (17.11)
Senior high school 11 (5.67) 26 (13.40) 31 (15.98) 67 (34.54) 59 (30.41)
Junior college or above 2 (1.23) 8 (4.91) 28 (17.18) 64 (39.26) 61 (37.42)
AHI (CNY) (χ2 = 180.460, p < 0.001)
<12,000 82 (35.04) 62 (26.50) 44 (18.80) 35 (14.96) 11 (4.70)
12,000–19,999 92 (26.14) 69 (19.60) 94 (26.70) 70 (19.89) 27 (7.67)
20,000–59,999 122 (15.54) 152 (19.36) 183 (23.31) 193 (24.59) 135 (17.20)
≥60,000 34 (7.93) 57 (13.29) 93 (21.68) 127 (29.60) 118 (27.51)
Smoking (χ2 = 13.527, p = 0.009)
Yes 105 (20.08) 112 (21.41) 128 (24.47) 116 (22.18) 62 (11.85)
No 225 (17.62) 228 (17.85) 286 (22.40) 309 (24.20) 229 (17.93)
Drinking (χ2 = 3.392, p = 0.495)
Yes 90 (18.39) 97 (18.62) 107 (23.52) 110 (24.14) 91 (15.33)
No 240 (18.18) 243 (19.60) 307 (21.62) 315 (22.22) 200 (18.38)
Obesity (χ2 = 18.797, p < 0.001)
Yes 119 (23.94) 100 (20.12) 106 (21.33) 108 (21.73) 64 (12.88)
No 211 (16.19) 240 (18.42) 308 (23.64) 317 (24.33) 227 (17.42)
Hypertension (χ2 = 33.835, p < 0.001)
Yes 148 (24.26) 119 (19.51) 146 (23.93) 127 (20.82) 70 (11.48)
No 182 (15.29) 221 (18.57) 268 (22.52) 298 (25.04) 221 (18.57)
Diabetes (χ2 = 4.754, p = 0.314)
Yes 63 (20.26) 67 (21.54) 66 (21.22) 74 (23.79) 41 (13.18)
No 267 (17.93) 273 (18.33) 348 (23.37) 351 (23.57) 250 (16.79)

Abbreviation: AHI = annual household income; CNY = China Yuan. DD = dietary diversity.

Table 4. Distribution of demographic information among participants by three dietary patterns.

Variable DP 1 (n = 863) DP 2 (n = 611) DP 3 (n = 326)

Gender (χ2 = 25.793, p < 0.001)
Male 387 (43.58) 301 (33.90) 200 (22.52)
Female 476 (52.19) 310 (33.99) 126 (13.82)
Age (years) (χ2 = 91.568, p < 0.001)
18–44 212 (63.28) 103 (30.75) 20 (5.97)
45–59 371 (49.73) 262 (35.12) 113 (15.15)
≥60 280 (38.94) 246 (34.21) 193 (26.84)
Marital status (χ2 = 0.851, p = 0.653)
Married 751 (45.90) 528 (34.02) 277 (20.08)
Others 112 (48.26) 83 (33.93) 49 (17.80)
Educational level (χ2 = 232.449, p < 0.001)
Below primary school 161 (30.15) 229 (42.88) 144 (26.97)
Primary school 214 (40.45) 196 (37.05) 119 (22.50)
Junior high school 211 (55.53) 124 (32.63) 45 (11.84)
Senior high school 138 (71.13) 41 (21.13) 15 (7.73)
Junior college or above 139 (85.28) 21 (12.88) 3 (1.84)
AHI (CNY) (χ2 = 120.361, p < 0.001)
<12,000 68 (29.06) 93 (39.74) 73 (31.20)
12,000–19,999 126 (35.80) 149 (42.33) 77 (21.88)
20,000–59,999 386 (49.17) 270 (34.40) 129 (16.43)
≥60,000 283 (65.97) 99 (23.08) 47 (10.96)
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Table 4. Cont.

Variable DP 1 (n = 863) DP 2 (n = 611) DP 3 (n = 326)

Smoking (χ2 = 21.174, p < 0.001)
Yes 219 (41.87) 177 (33.84) 127 (24.28)
No 644 (50.43) 434 (33.99) 199 (15.58)
Drinking (χ2 = 7.098, p = 0.029)
Yes 234 (47.27) 153 (30.91) 108 (21.82)
No 629 (48.20) 458 (35.10) 218 (16.70)
Obesity (χ2 = 26.836, p < 0.001)
Yes 195 (39.24) 181 (36.42) 121 (24.35)
No 668 (51.27) 430 (33.00) 205 (15.73)
Hypertension (χ2 = 36.651, p < 0.001)
Yes 247 (40.49) 209 (34.26) 154 (25.25)
No 616 (51.76) 402 (33.78) 172 (14.45)
Diabetes (χ2 = 1.895, p = 0.388)
Yes 141 (45.34) 116 (37.30) 66 (21.22)
No 722 (48.49) 495 (33.24) 348 (23.37)

Abbreviation: AHI = annual household income; CNY = China Yuan. DP 1 = “healthy” dietary pattern,
DP 2 = “traditional” dietary pattern, DP 3 = “meat/animal protein” dietary pattern.

3.5. Generalized Linear Regression Analysis of Factors Affecting the Dietary Diversity

As demonstrated in Table 5, generalized linear regression analysis was presented to
study the factors associated with DD. Overall, the females (β = −0.23, 95% CI = −0.38
to −0.08, p = 0.003) exhibited lower DD compared with the males. According to the
educational level group, individuals who had a primary school education (β = 0.23, 95%
CI = 0.08 to 0.38, p = 0.003), junior high school education (β = 0.61, 95% CI = 0.43 to 0.78,
p < 0.001), senior high school education (β = 0.92, 95% CI = 0.70 to 1.15, p < 0.001), and
junior college or above (β = 1.17, 95% CI = 0.93 to 1.41, p < 0.001) exhibited higher DD than
those below the primary school. Moreover, compared to participants’ AHI of less than
12,000 yuan, those AHI ranging from 20,000 to 59,999 yuan (β = 0.43, 95% CI = 0.24 to 0.62,
p < 0.001) and 60,000 yuan or more (β = 0.58, 95% CI = 0.37 to 0.80, p < 0.001) tended to have
higher DD. Additionally, non-obese populations (β = 0.15, 95% CI = 0.02 to 0.29, p = 0.020)
tended to have higher DD than obese populations.

Table 5. Generalized linear regression analysis of factors associated with the dietary diversity.

Variable β (95%CI) p

Gender (reference = Male) - -
Female −0.23 (−0.38, −0.08) 0.003
Age (years) (reference = ≥60) - -
18–44 0.08 (−0.11, 0.26) 0.423
45–59 0.04 (−0.10, 0.17) 0.612
Marital status (reference = Married) - -
Others 0.04 (−0.13, 0.21) 0.641
Educational level (reference = Below primary school) - -
Primary school 0.23 (0.08, 0.38) 0.003
Junior high school 0.61 (0.43, 0.78) <0.001
Senior high school 0.92 (0.70, 1.15) <0.001
Junior college or above 1.17 (0.93, 1.41) <0.001
AHI (CNY) (reference = <12,000) - -
12,000–19,999 0.15 (−0.05, 0.36) 0.149
20,000–59,999 0.43 (0.24, 0.62) <0.001
≥60,000 0.58 (0.37, 0.80) <0.001
Smoking (reference = Yes) - -
No 0.09 (−0.07, 0.25) 0.274
Drinking (reference = Yes) - -
No 0.04 (−0.11, 0.18) 0.608
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Table 5. Cont.

Variable β (95%CI) p

Obesity (reference = Yes) - -
No 0.15 (0.02, 0.29) 0.020
Hypertension (reference = Yes) - -
No 0.12 (−0.01, 0.25) 0.073
Diabetes (reference = Yes) - -
No −0.08 (−0.23, 0.08) 0.317

Abbreviation: AHI = annual household income; CNY = China Yuan.

3.6. Multiple Logistic Regression Analysis of Factors Affecting Dietary Patterns

Multiple logistic regression was used to explore the relationship between the demo-
graphic factors and three DPs (Table 6). Three DPs were used as dependent variables, and
the DP 1 group was used as the reference group. Those factors were used as an independent
variable to be added in the multiple logistic regression analysis. The results showed that
females (DP 2: OR = 1.45, 95% CI = 1.08 to 1.94, p = 0.014, and DP 3: OR = 2.02, 95% CI = 1.39
to 2.94, p < 0.001) were more likely to develop DP 2 and DP 3 than males. Participants aged
18–44 years (DP 2: OR = 1.46, 95% CI = 1.02 to 2.10, p = 0.039, and DP 3: OR = 0.49, 95%
CI = 0.28 to 0.86, p = 0.013) were more likely to have DP 2 and less likely to have DP 3, as
compared with those who were 60 years or older. However, in terms of educational level,
those with a primary school education (DP 2: OR = 0.63, 95% CI = 0.47 to 0.85, p = 0.002,
and DP 3: OR = 0.65, 95% CI = 0.47 to 0.92, p = 0.015), a junior high school education (DP 2:
OR = 0.38, 95% CI = 0.27 to 0.53, p < 0.001, and DP 3: OR = 0.28, 95% CI = 0.18 to 0.44,
p < 0.001), a senior high school education (DP 2: OR = 0.22, 95% CI = 0.14 to 0.35, p < 0.001,
and DP 3: OR = 0.19, 95% CI = 0.10 to 0.35, p < 0.001), and a junior college or above (DP
2: OR = 0.13, 95% CI = 0.07 to 0.22, p < 0.001, and DP 3: OR = 0.04, 95% CI = 0.01 to 0.14,
p < 0.001) were less likely to experience DP 2 and DP 3 compared to those with a lower
primary school education. When compared with those whose AHI was less than 12,000
yuan, respondents with an AHI ranged from 20,000 to 59,999 yuan (DP 2: OR = 0.69, 95%
CI = 0.47 to 1.00, p = 0.050, and DP 3: OR = 0.54, 95% CI = 0.35 to 0.82, p = 0.005) and over
60,000 yuan (DP 2: OR = 0.45, 95% CI = 0.29 to 0.69, p < 0.001, and DP 3: OR = 0.41, 95%
CI = 0.24 to 0.68, p = 0.001) were less likely to form DP 2 and DP 3. Compared to those
obese populations, non-obese populations (OR = 0.59, 95% CI = 0.44 to 0.80, p = 0.001) were
less likely to establish DP 3. Further, for those without hypertension diseases (OR = 0.71,
95% CI = 0.52 to 0.96, p = 0.026), a lower risk was discovered concerning DP 3. Significantly,
as for individuals without diabetes disease (OR = 1.50, 95% CI = 1.03 to 2.19, p = 0.035), a
higher risk was found concerning DP 3.

Table 6. Multiple logistic regression analysis comparing dietary pattern 2 and 3 to dietary pattern 1.

Variable
DP 2 DP 3

OR (95%CI) p OR (95%CI) p

Gender (reference = Male) - - - -
Female 1.45 (1.08, 1.94) 0.014 2.02 (1.39, 2.94) <0.001
Age (years) (reference = ≥60) - - - -
18–44 1.46 (1.02, 2.10) 0.039 0.49 (0.28, 0.86) 0.013
45–59 1.29 (0.98, 1.68) 0.065 0.77 (0.56, 1.07) 0.119
Marital status (reference = Married) - - - -
Others 0.91 (0.65, 1.27) 0.572 0.86 (0.57, 1.30) 0.474
Educational level (reference = Below primary school) - - - -
Primary school 0.63 (0.47, 0.85) 0.002 0.65 (0.47, 0.92) 0.015
Junior high school 0.38 (0.27, 0.53) <0.001 0.28 (0.18, 0.44) <0.001
Senior high school 0.22 (0.14, 0.35) <0.001 0.19 (0.10, 0.35) <0.001
Junior college or above 0.13 (0.07, 0.22) <0.001 0.04 (0.01, 0.14) <0.001
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Table 6. Cont.

Variable
DP 2 DP 3

OR (95%CI) p OR (95%CI) p

AHI (CNY) (reference = <12,000) - - - -
12,000–19,999 1.00 (0.67, 1.51) 0.990 0.78 (0.49, 1.25) 0.310
20,000–59,999 0.69 (0.47, 1.00) 0.050 0.54 (0.35, 0.82) 0.005
≥60,000 0.45 (0.29, 0.69) <0.001 0.41 (0.24, 0.68) 0.001
Smoking (reference = Yes) - - - -
No 0.99 (0.72, 1.38) 0.976 0.84 (0.57, 1.23) 0.374
Drinking (reference = Yes) - - - -
No 1.05 (0.79, 1.40) 0.720 0.77 (0.55, 1.08) 0.130
Obesity (reference = Yes) - - - -
No 0.80 (0.62, 1.04) 0.095 0.59 (0.44, 0.80) 0.001
Hypertension (reference = Yes) - - - -
No 0.97 (0.75, 1.26) 0.842 0.71 (0.52, 0.96) 0.026
Diabetes (reference = Yes) - - - -
No 0.97 (0.72, 1.31) 0.861 1.50 (1.03, 2.19) 0.035

Abbreviation: AHI = annual household income; CNY = China Yuan. DP 2 = “traditional” dietary pattern,
DP 3 = “meat/animal protein” dietary pattern.

4. Discussion

With significant consequences for public health, diet is a controllable risk factor that
should be prioritized [1]. Encouraging a varied diet and a healthy DP could enhance the
overall diet since both are equally pivotal links to healthy food and nutrient intake [4,6]. In
comparison, rural residents’ DD and DP are often underrepresented in food consumption
studies. Understanding DD and DP among rural residents and the related factors to drivers
of food choice is essential. It can support informing nutritional guidelines specific to rural
resident groups and develop tailored interventions to encourage dietary improvement
in the long term. Therefore, this study examined several socio-demographic factors con-
cerning DD and DP in adults from Pingnan, China, and contributed significantly to our
understanding of the key measures for enhancing rural residents’ diets. This study adopted
six food groups to calculate the total number of food varieties intake to assess DD. We
used the method of LCA to determine the DPs in a representative sample and obtain
three DPs: “healthy” DP (which included vegetables–fruit, red meat, aquatic products, egg,
milk, beans–nuts), “traditional” DP (which included vegetables–fruit, red meat, aquatic
products, egg), and “meat/animal protein” DP (which included red meat, aquatic products,
egg). According to the study’s findings, gender, educational level, AHI, and obesity were
associated with DD; similarly, gender, age, educational level, AHI, obesity, hypertension,
and diabetes were the correlated factors for the DPs.

Specifically, females were negatively correlated with the higher DD and more likely
to develop the “traditional” DP and “meat/animal protein” DP than males, which is
inconsistent with previous studies [18,36]. The survey in Poverty Areas of Northwest China
found no significant difference between sex and DD [36]. Additionally, research has shown
that females adhere more to healthy DPs than males [17,18]. Although, a study agrees
that females in China will learn more dietary knowledge to promote a healthy diet for
family members because they are primarily responsible for food preparation [22]. However,
compared with males, females in rural areas generally tend to have subordinate status in
the household and less access to primarily high-quality food [37]. In addition, no significant
relationship between age and DD was found in our analysis, which was not congruent
with a former study that showed that the younger aged group had lower DD than the
older ones [38]. Interestingly, younger participants in our samples were more likely to
have “traditional” DP than older adults, but “meat/animal protein” DP showed the reverse
result. This finding is inconsistent with the previous studies showing the same point of
view that older adults usually make positive decisions concerning their nutrition and follow
healthier DP [19,38]. A possible reason is that, on the one hand, younger people skipped
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meals more frequently, especially breakfast and night eating, and had fewer servings of
dairy products, thus leading to worse DP throughout the day [18]. On the other hand,
some older adults living in rural areas limited by the low economic conditions or living
alone might spend less money on expensive food like fruits, dairy products, and nuts or
purchase less food [16]. Therefore, public health nutrition interventions aiming to enhance
dietary knowledge and improve diets should target the group of females, younger people,
and older adults.

The findings of this study support a large body of research indicating higher socioeco-
nomic status, including a high level of education and more AHI, substantially correlated
with higher DD and healthier DP [9,16,17,20]. Regarding AHI factors, income reflects pur-
chasing power and indicates a person’s financial resources [9]. The determinants of food
variety choices are complex, and the price is one of many factors guiding these choices, and
a low income can restrain people from spending more money on more food choices [39].
Another often-cited reason for poor DD and DP among low-income individuals is the cost
of healthy food [20]. Financially constrained people may consume lower-quality diets, such
as fewer fruits and vegetables or more high energy-dense foods, than more affluent popula-
tions [20,40]. In terms of educational level, education allows people to obtain information
about nutritional knowledge and healthy DP, which ultimately leads to higher DD and
better DP. Furthermore, people with a higher educational level tend to have higher incomes
and better purchasing power than those with a lower academic level. Therefore, dietary
knowledge must be enhanced to improve the poor DD and DP among rural residents
with low-education and less-income groups. Meanwhile, the government should step up
extensive health education efforts to promote diet-related health education that facilitates
the change from unhealthy to healthy eating behaviors in rural areas.

In fact, owing to the complexity of foods and the potential associations between dietary
components, the relationship between diet and obesity is intricate [41]. Previous studies
have shown a positive association between a higher risk of obesity and DP with increased
consumption of red meat abundant in saturated fat and cholesterol [42–44]. In the present
study, the non-obese population was inversely associated with “meat/animal protein” DP,
indicating that rural residents with obesity who consume more meat or animal food deserve
further attention. Nevertheless, we found a positive relationship between the non-obese
population and higher DD, which was inconsistent with prior finds in the literature [45,46].
A study in a less developed region suggested that obesity was associated with higher DD
among adults in southwest China [45]. One explanation may be that rural residents in
the non-obese population tend to increase their intake of healthy foods, such as fruit and
vegetables, rather than meat, though, it has been regarded that higher DD is associated
with higher consumption of total energy and is linked to obesity [46], whereas a systematic
review showed that the relationship between adiposity and DD depends on the healthy
degree of eatables and variety of all kinds of food, and a healthy diet implies a reduction
in metabolic-related risks [47]. For example, a lower risk of obesity was associated with
a low intake of healthy foods (fruits and vegetables) that contributes to higher DD [48].
Another explanation for the finding might be that a varied but balanced diet is attributed to
providing a rational nutrient supply. The literature suggests that one reason for increasing
obesity is the dietary imbalance coming with DD [45]. Briefly, those who have obesity
should be advocating eating healthy foods (e.g., fruits and vegetables) and a balanced diet
in rural areas.

According to the results of a systematic review and a dose–response meta-analysis
between food groups and the risk of hypertension, it is generally accepted that an increased
risk of hypertension was associated with red meat and processed meat [49]. Based on the
findings of the present study, those participants without hypertension were negatively
associated with “meat/animal protein” DP, which underscores a healthy diet is essential
for participants with hypertension in rural areas. Interestingly, our study showed that those
participants without diabetes were positively associated with “meat/animal protein” DP,
which confirms the relationship between diabetes and diet factors. People with diabetes
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are likely to follow a healthier diet than those without diabetes possibly because they
have learned about nutrition knowledge from physicians and followed a diabetic diet for
glycemic control [50]. This suggests that people without diabetes should also be taken
into consideration to increase their ability to choose healthier diets in rural areas where
nutrition and health knowledge are inadequate. Notably, we did not observe an association
between smoking or drinking and DD or DP, which is inconsistent with many previous
studies [4,46,51]. A possible reason for this finding is that the behavior factors (e.g., smoking
and drinking) might have a smaller impact on the dietary choices of the rural residents than
other factors. Previously published studies have demonstrated the clustering of health/risk
behaviors [52–54]. Additionally, evidence shows that changes in one risk behavior are
related to changes in another behavior [54]. Thus, the association between smoking or
drinking and diet in the Pingnan region needs further study.

A strength of our study was that it included a rigorous sampling process and inves-
tigation process, which used multistage systematic clustered random sampling, the use
of validated tools for assessing diet, and conducted quite strict quality control to obtain
high-quality, representative data to increase the validity and generalizability of our findings.
Further, this study used the LCA method to identify DPs and provides a new perspective.
However, several limitations of this study should be noted. First, the cross-sectional study
design allows us to describe associations but it was difficult to determine causality or
explore the direction of associations based on the present findings. Second, the estimation
of food intake was based on retrospective self-reports from the past 12 months using the
FFQ. Although well-trained investigators conducted interviews to help improve accuracy,
recall bias may still result in overestimating or underestimating intake. Third, we focused
on analyzing socio-demographic factors but lacked other potential variables, as many
factors may influence food intake. Thus, more research focusing on rural residents must
include additional elements for a comprehensive assessment.

5. Conclusions

In conclusion, the present study identified DD and DP socio-demographic factors
in Pingnan, China. Females exhibited lower DD and were more likely to adhere to “tra-
ditional” DP and “meat/animal protein” DP. Those with higher educational levels and
AHI were positively associated with higher DD, while less likely to have “traditional”
DP and “meat/animal protein” DP. Non-obese people exhibited higher DD and were less
likely to have “meat/animal protein” DP. Our study suggests that vulnerable populations
which tend to have a lower DD and are more likely to adhere to “traditional” DP and
“meat/animal protein” DP, which is most evident among those who are female, those
with lower educational levels and AHI, and obese people. Our findings highlight that
the policymakers must perform specific diet-related health promotion measures and inter-
ventions that target these vulnerable populations to improve a healthier DD and DP. For
instance, implementing health interventions, public education, and support programs for
rural communities, particularly promoting greater diversity and a wider variety of food
intake as well as eating healthy foods (such as fruits and vegetables) and balanced diets.
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Abstract: Dietary guidance promotes plant-based foods, yet minimal research has examined intake
in children. This study examined plant-based food intake in preschool-aged children using plant-
based dietary index (PDI) metrics and related these metrics to nutrient and food group intakes.
Dietary data were collected from preschool-aged children (n = 283, 3.45 ± 1.22 years) from the
Guelph Family Health Study at baseline using the Automated Self-Administered 24-Hour Dietary
Assessment Tool. Food intake servings were assigned to 16 food groups for calculation of overall
PDI (oPDI), healthful PDI (hPDI), and less healthful (lhPDI) scores and summarized into tertiles for
energy-adjusted comparisons. For oPDI, participants in the highest vs. lowest tertile had higher
intakes of nutrients and food groups to encourage (e.g., dietary fiber, fruits) as well as lower intakes
of nutrients to encourage (e.g., calcium, vitamin D). For hPDI, participants in the highest vs. lowest
tertile had higher intakes of nutrients and food groups to encourage and lower intakes of those to limit
(e.g., saturated fat, sweets and desserts). For lhPDI, participants in the highest vs. lowest tertile had
higher intakes of nutrients and food groups to limit and lower intakes of those to encourage. These
results can inform dietetic practice for dietary guidance that promotes plant-based foods in children.

Keywords: dietary guidance; dietary assessment; plant-based dietary index; nutrient intakes; food
group intakes; preschool-aged children

1. Introduction

Dietary guidelines from numerous countries have shifted towards the promotion of
sustainable dietary patterns that include higher intakes of plant-based foods [1–5]. Higher
intakes of plant-based foods, including nuts, seeds, and legumes, fruits, vegetables, and
whole grains, have been related to improved nutrient intake, including higher dietary
fiber, micronutrients, and unsaturated fat [6], as well as improved diet quality [7]. Higher
intakes of plant-based foods have also been related to improved health outcomes, including
lower risk of cardiovascular disease [8–11], type 2 diabetes [12,13], breast cancer [14–16],
and all-cause mortality [17–20]. These improvements support the dietary guidance and
rationalize the measurement of plant-based food intake in various population segments.

Plant-based food intake can be measured using the plant-based dietary index (PDI),
as first described by Satija et al. [12]. The PDI is designed to examine the dietary intake
distribution of plant- and animal-based foods using a system that assigns positive or reverse
scores to plant foods and reverse scores to animal foods [12]. The metrics include an overall
PDI as well as a healthful PDI and an unhealthful PDI that reflect intake of plant-based
foods that are healthy (e.g., fruits, whole grains) or less healthy (e.g., sweets and desserts,
sugar sweetened beverages (SSBs)) [12]. The PDI metrics have been examined in relation
to chronic disease risk in adults in various locations including North America [8,12,21,22],
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Europe [23,24], and Korea [10,18,25]. There is rationale to also examine PDI metrics in
children, particularly since dietary habits established in young childhood can be associated
with health outcomes [26] and persist into adulthood [27]. Therefore, the purpose of the
current study was to examine intake of plant-based foods using the PDI metrics and relate
them to nutrient and food group intakes in preschool-aged children participating in the
Guelph Family Health Study (GFHS).

2. Materials and Methods

2.1. Study Design and Participant Screening

The current study used baseline dietary assessment data from the GFHS, an ongoing
cohort study examining the effects of home-based lifestyle interventions on obesity preven-
tion in families with young children. The study was approved by the University of Guelph
Research Ethics Board (REB#17-07-003) and registered on ClinicalTrials.gov (NCT02939261).
All parents provided written consent and, when possible, children provided verbal assent.

Participants included children between 1.5 and 5 years who were in GFHS families.
Families were eligible if they resided in Guelph, Ontario, or surrounding areas, had a
parent who could respond to questionnaires in English, and did not have a participating
child(ren) with a severe health condition.

Of the 293 children who met the inclusionary criteria, 10 were excluded due to a
missing dietary assessment (n = 1) or errors in their dietary assessment entries (n = 6),
including an implausible energy intake (<500 kcal/day) (n = 3).

2.2. Anthropometric Measurements

Height was measured using a stadiometer (ShorrBoard, Weight and Measure, LLC.,
Olney, MD, USA). Body weight was measured using an electronic scale (BOD POD™,
COSMED, Concord, CA, USA). Body mass index (BMI) z-scores were calculated using
World Health Organization Anthro software (version 3.2.2, Geneva, Switzerland, 2011).

2.3. Dietary Assessment

Dietary assessment was completed by the participant’s parent for a 24 h period using
the National Cancer Institute’s web-based Automated Self-Administered 24 h (ASA24)
Dietary Assessment Tool, version ASA24-Canada-2016, adapted to reflect the Canadian
food supply, portion sizes, and nutrient composition. ASA24 includes multiple prompts for
participants to facilitate accurate data entry and has been validated for use in children [28].
ASA24-Canada analyzes the dietary data using the Canadian Nutrient File and a Health
Canada recipe database along with the United States Food and Nutrient Database for
Dietary Studies (FNDDS) and the Food Patterns Equivalents Database (FPED). These
databases enable ASA24-Canada to output a summary of the food descriptions, energy
and nutrient intakes, and United States Department of Agriculture (USDA) Food Pattern
components.

2.4. Plant-Based Dietary Index (PDI) Scoring

PDI scores were computed for overall PDI (oPDI), healthful PDI (hPDI), and less
healthful PDI (lhPDI), adapted from Satija et al., 2016 [12]. Food intakes from the ASA24
results output were converted from grams to servings using Health Canada’s Table of
Reference Amounts for Food [29]. Food descriptions reported as mixed dishes were
disaggregated and quantified using information from the detailed ASA24 responses and
the ASA24 food group variables, followed by conversion to grams using data from the
FPED. Food servings were then assigned to 1 of 16 food groups categorized as healthy
plant foods (whole grains; fruits; vegetables; nuts, seeds, and legumes; tea and coffee; plant
oils and spreads), less healthy plant foods (refined grains; snack chips and French fries;
SSB; sweets and desserts; condiments), or animal foods (dairy; eggs; fish; meat; animal-
based spreads) (Figure 1). Servings in each food group were totalled for each participant
and summarized into food group serving intake quintiles (Q) across all participants. PDI
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scores were then computed for each participant by relating their total intake of food group
servings to the food group serving intake Qs. For oPDI, scores of 1 were assigned to all
plant food group serving intakes that were in Q1 and scores of 5 were assigned to all plant
food group serving intakes that were in Q5 (positive scoring such that Q1 = 1, Q2 = 2,
Q3 = 3, Q4 = 4, Q5 = 5), and the opposite approach was completed for animal food group
serving intakes (reverse scoring such that Q1 = 5, Q2 = 4, Q3 = 3, Q4 = 2, Q5 = 1) (Figure 1).
For hPDI, positive scoring was completed for healthy plant food group serving intakes
and reverse scoring was completed for less healthy plant food and animal food group
serving intakes (Figure 1). For lhPDI, positive scoring was completed for less healthy plant
food group serving intakes and reverse scoring was completed for healthy plant food and
animal food group serving intakes (Figure 1). Scores were summed within a participant for
oPDI, hPDI, and lhPDI with theoretical ranges of 16 to 80.

Figure 1. Summary of the PDI metrics scoring process. Abbreviations used: oPDI, overall plant-based
dietary index; hPDI, healthful plant-based dietary index; lhPDI, less healthful plant-based dietary
index. Created with Canva, adapted with permission from Sarah E. Jarvis.

2.5. Data and Statistical Analysis

All data were analyzed using the Statistical Analysis System (SAS Institute Inc., Version
9.4, Cary, NC, USA) with p < 0.05 considered significant. All dietary data were examined for
normality using box plots and stem-leaf diagrams and log-transformed where appropriate.
Summary statistics were generated for sex, BMI z-score, and PDI scores, and tertiles were
computed for PDI scores. Nutrient and food group intakes were compared among oPDI,
hPDI, and lhPDI tertiles using the GENMOD procedure (to implement the generalized
estimating equation approach to control for correlated outcomes among siblings), adjusted
for energy intake, and followed by a Tukey’s test for multiple comparisons.

3. Results

3.1. Participant Characteristics

Participants included 148 girls and 135 boys who had a mean ± SD age of 3.45 ± 1.22
years and BMI z-score of 0.58 ± 0.98.

3.2. oPDI Scores in Relation to Nutrient and Food Group Intakes

The median oPDI score was 42 with a range of 26–63 (Figure 2). Tertiles for oPDI were
26–41 (n = 105) for tertile 1, 42–47 (n = 87) for tertile 2, and 48–63 (n = 91) for tertile 3.
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Figure 2. PDI metric box plots. Distribution of PDI scores of children for oPDI, hPDI, and lhPDI. Ab-
breviations: PDI, plant-based dietary index; oPDI, overall plant-based dietary index; hPDI, healthful
plant-based dietary index; lhPDI, less healthful plant-based dietary index.

Nutrient intakes that were significantly higher for participants in oPDI tertile 3 com-
pared to tertile 1 included total fat (p = 0.0004), polyunsaturated fat (p = 0.03), carbohydrates
(p < 0.0001), dietary fiber (p < 0.0001), vitamin B6 (p = 0.03), folate (p = 0.005), vitamin C
(p = 0.0002), iron (p < 0.0001), and magnesium (p < 0.0001) (Figure 3a and Table S1, Sup-
plementary Data). Nutrient intakes that were significantly lower for participants in oPDI
tertile 3 compared to tertile 1 included protein (p < 0.0001), saturated fat (p < 0.0001), choles-
terol (p < 0.0001), vitamin D (p < 0.0001), vitamin B12 (p < 0.0001), calcium (p < 0.0001),
phosphorus (p < 0.0001), and zinc (p = 0.005) (Figure 3a and Table S1, Supplementary Data).

Food groups that contributed the highest proportions of food intake for oPDI tertiles 1
and 3 included dairy (42.8% and 24.2%, respectively), fruits (20.4% and 27.3%, respectively),
and refined grains (11.2% and 13.4%, respectively) (Figure 3b). Food groups that contributed
the lowest proportions of food intake accounted for ≤3% of total food intake for oPDI
tertiles 1 and 3 and included SSB (0% and 2.42%, respectively), snack chips and French fries
(0.34% and 1.30%, respectively), condiments (0.30% and 1.49%, respectively), plant oils and
spreads (0.22% and 0.43%, respectively), tea and coffee (0.21% and 0.43%, respectively),
eggs (2.97% and 0.92%, respectively), animal-based spreads (0.91% and 0.28%, respectively),
and fish (0.74% and 0.11%, respectively) (Figure 3b).

Food group proportional intakes that were significantly higher for participants in oPDI
tertile 3 compared to tertile 1 included fruits (p = 0.003); nuts, seeds, and legumes (p = 0.01);
vegetables (p = 0.002); snack chips and French fries (p = 0.02), SSB (p = 0.03); and condiments
(p < 0.0001) (Figure 3b). Food group proportional intakes that were significantly lower
for participants in oPDI tertile 3 compared to tertile 1 included dairy (p < 0.0001), meat
(p = 0.02), eggs (p = 0.0002), and animal-based spreads (p < 0.0001) (Figure 3b).
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(a) 

 
(b) 

Figure 3. Nutrient intakes (a) and food group proportional intakes (b) of participants in oPDI tertile
3 compared to oPDI tertile 1. Values within each food group bar segment are percent of total food
intake. Other animal food groups and other plant food groups are combinations of food groups with
intakes ≤3% of total food intake for both tertiles 1 and 3. Intakes for food groups in the legend with *
were significantly higher for oPDI tertile 3 compared to oPDI tertile 1 (within the other plant food
groups, this refers to snack chips and French fries, sugar-sweetened beverages, and condiments).
Intakes for food groups in the legend with † were significantly lower for oPDI tertile 3 compared to
oPDI tertile 1 (within the other animal food groups, this refers to eggs and animal-based spreads).
Abbreviations: oPDI, overall plant-based dietary index.

3.3. hPDI Scores in Relation to Nutrient and Food Group Intakes

The median hPDI score was 52 with a range of 34–68 (Figure 2). Tertiles for hPDI were
34–49 (n = 98) for tertile 1, 50–55 (n = 97) for tertile 2 and 56–68 (n = 88) for tertile 3.
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Nutrient intakes that were significantly higher for participants in hPDI tertile 3 com-
pared to tertile 1 included dietary fiber (p < 0.0001), vitamin B6 (p = 0.009), folate (p = 0.004),
iron (p = 0.004), magnesium (p < 0.0001), and potassium (p < 0.0001) (Figure 4a and Table S2,
Supplementary Data). Nutrient intakes that were significantly lower for participants in
hPDI tertile 3 compared to tertile 1 included saturated fat (p = 0.003) and cholesterol
(p = 0.0002) (Figure 4a and Table S2, Supplementary Data).

(a) 

 
(b) 

Figure 4. Nutrient intakes (a) and food group proportional intakes (b) of participants in hPDI tertile
3 compared to hPDI tertile 1. Values within each food group bar segment are percent of total food
intake. Other animal food groups, other less healthy plant food groups, and other healthy plant food
groups are combinations of food groups with intakes ≤3% of total food intake for both tertiles 1 and 3.
Intakes for food groups in the legend with * were significantly higher for hPDI tertile 3 compared to
tertile 1 (within the other healthy plant food groups, this refers to plant oils and spreads). Intakes for
food groups in the legend with † were significantly lower for hPDI tertile 3 compared to hPDI tertile
1 (within the other animal food groups, this refers to eggs and animal-based spreads, and within the
other less healthy plant food groups, this refers to snack chips and French fries, sugar-sweetened
beverages, and condiments). Abbreviations: hPDI, healthful plant-based dietary index.
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Food groups that contributed the highest proportions of food intake for hPDI tertiles 1
and 3 included dairy (36.2% and 29.7%, respectively), fruits (21.7% and 27.1%, respectively),
and refined grains (13.8% and 10.5%, respectively) (Figure 4b). Food groups that contributed
the lowest proportions of food intake accounted for ≤3% of total food intake for hPDI
tertiles 1 and 3 and included SSB (2.05% and 0.16%, respectively), snack chips and French
fries (1.70% and 0.12%, respectively), condiments (1.25% and 0.49%, respectively), tea
and coffee (0.26% and 0.48%, respectively), plant oils and spreads (0.08% and 0.39%,
respectively), eggs (2.47% and 0.94%, respectively), animal-based spreads (0.96% and 0.29%,
respectively), and fish (0.91% and 0.22%, respectively) (Figure 4b).

Food group proportional intakes that were significantly higher for participants in
hPDI tertile 3 compared to tertile 1 included fruits (p = 0.03), whole grains (p = 0.0004),
nuts, seeds, and legumes (p < 0.0001), vegetables (p = 0.0005), and plant oils and spreads
(p < 0.0001) (Figure 4b). Food group proportional intakes that were significantly lower for
participants in hPDI tertile 3 compared to tertile 1 included sweets and desserts (p = 0.002),
eggs (p = 0.008), animal-based spreads (p < 0.0001), snack chips and French fries (p < 0.0001),
SSB (p = 0.03), and condiments (p = 0.02) (Figure 4b).

3.4. lhPDI Scores in Relation to Nutrient and Food Group Intakes

The median lhPDI score was 50 with a range of 35–66 (Figure 2). Tertiles for oPDI
were 35–47 (n = 101) for tertile 1, 48–52 (n = 86) for tertile 2, and 53–66 (n = 96) for tertile 3.

Nutrient intakes that were significantly higher for participants in lhPDI tertile 3 com-
pared to tertile 1 included carbohydrates (p = 0.001) and added sugars (p < 0.0001) (Figure 5a
and Table S2, Supplementary Data). Nutrient intakes that were significantly lower for
participants in lhPDI tertile 3 compared to tertile 1 included protein (p < 0.0001), cholesterol
(p < 0.0001), dietary fiber (p < 0.0001), vitamin B6 (p = 0.002), folate (p = 0.01), vitamin
B12 (p = 0.003), calcium (p = 0.0005), magnesium (p < 0.0001), phosphorus (p < 0.0001),
potassium (p < 0.0001), sodium (p = 0.04), and zinc (p < 0.0001) (Figure 5a and Table S2,
Supplementary Data).

Food groups that contributed the highest proportions of food intake for lhPDI tertiles 1
and 3 included dairy (37.0% and 33.2%, respectively), fruits (24.3% and 22.4%, respectively),
and refined grains (9.55% and 14.6%, respectively) (Figure 5b). Food groups that contributed
the lowest proportions of food intake accounted for ≤3% of total food intake for lhPDI
tertiles 1 and 3 and included SSB (0.69% and 3.02%, respectively), snack chips and French
fries (0.13% and 2.17%, respectively), condiments (0.34% and 1.41%, respectively), tea
and coffee (0.59% and 0.25%, respectively), plant oils and spreads (0.34% and 0.27%,
respectively), eggs (2.32% and 1.23%, respectively), animal-based spreads (0.63% and 0.49%,
respectively), and fish (0.69% and 0.06%, respectively) (Figure 5b).

Food group proportional intakes that were significantly higher for participants in
lhPDI tertile 3 compared to tertile 1 included refined grains (p = 0.0009), sweets and
desserts (p < 0.0001), snack chips and French fries (p < 0.0001), and condiments (p = 0.0003)
(Figure 5b). Food group proportional intakes that were significantly lower for participants
in lhPDI tertile 3 compared to tertile 1 included whole grains (p = 0.02), vegetables (p = 0.03),
and fish (p = 0.008) (Figure 5b).
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Figure 5. Nutrient intakes (a) and food group proportional intakes (b) of participants in lhPDI tertile
3 compared to lhPDI tertile 1. Values within each food group bar segment are percents of total food
intake. Other animal food groups, other less healthy plant food groups, and other healthy plant food
groups are combinations of food groups with intakes ≤3% for both tertiles 1 and 3. Intakes for food
groups in the legend with * were significantly higher for lhPDI tertile 3 compared to lhPDI tertile
1 (within the other less healthy plant food groups, this refers to snack chips and French fries, and
condiments). Intakes for food groups in the legend with † were significantly lower for lhPDI tertile 3
compared to lhPDI tertile 1 (within the other animal food groups, this refers to fish). Abbreviations:
lhPDI, less healthful plant-based dietary index.
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4. Discussion

The current study examined plant-based food intake in a sample of 283 preschool-aged
children who were participating in the GFHS. Dietary assessment was completed for a 24 h
period by each child’s parent using the online-based ASA24. The itemized food intakes were
converted to servings and categorized into 11 plant food groups or 5 animal food groups for
calculation of oPDI scores. Plant food groups were further categorized into healthy or less
healthy plant food groups for calculation of hPDI and lhPDI scores. The focus on dietary
distribution of plant-based food intakes in young children is relevant as it is a critical stage
for growth and development, with unique nutritional requirements [30]. Gaining insights
into the nutritional implications of plant-based foods in children’s diets is pertinent as
evidence demonstrates that childhood dietary habits can persist into adulthood [27]. As
such, the current study examined the PDI metric scores and related them to nutrient and
food group intakes in a sample of preschool-aged children.

The current study’s focus on young children in its examination of plant-based food
intake adds diversity to the participants that have been studied in this literature. Adults
have been the focus of most of the previous studies of plant-based food intake, which
have related PDI metrics to various health conditions [12,14,19,25]. The need for research
conducting thorough examinations of plant-based food intake in children is important
since childhood dietary habits can continue through into adulthood [27] and relate to
health outcomes [26]. Overall, since dietary guidance includes children, the current study’s
participant sample adds necessary diversity to the plant-based food intake literature.

The range of oPDI scores in the current study is 26–63 out of a theoretical range of 16–80.
When oPDI scores are summarized into tertiles, the results show that participants who have
higher overall plant intake (oPDI-tertile 3) have higher intakes of nutrients to encourage
(polyunsaturated fat, dietary fiber, vitamin B6, folate, vitamin C, iron, magnesium), and,
except for saturated fat and cholesterol, also have lower intakes of nutrients to encourage
(protein, vitamin D, vitamin B12, calcium, phosphorus, zinc). The food group intakes
accounted for in these nutrient intakes show that participants who have higher oPDI
have higher intakes of fruits, vegetables, nuts, seeds, and legumes, and lower intakes of
dairy and meat. The majority of PDI studies have been conducted in adults and focus on
health outcomes; however, Chen et al. studied children aged 6–9 years living in China [31].
Their food group results show that participants with higher overall plant intake have
higher intakes of healthy plant foods and also some less healthy plant foods, although
statistical comparisons are not completed and nutrient intakes are not reported [31]. Other
PDI studies that have examined nutrient intakes report higher PDI scores in relation to
higher intakes of carbohydrates [32,33], polyunsaturated fat [33], dietary fiber and vitamin
B6 [32,33], folate [32], vitamin C [33,34], and magnesium [32,33], and lower intakes of
protein [15,21,33,34], total fat [15,33,34], saturated fat [15,33,34], cholesterol, vitamin B6,
vitamin B12, calcium, and magnesium [15,33], although all of these studies were conducted
in Iranian adults, except for one that was in South Korean adults [21]. Collectively, these
studies support a role for plant foods in promoting the intake of nutrients beneficial for
health, but also demonstrate that other nutrients beneficial for health can be lower with
varying intakes of certain plant foods. These results argue for a comprehensive dietary
approach that includes a diversity of plant foods to support optimal nutrient intake.

The hPDI metric further examines plant food intake by considering the intake of plant
foods that are considered healthy. The range of hPDI scores in the current study is 34–68
out of a theoretical range of 16–80. Participants who have higher intakes of healthy plant
foods (hPDI-tertile 3) have higher intakes of nutrients to encourage (dietary fiber, vitamin
B6, folate, iron, magnesium, potassium) and lower intakes of a nutrient to limit (saturated
fat). These results correspond with higher food group intakes, including higher intakes
of healthy plant foods (fruits, whole grains, nuts, seeds, and legumes, vegetables, and
plant oils and spreads). Previous PDI studies also report higher hPDI scores in relation
to higher intakes of dietary fiber [9,15,33,35], vitamin B6 [15,33], folate [9,15,21], iron [21],
and magnesium [9,15,21], and lower intakes of saturated fat [9,15,21,33,35], although all of
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these studies were conducted in adults. These results demonstrate that higher hPDI scores
reflect a diet high in food groups to encourage and contribute to optimal nutrient intakes
by promoting increased intakes of nutrients to encourage and lower intakes of nutrients to
limit.

The lhPDI metric also further examines plant food intake by considering the intake
of plant foods that are considered less healthy. The range of lhPDI scores is 35–66 out of
a theoretical range of 16–80. Participants who have higher intakes of less healthy plant
foods (lhPDI-tertile 3) have higher intakes of nutrients and food groups to limit (added
sugars, sweets and desserts, and snack chips and French Fries) and lower intakes of
nutrients and food groups to encourage (protein, dietary fiber, several micronutrients,
whole grains, vegetables, and fish). These results are consistent with previous studies,
all conducted in adults, that also report higher lhPDI scores in relation to higher intakes
of added sugars [35], and lower intakes of protein [21,33], dietary fiber [15,21,33,35], and
micronutrients, including vitamin B6 [15,33], folate [15,21], calcium, magnesium, and
potassium [21,33]. These findings highlight the consideration of nutritional quality when
relating plant food intake to nutrient intakes. A higher intake of plant foods may not
always be consistent with higher intakes of nutrients and food groups to encourage, which
rationalizes the inclusion of the hPDI and lhPDI metrics in the dietary assessment of plant
food intake.

In this study sample of preschool-aged children, dairy, fruits, and refined grains were
the most frequently consumed food groups, accounting for >60% of total food intake,
regardless of PDI metric or tertile. These food group intake results are consistent with
previous studies that report children aged 2–6 years in China most frequently consume
cereals, dairy, and fruits [36], and children aged 2–3 years in the United States consume milk
and fruit at least once daily [37]. Dairy foods are nutrient-dense, providing high-quality
protein and many micronutrients, including calcium and vitamin D to support growth
and development in children [38]. Fruits also provide multiple micronutrients and can
be high in dietary fiber, which can all support health [39]. Refined grains can be a source
of multiple shortfall micronutrients, including folic acid and iron, to contribute toward
nutrient adequacy [40]. Nonetheless, dietary intake can always be improved with more
variety and increased intakes of certain foods such as vegetables, and nuts, seeds, and
legumes, which can contribute several nutrients to encourage, including dietary fiber,
polyunsaturated fat, monounsaturated fat, and multiple micronutrients [41,42]. These
findings demonstrate a need for greater diversity in children’s diets to promote nutrient
intake adequacy and foster lifelong healthy dietary habits.

The current study is limited in its use of a single, self-reported 24 h dietary recall,
which has inherent recall bias and/or measurement error. A strength of this study is
its focus on children, who have been less studied, despite evidence that eating habits at
a young age can persist into adulthood [27]. Another strength is the rigorous process
employed to disaggregate mixed dishes into individual foods, which contributed to an
increased accuracy of food group classification and subsequent PDI metric scoring.

5. Conclusions

In conclusion, the current study examined plant food intake in a sample of 283 preschool-
aged children using PDI metrics. The results show that participants who have higher
intakes of plant foods (oPDI) have higher intakes of nutrients and food groups to encourage
(e.g., dietary fiber, fruits) but also lower intakes of nutrients to encourage (e.g., calcium,
vitamin D). When plant food intake is further examined according to healthfulness, results
predictably show that participants who have higher intakes of healthy plant foods (hPDI)
have higher intakes of nutrients and food groups to encourage (e.g., dietary fiber, fruits),
while participants who have higher intakes of less healthy plant foods (lhPDI) have higher
intakes of nutrients and food groups to limit (e.g., added sugars and snack chips and
French fries). These results provide evidence of the types of plant foods that preschool-aged
children are consuming, and support directions for dietetic practice. Future research can
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include examinations of PDI scores in relation to health outcomes in children and effects of
interventions on PDI scores in children. Overall, the results of this study can contribute
toward the development of nutritional strategies that facilitate plant food intake in children.
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Abstract: There is an increasing interest in plant-based diets and higher levels of plant proteins
due to rising concerns around health and environmental sustainability issues. We determined
the effects of increasing quartiles of plant protein in the diet on nutrient adequacy using a large
nationally representative observational dataset. Twenty-four-hour dietary-recall data from NHANES
2013–2018 from 19,493 participants aged 9+ years were used to assess nutrient intakes. Nutritional
adequacy was assessed by estimating the percentage of the population with intakes below the EAR
or above the AI. A quartile trend was assessed using regression and the significance was set at
Pquartile trend < 0.05. With increasing quartiles of plant protein, the adequacy decreased for calcium,
potassium, and vitamin D and increased for copper and magnesium for adolescents. Among the
adults aged 19–50 years, the adequacy decreased for protein, choline, selenium, vitamin B12, and zinc
and increased for copper, folate, iron, magnesium, thiamin, and vitamin C with increasing quartiles
of plant protein. The adequacy for calcium, vitamin A, and zinc decreased and it increased for copper,
folate, magnesium, thiamin, and vitamin C with increasing quartiles of plant protein among adults
aged 51+ years. The results indicate that diets of mixed protein sources (from both animals and
plants) are the most nutritionally adequate.

Keywords: protein; plant protein; NHANES; National Health and Nutrition Examination Survey;
nutrient adequacy

1. Introduction

Dietary proteins, particularly component amino acids, are essential for physiological
functions and play a critical role in human health and longevity. Many protein sources
are available for consumption in the human diet. The Dietary Guidelines for Americans,
2020–2025 recommend a variety of protein foods from both animal and plant sources in
healthy dietary patterns [1]. Recently, there has been growing interest in plant-based diets
and, more specifically, diets that incorporate higher levels of plant proteins due to rising
concerns around health and environmental sustainability [2]. Furthermore, vegetarianism
is a growing food-consumption trend and eating behavior [3–6]. According to a recent
estimate, approximately 4 billion people globally primarily consume a plant-based diet
(which totally or mostly excludes foods of animal origin [7]), and about 60% of the dietary
proteins come from plant sources [8,9]. In the US, about a one-third of protein comes from
plant sources, which are primarily derived from grain foods [10].

In addition to their protein content, protein foods can be rich in other nutrients. Plant
protein foods, such as legumes (including soybeans and pulses), nuts, seeds, and cereal
grains contribute to dietary fiber, potassium, folate, vitamin E, and magnesium, while
animal-based protein sources, such as meat and dairy products, contribute zinc, vitamin
B12, vitamin D, calcium, phosphorus, and iron [11–14]. Legumes can also contribute
significant non-heme iron to diets [11]. The effect of different dietary patterns on meeting
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protein/amino acid needs, given the impact of numerous different food sources of protein
on nutrient intake, nutrient adequacy, and diet quality, is an important consideration
in dietary planning. A balanced diet consisting of a variety of food groups has been
consistently recommended in dietary guidelines from around the world [15,16]. The
Dietary Guidelines for Americans, 2020–2025 also recommend a variety of nutrient-dense
protein foods from both plant (beans, peas, lentils, and cereal grains) and animal sources
(lean meat, poultry, fish, eggs, as well as low-fat dairy products) to ensure adequate nutrient
intake [1].

A systematic review of 141 observational and intervention studies comparing nutri-
tional intakes from plant-based diets and meat-based diets found dietary inadequacies
across all dietary patterns and concluded that, while the intakes and status of fiber, folate,
vitamin C, vitamin E, and magnesium were higher, vitamin B12, vitamin D, iron, zinc, io-
dine, and calcium intake and status were lower in vegetarians compared to meat eaters [17].
Alles et al. [18] demonstrated that vegetarians also exhibited a lower estimated prevalence
of inadequacies for fiber, vitamin C, and vitamin E and a greater prevalence of inadequacy
for thiamin, niacin, vitamin B6, vitamin B12, zinc, and potassium compared to meat-eaters
in a prospective observational study of a French cohort. In a dietary-modeling analysis in
NHANES 2007–2010, the prevalence of inadequacy for calcium, vitamin A, and vitamin
D increased and it decreased for vitamin C, vitamin E, folate, fiber, iron, and magnesium
when animal foods were completely replaced by equal amounts of plant-based foods [19].

As authoritative organizations increasingly promote diets that are higher in plant
protein foods, there could be nutritional implications that require consideration. In our
recent analyses of U. S. and Canadian cross-sectional data, we reported that dietary protein
amount and quality decreased with increasing intakes of plant protein among American
and Canadian adults [20,21]. Given the different nutrient contents of plant-based and
animal-based protein foods, the objective of this study was to determine the effects of
increasing plant-based protein foods in the diet on the nutrient adequacy of not only
protein/amino acids, but also other nutrients with dietary reference intakes using a large,
nationally representative database of American children and adults. Our a priori hypothesis
was that increasing plant-based protein would contribute to the adequacy of some nutrients
and reduce the adequacy for other nutrients.

2. Materials and Methods

2.1. Database and Subjects

This cross-sectional analysis used food and nutrient data from What We Eat in Amer-
ica (WWEIA), the dietary component of the National Health and Nutrition Examination
Survey (NHANES). The NHANES is an ongoing nationally representative survey research
program designed to assess the health and nutritional status of the non-institutionalized
U.S. civilian resident population. It is currently a continuous survey conducted by the
National Center for Health Statistics (NCHS) using complex, multistage, stratified, and
probability sampling methods [22]. For the present analysis, we used data from adolescents
aged 9–18 years and adults aged 19–50 and 51+ years, excluding pregnant and/or lactating
females and those with zero calorie intake, participating in NHANES 2013–2014, NHANES
2015–2016, and NHANES 2017–2018 (3 consecutive NHANES survey cycles). The final ana-
lytic sample consisted of 4605 adolescents aged 9–18 years, 7617 adults aged 19–50 years,
and 7271 adults aged 51+ years (see Supplementary Table S1 for participant flow chart). A
detailed description of the subject recruitment, survey design, and data collection meth-
ods is available online [22] and all data obtained for this study are publicly available at
http://www.cdc.gov/nchs/nhanes/, (accessed on 15 August 2021). As the present study
was a secondary data analysis that lacked personal identifiers, additional approvals by
institutional review boards were not necessary.
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2.2. Dietary Intake

Dietary intake data were obtained from reliable in-person 24-h dietary-recall inter-
views (day 1) using USDA’s automated multiple-pass method in the Mobile Examination
Center and included a description and the amount of the individual foods and beverages
consumed during the 24-h period before the interview (midnight to midnight) for each
participant. Complete descriptions of the dietary-interview methods for NHANES are
provided elsewhere [22]. Energy and nutrient intake were determined using the NHANES-
cycle-specific USDA Food & Nutrient Database for Dietary Studies (FNDDS), as reported
in the total nutrient intake files available online [23].

2.3. Calculation of Protein from Plant Sources

The determination of protein sources was similar to that published previously [21].
Briefly, food group composition of each food and beverage consumed was determined
using the Food Patterns Equivalents Database (FPED) [24] and intake of protein from
foods was determined using the NHANES-cycle-specific FNDDS [23]. To estimate the
percentage protein from plant foods, the protein for each food code was regressed onto
all of the individual FPED components for all food codes. A regression coefficient (beta)
for the protein content of each FPED component was obtained for each FPED compo-
nent. The estimated percentage protein from a food component was then calculated as
follows: [(beta × FPED component)/∑(beta × FPED component)] × 100 [21]. The sum of
protein from the non-animal FPED components (fruit, vegetables, grains, soybean, nuts
and seeds, and beans and peas) provided an estimate of plant protein intake.

2.4. Statistics

Data were analyzed using SAS software (version 9.4, SAS Institute Inc., Cary, NC,
USA) after adjusting for the complex sample design of NHANES using appropriate survey
weights, strata, primary sampling units, and day one dietary-sample weights. The National
Cancer Institute (NCI) method was used to determine the individual usual intakes (IUI) of
plant protein and NCI macros were used to estimate distribution of usual intake [25]. Intake
quartile ranges across the 25th, 50th, and 75th percentiles were established for the primary
analysis, with subjects assigned to quartiles based on individual usual intakes (IUI). The
percentage of the population below the Estimated Average Requirement (EAR) or above
the Adequate Intake (AI) of nutrients was assessed using the cut-point method (except
for iron, for which the probability method was used) to estimate nutrient adequacy [26].
Supplemental analyses were undertaken using defined levels (DFL) of plant protein intake:
DFL 1: <25% plant protein; DFL 2: 25%–<50% plant protein; DFL 3: 50%–<75% plant
protein; and DFL 4: ≥75% plant protein) for further evaluation across higher consumption
levels of plant protein. A quartile trend was assessed using regression of quartile or DFL
number (1–4) and mean percentage of the population below the EAR or above AI of each
quartile or DFL. The regression coefficient from these analyses provides an evaluation of
the relationship of progressively higher levels of plant protein intake on meeting nutrient
recommendations (e.g., by representing expected change from each progressively higher
intake of plant protein), All data were presented as the mean ± SEM.

3. Results

3.1. Demographics
3.1.1. Adolescents Aged 9–18 Years

The demographic characteristics of the study population of adolescents across the
quartiles of plant protein intake are summarized in Table 1. Overall, 4605 U. S. adolescents
aged 9–18 years were included the analysis, in which 50.6% of the sample were males. With
increasing quartiles of plant protein intake, the percentages of non-Hispanic Asians, those
with education below high school, moderate physical activity, and lifetime non-smokers
increased (Pquartile trend < 0.05), whereas the mean age and the percentages of males, non-
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Hispanic Blacks, those with high school education, vigorous physical activity, and obesity
decreased (Pquartile trend < 0.05).

Table 1. Demographics of adolescents aged 9–18 years for quartiles of usual intakes of plant protein,
NHANES 2013–2018 data.

Quartiles of Plant Protein Usual Intake (%) Quartile Trend

Quartile 1
(<29.2%)

Quartile 2
(29.2% to
<32.6%)

Quartile 3
(32.6% to
<36.1%)

Quartile 4
(≥36.1%)

Beta p

Sample n 1135 1133 1201 1136
Population N 10,513,029 10,540,175 10,524,187 10,536,384
Age (mean) 14.2 ± 0.1 13.7 ± 0.1 * 13.2 ± 0.1 * 13.2 ± 0.1 * −0.36 ± 0.06 <0.0001
Male (%) 65.4 ± 1.9 52.9 ± 2.3 * 45.6 ± 2.4 * 38.3 ± 2.4 * −8.86 ± 0.96 <0.0001
Ethnicity

Hispanic (%) 22.3 ± 2.7 24.5 ± 2.8 25.7 ± 2.7 23.5 ± 3.0 0.47 ± 0.78 0.5492
Non-Hispanic White (%) 53.5 ± 3.1 51.2 ± 3.5 50.1 ± 3.3 50.5 ± 3.5 −1.02 ± 0.95 0.2848
Non-Hispanic Black (%) 15.3 ± 1.9 14.4 ± 1.8 13.8 ± 1.6 11.3 ± 1.5 * −1.23 ± 0.44 0.0081
Non-Hispanic Asian (%) 4.52 ± 0.73 2.96 ± 0.53 * 5.27 ± 1.01 6.47 ± 1.20 0.82 ± 0.36 0.0283
Other (%) 4.37 ± 1.05 6.92 ± 0.96 * 5.01 ± 0.88 8.23 ± 1.66 0.96 ± 0.63 0.1314

Poverty Income Ratio (PIR)
<1.35 (%) 32.8 ± 2.7 32.2 ± 2.8 33.0 ± 2.4 31.4 ± 2.5 −0.36 ± 1.09 0.7423
1.35 ≤ 1.85 (%) 12.8 ± 1.8 13.1 ± 1.5 13.0 ± 1.3 10.3 ± 1.1 −0.77 ± 0.68 0.2654
>1.85 (%) 54.3 ± 2.9 54.8 ± 3.0 54.1 ± 2.7 58.3 ± 2.6 1.13 ± 1.03 0.2788

Education
<High School (%) 99.0 ± 0.3 98.4 ± 0.5 99.1 ± 0.3 99.6 ± 0.2 0.23 ± 0.11 0.0469
High School (%) 0.97 ± 0.28 1.58 ± 0.47 0.85 ± 0.32 0.45 ± 0.20 −0.23 ± 0.11 0.0469
>High School (%) 0 0 0 0 0

Physical Activity
Sedentary (%) 17.1 ± 1.6 22.0 ± 1.8 * 21.3 ± 1.9 18.0 ± 1.7 0.20 ± 0.78 0.8038
Moderate (%) 24.8 ± 1.7 27.9 ± 1.9 29.7 ± 1.8 36.9 ± 2.2 * 3.81 ± 0.87 0.0001
Vigorous (%) 58.1 ± 2.3 50.1 ± 2.1 * 49.0 ± 2.4 * 45.1 ± 2.2 * −4.01 ± 0.97 0.0001

Smoking Never (%) 80.9 ± 1.8 89.3 ± 1.6 * 91.6 ± 1.2 * 91.9 ± 1.3 * 3.52 ± 0.56 <0.0001
Smoking Current (%) 3.06 ± 0.76 1.15 ± 0.49 * 1.78 ± 0.58 1.58 ± 0.77 −0.38 ± 0.32 0.2454
Overweight (%) 18.5 ± 1.7 15.3 ± 1.4 16.7 ± 1.5 16.9 ± 1.5 −0.32 ± 0.74 0.6628
Obese (%) 22.9 ± 2.1 25.0 ± 2.2 18.7 ± 1.4 17.9 ± 1.4 −2.12 ± 0.85 0.0166

Data are presented as mean ± SE. * indicates significant difference from quartile 1 at p < 0.05.

3.1.2. Adults Aged 19–50 Years

The demographic characteristics of the study population of adults aged 19–50 years
across quartiles of plant protein intake are summarized in Table 2. Of the 7617 U. S. adults
(19–50 years) included, 51.5% were males. With increasing quartiles of plant protein intake,
the mean age and the percentages of Hispanics, non-Hispanic Asians, those with a college
degree, and lifetime non-smokers increased (Pquartile trend < 0.05), whereas the percentages
of males, non-Hispanic Blacks, those with lower economic status (poverty income ratio
(PIR) < 1.35), education below high school and below a college degree, current smokers,
and obesity decreased (Pquartile trend < 0.05).

Table 2. Demographics of adults aged 19–50 years for quartiles of usual intakes of plant protein,
NHANES 2013–2018 data.

Quartiles of Plant Protein Usual Intake (%) Quartile Trend

Quartile 1
(<27.7%)

Quartile 2
(27.7% to
<31.4%)

Quartile 3
(31.4% to
<35.5%)

Quartile 4
(≥35.5%)

Beta p

Sample n 1953 1830 1868 1966
Population N 31,745,397 31,767,866 31,736,234 31,791,659

74



Nutrients 2024, 16, 1158

Table 2. Cont.

Quartiles of Plant Protein Usual Intake (%) Quartile Trend

Quartile 1
(<27.7%)

Quartile 2
(27.7% to
<31.4%)

Quartile 3
(31.4% to
<35.5%)

Quartile 4
(≥35.5%)

Beta p

Age (mean) 33.2 ± 0.3 34.1 ± 0.3 34.6 ± 0.4 * 35.1 ± 0.3 * 0.62 ± 0.13 <0.0001
Male (%) 60.9 ± 1.4 56.1 ± 1.7 * 46.8 ± 1.7 * 42.4 ± 1.4 * −6.49 ± 0.64 <0.0001
Ethnicity

Hispanic (%) 15.9 ± 1.5 17.8 ± 1.7 22.1 ± 2.1 * 23.9 ± 2.1 * 2.84 ± 0.47 <0.0001
Non-Hispanic White (%) 56.2 ± 2.7 59.2 ± 2.3 57.8 ± 2.3 53.1 ± 2.6 −1.06 ± 0.83 0.2064
Non-Hispanic Black (%) 20.4 ± 2.0 13.4 ± 1.3 * 9.92 ± 1.13 * 6.41 ± 0.77 * −4.55 ± 0.50 <0.0001
Non-Hispanic Asian (%) 3.20 ± 0.36 4.11 ± 0.55 6.76 ± 0.94 * 12.3 ± 1.5 * 3.00 ± 0.46 <0.0001
Other (%) 4.32 ± 0.68 5.46 ± 0.74 3.38 ± 0.57 4.28 ± 0.71 −0.22 ± 0.27 0.4122

Poverty Income Ratio (PIR)
<1.35 (%) 30.1 ± 2.1 26.7 ± 1.5 23.3 ± 1.5 * 25.3 ± 1.6 * −1.77 ± 0.70 0.0146
1.35 ≤ 1.85 (%) 9.67 ± 1.19 9.80 ± 0.98 12.2 ± 1.1 11.5 ±0.9 0.78 ± 0.46 0.0944
>1.85 (%) 60.3 ± 2.2 63.5 ± 2.0 64.6 ± 1.9 * 63.2 ± 1.7 0.99 ± 0.72 0.1754

Education
<High School (%) 40.0 ± 1.8 37.9 ± 2.0 36.1 ± 2.0 33.4 ± 2.1 * −2.16 ± 0.80 0.0094
High School (%) 36.0 ± 1.4 35.8 ± 1.6 32.9 ± 1.5 30.2 ± 1.4 * −2.05 ± 0.56 0.0007
>High School (%) 24.0 ± 1.8 26.4 ± 2.2 31.0 ± 1.9 * 36.4 ± 2.2 * 4.21 ± 0.55 <0.0001

Physical Activity
Sedentary (%) 14.8 ± 1.0 16.5 ± 1.3 19.0 ± 1.3 * 13.9 ± 1.2 −0.05 ± 0.50 0.9249
Moderate (%) 27.1 ± 1.6 28.8 ± 1.6 29.8 ± 1.4 29.0 ± 1.6 0.66 ± 0.70 0.3475
Vigorous (%) 58.0 ± 1.8 54.7 ± 1.6 51.2 ± 1.6 * 57.1 ± 1.8 −0.61 ± 0.89 0.4917

Smoking Never (%) 53.9 ± 1.4 56.1 ± 1.6 61.7 ± 2.0 * 64.1 ± 1.7 * 3.60 ± 0.67 <0.0001
Smoking Current (%) 25.0 ± 1.5 23.6 ± 1.6 18.0 ± 1.5 * 14.1 ± 1.2 * −3.84 ± 0.65 <0.0001
Overweight (%) 29.7 ± 1.5 29.2 ± 1.7 31.4 ± 1.5 30.5 ± 1.5 0.47 ± 0.65 0.4717
Obese (%) 44.1 ± 1.6 41.3 ± 2.3 37.2 ± 1.6 * 32.4 ± 1.7 * −3.91 ± 0.65 <0.0001

Data are presented as mean ± SE. * indicates significant difference from quartile 1 at p < 0.05.

3.1.3. Adults Aged 51+ Years

The demographic characteristics of the study population of adults aged 51+ years
across the quartiles of plant protein (n = 7271) intake are summarized in Table 3, where
46.5% of the individuals were males. With increasing quartiles of plant protein intake,
the mean age and the percentages of Hispanics, non-Hispanic Asians, those with college
degrees, and lifetime non-smokers increased (Pquartile trend < 0.05), whereas the percentages
of males, non-Hispanic Blacks, those with lower economic status (PIR < 1.35), education
below college degree, current smokers, and obesity decreased (Pquartile trend < 0.05).

Table 3. Demographics of adults age 51+ years for quartiles of usual intakes of plant protein,
NHANES 2013–2018 data.

Quartiles of Plant Protein Usual Intake (%) Quartile Trend

Quartile 1
(<29.0%)

Quartile 2
(29.0% to
<33.0%)

Quartile 3
(33.0% to
<37.0%)

Quartile 4
(≥37.0%)

Beta p

Sample n 1774 1783 1766 1948
Population N 26,533,778 26,665,323 26,590,574 26,613,325
Age (mean) 62.7 ± 0.3 64.1 ± 0.4 * 64.7 ± 0.4 * 65.0 ± 0.4 * 0.77 ± 0.13 <0.0001
Male (%) 50.2 ± 1.7 46.6 ± 1.5 46.8 ±1.5 42.5 ± 1.9 * −2.30 ± 0.88 0.0124
Ethnicity

Hispanic (%) 7.82 ± 1.11 9.13 ± 1.21 9.98 ± 1.16 * 12.1 ± 1.3 * 1.35 ± 0.38 0.0009
Non-Hispanic White (%) 72.6 ± 2.2 74.3 ± 2.35 75.1 ± 1.9 69.2 ± 2.3 −0.94 ± 0.74 0.2083
Non-Hispanic Black (%) 15.7 ± 1.6 11.1 ± 1.14 * 7.35 ± 0.94 * 5.30 ± 0.67 * −3.50 ± 0.43 <0.0001
Non-Hispanic Asian (%) 1.20 ± 0.19 2.84 ± 0.56 * 3.75 ± 0.50 * 10.4 ± 1.5 * 2.85 ± 0.43 <0.0001
Other (%) 2.65 ± 0.57 2.68 ± 0.86 3.80 ± 0.94 3.08 ± 0.63 0.24 ± 0.31 0.4513
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Table 3. Cont.

Quartiles of Plant Protein Usual Intake (%) Quartile Trend

Quartile 1
(<29.0%)

Quartile 2
(29.0% to
<33.0%)

Quartile 3
(33.0% to
<37.0%)

Quartile 4
(≥37.0%)

Beta p

Poverty Income Ratio (PIR)
<1.35 (%) 21.3 ± 2.0 19.9 ± 1.4 16.9 ± 1.3 * 18.1 ± 1.7 −1.26 ± 0.62 0.0487
1.35 ≤ 1.85 (%) 8.42 ± 0.87 9.90 ± 0.89 9.17 ± 0.88 11.6 ± 1.5 0.88 ± 0.55 0.1193
>1.85 (%) 70.3 ± 2.5 70.2 ± 1.8 73.9 ± 1.7 70.3 ± 2.4 0.38 ± 0.82 0.6449

Education
<High School (%) 38.7 ± 2.3 40.2 ± 2.2 38.6 ± 2.2 35.2 ± 1.8 −1.22 ± 0.84 0.1543
High School (%) 33.0 ± 1.8 32.5 ± 1.7 30.8 ± 1.8 27.6 ± 1.9 * −1.80 ± 0.77 0.0245
>High School (%) 28.3 ± 2.3 27.3 ± 2.1 30.6 ± 2.4 37.2 ± 2.2 * 3.02 ± 0.82 0.0006

Physical Activity
Sedentary (%) 29.9 ± 1.7 28.4 ± 2.1 26.6 ± 1.5 27.1 ± 1.6 −1.04 ± 0.76 0.1806
Moderate (%) 39.0 ± 2.0 42.8 ± 2.2 42.4 ± 1.8 42.7 ± 1.9 1.06 ± 1.02 0.3076
Vigorous (%) 31.0 ± 1.9 28.8 ± 1.5 31.0 ± 1.9 30.2 ± 2.1 −0.02 ± 0.79 0.9788

Smoking Never (%) 42.9 ± 2.5 51.5 ± 2.0 * 50.0 ± 2.2 * 55.7 ± 1.6 * 3.70 ± 0.72 <0.0001
Smoking Current (%) 21.0 ± 1.9 16.6 ± 1.6 16.3 ± 1.8 11.7 ± 1.2 * −2.82 ± 0.49 <0.0001
Overweight (%) 33.0 ± 2.1 33.7 ± 1.6 34.8 ± 1.6 34.8 ± 1.8 0.65 ± 0.86 0.4556
Obese (%) 45.3 ± 2.3 45.3 ± 1.9 39.5 ± 1.8 * 36.5 ± 1.7 * −3.23 ± 0.74 0.0001

Data are presented as mean ± SE. * indicates significant difference from quartile 1 at p < 0.05.

3.2. Nutrient Adequacy
3.2.1. Adolescents Aged 9–18 Years

Table 4 shows the data for the percentage of the population below the EAR and above
the AI (for fiber, choline, potassium, sodium, and vitamin K only) with increasing quartiles
of plant protein intake in gender-combined adolescents aged 9–18 years. The usual protein
intake was 71.7 ± 0.9 g/day and 35.5% of this was from plant sources. With increasing
quartiles of plant protein intakes, the percentage of the population below the EAR increased
significantly (Pquartile trend < 0.05) for calcium (beta = 5.82 ± 1.36% units per quartile) and
vitamin D (beta = 4.02 ± 0.65% units per quartile) and decreased (Pquartile trend < 0.05) for
copper (beta = −3.24 ± 1.02% units per quartile) and magnesium (beta = −6.08 ± 0.40%
units per quartile). With increasing quartiles of plant protein intakes, the percentage
of the population above the AI increased significantly (Pquartile trend < 0.05) for sodium
(beta = 0.10 ± 0.03% units per quartile) and decreased significantly (Pquartile trend < 0.05) for
potassium (beta = −11.1 ± 1.7% units per quartile). The percentages of the population below
the EAR were numerically lowest as follows: for niacin, selenium, vitamin B12, vitamin
B6, vitamin D, and zinc at quartile 1 (<29.2% plant protein); for calcium, vitamin A, and
vitamin C at quartile 2 (29.2% to <32.6% plant protein); for copper, folate, iron, riboflavin,
and thiamin for quartile 3 (32.6% to <36.1% plant protein); and for magnesium and vitamin
E at quartile 4 (>36.1%) of plant protein intake. The percentages of the population above
the AI were numerically the highest as follows: for choline and potassium at quartile 1
(<29.2% plant protein); for vitamin K at quartile 2 (29.2% to <32.6% plant protein); and for
fiber and sodium at quartile 4 (>36.1%) of plant protein intake.

Similar results were obtained when nutrient adequacy was analyzed across the DFL
of the plant protein intake (Supplementary Table S2). For most nutrients (except for fiber,
magnesium, sodium, vitamin C, and vitamin E) the numerically lowest percentage of the
population below the EAR and the highest percentage of the population above the AI were
found when the plant protein was below 50% (DFL 1 and DFL 2) and, for magnesium,
vitamin C, and vitamin E, at a plant protein DFL between 50% and ≥75% (DFL 3 to DFL 4).
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Table 4. Percentages of adolescents aged 9–18 years with nutrient intakes below estimated average
requirement (EAR) or above adequate intake (AI) across quartiles of usual intakes of plant protein,
NHANES 2013–2018 data.

Quartiles of Plant Protein Usual Intake (%) Quartile Trend

Quartile 1
(<29.2%)

Quartile 2
(29.2% to
<32.6%)

Quartile 3
(32.6% to
<36.1%)

Quartile 4
(≥36.1%)

Beta p

Nutrients with EAR 1 % Population with intakes below EAR

Protein 0.90 ± 0.09 0.28 ± 0.32 0.69 ± 0.59 7.15 ± 2.32 * 2.14 ± 1.04 0.1316
Calcium 58.5 ± 3.0 58.4 ± 2.9 67.0 ± 3.2 75.1 ± 3.5 * 5.82 ± 1.36 0.0236
Copper 15.8 ± 2.3 10.3 ± 2.3 5.76 ± 1.83 * 6.51 ± 1.96 * −3.24 ± 1.02 0.0496
Folate, DFE 19.2 ± 3.6 7.12 ± 2.27 * 2.25 ± 1.57 * 6.56 ± 2.50 * −4.30 ± 2.62 0.1998
Iron 7.36 ± 1.49 5.47 ± 1.11 2.56 ± 0.77 * 5.88 ± 1.53 −0.75 ± 0.90 0.4664
Magnesium 67.7 ± 2.5 59.4 ± 2.6 * 55.4 ± 2.5 * 48.7 ± 2.7 * −6.08 ± 0.40 0.0006
Niacin 0.36 ± 0.34 0.73 ± 0.47 0.41 ± 0.39 4.53 ± 1.79 * 1.21 ± 0.65 0.1583
Riboflavin 2.65 ± 1.04 2.91 ± 0.97 1.15 ± 0.78 8.00 ± 2.11 * 1.41 ± 1.16 0.3113
Selenium 0.04 ± 0.06 0.11 ± 0.14 0.06 ± 0.11 1.74 ± 1.01 0.50 ± 0.27 0.1603
Thiamin 7.95 ± 2.06 5.03 ± 1.44 0.99 ± 0.66 * 3.34 ± 1.43 −1.80 ± 0.91 0.1428
Vitamin A, RE 41.3 ± 3.3 33.1 ± 2.2 * 35.1 ± 3.7 45.4 ± 2.7 1.42 ± 2.94 0.6629
Vitamin B12 0.84 ± 0.59 2.12 ± 0.89 1.99 ± 1.09 12.4 ± 3.3 * 3.44 ± 1.57 0.1156
Vitamin B6 1.79 ± 1.05 4.11 ± 1.61 4.55 ± 1.81 14.2 ± 3.1 * 3.74 ± 1.27 0.0608
Vitamin C 45.4 ± 3.6 30.1 ± 3.2 * 31.4 ± 3.3 * 31.0 ± 4.4 * −4.18 ± 2.48 0.1907
Vitamin D 88.0 ± 2.2 90.6 ± 2.4 98.3 ± 0.8 * 98.8 ± 0.5 * 4.02 ± 0.65 0.0084
Vitamin E, ATE 91.8 ± 2.3 78.7 ± 3.6 * 86.2 ± 3.1 64.0 ± 3.2 * −7.55 ± 2.65 0.0654
Zinc 11.1 ± 3.0 16.1 ± 3.4 16.7 ± 3.5 34.4 ± 3.7 * 7.00 ± 2.26 0.0533

Nutrients with AI 2 % Population with intakes above AI

Dietary fiber 0.001 ± 0.01 0.04 ± 0.05 0.20 ± 0.22 7.47 ± 1.44 * 2.24 ± 1.20 0.1598
Potassium 33.6 ± 3.9 27.5 ± 3.8 16.9 ± 7.6 0.01 ± 8.93 * −11.1 ± 1.7 0.0076
Sodium 99.6 ± 0.2 99.8 ± 0.1 99.8 ± 0.2 99.9 ± 1.6 0.10 ± 0.03 0.0459
Vitamin K 45.1 ± 3.8 59.9 ± 4.4 * 47.4 ± 3.8 58.7 ± 6.4 2.78 ± 2.27 0.3081
Choline 16.9 ± 2.8 4.76 ± 1.99 * 0.93 ± 0.77 * 1.64 ± 0.92 * −4.97 ± 2.05 0.0940

Data are presented as mean ± SE. * significant differences from quartile 1 at p < 0.05. 1 EAR is the average daily
intake of a nutrient to meet the requirements of 50% of healthy individuals. 2 AI is the intake level assumed to
ensure nutritional adequacy when insufficient data were available to establish a recommended daily allowance.
Abbreviations: AI, adequate intake; ATE, alpha-tocopherol equivalents; DFE, dietary folate equivalents; EAR,
estimated average requirement; RE, retinol equivalents.

3.2.2. Adults Aged 19–50 Years

Table 5 shows the data for the percentages of the population below the EAR and
above the AI (for fiber, choline, potassium, sodium, and vitamin K only) with increasing
quartiles of plant protein intake in gender-combined adults aged 19–50 years. The mean
usual intake of protein was 85.9 ± 0.7 g/day and 34.6% of this was from plant sources.
With increasing quartiles of plant protein intakes, the percentage of the population below
the EAR increased significantly (Pquartile trend < 0.05) for protein (beta = 1.55 ± 0.21%
units per quartile), selenium (beta = 0.56 ± 0.12% units per quartile), vitamin B12 (beta
= 4.52 ± 1.10% units per quartile), and zinc (beta = 4.26 ± 1.00% units per quartile) and
decreased (Pquartile trend < 0.05) for copper (beta = −3.69 ± 0.27% units per quartile), folate
(beta = −6.55 ± 1.27% units per quartile), iron (beta = −1.25 ± 0.13% units per quartile),
magnesium (beta = −10.1 ± 2.2% units per quartile), thiamin (beta = −2.67 ± 0.60% units
per quartile), and vitamin C (beta = −7.40 ± 1.53% units per quartile). With increasing
quartiles of plant protein intakes, the percentage of the population above the AI decreased
significantly (Pquartile trend < 0.05) for choline (beta = −5.50 ± 1.71% units per quartile).
The percentages of the population below the EAR were numerically lowest for selenium,
vitamin B12, vitamin B6, vitamin D, and zinc at quartile 1 (<27.7% plant protein), for calcium,
niacin, and riboflavin at quartile 2 (27.7 to <31.4% plant protein), and for copper, folate,
iron, magnesium, thiamin, vitamin A, vitamin C, and vitamin E at quartile 4 (>35.5%) of
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plant protein intake. The percentages of the population above the AI were numerically
highest for choline at quartile 1 (<27.7% plant protein), and for fiber, potassium, sodium,
and vitamin K at quartile 4 (>35.5%) of plant protein intake.

Table 5. Percentages of adults aged 19–50 years with nutrient intakes below the estimated average
requirement (EAR) or above the adequate intake (AI) across quartiles of usual intakes of plant protein,
NHANES 2013–2018 data.

Quartiles of Plant Protein Usual Intake (%) Quartile Trend

Quartile 1
(<27.7%)

Quartile 2
(27.7% to
<31.4%)

Quartile 3
(31.4% to
<35.5%)

Quartile 4
(≥35.5%)

Beta p

Nutrients with EAR 1 % Population with intakes below EAR

Protein 0.14 ± 0.13 0.69 ± 0.32 2.81 ± 0.77 * 4.62 ± 1.27 * 1.55 ± 0.21 0.0049
Calcium 32.8 ± 1.9 28.9 ± 2.1 30.8 ± 1.8 34.1 ± 2.6 0.57 ± 1.13 0.6496
Copper 14.2 ± 1.5 8.92 ± 1.27 * 6.60 ± 0.90 * 2.65 ± 0.81 * −3.69 ± 0.27 0.0008
Folate, DFE 25.2 ± 2.6 12.4 ± 1.9 * 9.62 ± 2.22 * 4.35 ± 1.38 * −6.55 ± 1.27 0.0142
Iron 11.2 ± 0.9 10.2 ± 0.9 9.21 ± 0.83 7.39 ± 0.85 * −1.25 ± 0.13 0.0026
Magnesium 63.6 ± 2.1 58.5 ± 2.0 51.2 ± 2.1 * 32.3 ± 2.6 * −10.1 ± 2.2 0.0184
Niacin 1.27 ± 0.49 0.96 ± 0.41 1.68 ± 0.59 1.29 ± 0.57 0.07 ± 0.09 0.4665
Riboflavin 4.74 ± 1.02 3.55 ± 0.75 4.24 ± 0.98 3.69 ± 0.90 −0.25 ± 0.16 0.2153
Selenium 0.07 ± 0.06 0.20 ± 0.15 0.82 ± 0.37 * 1.72 ± 0.59 * 0.56 ± 0.12 0.0188
Thiamin 11.6 ± 1.8 5.51 ± 1.66 * 5.96 ± 1.40 * 2.62 ± 0.87 * −2.67 ± 0.60 0.0207
Vitamin A, RE 48.3 ± 3.0 50.6 ± 2.3 51.3 ± 2.3 41.7 ± 2.6 −1.90 ± 1.87 0.3844
Vitamin B12 0.83 ± 0.55 2.61 ± 0.82 5.94 ± 1.91 * 14.8 ± 2.6 * 4.52 ± 1.10 0.0263
Vitamin B6 5.65 ± 1.46 6.38 ± 1.21 10.1 ± 2.1 6.30 ± 1.98 0.55 ± 0.81 0.5501
Vitamin C 59.7 ± 2.1 52.7 ± 2.4 * 51.2 ± 2.4 * 35.7 ± 3.1 * −7.40 ± 1.53 0.0169
Vitamin D 88.9 ± 2.2 95.6 ± 1.5 * 98.0 ± 0.7 * 96.8 ± 0.7 * 2.63 ± 1.21 0.1186
Vitamin E, ATE 85.0 ± 2.2 81.8 ± 2.2 79.3 ± 2.2 61.5 ± 2.8 * −7.35 ± 2.36 0.0528
Zinc 8.39 ± 1.70 15.8 ± 2.0 * 20.2 ± 2.1 * 21.1 ± 2.6 * 4.26 ± 1.00 0.0240

Nutrients with AI 2 % Population with intakes above AI

Dietary fiber 0.03 ± 0.04 0.38 ± 0.16 * 2.09 ± 0.61 * 17.1 ± 2.1 * 5.30 ± 2.31 0.1057
Potassium 22.7 ± 6.2 8.69 ± 9.93 19.2 ± 8.5 34.9 ± 3.0 4.67 ± 4.65 0.3894
Sodium 99.6 ± 0.3 99.5 ± 0.3 99.4 ± 0.3 100 ± 1 0.11 ± 0.10 0.3613
Vitamin K 41.2 ± 3.4 45.8 ± 3.2 45.9 ± 2.1 64.0 ± 4.0 * 6.89 ± 2.28 0.0564
Choline 22.2 ± 2.2 9.01 ± 1.71 * 7.02 ± 1.32 * 4.56 ± 1.11 * −5.50 ± 1.71 0.0490

Data are presented as mean ± SE. * significant differences from quartile 1 at p < 0.05. 1 EAR is the average daily
intake of a nutrient to meet the requirements of 50% of healthy individuals. 2 AI is the intake level assumed to
ensure nutritional adequacy when insufficient data were available to establish a recommended daily allowance.
Abbreviations: AI, adequate intake; ATE, alpha-tocopherol equivalents; DFE, dietary folate equivalents; EAR,
estimated average requirement; RE, retinol equivalents.

When the data were analyzed across defined levels of plant protein intake
(Supplementary Table S3), the percentages of the population below the EAR for calcium,
iron, niacin, riboflavin, selenium, thiamin, vitamin A, vitamin B12, vitamin B6, vitamin D,
and zinc were lowest in DFL 2. Similarly, the plant protein intakes between 25% and <50%
(DFL2) facilitated the highest proportion of individuals consuming levels of potassium and
choline above the AI. Furthermore, the percentage of adults with intakes of fiber above the
AI (beta = 9.21 units per DFL) progressively increased (Pquartile trend < 0.05), from 1.67% in
DFL 1 to 35.5% in DFL 4.

3.2.3. Adults Aged 51+ Years

Table 6 shows the data for the percentages of the population below the EAR and above
the AI (for fiber, choline, potassium, sodium, and vitamin K only) with increasing quartiles
of plant protein intake in gender-combined adults age 51+ years. The mean usual protein
intake of the U. S. adults aged 51+ years was 78.8 ± 0.6 g/day, with 35.8% of the protein
from plant sources. With increasing quartiles of plant protein intakes, the percentage of
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the population below the EAR increased significantly (Pquartile trend < 0.05) for calcium
(beta = 1.52 ± 0.16% per quartile), vitamin A (beta = 2.18 ± 0.53% per quartile), and zinc
(beta = 4.57 ± 0.31% per quartile) and decreased (Pquartile trend < 0.05) for copper (beta
= −3.43 ± 0.65% per quartile), folate (beta = −9.12 ± 1.17% per quartile), magnesium
(beta = −9.71 ± 2.43% per quartile), thiamin (beta = −3.85 ± 0.94% per quartile), and
vitamin C (beta = −5.00 ± 0.16% per quartile). The percentages of the population below
the EAR were numerically lowest as follows: for calcium, vitamin A, vitamin B12, vitamin
B6, vitamin D, and zinc at quartile 1 (<29.0% plant protein); for selenium at quartile 2
(29.0% to <33.0% plant protein); for niacin, riboflavin, and thiamin at quartile 3 (33.0% to
<37.0% plant protein); and for copper, folate, iron, magnesium, vitamin C, and vitamin E at
quartile 4 (>37.0%) of plant protein intake. The percentage of population above the AI was
numerically highest for choline at quartile 1 (<29.0% plant protein), for sodium at quartile
3 (33.0% to <37.0% plant protein), and for fiber, potassium, and vitamin K at quartile 4
(>37.0%) of plant protein intake.

Table 6. Percentages of adults aged 51+ years with nutrient intakes below Estimated Average
Requirement (EAR) or above Adequate Intake (AI) across quartiles of usual intakes of plant protein,
NHANES 2013–2018 data.

Quartiles of Plant Protein Usual Intake (%) Quartile Trend

Quartile 1
(<29.0%)

Quartile 2
(29.0% to
<33.0%)

Quartile 3
(33.0% to
<37.0%)

Quartile 4
(≥37.0%)

Beta p

Nutrients with EAR 1 % Population with intakes below EAR

Protein 0.35 ± 0.26 1.53 ± 0.63 2.22 ± 0.55 * 8.58 ± 1.06 * 2.58 ± 0.83 0.0532
Calcium 57.2 ± 2.6 59.2 ± 2.3 59.6 ± 2.7 62.1 ± 2.4 1.52 ± 0.16 0.0026
Copper 12.3 ± 1.8 12.6 ± 1.5 4.98 ± 0.85 * 3.45 ± 0.81 * −3.43 ± 0.65 0.0135
Folate, DFE 32.4 ± 3.1 21.5 ± 1.8 * 9.44 ± 2.16 * 5.78 ± 1.51 * −9.12 ± 1.17 0.0044
Iron 3.77 ± 0.97 1.37 ± 0.43 * 0.38 ± 0.23 * 0.34 ± 0.14 * −1.11 ± 0.37 0.0564
Magnesium 67.7 ± 2.6 66.4 ± 2.0 56.0 ± 3.0 * 39.1 ± 2.2 * −9.71 ± 2.43 0.0280
Niacin 2.25 ± 1.07 2.43 ± 0.70 2.07 ± 0.67 3.60 ± 0.94 0.38 ± 0.23 0.1892
Riboflavin 3.62 ± 0.92 3.78 ± 0.64 2.48 ± 0.67 4.38 ± 0.73 0.12 ± 0.32 0.7407
Selenium 0.40 ± 0.26 0.30 ± 0.30 0.77 ± 0.28 1.62 ± 0.64 0.42 ± 0.15 0.0659
Thiamin 16.4 ± 2.1 10.9 ± 1.6 * 4.94 ± 1.05 * 5.32 ± 1.24 * −3.85 ± 0.94 0.0264
Vitamin A, RE 38.2 ± 3.6 41.6 ± 2.9 44.5 ± 3.4 44.6 ± 2.5 2.18 ± 0.53 0.0261
Vitamin B12 1.94 ± 1.02 2.08 ± 0.97 3.64 ± 1.93 17.9 ± 2.2 * 5.07 ± 2.22 0.1069
Vitamin B6 15.8 ± 2.6 22.1 ± 2.0 19.4 ± 3.0 23.9 ± 2.1 * 2.16 ± 0.72 0.0586
Vitamin C 56.0 ± 3.1 51.4 ± 2.5 45.3 ± 3.3 * 41.3 ± 2.3 * −5.00 ± 0.16 0.0001
Vitamin D 88.8 ± 2.3 97.1 ± 1.0 * 98.7 ± 0.5 * 97.8 ± 0.6 * 2.80 ± 1.46 0.1508
Vitamin E, ATE 84.5 ± 2.3 87.4 ± 2.0 86.4 ± 2.5 68.6 ± 1.9 * −5.05 ± 3.24 0.2171
Zinc 15.8 ± 2.0 19.8 ± 2.7 23.7 ± 2.5 * 29.7 ± 1.8 * 4.57 ± 0.31 0.0007

Nutrients with AI 2 % Population with intakes above AI

Dietary fiber 1.21 ± 0.64 3.48 ± 1.01 6.88 ± 1.34 * 34.4 ± 2.5 * 10.5 ± 4.0 0.0778
Potassium 30.6 ± 2.5 13.5 ± 5.7 * 30.2 ± 2.8 37.5 ± 2.0 * 3.88 ± 4.26 0.4299
Sodium 97.6 ± 0.7 98.9 ± 0.9 99.3 ± 0.3 * 98.7 ± 0.3 0.35 ± 0.30 0.3226
Vitamin K 52.4 ± 3.0 50.0 ± 2.7 47.9 ± 4.5 57.4 ± 2.5 1.37 ± 1.88 0.5200
Choline 15.9 ± 3.1 5.54 ± 1.26 * 3.08 ± 1.37 * 2.90 ± 0.68 * −4.10 ± 1.61 0.0848

Data are presented as mean ± SE. * significant differences from quartile 1 at p < 0.05. 1 EAR is the average daily
intake of a nutrient to meet the requirements of 50% of healthy individuals. 2 AI is the intake level assumed to
ensure nutritional adequacy when insufficient data were available to establish a recommended daily allowance.
Abbreviations: AI, adequate intake; ATE, alpha-tocopherol equivalents; DFE, dietary folate equivalents; EAR,
estimated average requirement; RE, retinol equivalents.

Similar results were obtained when nutrient adequacy was analyzed across the DFL
of the plant protein intake for the adults aged 51+ years (Supplementary Table S4). The
lowest proportions of the population below the EAR or the highest proportions above the
AI were noted for plant protein below 25% (DFL 1) for calcium, choline, niacin, potassium,
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riboflavin, selenium, sodium, vitamin A, vitamin B12, vitamin B6, vitamin D, and zinc,
plant protein between 25% to <50% for vitamin K; plant protein between 50% to <75% (DFL
2 to DFL 3) for copper, folate, iron, magnesium, thiamin, vitamin C, and vitamin E, and
plant protein ≥75% (DFL 4) for fiber.

4. Discussion

The results of this cross-sectional analysis of the NHANES 2013–2018 data show that
population nutrient adequacy varied with increasing proportions of plant protein. Depend-
ing on the age group, the lowest percentage below the EAR or the highest percentage above
the AI for calcium, choline, niacin, riboflavin, selenium, vitamin A, vitamin B12, vitamin
B6, vitamin D, and zinc were at quartile 1 and quartile 2 (and DFL 1 and DFL 2) of plant
protein intake, while for fiber, copper, folate, iron, magnesium, thiamin, vitamin C, and
vitamin E were at quartile 3 and quartile 4 (and DFL 3 and DFL 4) of plant protein intake.

To put our results into perspective, in both children and adults, many of the significant
quartile-trend regression coefficients were mid-single digits for several nutrients (see
Tables 4–6). In the 9–18-years-of-age group, the percentage of the population below the
EAR for calcium increased from 58.5% in plant protein quartile 1 to 75.5% in quartile 4.
Given that our sample represents about 42 million children aged 9–18 years, with about
10.5 million in each quartile, these results suggest that higher plant protein levels in the
diet were associated with an additional 1.7 million children aged 9–18 years below the
EAR for calcium. However, higher levels of plant protein in the diet were associated
with 2 million fewer children aged 9–18 years below the EAR for magnesium. In adults
19–50 years of age, which represents about 127 million Americans (31.7 million Americans
in each quartile of plant protein intake), the results suggest that higher plant protein intake
was associated with an additional 4.0 and 4.4 million adults 19–50 years below the EAR
for zinc and vitamin B12, respectively. However, higher levels of plant protein in the diet
were also associated with decreases of 7.6 and 9.9 million adults aged 19–50 years below
the EAR for vitamin C and magnesium, respectively. Similarly, in adults aged 51+ years,
representing 106 million Americans (26.6 in each quartile), the results from this study
suggest that each additional quartile of intake was associated with an additional 1.3 and
4.2 million Americans below the EAR for calcium and vitamin B12, respectively. Based on
current food choices by Americans, the results indicate that the most nutritionally adequate
diets comprise mixed protein sources, that is, from both animal and plant sources.

Similar heterogeneous relationships to those observed in this study between plant and
animal protein sources and nutrient adequacy were also reported previously [17–19]. The
results from this study show that, at lower quartiles (and DFL) of plant protein intake, the
nutritional adequacy of certain nutrients was higher, but it was lower for other nutrients.
This suggests that a diet with mixed food sources of protein, with plant protein at about the
50th percentile of the current intake (quartile 2 or DFL 2), would be nutritionally optimal.
This suggestion aligns with a dietary-modeling analysis of French cross-sectional data,
which also concluded that about 50% of total dietary protein should be from animal sources
in nutritionally adequate and affordable diets [27]. In another dietary-modeling analysis, a
25% to 70% plant protein diet was proposed to be optimal proportion of plant protein for
nutrient-adequate and healthy diets [14].

In the present analysis, the nutrient adequacies for fiber, copper, folate, iron, magne-
sium, thiamin, vitamin C, and vitamin E were higher at increased quartiles of intake and
DFL of plant protein intake. Conversely, the nutrient adequacies for calcium, choline, niacin,
riboflavin, selenium, vitamin A, vitamin B12, vitamin B6, vitamin D, and zinc were higher
at lower quartiles and DFL of plant protein intake. Indeed, diets higher in plant foods are
more abundant in fiber, folate, magnesium, vitamins E, vitamin C, and other antioxidants,
while animal-based foods are more abundant in zinc, vitamin B12, vitamin D, calcium, and
phosphorus [11]. These results are corroborated by previous cross-sectional analysis of
NHANES and the Canadian Community Healthy Survey, showing that intakes of copper,
fiber, folate, iron, magnesium, potassium, thiamin, vitamin C, vitamin E, and vitamin K
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increased, while intakes of niacin, selenium, sodium, choline, vitamin B12, vitamin D, and
zinc decreased with increasing quartiles of plant protein intake among adults [20,21,28].

Higher nutrient adequacies of folate, iron, and thiamine at increased plant protein
intake quartiles are likely the result of the fortification of certain cereal-grain foods [29].
Globally, cereal grains represent the primary sources of plant protein intake [30], and this
is also true among American adults [10]. However, cereal grains are not considered to
be protein foods in the majority of the dietary guidelines from around the globe [1,31].
Furthermore, cereal grains also have lower protein density (protein amount per gram of
food or per calorie) and protein quality compared to animal protein sources and plant
foods designated as “plant proteins,” such as legumes [32–35]. A reliance on cereal grains
as primary sources of plant protein as animal proteins become more limited in diets may
be problematic for meeting amino acid requirements, especially at increased quartiles of
plant protein intake. The replacement of 50% of cereal grain amino acids with amino acids
from lentils and legumes improved protein quality in our recent modeling analysis [21].
Moreover, another recent modeling analysis suggested that plant-based substitutes for
animal products, including legumes, were more nutritionally adequate than other sub-
stitutes [12]. Increasing the utilization of legumes, such as beans, lentils, chickpeas, and
soy foods as primary ingredients in new plant-based food platforms should be considered
as consumers shift to plant-based dietary patterns that incorporate more foods meant to
replace corresponding animal-derived products.

For further context, it is also important to highlight that the magnitude of the plant
protein intakes in U. S. diets was fairly low. The majority of individuals consume diets
containing less than 40% plant protein, as demonstrated across the range of plant protein
intakes for quartiles 1–3 (0–27%). Furthermore, the range of the plant protein intakes in
quartiles 2 and 3 was narrow, at 3.4% and 3.5%, respectively, with a substantially larger
range encompassed by quartile 4 (36.1–100%). In contrast, the DFL analysis segregated
the sample across equally distributed ranges of protein intakes, where fewer individuals
were allocated to each progressively higher DFL group. For some nutrients within the age
groups, the difference in the proportion of nutritional inadequacy was increased by >20
units for DFL 4 compared to quartile 4 for calcium, vitamin A, vitamin B12, magnesium,
selenium, and zinc. Across all the ages studied, vitamin D inadequacy was ≥87% at the
lowest levels of the plant protein intakes (quartile 1 and DFL 1) and similar levels of
inadequacy (>95%) were observed across quartiles 4 and DFL4. This suggests that, for some
nutrients, such as vitamin D, nutritional challenges for adequacy are present irrespective of
plant protein consumption levels.

Altogether, the results from this cross-sectional study reflect the diversity of nutrients
that are provided by plant and animal protein foods in the diet. Based on current con-
sumption patterns, there are nutritional implications when diets shift the amounts of plant
protein in the diet and when the diversity of the foods that underpin these shifts is not
considered. Previously discussed modeling assessments by Salome et al. [36] suggests that
plant proteins can be incorporated in the diet at fairly high levels that would eliminate or re-
duce any adverse impact on nutrient adequacy. However, a careful selection of protein food
choices is required, which is not reflected in current U.S. diets, in which an abundance of
plant protein is provided by the cereal grains family (Poaceae). Increasing the use of legumes,
nuts, and seeds aligns with Dietary Guidelines for Americans, 2020–2025 recommendations;
these foods are nutrient-dense and inherently complement the proteins from cereal grains.
Fortification can also play an important role for new foods meant to provide alternatives to
those foods that have traditionally been manufactured from animal ingredients. Systematic
reviews have demonstrated that few meat-and-dairy-alternative products are fortified
with nutrients typically found in the corresponding animal foods (vitamin D, vitamin B12,
iron, calcium, and zinc) and could manifest as nutritional inadequacies over time if used
exclusively as substitute products [36–41]. This has also become more important in view of
the consistent and ongoing discussion over the increase in the proportion of plant-based
foods (including plant protein foods) in diets to enhance environmental sustainability and
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to decrease chronic-disease risk [42,43]. Our data also highlight nutritional challenges that
require attention and provide salient nutritional targets for plant-based diets, as well as
plant protein food innovation.

The major strengths of our study were the use of a large, nationally representative,
population-based sample, which was achieved through combining several sets of NHANES
data releases and the use of the NCI method to assess usual intake to examine the percentage
of the population below the EAR/above the AI. The limitations of the current study, as
with any cross-sectional investigation, include an inability to determine cause-and-effect
relationships; furthermore, there is the potential for bias in the use of self-reported dietary
recalls relying on memory [44]. We also need to acknowledge that the plant protein intake
in the United States currently comes predominantly from food sources relatively low
in protein. Further research might selectively evaluate individuals who routinely select
foods that are higher in plant protein and assess the nutrient adequacy in this population.
Conducting additional randomized, controlled trials would also help to decipher cause-
and-effect relationships between nutritional adequacy and the increased consumption of
plant protein in the context of traditional plant protein foods (legumes, nuts, and seeds)
and innovative alternative products, with and without fortification. This future research
may also help to determine whether there is an ideal range of intakes of animal and plant
protein that optimizes nutrient adequacy.

5. Conclusions

The results of the current study showed that, based on current food choices in the U.
S., diets of mixed protein sources, from both animals and plants, are likely the most nutri-
tionally adequate. Additionally, the results highlight the potential nutritional challenges
posed as plant protein intake increases beyond certain levels in both children and adults.
Therefore, if changes in dietary recommendations, for whatever reason, lead to increased
plant protein and reduced animal protein, care is needed to ensure that the adequacy of all
the nutrients is achieved.
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Abstract: This study introduces the Meiji Nutritional Profiling System (Meiji NPS), which was
specifically designed to respond to age-related shifts in nutrient requirements among Japanese adults
(<65 years old) and older adults (≥65 years old). Japan has one of the most aged societies in the
world. The health issues of interest are malnutrition and lifestyle-related diseases among adults
and frailty among older adults. Two versions of the NPS were developed based on nutrients to
encourage (protein, dietary fibers, calcium, iron, and vitamin D), food groups to encourage (fruits,
vegetables, nuts, legumes, and dairy), and nutrients to limit (energy, saturated fatty acids, sugars, and
salt equivalents). The Meiji NPS for older adults did not include iron or saturated fatty acids. The
algorithms were based on the Nutrient-Rich Foods Index (NRF). The convergent validity between
the Meiji NPS and the existing NPSs for the same foods was confirmed using Spearman’s correlation
coefficients (NRF: r = 0.67 for adults and r = 0.60 for older adults; Health Star Rating: r = 0.64
for adults and r = 0.61 for older adults). The Meiji NPS may be useful for nutritional evaluation
and reformulation of food products, tailored to adults and older adults to ameliorate health issues
in Japan.

Keywords: nutrient profiling; nutrient-rich foods index; malnutrition; older adults; frailty; conver-
gent validity; Japanese diet; hybrid nutrient density score; nutrients; food groups

1. Introduction

Assessing the nutrient density of foods is a challenge, given that every food product
contains multiple nutrients. Foods can include protein, fiber, vitamins, and minerals, as
well as fats, sugar, and sodium [1]. Nutrient profiling (NP) methods are quantitative metrics
designed to capture the overall nutrient contents of foods in relation to population nutrient
needs [2–4]. In general, those foods that best satisfy population nutrient requirements
receive the highest scores [4]. However, nutrient requirements, the foundation of NP
methods, may differ depending on sex and age [5,6].

The Meiji Nutritional Profiling System (Meiji NPS) is one of the first attempts to tailor
NP methods to the nutrient needs of adults (<65 years old) and older adults (≥65 years
old). The World Health Organization (WHO) has specifically stated that NP models need
to classify or rank foods according to their nutritional composition for reasons related
to disease prevention and health promotion [7]. The two health conditions specifically
addressed by the Meiji NPS are different forms of malnutrition among adults and excessive
frailty among older adults in Japan.

The Meiji NPS has the potential to promote healthier dietary choices and drive the
reformulation of food products to better align with public health objectives. There are
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precedents for both approaches. NP models developed by governments are intended
to encourage consumers to select healthier foods [8–10]. For example, the Australian
Government developed the Health Star Rating (HSR) as the basis for front-of package
labels. The HSR was mainly designed to address obesity as Australia has one of the highest
rates of obesity in the world [11–13]. The HSR nutrients to encourage are protein and fiber,
whereas energy, total sugar, saturated fatty acids (SFAs), and sodium are the components
to limit. Among the food groups to encourage in the HSR are fruits, vegetables, nuts,
and legumes. At the same time, food manufacturers have used their own NP models
to reformulate their products [14–17], most notably to limit their energy, fat, sugar, and
sodium contents. The two approaches are linked. The Global Access to Nutrition Index
uses the HSR to motivate food manufacturers to improve the nutritional value of their
products [18].

According to the WHO, NP models need to address an identified public health prob-
lem [19]. Health and nutritional issues vary based on regions, lifestyles, and life stages [20].
Among specific health issues identified for Japan are malnutrition, which manifests as
underweight or excessive thinness among young women, as well as overweight [21–32].
Frailty among older adults is a particularly serious issue in Japan, which has one of the
largest aging populations in the world [6,33,34]. The Meiji NPS was designed to address
health issues at different life stages, taking a life-course approach to NP modeling through-
out the human lifespan [20,35–39]. Given the super-aging society in Japan, an NP model
designed for older adults was thought to be particularly useful.

The overall quality of Japanese dietary habits can be assessed in several ways [40–43].
The dietary nutrient density of older adults is a matter of special concern. As people age,
they consume fewer calories daily, but their nutrient requirements remain largely the same
or even increase. As a result, the diets of older adults need to incorporate more nutrients
per calorie.

Existing NP models, largely intended for front-of-package labels, do not take changing
nutrient needs across the life cycle into account. Health issues that vary according to life
stage need to be considered, particularly those identified among older adults ≥65 years old
who follow traditional eating habits in Japan. The Meiji NPS was tailored to the dietary
habits, specific health issues at each life stage, and special demographic composition of the
Japanese population. The objective of this study was to develop a new age-sensitive NPS
for Japan and investigate its validity. We developed two versions of the Meiji NPS, one
for adults and one for older adults (≥65 years old), with a focus on preventing lifestyle-
related diseases, including extreme frailty in old age. The Meiji NPS may be useful for
the nutritional evaluation and reformulation of food products tailored to adults and older
adults to ameliorate the health issues in Japan.

2. Materials and Methods

2.1. Scope and Principles of the Meiji NPS

The Meiji NPS, developed to address age-related health issues in Japan, was used
primarily to guide improvements in diet quality and the reformulation of food products.
The population groups of interest were adults <65 years old and older adults ≥65 years old.
Health issues were lifestyle-related diseases, such as overweight/obesity, hypertension,
dyslipidemia, and type 2 diabetes in adults; thinness in young women; and frailty in older
adults. The Meiji NPS was developed as follows: (1) selection of nutrients to encourage;
(2) selection of food groups to encourage; (3) selection of nutrients to limit; (4) selection
of Reference Daily Values (RDVs); (5) development of the Meiji NPS algorithm; and
(6) validation and testing.

2.2. Overview of Nutrients to Encourage/Limit and Food Groups to Encourage

The Meiji NPS for adults was based on protein, dietary fiber, calcium, iron, and vitamin
D as nutrients to encourage and energy, SFAs, sugar, and salt equivalents as the nutrients
to limit in foods. The Meiji NPS for older adults was based on encouraging protein, dietary
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fiber, calcium, and vitamin D and limiting energy, SFAs, sugar, and salt equivalents in foods.
Food groups to encourage were the same for both Meiji NPS versions, fruits, vegetables,
nuts, legumes, and dairy.

2.3. Selection of Nutrients to Encourage

Based on the Dietary Reference Intakes for Japanese (2020) [6], protein, dietary fiber,
calcium, iron, and vitamin D are consumed in insufficient amounts in Japan, particularly by
older adults [44]. Higher protein and dietary fiber intakes are reportedly associated with a
lower obesity risk [45–47]. Calcium intake is reportedly related to a reduction in the rates
of hypertension and type 2 diabetes among adults and a reduction in the rate of dementia
among older adults [48–50]. Vitamin D intake is reportedly associated with a lower risk
of dyslipidemia and type 2 diabetes and prediabetes [51–53]. A low level of vitamin D is
reportedly associated with age-related health issues, such as sarcopenia, frailty, cognitive
functional decline, and dementia [54–65]. Iron-deficiency anemia is a serious health issue
due to the desire for thinness among young women in Japan [66]. Underweight young
women in Japan also exhibit a low intake of dietary fiber, calcium, iron, and vitamin D [67].
Thus, protein, dietary fiber, calcium, iron, and vitamin D were deemed the main nutrients
to encourage in the Meiji NPS. Iron was excluded from the Meiji NPS for older adults owing
to its adequate intake among Japanese older adults and the lesser role it plays in frailty.

2.4. Selection of Food Groups to Encourage

Hybrid NP scores combine both nutrients and selected food groups. The Meiji NPS
was designed to include food groups that are rich in additional nutrients of interest, such
as potassium and vitamin C. In alignment with this philosophy, the Meiji NPS did not
establish any food groups to discourage. The selection of food groups to encourage, as
guided by the “Health Japan 21” [68] and “Healthy diet” [20] guidelines, was as follows:
fruits, vegetables, nuts, legumes, and dairy. In the Meiji NPS, vegetables also included
mushrooms, algae, and spices. We followed the lead of a previous study, in which the foods
of the Japanese Food Standard Composition Table 2020 Edition (8th Edition) were grouped
in terms of nutrient density [69] by including green teas, black teas, and coffee as vegetables
and cocoa (pure powder) as legumes. These foods reportedly provide benefits in terms
of obesity [70–77], hypertension [78–81], dyslipidemia [78,82–90], and diabetes [76,77,91].
The composition of food groups to encourage followed the coding scheme of the Japanese
Food Standard Composition Table 2020 Edition (8th Edition) [92]. Fruits in the Meiji NPS
corresponded to fruits in that table; vegetables corresponded to vegetables, mushrooms,
and algae in that table; nuts corresponded to nuts in that table; legumes corresponded to
pulses in that table; and dairy corresponded to milk and milk products in that table.

2.5. Selection of Nutrients to Limit

The selection of nutrients to limit closely followed other NP models. Nutrients to
limit were SFAs, sugars, and salt equivalents (sodium content multiplied by 2.54). Energy
was included in the list of nutrients to limit. The Dietary Reference Intakes for Japanese
(2020) [6] suggested that energy, SFAs, and sodium are associated with hypertension and
that energy, SFAs, and sugars are risk factors for obesity. Furthermore, a reduction in sugar
has an effect on body weight [93]. In addition to a strong desire to become thin and to
lose weight [94], unhealthy dietary intakes have been observed among young Japanese
women [95]. The consumption of some confectionaries is higher compared to normal-
weight women, and the consumption of soft drinks has increased among underweight
women [95,96]. Thus, these nutrients to limit for young women should be considered. The
Meiji NPS defines glucose, galactose, fructose, maltose, sucrose, and lactose as sugars.

The intake of dairy products is inversely associated with frailty in older adults, and
it has been suggested that moderate intake of SFAs is effective at preventing frailty in
Japan [97,98]. Additionally, SFA intake is reportedly not associated with sarcopenia [99].

88



Nutrients 2024, 16, 936

Thus, SFAs were excluded from the nutrients to limit in the Meiji NPS for older adults.
Table 1 summarizes the principal nutrients in the Meiji NPS for adults and older adults.

Table 1. Comparison between the Meiji NPS for adults and older adults, NRF9.3, and HSR.

Items
Meiji NPS
for Adults

Meiji NPS
for Older Adults

NRF9.3 HSR

Nutrients to
encourage

Protein
Dietary fiber

Calcium
Iron

Vitamin D

Protein
Dietary fiber

Calcium
Vitamin D

Protein
Dietary fiber

Calcium
Iron

Potassium
Magnesium
Vitamin A
Vitamin E
Vitamin C

Protein
Dietary fiber

Food groups to
encourage

Fruits
Vegetables

Nuts
Legumes

Dairy

Fruits
Vegetables

Nuts
Legumes

Dairy

NA 1

Fruits
Vegetables

Nuts
Legumes

Nutrients to limit

Energy
SFAs
Sugar

Salt equivalents 2

Energy
Sugar

Salt equivalents 2

SFAs
Added sugar

Sodium

Energy
SFAs

Total sugar
Sodium

1 NRF9.3 does not set on any food groups to encourage. 2 Sodium content was multiplied by 2.54. NPS:
Nutritional Profiling System; NRF: Nutrient-Rich Foods Index; HSR: Health Star Rating; SFA: saturated fatty acid;
NA: not applicable.

2.6. Age-Appropriate RDVs

The two target population groups were adults (<65 years old) and older adults
(≥65 years old). The age-appropriate nutrient standards are summarized in Table 2. The
RDVs of protein, dietary fiber, calcium, iron, vitamin D, energy, and salt equivalents were
selected according to the maximum values in the Dietary Reference Intakes for Japanese
(2020) [6] for the age groups. The RDVs of SFAs and sugar were based on the WHO
recommendation [100,101], the latter of which corresponds to 10% of the energy intake.
The RDVs of fruits, vegetables, legumes, and dairy were based on values in “Health Japan
21” [68]. The RDV of nuts was obtained from the “EAT-Lancet planetary health diet” [102]
and the “healthy diet for Japanese longevity” [103]. In the EAT-Lancet planetary health diet,
the recommended median intake of peanuts is 50 g. Additionally, the tree nuts category
has a separate allocation of 25 g. Therefore, the RDV of nuts was set at 75 g.

Table 2. RDVs of the Meiji NPS and NRF9.3.

Items For Adults For Older Adults

Nutrients to encourage

Protein 65 g 60 g
Dietary fiber 21 g 20 g

Calcium 1000 mg 750 mg
Iron 12 mg NA

Vitamin D 9.5 μg 8.5 μg

Nutrients to limit

Energy 2800 kcal 2400 kcal
SFAs 31.1 g NA
Sugar 70 g 60 g

Salt equivalents 7.5 g 7.5 g
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Table 2. Cont.

Items For Adults For Older Adults

Food groups to encourage

Fruits 200 g 200 g
Vegetables 350 g 350 g

Nuts 75 g 75 g
Legumes 100 g 100 g

Dairy 130 g 130 g
RDV: Reference Daily Value; NPS: Nutritional Profiling System; NRF: Nutrient-Rich Foods Index; SFA: saturated
fatty acid; NA: not applicable.

2.7. The Meiji NPS Algorithm

The Meiji NPS algorithm was based on nutrients and food groups to encourage, bal-
anced against nutrients to limit (including energy). The base of calculation was 100 g, in line
with the HSR. The algorithm was based on Nutrient-Rich Foods Index 9.3
(NRF9.3) [2,3,104–106]. The NRF9.3 was the sum of the percentage of RDVs for the nine
nutrients to encourage minus the sum of percentage of RDVs for the nutrients to limit. In
the original NRF9.3, calculations were made per 100 kcal (rather than 100 g) and capped at
100% (Equation (1)). The NRF is a renowned composite measure of nutrient density, and its
validity has been extensively verified [104,107,108]. In addition, it is reportedly positively
correlated with overall dietary quality in the Japanese population [109].

NRF9.3 = ∑i=1−9(nutrients to encouragei/RDVi)× 100
−∑i=1−3 (nutrients to limiti/RDVi)× 100

(1)

The Meiji NPS score is calculated as the sum of the percentages of RDVs for the nutri-
ents to encourage plus the sum of the percentages of RDVs for food groups to encourage
minus the sum of the percentages of RDVs for the nutrients to limit (Equations (2) and (3)).
The Meiji NPS score for adults was calculated per 100 g. The caps of the Meiji NPS scores
for adults and older adults are summarized in Table 3. In consideration of excess intake,
caps are set for nutrients and food groups to encourage but not for the nutrients to limit.
Therefore, nutrients to limit can score over 100%. The percentages of protein and dietary
fiber in the Meiji NPS for adults and older adults were capped at 100%. An insufficient
intake is defined as the gap between the RDV and the median intake of the Japanese
population [6,110]. The percentage of micronutrients (calcium, iron, and vitamin D) in the
Meiji NPS for adults was capped at the gap. However, vitamin D is an important nutrient
for older adults, and its intake is associated with a reduction in the risk of sarcopenia and
frailty [54–61]. Therefore, the percentage of vitamin D in the Meiji NPS for older adults was
capped at 100%. The percentage of foods to encourage was capped at the gaps in the Meiji
NPS for adults and older adults.

Meiji NPS f or adults
= ∑i=1−5(nutrients to encouragei/RDVi)× 100
−∑i=1−4 (nutrients to limiti/RDVi)× 100
+∑i=1−5 ( f ood groups to encouragei/RDVi)× 100

(2)

Meiji NPS f or older adults
= ∑i=1−4(nutrients to encouragei/RDVi)× 100
−∑i=1−3 (nutrients to limiti/RDVi)× 100
+∑i=1−5 ( f ood groups to encouragei/RDVi)× 100

(3)
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Table 3. The caps of the Meiji NPS for adults and older adults.

Items
Meiji NPS for Adults Meiji NPS for Older Adults

Cap Percentage of RDV Cap Percentage of RDV

Nutrients to encourage

Protein 65 g 100% 60 g 100%
Dietary fiber 21 g 100% 20 g 100%

Calcium 423.9 mg 42% 389.4 mg 52%
Iron 5.8 mg 48% NA NA

Vitamin D 6.2 μg 65% 8.5 μg 100%

Nutrients to limit

Energy NA NA NA NA
SFAs NA NA NA NA
Sugar NA NA NA NA

Salt equivalents NA NA NA NA

Food groups to encourage

Fruits 200 g 100% 113 g 57%
Vegetables 157.7 g 45% 84.7 g 24%

Nuts 75 g 100% 75 g 100%
Legumes 90 g 90% 57 g 57%

Dairy 108.5 g 83% 55 g 42%

RDVs refer to Dietary the Reference Intakes for Japanese (2020) [6]. The caps were set by the gaps between Dietary
Reference Intakes for Japanese (2020) and the National Health and Nutrition Survey [110]. The median intakes of
fruits and nuts in adults and the median intake of nuts in older adults were 0 g/day, as reported in the National
Health and Nutrition Survey, resulting in the cap of 100%. NPS: Nutritional Profiling System, RDV: Reference
Daily Value, NA: not applicable.

2.8. Nutrient Composition Database

Nutrient composition data came from the Japanese Food Standard Composition Table
2020 Edition (8th Edition) [92], released by the Ministry of Education, Culture, Sports,
Science, and Technology, Japan. This open database lists 2478 foods and multiple macro-
and micronutrients, all expressed per 100 g. As the Meiji NPS was designed for individual
foods rather than meals, prepared foods were excluded, yielding a total sample size of
2428. Out of the 2428 food items, several of these had missing data, particularly for total
sugar content. Total sugar content data were missing for the important category of fish
and seafood (mollusks and crustaceans), as well as for meat that was either raw, minimally
processed, or dried. The total sugar content for those categories was inferred in previous
studies [40]. The present assumption was that the sugar content for those foods was
zero [40,111,112]. For other processed foods in the fish and seafood and meat groups (e.g.,
fish cakes, fish boiled in soy sauce, and chicken nuggets), the amount of carbohydrates was
calculated to represent the sugar content. After the inputting of missing sugar values for
raw and processed seafood (n = 684 foods), a total of 1545 foods with complete data were
available for analysis.

Foods were assigned into desirable food categories based on the product name in
the food composition tables. Based on the food names, the foods described as cereals,
potatoes and starches; sugars and sweeteners; fish and seafood; meat; eggs; fats and oils;
and confectioneries were not the food groups to encourage. In contrast, items in the fruit
category (except for juice-based beverages and nectars) were assumed to be 100% fruit.
Juice-based beverages and nectar were assigned a 30% fruit value. The vegetable category in
the Meiji NPS included vegetables, mushrooms, algae, and spices. Items in these categories
were assumed to be 100% vegetables, unless it was clear from the product name that the
product did not have 100% vegetable or fruit content. In general, nuts were deemed to be
100% nuts, pulses were deemed to be 100% pulses, and dairy products were deemed to be
100% dairy, with the exception of cream.

2.9. Statistical Analysis

Medians (interquartile ranges [IQRs]) and means ± standard deviations were used
to express data. The convergent validity of the Meiji NPS for adults and older adults was
tested with reference to NRF9.3. The RDVs for NRF9.3 were calculated according to the
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Dietary Reference Intakes for Japanese (2020) [6]. Spearman’s correlation [113] was used for
comparisons between the Meiji NPS and NRF9.3 or HSR. All analyses in this study were
performed using R software version 4.3.1 (The R Foundation for Statistical Computing,
Vienna, Austria).

3. Results

3.1. The Meiji NPS for Adults and Older Adults

Complete data regarding nutrients and food groups were available for 1545 foods.
Meiji NPS scores were calculated for adults and older adults and compared to NRF9.3
scores for the same items. Histograms displaying score distributions are presented in
Figures 1 and 2. The Meiji NPS score for adults ranged from −760 to 292, and that for
older adults ranged from −770 to 268. These results are summarized in Tables 4 and 5.
The mean Meiji NPS score for adults and older adults was 38.9 and 39.3, respectively. The
median Meiji NPS score for adults and older adults was 36.7 and 31.2, respectively. No
foods were classified as sugars and sweeteners owing to the lack of nutrient data; thus, the
mean, standard deviation, and median values for this item were not available.

Figure 1. Distribution of the Meiji NPS score for adults. The highest score was 292, and the lowest score
was −760. All the outliers (under −200) were seasonings and butters. NPS: Nutritional Profiling System.

Table 4. Summary results of the Meiji NPS for adults.

Items n Mean SD Median Max Min IQR

Pulses 71 184.9 65.0 169.2 285.6 66.3 127.8 to 253.4
Nuts and seeds 40 163.5 60.6 147.3 292.4 −9.1 129.5 to 196.9

Algae 14 121.1 102.5 152.1 265.6 −73.9 79.0 to 176.0
Mushrooms 46 90.7 68.0 63.1 275.8 −10.9 55.7 to 84.5

Fish and seafood 430 59.7 46.6 63.0 229.3 −155.2 29.6 to 90.8
Vegetables 162 52.5 20.6 46.2 141.7 3.3 39.5 to 65.2
Beverages 10 44.4 102.8 −3.4 251.7 −6.6 −6.4 to −0.7

Milk and milk products 46 40.9 69.4 67.6 186.4 −140.1 15.8 to 83.1
Eggs 15 39.7 37.2 29.8 101.3 −13.2 8.3 to 66.5
Fruits 71 31.4 34.1 40.2 77.7 −165.6 31.2 to 46.4

Potatoes and starches 37 16.7 13.4 15.8 55.3 −12.6 11.1 to 19.7
Cereals 156 11.8 34.6 7.0 133.1 −100.3 −0.2 to 21.4

Meat 303 5.3 40.6 13.7 108.0 −119.3 −15.3 to 33.7
Confectionery 98 −34.6 31.0 −29.6 43.5 −152.2 −52.6 to −12.9

Seasonings and spices 42 −118.7 167.4 −81.3 219.1 −760.3 −127.1 to −43.4
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Table 4. Cont.

Items n Mean SD Median Max Min IQR

Fats and oils 4 −130.4 73.5 −134.8 −49.2 −202.9 −186.8 to −78.5
Sugars and sweeteners 0 NA NA NA NA NA NA

Total 1545 38.9 75.8 36.7 292.4 −760.3 3.2 to 73.1

The Meiji NPS score for adults was calculated for 1545 foods. The food categories followed the food groups in the
Japanese Food Standard Composition Table 2020 Edition (8th Edition) [92]. NPS: Nutritional Profiling System;
n: number of foods; SD: standard deviation; Max: maximum; Min: minimum; IQR: interquartile range; NA:
not applicable.

Figure 2. Distribution of the Meiji NPS score for older adults. The highest score was 268, and the
lowest score was −770. All the outliers (under −200) were seasoning and butters.

Table 5. Summary results of the Meiji NPS for older adults.

Items n Mean SD Median Max Min IQR

Nuts and seeds 40 161.5 44.1 151.9 264.5 106.8 127.8 to 181.3
Pulses 71 132.5 55.8 125.7 220.3 15.2 90.7 to 186.2

Mushrooms 46 86.7 71.7 56.8 268.4 −22.6 50.7 to 81.6
Algae 14 85.9 98.0 110.0 226.7 −115.1 46.5 to 127.8

Fish and seafood 430 69.1 58.4 73.1 226.2 −161.1 26.3 to 119.7
Milk and milk products 46 47.3 44.9 56.3 184.7 −42.4 7.4 to 64.7

Eggs 15 47.0 48.1 28.4 130.5 −19.0 9.4 to 84.2
Vegetables 162 43.5 17.3 39.6 100.8 −6.2 32.1 to 53.8
Beverages 10 35.8 87.5 −6.3 213.1 −7.7 −7.5 to −0.8

Fruits 71 25.2 38.9 36.1 78.8 −173.0 26.6 to 43.2
Meat 303 17.3 19.7 23.3 77.0 −76.9 5.7 to 30.3

Potatoes and starches 37 11.0 14.3 12.0 49.2 −37.6 7.5 to 16.6
Cereals 156 7.5 27.6 3.7 94.5 −106.8 −1.0 to 17.6

Fats and oils 4 −8.1 43.7 −21.8 55.4 −44.4 −29.4 to −0.4
Confectionery 98 −36.3 36.8 −37.3 38.5 −161.3 −60.5 to −9.3

Seasonings and spices 42 −126.1 166.1 −92.1 180.3 −770.2 −131.1 to −45.3
Sugars and sweeteners 0 NA NA NA NA NA NA

Total 1545 39.3 70.9 31.2 268.4 −770.2 5.4 to 69.6

The Meiji NPS score for older adults was calculated for 1545 foods. The food categories followed the food groups
in the Japanese Food Standard Composition Tables 2020 Edition (8th Edition) [92]. NPS: Nutritional Profiling
System; n: number of foods; SD: standard deviation; Max: maximum; Min: minimum; IQR: interquartile range;
NA: not applicable.
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3.2. Convergent Validity between the Meiji NPS and NRF9.3

The convergent validity was assessed using the Meiji NPS and NRF9.3. Spearman’s
correlation coefficients between the Meiji NPS for adults or older adults and NRF9.3 were
0.67 and 0.60, respectively (Table 6). In the Meiji NPS for adults and older adults, the
correlation coefficients of mushrooms, algae, and fish and seafood were relatively low and
not significant (mushrooms: r = 0.14 for adults and r = 0.07 for older adults; algae: r = 0.24
for adults and r = 0.20 for older adults; fish and seafood: r = 0.07 for adults and r = −0.05
for older adults; all p > 0.05).

Table 6. Spearman’s correlation coefficients between the Meiji NPS and NRF9.3.

Items
For Adults For Older Adults

n r p-Values r p-Values

Milk and milk products 46 0.91 <0.001 0.81 <0.001
Meat 303 0.91 <0.001 0.72 <0.001

Cereals 156 0.91 <0.001 0.89 <0.001
Beverages 10 0.90 <0.001 0.90 <0.001

Eggs 15 0.84 <0.001 0.79 <0.001
Fats and oils 4 0.80 0.3333 0.40 0.7500

Seasonings and spices 42 0.79 <0.001 0.78 <0.001
Confectionery 98 0.75 <0.001 0.82 <0.001

Fruits 71 0.74 <0.001 0.74 <0.001
Pulses 71 0.68 <0.001 0.68 <0.001

Nuts and seeds 40 0.52 <0.001 0.45 0.0043
Potatoes and starches 37 0.42 0.0110 0.49 0.0019

Vegetables 162 0.39 <0.001 0.41 <0.001
Algae 14 0.24 0.3998 0.20 0.4827

Mushrooms 46 0.14 0.3521 0.07 0.6666
Fish and seafood 430 0.07 0.1239 −0.05 0.2625

Sugars and sweeteners 0 NA NA NA NA
Total 1545 0.67 <0.001 0.60 <0.001

Data for sugars and sweeteners were not available. NPS: Nutritional Profiling System; NRF: Nutrient-Rich Foods
Index; NA: not available.

3.3. Convergent Validity of the Meiji NPS with HSR

Meiji NPS scores were compared to HSR scores for the same foods to provide addi-
tional validation of the convergent validity of the Meiji NPS. The HSR score was calculated
using the Health Star Rating Calculator [114]. The HSR evaluates foods along a 10-point
scale. The Meiji NPS scores were accordingly split into deciles. Spearman’s correlation [113]
was used to compare these systems.

Spearman’s correlation coefficients were 0.64 for adults and 0.61 for older adults
(Table 7). All foods categorized as algae by the HSR scored 10 points (5 stars). Scores of all
foods categorized as fats and oils by the Meiji NPS for adults were 10 percentiles. Thus, the
correlation coefficients were not available for these two items. The correlation coefficients
for eggs were relatively low and not significant (r = −0.36 for adults and r = −0.37 for older
adults; all p > 0.05).

Table 7. Spearman’s correlation coefficients between the Meiji NPS and HSR.

Items
For Adults For Older Adults

r p-Values r p-Values

Cereals 0.89 <0.001 0.84 <0.001
Meat 0.89 <0.001 0.83 <0.001

Beverages 0.82 0.004 0.79 0.0068
Potatoes and starches 0.75 <0.001 0.64 <0.001

Vegetables 0.74 <0.001 0.72 <0.001
Mushrooms 0.74 <0.001 0.75 <0.001
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Table 7. Cont.

Items
For Adults For Older Adults

r p-Values r p-Values

Seasonings and spices 0.73 <0.001 0.67 <0.001
Algae 0.71 <0.001 0.82 <0.001

Confectionery 0.71 <0.001 0.39 <0.001
Milk and milk products 0.68 <0.001 0.53 <0.001

Pulses 0.60 <0.001 0.75 <0.001
Fruits 0.59 <0.001 0.62 <0.001

Nuts and seeds 0.60 <0.001 0.75 <0.001
Fish and seafood 0.35 <0.001 0.32 <0.001

Eggs −0.36 0.194 −0.37 0.181
Fats and oils NA NA 0.11 0.895

Sugars and sweeteners NA NA NA NA
Total 0.64 <0.001 0.61 <0.001

NPS: Nutritional Profiling System; HSR: Health Star Rating; NA: not applicable.

4. Discussion

This is the first NPS that is age-dependent and focused on nutrient requirements
of older adults ≥65 years old. The goal of this study was to address changing nutrient
requirements at different stages of the life cycle. Some of the Meiji NPS scores differed
between adults and older adults. The mean Meiji NPS score for meat was 5.3 for adults
and 17.3 for older adults. The corresponding IQR shifted from −15.3–33.7 to 5.7–30.3. In a
previous study, meat intake was negatively associated with frailty [98]. In addition, the
Meiji NPS score for cheese differed greatly between adults and older adults. The mean
score for cheese for adults was 56.2, whereas that for older adults was 80.1. The IQR shifted
from 41.1–71.1 to 50.7–98.9. Previous studies revealed that the consumption of cheese
presents health benefits in older adults [115–119]. These results indicate that the Meiji NPS
for older adults is more suitable for the assessment of foods that prevent frailty than the
Meiji NPS for adults.

The Meiji NPS was specifically designed to address identified health issues, and we
plan to validate the relationships between diets consistent with the Meiji NPS and the
selected health outcomes. The Meiji NPS was developed deductively by referring to the
existing NPS, Health Japan 21, the Dietary Reference Intakes for Japanese (2020), and
epidemiological studies. We set the RDVs according to the actual nutrient intake of the
Japanese population and the national standards, in response to age-dependent health
issues in Japan. Moreover, we selected nutritional factors and food factors related to health
issues based on the actual intake of the Japanese population. The Meiji NPS is focused on
the health issues of Japanese adults and older adults. However, the same approach can
be applied to different countries or different age groups. When the health targets were
changed, the algorithm of the Meiji NPS could be applied for other life stages, for example,
children <12 years old.

In this study, the nutritional values in the Meiji NPS were evaluated per 100 g. For
adults, the foods scoring under −200 were seasonings and butter. Japanese people do
not usually consume these items in quantities of 100 g at a time. Indeed, it is necessary
to develop a scoring system that reflects the actual dietary habits. In terms of epidemi-
ological studies, both food quality and quantity may affect health outcomes [120–125].
For example, a higher intake of comfort foods may be associated with rates of obesity
or overweight [126,127]. However, a moderate intake of such foods has less of an effect
on health outcomes [128–131]. The algorithm of the Meiji NPS can also be applied for
evaluation per serving size. Evaluating nutritional values both per serving size and per
100 g will ensure a more accurate approach to nutritional intake and health management.
Further study is needed to develop and validate the Meiji NPS per serving size.

Spearman’s correlation coefficients for all foods between the Meiji NPS and NRF9.3
were 0.67 for adults and 0.60 for older adults, indicating a moderate correlation [113].
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Further, its convergent validity with the HSR also indicated a moderate correlation (r = 0.67
for adults, r = 0.64 for older adults). These results indicate that the Meiji NPSs for adults
and older adults are valid NPSs. However, regarding each food group, the correlations
between mushrooms, algae, and fish and seafood between the Meiji NPS and NRF9.3
were weak or negligible. This may be explained by the fact that scores in NRF9.3 are
calculated per 100 kcal, whereas those in the Meiji NPS are calculated per 100 g. Many
foods categorized as mushrooms, fish and seafood, and algae have high water contents, and
many others have lower water contents, such as dried mushrooms, dried kelp, and dried
horse mackerel. NRF9.3 is not affected by water content, unlike the Meiji NPS, which is
demonstrated in these food groups with large variability in water content. In addition, the
correlations of eggs between the Meiji NPS and HSR were negligible. In the categories of
eggs, processed foods with high sugar content, such as processed sweetened eggs, had high
scores in the HSR and low scores in the Meiji NPS. The median scores of pulses, nuts and
seeds, vegetables, fruits, mushrooms, algae, fish and seafood, and milk and milk products
in the Meiji NPS for adults and older adults were higher than the median scores of total the
foods. Diets high in these products have been associated with a lower risk of all-cause and
cardiovascular disease-related mortality, as well as dementia, in Japan [132–134]. Hence,
the Meiji NPS identified foods associated with better health outcomes.

The Meiji NPS may be improved in several ways. Firstly, adding factors such as
the quality of nutrients (e.g., amino acid score) and the degree and/or types of food
processing (e.g., sterilization, fermentation), which also play important roles in nutritional
value [135–137], may improve the assessment of foods. NPSs that incorporate such factors
have already been proposed [138–140]. Secondly, existing NPSs, such as the Nutri-Score
and HSR, express scores in an easy-to-understand, 5- or 10-point scale from the perspective
of changing consumer behavior [141]. When implementing the Meiji NPS, the score
should preferably be expressed in an easy-to-understand manner. For example, the score
can be converted into a scale of 0 (least healthful) to 100 (most healthful), improving its
interpretability. In fact, we performed this conversion and demonstrated good correlations
between the Meiji NPS before and after conversion (Appendix A). Thirdly, additional
validation studies can increase the robustness of the Meiji NPS. Specifically, the predictive
validity should be determined, that is, the relationship between the Meiji NPS score and the
targeted health issues. In addition, affordable and nutrient-rich food products may have
an impact on consumers’ health. Nutritional disparities associated with socioeconomic
status are also one of the significant issues in Japan [30,31]. Thus, food affordability could
be important to consider when using the Meiji NPS. Finally, appropriate revisions may be
needed for alignment with changes in Dietary Reference Intakes, official guidelines, and
new evidence.

Limitations

This study has several limitations. Firstly, not all foods were evaluated via the Meiji
NPS owing to the lack of nutrient data for a number of foods in the Japanese Food Standard
Composition Table 2020 Edition (8th Edition). Secondly, we estimated the volumes of food
groups to encourage, as those data are not available in the nutrient composition database.
We might have overestimated the nutritional values of the food groups to encourage.
Finally, we tested only the convergent validity of the Meiji NPS for adults and older adults.

5. Conclusions

The Meiji NPS for adults and older adults was developed based on Japanese health
issues that depend on a person’s life stage. The convergent validity between the NRF, HSR,
and the Meiji NPS was confirmed. The Meiji NPS may be useful for nutritional evaluation
and the reformulation of food products tailored to adults and older adults to ameliorate
health issues in Japan.
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Appendix A

The 0–100 Scaled Meiji NPS

Based on the score distribution of the Meiji NPS for adults, scores below −100 were
converted to 0 on the 0–100 scaled Meiji NPS, and scores above 100 were converted to 100
on the 0–100 scaled Meiji NPS. In the case of the Meiji NPS for adults, 85% of the foods were
within the range of 0 to 100 points. The Meiji NPS for older adults was also converted to a
0–100 scale using the same criteria as the Meiji NPS for adults. The results of the convergent
validity, as determined via Spearman’s correlation coefficient between the Meiji NPS and
the 0–100 scaled Meiji NPS, are shown in Table A1. The correlation coefficients were 1.0 for
adults and older adults in total foods. The correlation coefficients in pulses and nuts and
seeds were below 0.5. This may have been influenced by the fact that most of these foods
scored 100 on the 0–100 scale Meiji NPS.

Table A1. Spearman’s correlation coefficients between the Meiji NPS and the 0–100-scaled Meiji NPS.

Items
For Adults For Older Adults

r p-Values r p-Values

Total 1.00 <0.001 1.00 <0.001
Cereals 1.00 <0.001 1.00 <0.001

Potatoes and starches 1.00 <0.001 1.00 <0.001
Sugars and sweeteners NA NA NA NA

Pulses 0.48 <0.001 0.82 <0.001
Nuts and seeds 0.46 0.0030 NA NA

Vegetables 1.00 <0.001 1.00 <0.001
Fruits 1.00 <0.001 1.00 <0.001

Mushrooms 0.99 <0.001 0.99 <0.001
Algae 0.86 <0.001 0.90 <0.001

Fish and seafood 1.00 <0.001 0.98 <0.001
Meat 1.00 <0.001 1.00 <0.001
Eggs 1.00 <0.001 0.99 <0.001

Milk and milk products 1.00 <0.001 1.00 <0.001
Fats and oils 0.95 0.0513 1.00 0.0833
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Table A1. Cont.

Items
For Adults For Older Adults

r p-Values r p-Values

Confectionaries 1.00 <0.001 1.00 <0.001
Beverages 1.00 <0.001 1.00 <0.001

Seasonings and spices 0.97 <0.001 0.95 <0.001
NA: Not Applicable.
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Abstract: Noncommunicable diseases (NCDs) are the main cause of death globally (70%) and in
the Region of the Americas (80%), and poor diets are a leading driver of NCDs. In response, the
Pan American Health Organization (PAHO)/World Health Organization (WHO) introduced a set of
evidence-based regulatory measures to help countries improve diets through the reduced consump-
tion of processed and ultra-processed foods. This paper aims to describe the needs of and propose
actions for key actors to advance these measures. A workshop was designed to assess member states’
regulatory capacity. A thematic analysis was conducted to analyze regional needs, successes and
challenges. Thereafter, the Government Capacity-Building Framework for the prevention and control
of NCDs was used to examine findings. The findings were organized in two sets: (i) PAHO/WHO
actions to support member states and (ii) key actors’ actions to advance regulatory policies. The
results show notable regulatory progress across the Region of the Americas. However, progress
differs between countries, with opportunities to strengthen measures in most countries, mainly in
conflict of interest management. The results identified important actions to strengthen the regulatory
capacity of PAHO/WHO member states. To maximize momentum for these actions, timelines must
be identified, and political commitment can be boosted by applying human rights-based and food
system-wide approaches.

Keywords: food policy; capacity building; regulatory measures; Region of the Americas; nutrition;
food environments

1. Introduction

Globally, noncommunicable diseases (NCDs) and their risk factors are the main causes
of morbidity, disability and mortality. NCDs cause greater than 70% of deaths worldwide
and constitute one of the major public health challenges of the 21st century [1]. Specifically
in the Region of the Americas, NCDs account for over 80% of all deaths, with diet-related
NCDs, including ischemic heart disease and type 2 diabetes, being the leading drivers [2].

Food environments determine the type of dietary patterns people are able to follow [3].
On a global scale, the availability, affordability and marketing of ultra-processed food and
drink products favor eating choices that increase the incidence and worsen outcomes of diet-
related NCDs [4,5]. Ultra-processed food and drink products are industrial formulations
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synthesized from food substrates or prepared with substances extracted from foods or food
constituents. These formulations contain little or no whole natural food; are typically energy
dense and lacking in nutrients that are key to health maintenance and healthy growth; and
are generally high in added sugars, saturated fat, trans fat and/or sodium (e.g., soft drinks,
sweetened yogurts, sweetened breakfast cereals, convenience foods, industrially produced
baked goods, ice creams or savory snacks) [5,6]. Due to their nutrient profiles, the regular
intake of these products can increase the risk of developing diet-related NCDs [5–20].

Given that ultra-processed foods have market advantages over less-processed items [21],
and considering their role in the development of diet-related NCDs [4–20], a comprehensive
and coherent strategy that spans across multiple sectors is needed [22]. Evidence has shown
the cost-effectiveness of implementing certain regulatory measures that help reduce the
demand for and offer of processed and ultra-processed products [21–23]. Key technical
advisory documents have been issued globally and in the Region of the Americas to support
countries to adopt, implement and strengthen these regulatory measures as part of the
package of efforts to prevent and control diet-related NCDs [23–28]. Based on the best
evidence available of cost-effective interventions, these documents call for (a) labeling and
marketing regulations of processed and ultra-processed products high in critical nutrients;
(b) the taxation of sugar-sweetened beverages (SSBs) and processed and ultra-processed
products high in critical nutrients; and (c) the regulation of food in school environments
and other settings where food is served or offered [23–26].

One of the most cost-effective interventions to address NCD risk factors from a
population-level approach is the front-of-pack labeling (FOPL) system, which provides
consumers with direct, fast-capturing information to easily identify products that contain
excessive amounts of critical nutrients [29–34]. Among FOPL systems, research has pro-
vided evidence that those with nutrition warning signs are more effective in informing
consumers of unhealthy food and drinks and contributing to healthier purchases [32,33,35].

Moreover, taxation on SSBs and food products high in critical nutrients is recom-
mended to modify behavioral risk factors associated with NCDs. Taxation implies a
triple-fold advantage because it (1) can improve consumption choices, (2) generates rev-
enue and (3) has the potential to reduce long-term associated healthcare costs and pro-
ductivity losses [36]. Furthermore, policies that restrict the marketing of processed and
ultra-processed food and drinks can help reduce the demand for and consumption of these
products [37]. Additionally, strategies to improve school food environments by removing
less-healthy food and drink products can support the adoption of healthy eating habits
from early ages [38,39].

Despite the potential benefits of these interventions, there is strong evidence that
actors within and associated with the industry of ultra-processed food and drink products
often attempt to weaken, distort, delay and/or impede public policies that promote dietary
health and sustainability [27,28]. To combat this growing issue, in 2012, the Sixty-Fifth
World Health Assembly adopted resolution WHA65.6, which, among other items, urged
member states to introduce adequate mechanisms to safeguard against potential conflicts
of interest (COI) in nutrition policy development and implementation. Following this
request, the World Health Organization (WHO) developed a draft approach to guide
countries for this purpose [27]. Next, in 2021, after consideration of the member states,
PAHO/WHO launched a roadmap for the implementation of the approach in the Region
of the Americas [28].

Many countries in the Region of the Americas have been seeking to adopt sound
policies, actions, laws and regulations to reduce the demand for and offer of processed
and ultra-processed products, in an attempt to reshape food environments in favor of
healthier eating. For example, Argentina’s Healthy Eating Law came into effect in 2022,
establishing front-of-pack warning labels (FOPWLs) and regulating the marketing, promo-
tion, sponsorship and offer of products high in critical nutrients in schools, according to
PAHO/WHO’s nutrient profile model [39]; Brazil developed a tool based on PAHO/WHO’s
COI tool to assist key actors in identifying and preventing COI within the scope of the
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National School Meal Program (PNAE) [40]; and Mexico recently amended its General
Health Law to include the internet and other digital platforms (e.g., social networks) in
the list of advertising platforms subject to restrictions, in addition to prohibiting the use
of child-targeted elements (among others) in the advertising of prepackaged food and
non-alcoholic beverages [41].

Despite notable progress in the adoption of these cost-effective measures,
significant barriers are often present, adversely impacting policy development and
implementation [4,42–44]. Barriers include the interference of commercial actors in
policy-making, the lack of political commitment to advance regulations and insufficient
human and financial resources [42–44]. Therefore, there is an urgent need to generate
support for countries in building their capacity to overcome such barriers [37].

Capacity building refers to the development of knowledge, skills, commitment, struc-
tures, systems and leadership to enable effective action [27,37]. Building the capacity of
the Ministry of Health, policy-makers and civil society organizations (CSOs) to safeguard
decision-making processes from the interference of opposing actors, and to best prevent and
manage COI, is essential to attain effective and sustainable regulatory frameworks [27,37].

Recognizing the importance of building the capacity of countries to improve food
environments in the region, PAHO/WHO developed a virtual workshop from March to July
2022 that sought to provide PAHO/WHO member states with an opportunity to identify
capacity needs to adopt, implement and monitor regulatory nutrition measures and discuss
possible actions to address such needs. The workshop was called “Regional Capacity
Building of Regulatory Measures to Prevent and Manage Diet-Related Non Communicable
Diseases in the Region of the Americas” and gathered insights from Ministry of Health
officials, health and food policy-makers, CSO and non-governmental organization (NGO)
representatives, public health advocates, academics, health practitioners and PAHO/WHO
staff from country, subregional and headquarter offices. By means of a thematic analysis
of participants’ contributions, this article aims to propose an action route to advance
evidenced-based regulatory measures that can improve food environments and help curb
diet-related NCDs in the Region of the Americas.

2. Materials and Methods

2.1. The Workshop Design

A peer-review process was conducted to determine the design of the virtual work-
shop. A technical meeting with six international capacity-building and nutrition experts
was convened to refine the workshop’s concept note and agenda, including the number
of days the workshop would take place for and the timing of each workshop session.
Based on this process, the method of the workshop was defined: seven 150 min virtual
sessions from 5 to 13 July 2022 (excluding the weekend), with actors from a variety of
sectors, including Ministry of Health officials, health and food policy-makers, CSO and
NGO representatives, public health advocates, such as academics, health practitioners
and PAHO/WHO staff from country, sub-regional and headquarter offices. To identify
potential participants to invite to the workshop, PAHO/WHO staff conducted purposeful
sampling by choosing candidates based on their professional expertise. Workshop orga-
nizers sought candidates across PAHO/WHO member states whose work pertained to at
least one of the five evidence-based regulatory measures to improve food systems: FOPL
regulations of processed and ultra-processed products; the taxation of SSBs and processed
and ultra-processed products; marketing regulations of processed and ultra-processed
products; regulations on ultra-processed products in schools and other settings; and COI
management and prevention. Additionally, a small number of individuals from outside the
Region of the Americas were invited to participate in the workshop due to their expertise in
global public health nutrition, governance and COI management. All individuals were sent
an invitation to attend the workshop, which included a concept note with a registration
link. Those who registered were sent a background technical paper to review and key
questions to consider to support them in preparing for the workshop discussions.
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The workshop methodology and content were designed following the Government
Capacity-Building Framework by Patiño et al. (2021) to assess national capacity for the
prevention and control of NCDs [37]. The framework (Figure 1) depicts three elements
of capacity building that are often used to enhance the impact and performance of public
health strategies, including (1) public health infrastructure (i.e., organizational development,
workforce, multisectoral collaboration and human and financial resources); (2) policy efforts
(i.e., policy-making and action plans); and (3) information systems (i.e., systems to collect,
monitor, report and disseminate data; surveillance and surveys). This paper also uses the
Capacity-Building Framework to assess and present the findings.

Figure 1. Redesigned diagram of the Government Capacity-Building Framework for the Prevention
and Control of NCD proposed by Patiño et al. (2021) [38].

2.2. Workshop Description

Day one of the workshop focused on discussing the capacity-building needs and
opportunities to adopt, implement and monitor regulatory measures that improve food
environments in the Region of the Americas. The participants then moved into randomized
pre-assigned English- or Spanish-speaking breakout rooms, consisting of five to ten people
to ensure a variety of sectors, and participated in a collaborative dynamic activity using
Jamboard 0.2. Jamboard 0.2 is a digital platform where different persons or groups can
simultaneously add information in the form of sticky notes, drawings or graphics [45].
Each group was instructed to answer questions about the capacity-building needs of their
countries to adopt, implement and monitor regulatory measures that reduce the demand
for and offer of processed and ultra-processed products.

Days two to six were each dedicated to discussing the capacity of PAHO/WHO member
states to adopt, implement and monitor specific regulatory measures, with a different topic
assigned to each day. Day two focused on FOPL regulations of processed and ultra-processed
products; day three, on the taxation of SSBs and processed and ultra-processed products;
day four, on marketing regulations of processed and ultra-processed products; day five,
on regulating processed and ultra-processed products in schools and other settings; and
day six, on building the capacity of countries to prevent and manage COI related to the
previously mentioned regulatory measures. During the first half of the workshop sessions
on days two to six, the participants were organized into randomized breakout rooms based
on the primary language of the country they were representing to answer three questions
via Jamboard 0.2 about the capacity-building successes, challenges and needs of their
country, following the same methodology as day one (described above). During the second
half of the workshop sessions on days two to six, the participants were organized into
breakout rooms to develop roadmaps on capacity-building strategies for countries to adopt,
implement and monitor each of the regulatory measures discussed and on preventing and
managing COI. On the final day of the workshop, the capacity-building roadmaps for each
regulatory measure that were developed on previous workshop days were reviewed. The
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participants outlined priority actions for PAHO/WHO and key actors to support member
states to advance the regulatory measures discussed (Figure 2).

Figure 2. Visual synthesis of the themes discussed in the seven-day workshop.

2.3. Data Analysis

Two independent researchers examined the insights collected during the seven-day
workshop, conducting a thematic analysis based on the methodology proposed by Gajaweera
and Johnson [46]. The analysis was carried out in several steps. To begin, the workshop
discussions and content of the Jamboard 0.2 sticky notes were carefully reviewed to identify
capacity needs, related concepts and possible inter-relations between concepts and to remove
repeated information. Thereafter, the concepts were organized in three categories based on
the Government Capacity-Building Framework: infrastructure, policy efforts and information
systems [37]. Subsequently, these categories were broken into five themes concerning the
main regulatory measures to improve food environments in the Americas and a sixth theme
concerning capacity-building needs that cross-cut each of the matters that need regulation. A
table (Table A1) was created to match the workshop contributions with their corresponding
themes and categories. Using this table, contributions were analyzed, identifying patterns,
divergences and convergences across contributions and themes.

Next, the roadmaps developed by the workshop participants and the stemming recom-
mendations were analyzed. Following this analysis, Table A2 was created by consolidating key
actions identified for PAHO/WHO to support member states to address their capacity-building
needs to advance regulatory measures to improve food environments. These actions were
organized under the three categories of the Capacity-Building Framework. Since several of the
key actions intersected with multiple categories, the authors placed each action into the one
category they deemed to best correspond with the action to avoid repetition.

Next, Table A3 was created to present an action route with a set of capacity-building
actions for key actors (i.e., government officials; policy-makers; CSO and NGO representa-
tives; public health advocates, such as academics, health practitioners and PAHO/WHO
staff from country, sub-regional and headquarter offices). Each actor’s set of actions was
identified by establishing key themes from both the five roadmaps developed during
the workshop sessions and the final workshop discussion and recommendations. The
resulting themes were considered priority actions for all actors and were sorted into the
three categories of the Capacity-Building Framework: infrastructure, policy efforts and
information systems [37]. Table A3 also includes information on the recommended stage
of each action within the five-stage Public Policy Cycle model [47,48]. The five stages of
the model are (1) agenda setting, (2) policy formulation, (3) adoption (or decision-making),
(4) implementation and (5) evaluation. It is worth noting that these stages rarely follow
one another in linear progression, but often occur simultaneously, appear in inverse or-
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der or are rapidly skirted [47,48]. Figure 3 shows a diagram of the workshop’s overall
data analysis.

Figure 3. Visual synthesis of the thematic analysis of workshop results.

3. Results

The virtual setting of the workshop contributed to strong attendance, resulting in a to-
tal of 126 participants (Table 1), with country representation from 27 of the 35 PAHO/WHO
member states, and 5 participants who attended from countries outside of the region
(Australia, Italy, Spain, the United Kingdom and Vietnam). In total, 74 of the partici-
pants worked with government organizations, 20 with PAHO/WHO, 19 with CSOs and
13 with academia.

Table 1. Participants’ characteristics.

Actors Total (n = 126)

Government 74

PAHO/WHO 20

CSOs 19

Academia 13
Country participants attended from 27 PAHO/WHO member states, Australia, Italy, Spain, the U.K. and Vietnam.

3.1. Regional Capacity-Building Needs

The contributions of the workshop participants are shown in Appendix A, Table A1
regarding the regional and country capacity-building needs to adopt, implement and monitor
key regulatory policies to improve food environments and prevent and manage diet-related
NCDs in the Region of the Americas. Eight capacity-building needs were identified under the
theme regulatory measures on FOPL and warning signs including education on the use of FOPL
and related advocacy. Fifteen needs were identified under taxation on SSBs and ultra-processed
foods, encompassing the need for local studies to predict the socioeconomic effects of taxation
and strengthened intersectoral collaboration for tax enforcement. Ten needs emerged under
the regulation of the marketing of ultra-processed food and drink products, where the need for
increased civic advocacy stood out. Ten needs were obtained under regulatory measures of
school food environments and other settings. In this category, one of the needs most underlined
by the workshop participants was the insertion of a mandatory nutrition education course
within the national school curriculum. Nineteen needs emerged under the prevention and
management of COI, making this the category with the highest number of reported needs.
Moreover, fourteen needs were identified as cross-cutting all of the aforementioned themes.
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3.2. Regional Capacity-Building Actions

The initiatives that participants proposed for PAHO/WHO to support member states
to advance or strengthen the aforementioned regulatory policies were summarized into
twelve capacity-building actions under the three Capacity-Building Framework categories
(infrastructure, policy efforts and information systems). As shown in Appendix B, Table A2,
four actions were categorized into the infrastructure category: (1) providing support
for financial and human resources; (2) identifying and sharing existing member states’
government structures; (3) independent structures; and (4) hosting leadership programs.
Five actions were categorized into the policy efforts category: (1) safeguarding against
conflict of interest; (2) facilitating courses, workshops and webinars; (3) publishing policy
guidelines and materials; (4) hosting retreats; and (5) providing technical support to
member states. Lastly, three actions were identified in the information systems category:
creating, managing and/or sharing: (1) observatories, (2) repositories and (3) databases.

To strengthen the capacity of PAHO/WHO member states to advance regulatory
policies to help prevent diet-related NCDs in the Region of the Americas, priority actions
for all relevant actors (government officials; policy-makers; CSO and NGO representatives;
public health advocates, such as academics, health practitioners and PAHO/WHO staff
from country, sub-regional and headquarter offices) were identified based on the roadmap
results and workshop discussions. As shown in Appendix C, Table A3, the priority actions
were organized into the categories of the Capacity-Building Framework, and key actors
were identified for each action. Three actions were identified within the infrastructure
category: (1) mapping key actors; (2) forming civil society coalitions; and (3) establishing
a policy-overseeing body. Ten actions were identified within the policy efforts category:
(1) creating advocacy campaigns; (2) banning industry involvement; (3) best-practice
polices; (4) educational strategies for civil participation; (5) effective communication materi-
als; (6) evidenced-based plans to face industry arguments; (7) mapping existing policies;
(8) establishing legal resources; (9) identifying and mapping policy strategies; and
(10) identifying and using existing resources. Six actions were identified within the in-
formation systems category: (1) obtaining country-level data; (2) developing databases;
(3) evaluating policies; (4) utilizing food classification systems; (5) monitoring policy bar-
riers; and (6) identifying monitoring systems and protocols. Furthermore, two priority
challenges were identified as having the potential to hinder all of the proposed capacity-
building actions: COI and financial constraints.

Although the five stages of the Public Policy Cycle model rarely follow one another in
linear progression, it was determined that identifying best-practice policies, mapping existing
policies, establishing policy strategies and determining an evidenced-based plan to face
industry arguments are likely carried out in the agenda-setting and policy-formulation stages.
Actions related to the mapping of key actors and the formation of civil society coalitions often
take place during the agenda-setting, policy-formulation and implementation stages, while
creating databases for processed and ultra-processed food and drink products and obtaining
country-level data that identify dietary patterns and diet-related NCD rates are actions that
take place during the agenda-setting, policy-formulation and evaluation stages. Monitor-
ing systems and protocols, establishing a policy-overseeing body and evaluating policies
are emphasized within the evaluation stage, while creating advocacy campaigns, banning
industry from involvement in events and activities, developing effective communication
materials and educational strategies for civil participation, establishing legal resources, using
existing and developing new training materials and resources, monitoring policy barriers
and utilizing food classification systems are actions that were identified as taking place in
all stages of the policy cycle. Furthermore, it was identified that COI and limited financial
resources are major challenges that could emerge in all stages of the policy process.

4. Discussion

This paper analyzed self-reported country needs and proposed actions for different key
actors to support countries of the Region of the Americas to implement regulatory measures
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to improve food environments and diet-related NCDs. The results identify ten key themes
for country needs; sixteen capacity-building actions for PAHO/WHO to support member
states to fulfil these needs; and nineteen overall capacity-building actions for all actors.

Although capacity-building actions were identified for the region, the results indicate
there are still several needs to be addressed and actions to be advanced at the country level
for PAHO/WHO member states to adopt, implement and monitor the suggested regulatory
measures. This is emphasized by the fact that an insufficient number of PAHO/WHO
member states have implemented policies to prevent or manage NCDs: 10/35 have im-
plemented FOPL policies (with only 8/35 using best-practice FOPWL policies) [49–57],
21/35 have SSB taxation policies (although most of these taxes could be further leveraged
to achieve best practices and improve their impact on SSB consumption and health) [58,59]
and 13/35 have food marketing regulations [35]. Furthermore, COI prevention and man-
agement to safeguard public health policies stands out as an urgent gap to address, as
workshop participants reported the highest number of capacity needs under this category.

As for schools, most countries within the region have implemented at least one school food
policy targeting an element of the school food environment. However, these policies are most
effective when they are implemented together as part of a comprehensive food and nutrition
policies approach, because this can synergistically improve the impact of all policies [60,61].
Similarly, considering food environments beyond schools are multifaceted, integrating regu-
latory policies that comprehensively target different aspects of these environments can also
increase the overall positive impact on food environments and diet-related NCDs [62].

Most of the capacity-building needs and actions to address them that were identified
during the workshop fall into the infrastructure capacity-building category [37], with a focus
on two areas: augmenting human capacity and increasing funding. These results add to prior
research that found an insufficient amount of human resources and infrastructure to adopt and
implement diet-related regulations to address NCDs in the Region of the Americas [37]. As
other studies show, investments in workforce employment and training, partnership building,
research, monitoring and evaluation can effectively improve country capacities to advocate,
adopt, implement and surveil policies [63,64]. Moreover, as the workshop identified, the
insufficiency of human capacity can be minimized by the identification and use of pre-existing
training materials and resources that help advance regulatory measures (e.g., The Virtual
Campus for Public Health [65]), in addition to the use of hybrid training tools, such as the
Massive Open Online Courses (MOOC), webinars and strategies like “train the trainer”.

Additionally, due to the cyclic nature of most actors and technical staff in governmental
positions, it is of utmost importance to develop a sustainable system to build human capacity
in order to regulate the food environment in the region. A multi-scalar approach, which
incorporates inclusive planning and regular meetings to identify emerging needs and create
momentum for action, can support effective collaboration on all scales, increasing human ca-
pacity in a sustainable way over time [66]. Furthermore, given that the capacity-building needs
of countries and the actions to address them typically require various actors from multiple
sectors (as outlined in Table A3), creating coalitions, technical advocacy and advisory groups
(TAAGs) and working groups without industry interference, through the mapping of key
actors who support the advancement of regulatory measures to improve food environments,
could facilitate the achievement of consensus in policy development and implementation.

Another type of capacity need refers to the knowledge gap in law and jurisprudence
specific to legal theories and provisions that endorse food environment regulatory initia-
tives. While this workshop did not explore such gaps in detail, workshop discussions
revealed major knowledge gaps in this aspect across the region. First, there is a lack of clear
understanding of the legal resources available at the country level that support policy de-
velopment and protect food environments in defense of the human right to adequate food
and nutrition, as well as children’s rights and business obligations to respect and support
children’s rights in advertising and marketing. These knowledge gaps intersect with a lack
of clear understanding that, first, when a risk factor is widespread in a country and affects
most of the population, regulatory actions must be taken at an environmental level rather
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than at the individual level. Second, governments have the right and legal duty to regulate
commercial activities based on arguments that support population health, and these regula-
tions can over-ride commercial rights and international trade agreements [67]. Addressing
these gaps requires the development of spaces for interdisciplinary collaboration between
law and public health nutrition experts.

In this regard, across all stages of the policy cycle, COI of commercial, academic
and civil society actors were identified as a common barrier to all PAHO/WHO member
states to achieving the adequate implementation of unbiased, best-practice policies to
improve food environments and the status of diet-related NCDs. This was an expected
result as there is unequivocal evidence showing that the influence of and opposition from
industries producing processed and ultra-processed food and drinks have contributed
to delaying or halting the development and implementation of nutrition programs and
regulatory measures that improve food environments and help prevent diet-related NCDs
in many countries [43,44]. Therefore, building the human capacity to sufficiently identify,
prevent and manage COI is recommended, which can be accomplished through the use
of available risk assessment, disclosure and management tools that help safeguard policy
development, implementation, monitoring and evaluation against possible COI, including
the WHO draft approach [26] and tool [68] for the prevention and management of conflicts
of interest in the policy development and implementation of nutrition programs at the
country level and PAHO/WHO’s roadmap for implementing WHO’s draft approach [28].
Furthermore, mapping key actors (e.g., academia, civil society and policy-makers) can
help prevent COI as it allows for the identification of coalitions, influences and interests,
which supports the design of targeted mechanisms to ensure that actors who benefit from
the commercialization of unhealthy commodities remain outside food/nutrition policy
agenda setting and formulation [43]. In turn, this can result in strengthened transparency,
partnership productivity and governance [69].

Regarding the actions proposed by the workshop participants to address the needs
outlined above, specific timelines must be identified. Assigning timelines to planned
policy actions is key to success in their implementation [70,71]. Empirical experience has
shown that timelines can help mobilize political will, for example, through the global
trans-fatty acids (TFAs) elimination strategy, where the WHO established a clear timeline
with supporting tools to accelerate action towards the elimination of TFAs from the global
food supply by 2023 [71]. The Public Policy Cycle stages identified for each recommended
capacity-building action within Table A3 can be used to help create realistic yet flexible
timelines for country action. Moreover, coordinating country timelines across the region
can increase momentum, through inertia from states with more advanced regulatory
performance. State actions can align on the basis of global commitments and transnational
and multisectoral agendas such as the United Nations Decade of Action on Nutrition
and the Sustainable Development Goals. Therefore, PAHO/WHO and key actors should
consider adding timelines to the priority actions at regional, national and local levels while
utilizing relevant tools to help advance policy action.

Furthermore, grounding actions by PAHO/WHO and other key actors and timelines in
human rights law could help mobilize political commitment throughout all Public Policy
Cycle stages [37]. For example, integrating a human rights lens during the policy agenda-
setting stage could help sensitize policy-makers to the urgency of formulating, implementing
and evaluating regulatory measures [37]. This is because the human rights law system
has significant relevance in the legal framework of most countries in the Region of the
Americas [72]. Moreover, human rights seek to protect human dignity, a principle shared
across different cultures and nations [73], and adequate food and nutrition is an area of
human rights inherent to human dignity and essential for the realization of other rights [74,75].
Recognizing this, most of the countries in the Region of the Americas have signed and ratified
the International Covenant of Economic, Social and Cultural Rights (ICESCR) [76], which is
binding to its member parties and enshrines the human right to adequate food [Art. 11(1)]
and the right to the highest attainable status of health [Art. 12] [77].
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Strengths and Limitations

The main strength of this research was the data collection process. The virtual set-up
of the workshop made it more accessible for actors to attend, with participation from
approximately 80% of PAHO/WHO member states and eight countries outside of the
Americas, including individuals from lower-funded countries. This allowed for the work-
shop discussions and suggestions to come from diverse country perspectives, enhancing
the key learnings from the workshop and increasing the generalizability of the results.
Additionally, the use of breakout rooms and activities, including the Jamboards 0.2 and
roadmap templates, enabled plenty of rich discussion and information to be gathered from
workshop participants, including those who were not as comfortable speaking in large
groups. Furthermore, the format of the workshop—where the specific policy topics were
each assigned to a different day—enabled individuals to only attend the sessions they found
the most relevant to their expertise or interests. Moreover, the workshop design allowed
actors to identify specific opportunities to strengthen member states’ capacity-building
efforts to adopt, implement and monitor regulatory measures that, according to the best
available evidence, help prevent diet-related NCDs. Finally, the workshop was also based
on methodology that allowed for the collection of information in a systematic, repeatable
way across countries.

The limitations of this research relate to the theoretical framework utilized to plan
and execute the workshop, the characteristics of the participant sample, the design of the
workshop and the specificity of the results. Although the workshop was planned using the
Capacity-Building Framework by Patiño et al. (2021), it is possible that using other human
capacity-building frameworks that hold other factors constant could have yielded different
results. The validity of our findings could therefore be tested in future workshops. Another
limitation was that, although PAHO/WHO invited different types of actors from various
sectors and different regions of the Americas, the sampling was biased towards government
officials, with almost 60% of participants falling into this category. This could have resulted
in unique perspectives being missed from actors working at different levels within sectors
and in other areas related to the regulatory measures discussed previously. Furthermore,
the seven-day workshop format with sessions lasting 2.5 h each may have led to fatigue and
lower engagement for participants who attended multiple sessions. Thus, opportunities for
future research include an exploration of the viewpoints and contributions of the member
states and relevant sectors who were not represented during the workshop. Lastly, the
results presented in this paper are specific to the Region of the Americas, which is advanced
in the adoption and implementation of many of these regulatory measures. Caution should
therefore be applied when applying the key actions and recommendations to other regions.

5. Conclusions

This research provides an initial overview of the needs and recommended capacity-
building actions to support PAHO/WHO, member states and other actors to advance
regulatory measures that, based on the best evidence available, curb diet-related NCDs,
especially when implemented as a complimentary set of measures. The findings showed
that COI prevention and management currently stands as the area of greatest capacity-
building need in the Region of the Americas. Therefore, efforts must focus on safeguarding
policies against COI interference in every stage of the policy cycle, from agenda setting
to evaluation, so as to avoid policy delays and halts. Concurrently, national financial
constraints were reported as a major capacity-building challenge for the region. Thus, key
actors should seek to utilize the existing capacity-building resources available in each stage
of the policy cycle to help mitigate this challenge. Prioritizing these major capacity-building
needs and challenges could provide a clearer path forward for PAHO/WHO member states
to develop and align regional and national regulatory strategies to reduce NCDs, including
action on FOPL, taxation and marketing of processed and ultra-processed products. When
these actions are implemented in a coordinated manner across sectors, through a food
system- and human rights-based approach, with defined timelines, meaningful change
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toward improving food environments and preventing diet-related NCDs can be achieved
in the Region of the Americas.
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Appendix A

Table A1. Thematic analysis of the capacity needs discussed during the workshop, “Regional
Capacity Building of Regulatory Measures to Prevent and Manage Diet-Related Non Communicable
Diseases in the Region of the Americas” (5 to 13 July 2022).

CAPACITY-BUILDING NEEDS

• Theme 1: Regulatory measures on front-of-package labeling (FOPL) and warning signs

Category 1:
Infrastructure

• Formal and informal educational programs, including strategies on mass and social media to instruct end-consumers, health staff, law practitioners
and governmental officers on FOPL, its importance, advocacy and mechanisms for participation in policy-making and social accountability.

• Create coalitions to demand evidence-based FOPL and octagonal warning signs.

Category 2:
Policy efforts

• Establish regulations to reduce the content capacity of packages of foods high in sugar, sodium and fat.
• Frontal warnings on artificially sweetened products.
• Binding instruments to regulate FOPL on imports.
• Agenda setting between neighboring countries.

Category 3:
Informationsystems

• Mass- and social media educational materials to orient the civil society on how to interpret FOPL and warning signs.
• Public regional repositories with related evidence, case examples, best practices and advocacy materials.

• Theme 2: Taxation on sugar-sweetened beverages (SSBs) and ultra-processed foods

Category 1:
Infrastructure • Tax incentives and subsidies for fruit and vegetable production.

Category 2:
Policy efforts

• Develop reader-friendly materials explaining to policy-makers the scientific evidence concerning the economic, social and health
impacts of food and beverage taxation, clarifying fears regarding any negative effects on employment rates or regressivity.

• Intersectoral collaboration for tax enforcement (which is still weak in many countries).
• Establish measures to foresee and counterbalance negative readjustment strategies by the industry (i.e., despite the tax, some industries maintain the

prices prior to tax in poor areas through compensations with the marginal revenue obtained with other products or sales in other territories).
• Continued dialogue to align efforts between tax and health authorities at the national level and across countries of the region.
• Label the tax on the front of the package of the levied products.

Category 3:
Information
systems

• Studies to foresee negative readjustment strategies of the industry and find mechanisms to counterbalance them.
• Reader-friendly guidelines for decision-makers on how to use and allocate the resources collected through food and beverage taxation.
• Forbid the sponsorship of unhealthy food and drink products by sports and wellness brands and during physical activity events.
• Map the barriers to tax policies.
• System-approach studies to measure the environmental impact of ultra-processed food and drink products.
• Model studies to estimate the impact of including an environmental-footprint tax (i.e., based on plastic use, water, gas emissions or

eutrophication footprint).
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Table A1. Cont.

CAPACITY-BUILDING NEEDS

Category 3:
Information
systems

• Social marketing materials to address cultural habits of the regular consumption of sugar-sweetened beverages.
• Information campaigns to explain and promote the mechanisms by which civil society can monitor the transparency in the collection

and use of tax revenues and lobbying by the private sector.
• Regional information systems to exchange country taxation learning, research and experiences.
• Impact assessment on the role of the Ministry of Finance in monitoring tax collection and utilization.

• Theme 3: Regulation of the marketing of ultra-processed food and drink products

Category 1:
Infrastructure

• Resources to halt industry strategies to convey that the regulatory measures and taxes will drive economic relapse (i.e., through
massive job loss, domestic gross product decrease) and/or food shortages.

• More law and advocacy experts familiar with food and food marketing regulation, including the demand and enforceability of the
rights to food and health.

• Guidelines for the preparation and sale of foods and beverages in schools, based on the PAHO/WHO nutrient profile model and the
NOM-051-SCFI-1994—General labeling specifications for prepackaged foods and non-alcoholic beverages.

Category 2:
Policy efforts

• Ban the use of cartoons and celebrities in the marketing and labeling of ultra-processed products.
• Need for defined, strict sanctions for violations of the regulatory measures.
• Need to broaden the scope of the regulatory measures not only to tackle marketing addressed to children but to include all audiences.
• Mandatory availability of free water dispensers in food services and public spaces.
• Subsidies to produce sustainably packaged water.

Category 3:
Information systems

• Educational campaigns designed by population target, addressing children, youths, caregivers and civil society and informing about
unhealthy food marketing strategies and inviting them to report uncompliant publicity and marketing messages. These campaigns
should be created by marketing experts to be as eye-catching as the industry campaigns.

• Educational strategies to instruct end-users on healthy, affordable food and lifestyle choices.

• Theme 4: Regulation of food and drinks in schools

Category 1:
Infrastructure

• Increase the offer of affordable fruits and vegetables in educational and collective settings (e.g., libraries, offices,
entertainment facilities).

• Mandate that every educational and work setting offers free drinkable water.
• Establish a team of public servants to monitor regulatory compliance in educational institutions, as schools refuse to take this

responsibility due to insufficient human resources and technical capacity.
• Incentives for schools and environments that comply with regulations.

Category 2:
Policy efforts

• Binding list of healthy products allowed to be sold in educational, sport and work environments. The list must establish a maximum
content of calories per g/mL, sugar, saturated fats and salt and exclude all products containing artificial sweeteners and trans fats.

• Make malnutrition prevention programs mandatory for all schools.
• Align the regulations on food environments with the national dietary guidelines.

Category 3:
Information
systems

• Workshops and easy-to-read materials clarifying industry arguments and school concerns that food-environment regulations will cause
budget shortfalls to schools and school cafeterias.

• Studies and scientific communication materials measuring the efficiency of food-environment regulations in reducing
malnutrition rates.

• An epidemiology unit to assess changes in the nutritional status of children in schools after regulatory implementation.

• Theme 5: Prevention and management of conflicts of interest (COI)

Category 1:
Infrastructure

• Form coalitions that include civil society and support them to surveil for and report incidents of COI.
• Divulge the “make it make sense” campaign of the Healthy Caribbean Coalition as a case example of best practices.
• Educational strategies in negotiation and assertive mediation addressed to advocates.
• Prepare universities to train students and staff in COI prevention and management.
• Compulsory course on COI management for high schools and universities.
• Strategies to strengthen the participation of non-industry multisectoral stakeholders to outnumber the representatives of the industry of

unhealthy commodities.
• Map existing food, health and nutrition regulations to identify and denounce COI.

Category 2:
Policy efforts

• Establish a unique official national and regional code of conduct for COI management and prevention.
• National and subnational agendas specific for COI prevention and management.
• Binding instruments to regulate the interference of the industry through recruiting academics to publish content that contradicts the

benefits of regulations on FOPL, the taxation of unhealthy products, the marketing of unhealthy foods and drinks and
food environments.

• Reader-friendly, evidence-based resources for decision-makers and the public clarifying distorted arguments from the industry that
taxes on ultra-processed products will result in unemployment, food shortages and national economic relapse.

• Ensure mechanisms to maintain the strategies for COI management regardless of the rotation of government officials.
• Legal resources to protect public officers, technicians and scholars from intimidation.
• Prohibit beverage and ultra-processed food companies from sponsoring sport-, education- and health-related activities

and infrastructure.
• Regulations and legal resources to blind the design and adoption stages of a policy from private intervention, allowing the private

sector to participate only until the public consultation stage.
• Binding regulation that defines and limits the level of industry involvement in dietary and health guidelines, programs and

educational content.
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Table A1. Cont.

CAPACITY-BUILDING NEEDS

Category 3:
Informationsystems

• Educational resources to help decision-makers and other stakeholders understand what COI are, their potential impact and how to
recognize, foresee and manage them.

• Awareness-raising media campaigns.
• Evidence-based resources to address the extended perception that COI are a “difficult” matter.
• Map decision-makers, decision influencers and health champions to identify existing and potential COI.

• Theme 6: Cross-cutting Needs *

Category 1:
Infrastructure

• Human resources to (1) raise evidence-based awareness on the benefits of the regulations and taxation; (2) design, implement, monitor,
adjust and evaluate policies, plans and programs; (3) oversee tax collection, allocation and use; (4) communicate the progress and
findings to the community; (5) lead the educational strategies; (6) work in advocacy.

• Funding for national research on the impact and benefits of tax regulations.
• Funding and research incentives to produce national evidence in support of the regulations. Use this evidence to advocate before the

legislative branch and industry lobbyists.
• Funding to inform research findings at local, national and regional levels.
• Funding to implement and monitor regulations and programs.
• Gather government and international cooperation funding.
• Regional and national platforms to synergize regulation at the regional and national levels and align the actions of the stakeholders,

institutions and countries involved. The industry should not take part in the design phase of the regulations. Establish an independent
body to lead this platform.

• Partnerships between healthcare personnel, NGO advocates, academics, grassroots organizations, multilateral organizations and
government agencies.

Category 2:
Policy efforts

• The regulatory instruments to improve nutrition at the country level must be binding.
• Aligning the regulations across countries to ensure synergy at the regional level.
• Adopting a binding regional covenant to improve nutrition.
• Establish national plans to orient the industry on how to reformulate its portfolio to align with the regulations.
• Establish independent national and regional bodies that monitor the implementation and compliance of the regulations.

Category 3:
Information
systems

• Educational strategies and short reader-friendly materials: (I) for decision-makers, institutional staff and civil society to learn about the
importance, planning, steps to implementation and monitoring of regulatory measures to improve nutrition; (II) to improve civil
society’s understanding of policy, legislation and pathways for political incidence; (III) to empower civil society to engage in
policy-making and monitoring; (V) to equip professionals from areas outside health with tools to participate in health-related advocacy
and policy.

• Information systems to educate the civic society to participate in food, nutrition and health decision-making.

* NOTE: The “cross-cutting needs” theme corresponds to all the needs referred to by the workshop participants
that apply to all the themes previously analyzed (Theme 1, regulatory measures on front-of-package labeling
(FOPL) and warning signs; Theme 2, taxation on sugar-sweetened beverages (SSBs) and unhealthy foods; Theme
3, regulation of the marketing of unhealthy food and drink products; Theme 4, regulatory measures of school
food environments and other settings; Theme 5: prevention and management of conflicts of interest).

Appendix B

Table A2. PAHO/WHO capacity-building actions to improve nutrition in the Region of the Americas.

CAPACITY-BUILDING FRAMEWORK CATEGORIES

Category 1:
Infrastructure

Financial and human resources

• To increase capacity to advance regulatory measures.

Government structures

• Identify and coordinate existing government structures at all levels (national, provincial and local) which can support the formulation,
adoption, implementation, monitoring and evaluation of regulatory measures.

Independent structure

• Assist the member states in the creation of a national independent body composed of law and public health experts to map food, health
and nutrition regulations; identify loopholes; advise the legislative branch to fill the gaps; monitor compliance and denounce violations.

Leadership programs

• Provide a leadership program where regional leaders are identified and learn by experience about a given topic for a year term.

Category 2:
Policy efforts

Conflict of interests

• Establish unified international parameters that guide the national codes of conduct to prevent and manage conflicts of interest.

Courses, workshops and webinars

• Develop online or in-person workshops and virtual webinars on topics such as intersectoral cooperation; sensitizing ministries to these
policies; and the sharing of policy success stories and good practices from various countries.

• Develop educational courses, such as the capacity-building course PAHO/WHO will be launching in 2023, which focuses on each of
the regulatory measures highlighted in this paper.
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Table A2. Cont.

CAPACITY-BUILDING FRAMEWORK CATEGORIES

Category 2:
Policy efforts

Policy guidelines and materials

• Reader-friendly, evidenced-based guidelines and tools that can help policy-makers draft legislation.
• Guidelines to help health authorities, advocates and civil society to identify and counterbalance industry interferences in regulatory

drafting, implementation, monitoring and evaluation.

Retreats

• Dedicated to a specific regulatory measure (e.g., FOPL, the taxation of ultra-processed products, COI management, etc.).

Technical support

• Meet with member states to provide technical support on (among other topics):
• Drafting regulations and action plans, based on evidence and best practices.
• Coupling regulations on food environments with regulations on other public spaces and with other norms on food labeling,

advertisement and taxation.
• Devising a strategy to help schools implement new regulations.
• Assisting the ministries of education and health within the region to design and implement a compulsory subject on healthy,

sustainable living in the national education plan.

Category 3:
Information systems

Observatories

• Facilitating collaboration between academia, civil society and governments.
• Track and advance the regulatory agenda discussed in this workshop.
• Coordinate nutrition regulations with strategies beyond food-related policies, such as tobacco- and alcohol-related policies.

Repositories

• Share existing repositories:
• RIS is consolidated as the digital library of PAHO/WHO.
• Examples of external repositories include the World Public Health Nutrition Association (WPHNA) (international) and the Latin American

and Caribbean Nutrition and Health Community of Practice’s (COLANSA’s) group repository (Latin America and the Caribbean).

Databases

• Create and share databases with materials addressed to civil society, advocates, private, public and nonprofit organizations.

Appendix C

Table A3. Capacity-building actions for all actors to improve nutrition in the Region of the Americas,
with actors’ roles and stages of the Public Policy Cycle identified for each capacity-building action.

CAPACITY-BUILDING FRAMEWORK CATEGORIES

Capacity-Building Actions Actors’ Roles *

Category 1:
Infrastructure

Key actors and connections 1,2,4

• Map key policy actors (e.g., government, policy-makers, civil society,
academics) and opposers throughout the policy process specific to each of the
regulatory measures.

• Identify key members from other sectors to strengthen the internal integration
of the institutions involved in the implementation of the regulation(s).

• Map the decision-makers and actors with influential power that support or
might support COI regulation.

• Map the non-food/nutrition industry actors that can be affected by or
interested in nutrition, food and health regulation and the links and alliances
between them.

• Make the maps publicly available.
• Promote the maps as a resource to support actors to make informed choices

when partnering with industry actors or when buying from them.

Civil society 1,2,4

• Create coalitions or working groups without industry interference to develop
harmonized strategies across sectors.

• Ensure that sufficient budget is allocated to strengthen civil society initiatives.

Government officials, PAHO/WHO,
CSOs, NGOs, academia
______________________________
Government officials, PAHO/WHO,
CSOs, NGOs, academia
___________________________
Government officials, PAHO, CSOs,
NGOs, academia
___________________________
Government officials, PAHO/WHO,
CSOs, NGOs, academia
___________________________
Government officials, PAHO/WHO
___________________________
Government officials, PAHO/WHO,
CSOs, NGOs
___________________________
Government officials, CSOs, NGOs
___________________________
Government officials, PAHO/WHO,
CSOs
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CAPACITY-BUILDING FRAMEWORK CATEGORIES

Capacity-Building Actions Actors’ Roles *

Category 2:
Policy efforts

Bans 1,2,3,4,5

• Ban industries of ultra-processed products from funding or sponsoring
educational and sporting events, nutrition and health activities.

Best practices 1,2

• Identify global regulatory policies to prevent diet-related NCDs with the
highest standards that protect health over commercial interests.

• Seize momentum of political opportunity by adopting a regulatory measure
when other countries are also adopting or implementing it or by proposing a
bill while another one is in progress (i.e., Chile and Peru could have negotiated
the package of regulations on food labeling, advertisement and school
environments all at once).

Educational strategies for civil participation 1,2,3,4,5

• Formal and informal education strategies addressed to the general public to
instruct civil society on the use of the constitutional mechanisms to engage in
policy-making and monitoring.

• Formal and informal education strategies addressed to the general public to
instruct on how to monitor advertisements and denounce violations of ad hoc
regulations.

Effective communication materials 1,2,3,4,5

• Work with marketing experts to create promotional campaigns using
appropriate language for the intended audience.

• Plan and design campaigns in mass and digital media.

Evidenced-based plans to face industry arguments 1,2

• Evidence-based plans that civil society can adopt to its context to combat
communications and publications by industry claiming that regulatory and tax
measures on the labeling, expenditure and advertisement of ultra- processed
foods and beverages will drive to loss of job sources, domestic food shortages
and economic relapse.

Map existing policies 1,2

• Identify and map existing regulatory measures that are being discussed and
are implemented nationally and regionally to understand where to prioritize
work.

• Identify regulations beyond the ones focused on ultra-processed products
regulatory policies (e.g., tobacco and alcohol policies) to find key learnings
that can be transferred over to promote policy coherence and increase
engagement across sectors.

Legal Resources 1,2,3,4,5

• Establish resources for legal defense to combat industry arguments regarding
intellectual property (a recurrent type of argument to limit emerging
marketing restrictions).

• Define legal protections from misleading advertisements.
• Establish legal instruments to protect public officers, technicians and scholars

from being threatened, intimidated or dismissed when they refuse to yield to
private interests.

Policy strategies 1,2

• Track regulatory agendas and strategies that have already been developed and
implemented beyond food-related policies and across sectors, to learn from
successful experiences and failures, such as tobacco and alcohol.

• Develop specific binding frameworks that define the stages of the policy cycle
at which the private sector can and cannot participate and establish monetary
and non-monetary heavy sanctions for violations.

• Establish measures to regulate marketing addressed to both children and all
audiences 6.

• Establish regulations that cover all mass media including YouTube and social
media.

• Establish regional, cross-border regulatory frameworks for food labeling,
marketing and advertisement.

• Harmonize and synergize the regulations on food taxation, labeling,
marketing, school environments and other settings.

Government officials
___________________________

Government officials, PAHO/WHO,
CSOs, NGOs, academia
___________________________
Government officials, public health
advocates
___________________________

Government officials, CSOs, public
health advocates
___________________________
Government officials, CSOs, public
health advocates
___________________________

Government officials, PAHO/WHO,
CSOs
___________________________

Government officials, PAHO/WHO,
CSOs
___________________________
Government officials, PAHO/WHO,
CSOs, academia
___________________________
Government officials, PAHO/WHO,
CSOs
___________________________
Government officials, PAHO/WHO,
academia
___________________________
Government officials, PAHO/WHO,
academia
___________________________
Government officials, PAHO/WHO
___________________________
Government officials, PAHO/WHO
___________________________
Government officials, PAHO/WHO,
academia
___________________________
Government officials, PAHO/WHO
___________________________
Government officials, PAHO/WHO
___________________________
Government officials, PAHO/WHO
___________________________
Government officials, PAHO/WHO
___________________________
Government officials, PAHO/WHO
___________________________
Government officials, PAHO/WHO,
public health advocates
___________________________
Government officials, CSOs
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CAPACITY-BUILDING FRAMEWORK CATEGORIES

Capacity-Building Actions Actors’ Roles *

Category 2:
Policy efforts

Training and resources 1,2,3,4,5

• Identify and use existing tools to strengthen actors’ capacity to support
regulatory measures (e.g., PAHO/WHO’s nutrient profile model, the
REPLACE TRANS FAT online course and PAHO/WHO’s publications such as
FOPL as a Policy Tool for the Prevention of NCD).

• Develop continuing education materials and courses as needed to train
students, policy-makers and practitioners in (I) food nutrient profiles; (II)
choices for affordable healthy lifestyles; (III) how to monitor food
environments for regulatory compliance; (IV) how to denounce irregularities.

Category 3:
Information
Systems

Country level data 1,2,5

• Design and disseminate national surveys with dietary patterns and health
indicators to estimate the economic costs of ultra-processed product consumption.
When a lack of country data exist, data from other countries could be used.

Databases 1,2,5

• Identify and/or develop up-to-date national, sub-regional and regional
databases on regulatory measures on ultra-processed food and drink products.

Evaluation 5

• To establish a system to assess the results of the implementation of the
regulatory measures.

Food classification systems 1,2,3,4,5

• Utilize food guidelines, nutrient profile models and classification systems in
tools for governments to identify processed and ultra-processed products.

Monitor policy barriers 1,2,3,4,5

• To monitor and map existing policy barriers that delay or halt the
advancement of the regulations in order to plan targeted strategies.

Monitor systems and protocols 5

• Identify monitoring systems and protocols (e.g., INFORMAS) that have
science-based frameworks and indicators in place that could be replicated
across policies and countries and could be compared within the region over
time.

• Create entities in charge and/or delegate to existing entities with adequate
safeguards for the prevention of COI.

Government officials, PAHO/WHO
___________________________
PAHO/WHO, government officials,
CSOs
___________________________
Government officials, PAHO/WHO,
academia
___________________________
Government officials, PAHO/WHO,
CSO
___________________________
Government officials, PAHO/WHO,
CSOs, academia
___________________________
PAHO/WHO, CSOs, academia
___________________________
Government officials, NGOs, CSOs

Priority challenges that can hinder all actions

Conflicts of interest 1,2,3,4,5

• Industry interference in all stages of the policy process due to financial power
and other sources of power.

Financial constraints 1,2,3,4,5

• A common barrier for many countries, so it is important for countries to have
an awareness of the existing capacity-building tools available in order to
maximize and utilize pre-existing resources. For example, some countries
already have national product labeling databases that could be utilized by
other countries that have similar markets as an option to move forward
through the policy process.

* Actors’ Roles: For each capacity-building action, the key actors that are commonly involved in that work were
listed. However, depending on the specific country and context, the actors involved may vary. 1 Agenda setting:
This step refers to the process through which a policy and the problem it is intended to address are acknowledged
to be of public interest. 2 Formulation: In this step, the public administration concerned examines the various
policy options it considers to be possible solutions. 3 Adoption: Adoption is the stage during which decisions
are made at the governmental level, resulting in a decision that favors one or more approaches to addressing
a given problem. 4 Implementation: At this stage, the policy’s implementation parameters are established,
which can directly affect the eventual outcome of the policy. 5 Evaluation: This is the stage during which a
policy is evaluated, to verify whether its implementation and its effects are aligned with the objectives that were
explicitly or implicitly set out (NCCHPP, 2013). 6 To avoid the country-to-country differences in the legal age
to define children or minors. These differences create legal gaps that can be used by the industry to advertise
unhealthy commodities.
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Abstract: Food insecurity, a multifaceted global challenge, intertwines with mental health concerns,
necessitating nuanced strategies for sustainable solutions. The intricate web of challenges posed
by these intersections has made it imperative to delineate a strategic way forward, incorporating
solutions and robust policy recommendations. This study aims to comprehensively examine the
intricate relationship between food security and its intersection with mental health on a global
scale, offering insights into case studies, responses, and innovative approaches to inform effective
strategies for addressing these pressing challenges. This study involved an analysis of a literature
search, mainly between 2013 and 2023, with an updated addition of relevant 2024 studies. Examining
responses across regions unveils varied interventions, from targeted social safety net programs in
West Africa to technology-driven solutions in Asia. Success stories, such as Ghana’s sustainable
agricultural practices and Canada’s income transfer programs, underscore the efficacy of multifaceted
approaches. Innovative initiatives like community food programs offer promising alternatives to
traditional food banks. Furthermore, international cooperation and policy innovations, exemplified
by the European Union’s “Farm to Fork Strategy”, demonstrate the potential for collective action in
addressing food insecurity. By prioritizing integrated strategies, global collaboration, and evidence-
based policymaking, we lay the groundwork for sustainable development where communities thrive
nutritionally and mentally. We emphasize continuous research and evaluation and incorporating
mental health support into community programs to pave the way for a future where communities
are not only food-secure but also mentally resilient.

Keywords: food insecurity; mental health; sustainable solutions; food security; mental well-being;
sustainable agricultural practices; community food programs; traditional food banks; policy innova-
tions; sustainable development

1. Introduction

Food insecurity is regarded as the unavailability of food required for well-being and
affects mental health [1]. Where there is food insecurity, public health is greatly affected,
which is why the United Nations included zero hunger in its Sustainable Development
Goals (SDGs). The SDGs’ number two goal is to end hunger and achieve food security by
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2030. Food security in our context is considered as access to safe and nutritious food [2]
and the opposite of food insecurity defined above. Data from the UN [3] show that one
in three people worldwide suffer moderate to severe food insecurity, translating to over
two billion humans. Also, in that report, it was highlighted that more than 600 million
people may face hunger globally by the year 2030 and that malnutrition lingers worldwide
and jeopardizes the well-being and future of children under the age of five. In addition
to this, recent data from the State of Food Insecurity Report for 2023 also show that about
29.6 percent of the global population—2.4 billion people—were moderately or severely
food-insecure in 2022, of which about 900 million (11.3 percent of people in the world) were
severely food-insecure.

There is an old saying that a hungry man is an angry man, and the data from the
UN report [3] suggest that there are many angry people worldwide. The target year of
2030 set by the UN in its SDGs to achieve food security appears unattainable when their
updated progress report [3] is considered. This suggests that millions worldwide will
not have the desired nourished minds and bodies and good mental health in the future.
Despite this gloomy outlook, some communities have experienced an improvement in
their food security by implementing the recommendations of the UN [4]. The link between
mental health and food security [4] or vice versa has not been properly established despite
numerous studies; hence, it is very important to explore the nexus further, so that the factors
that prevent good mental health due to food insecurity can be identified for further action.

A comprehensive survey [5] of up to 160 countries worldwide found that the well-
being, food insecurity, and mental health of young persons were strongly related. The
survey highlighted that, in less food-insecure environments, those facing chronic hunger
and meal skipping are denied resources vital for mental health. Other investigators also
found that deprivation of basic needs (food source, access, availability, and nutritional
status) can affect mental health [6]. In Africa, where basic need deprivation is rife and
prevalent in more than half of the population, a systematic review by Trudell et al. in
2021 [7] highlighted that the consequences of food insecurity on mental health are more
prevalent among the elderly and women. Also, another study by Aguiar et al. in 2022, com-
prising mainly women (72% of 882) in Portugal, found that individuals from food-insecure
households had more anxiety and depression symptoms [8]. Based on the observations so
far, addressing food insecurity without dealing with mental health issues brings about a
reductive intervention, and an integrative approach may be better. Reducing food scarcity
can promote better mental health [4].

Studies of the effect of food insecurity on mental health using other population groups
like the youth [5] and adolescents with a medical condition like diabetes [9] have also
been investigated, and the mental predicament from worrying about food sufficiency was
highlighted. Other investigations involving parents and children [10] have also been carried
out elsewhere, and other reports elucidating the deleterious effect of food insecurity on
mental health during uncertain situations like the COVID-19 pandemic [11] or being a
refugee [12] have been shown.

This paper aims to comprehensively examine the intricate relationship between food
insecurity and mental health globally, offering insights into case studies, responses, and in-
novative approaches to inform effective strategies for addressing these pressing challenges.

2. Methodology

This study employs a comprehensive and systematic methodology to investigate the
intersection of food insecurity and mental health across various regions and socioeconomic
contexts. The methodology comprises several key stages: a literature review, data collection,
case study selection, and data analysis until May 2024. Each stage is detailed below to
clarify the parameters and processes involved.
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2.1. Literature Review

A thorough literature review was conducted to establish a foundational understand-
ing of the existing research on food insecurity and mental health. The review focused
on identifying key themes, trends, and gaps in the literature. The following databases
were utilized:

PubMed: For peer-reviewed articles related to public health and epidemiology.
Google Scholar: For a broad range of scholarly articles, including grey literature.
Scopus: For comprehensive coverage of interdisciplinary studies.

Keywords and search terms included “food insecurity”, “mental health”, “social
protection policies”, “nutritional interventions”, “case studies”, and “regional analysis”.
Boolean operators (AND, OR, NOT) were used to refine searches and ensure relevant results.
The criteria for the inclusion of articles were relevance to the intersection of food insecurity
and mental health, publication in peer-reviewed journals, and empirical data or robust
theoretical discussions. Exclusion criteria included articles that did not directly address
the connection between food insecurity and mental health or lacked methodological rigor.
The literature search initially covered articles published from 2013 to 2023 to capture recent
developments and trends, with an updated analysis and inclusion of 2024 studies and
literature searches up to May 2024.

2.2. Data Collection

Data collection involved gathering quantitative and qualitative data from multiple
sources to gain a holistic view of the subject matter. The primary sources of data included
the following:

Peer-Reviewed Journals: Articles providing empirical evidence and theoretical discussions.
Government Reports: Documents from national and international bodies, such as the Food
and Agriculture Organization (FAO) and the World Health Organization (WHO).
NGO Reports: Publications from non-governmental organizations actively involved in
addressing food insecurity and mental health issues.
Case Studies: Detailed examinations of specific regions or programs implementing notable
interventions.

To ensure journal quality, only peer-reviewed journals indexed in recognized databases
such as PubMed and Scopus were included. Articles were assessed for methodological
rigor, relevance, and impact.

2.3. Case Study Selection

Case studies were selected based on their relevance, diversity, and the availability of
detailed documentation. The selection criteria included the following:

Geographical Diversity: Ensuring representation from different continents, including
Africa, Europe, North America, and Asia.
Intervention Types: Covering various approaches, such as social safety nets, technology-
driven solutions, and community-based programs.
Outcome Data: Availability of data on the impact of interventions on food insecurity and
mental health outcomes.

Selected case studies include interventions in West and Central Africa, Somalia, Kenya,
Nigeria, the European Union, the United States, Canada, and Asia. Each case study
provided insights into different strategies’ effectiveness and contextual challenges.

3. Understanding Food Security

Almost a billion people worldwide lack access to sufficient, high-quality food in a
manner that is socially acceptable for them to lead active lives, making food security a
global concern [13,14].

According to the FAO, food security exists when the global human population always
has physical and socioeconomic access to safe, adequate, and nutritious food capable of
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meeting their dietary needs and food preferences for an active and healthy lifestyle [14].
This robust definition of food security was crafted to include critical dimensions of food
availability, accessibility, and utilization. Over time, other concepts were included, such as
the stability and sustainability of food systems [15].

The term “food availability” refers to the steady and unbroken supply of enough
quantity and quality—to support a healthy lifestyle [16]. Food availability also considers
sociocultural acceptability and food safety, ensuring that food is provided in a manner that
respects human dignity and is devoid of microbial or toxic substances that could endanger
human health [16]. Food availability is a crucial aspect of food security and has often
been the focus of many initiatives to increase global food production [17]. It also involves
building efficient transportation systems to ensure that food is available even in remote
areas from their sources [18].

Food availability is closely related to food access; however, availability does not
necessarily predict access. Food access encompasses the measures and resources required
to guarantee that an adequate quantity of safe, nourishing, and socially acceptable food is
within an individual’s reach. These resources span various aspects, including economic
status (finances) and sociocultural (indigenous food practices) and physical (dependable
transportation networks) aspects [19]. Access as a social science concept also describes the
food choices available to individuals based on their socioeconomic status, education, and
geographical location [20]. Utilization relates to how individual and household knowledge,
food preferences, and health status affect the consumption and absorption of a balanced
diet capable of meeting all their nutritional dietary needs [20]. Utilization also encompasses
food processing and storage practices, sanitation and hygiene, and child care (FANTA 2006).
The concepts of stability and sustainability were included much later in the definition of
food security [21]. Stability refers to the ability of food agrosystems to withstand man-
made or natural shocks or disruptions and food’s availability, access, and utilization [22].
Sustainability describes the need for efforts and measures to ensure the long-term ability
of food systems to provide adequate food while preserving the environment, natural
resources, and agro-ecosystems [15,22].

After years of decline, there has been an increase in global hunger since 2014 [23].
Globally, the percentage of undernourished individuals rose to 10.6% in 2015 and, subse-
quently, 11% in 2016 [23]. The FAO estimates that 821 million people worldwide, or almost
one in nine people, were undernourished in 2017 [23]. The 2018 food insecurity statistics
by the FAO also report that up to 60% of hungry people worldwide are women, and up to
5 million children below the age of 5 die from malnutrition-related causes annually [24].
The rise in food insecurity suggests that the Sustainable Development Goal (SDG) aim of
ending hunger by 2030 may not be met [24].

Food insecurity is most evident in developing countries, characterized by low per
capita income [25]. A study by Jones in 2016, which analyzed cross-sectional data from
the 2014 Gallup World Poll across 149 countries, determined the prevalence of severe food
insecurity to be as high as 33.8% in Sub-Saharan Africa and the prevalence of any form
(mild, moderate or severe) to be as high as 76.1% in Sub-Saharan Africa [26]. This was
further validated by a 2017 study by the ERS suggesting that up to 31.7% of Sub-Saharan
Africa’s population is food-insecure [27]. Forecasts also indicate that this figure will likely
remain higher than 20% by 2027. Asia has the most significant number of food-insecure
people. In Asia and the Pacific, a projected 460.2 million people suffered from extreme
food insecurity in 2021—a rise of 170.6 million, or 58.9%, from 2014. In 2021, the region
comprised 49.8% of the 923.7 million people worldwide. Compared to 28.0 million in
Eastern Asia, 17.4 million in South-eastern Asia, and 2.0 million in Oceania, Southern Asia
had 412.9 million people who were extremely food-insecure [24]. In the United States,
a study in 2015 revealed up to a 12.7% prevalence of food insecurity, affecting almost
16 million households and impacting women, children, and racial minorities more [28,29].
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4. The Psychological Impact of Hunger

Hunger refers to a state of stress occasioned by an involuntary absence of food and
insufficient calories [30]. Hunger rates are the highest in Sub-Saharan Africa (Figure 1).
Conversely, South Asia exhibits markedly higher prevalence rates than the Americas and
East Asia [31]. Incidence rates within North America and Europe remain below 2.5%.
According to The Global State of Food Security and Nutrition report, over 0.8 billion
820 people worldwide are hungry, with the majority of older people residing in Sub-
Saharan Africa [32]. These are dire statistics considering the widespread ramifications of
food insecurity and malnutrition on mental health. According to WHO, mental health is “a
state of well-being in which the individual realizes his or her own abilities, can cope with
the normal stresses of life, can work productively and fruitfully, and can contribute to his
or her community” [32].

Figure 1. Share of the population that is undernourished (2001–2020) [31].

Even though food insecurity is primarily concerned with nutrition and diet and di-
rectly impacts body weight [33], it also has well-noted impacts on human psychological
well-being [6]. Conditions of food insecurity encompass issues of psychological accept-
ability, leading to feelings of deprivation and anxiety over food supply. Consequently,
food insecurity can negatively influence psychological health [34]. A global study by
Jones analyzing the link between food insecurity and mental health across individuals
in 149 countries demonstrated a strong dose–response relationship between poor mental
health and food insecurity [26]. According to the study, the increasing severity of food inse-
curity can be linked with a steady decline in mental health [26]. A similar comprehensive
study by Frongillo, which evaluated 138 countries in the 2014 Gallup World Poll for food
insecurity and subjective well-being, reported worry, sadness, or stress among individuals
living under conditions of food insecurity [35].

A review of twenty-seven qualitative and quantitative studies from developing nations
by Weaver and Hadley reported that food insecurity is correlated with anxiety, shame, stress,
resignation, and depression [30]. According to a systematic study by Weaver and Hadley
in 2009, there is a bidirectional association between mental health and food insecurity in
which hunger increases poor emotional health and vice versa [28]. Other psychological
symptoms, such as suicidal ideation, anxiety, and sleep disorders, have also been linked to
food insecurity and hunger [28].

Numerous studies have demonstrated the long-term effects of nutrition on children’s
health and development [36]. Adequate nutrition is essential for the correct development
of the fetal brain during prenatal and neonatal development, according to research on
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mental health and cognitive development [37]. Food insecurity, mainly due to its role
in micronutrient deficiency, is correlated with early growth faltering, altered cognitive
development, and poorer scores on the mental health indices [38]. Children in food-
insecure households are also typically exposed to parental aggression and psychosocial
stress, leading to negative child behaviors [14,26,37,39,40].

A large study by Grineski et al. in 2018 showed the impact of food insecurity on
children’s academic competencies, executive functioning, and social skills [41]. The results
highlighted the significant detrimental effects of food insecurity on mathematics, self-
control, and working memory. Other diminished parameters in children from food-insecure
households include executive function and interpersonal skills. According to the study, a
slip into food insecurity was occasioned by lower math and working memory scores [41].

Studies have shown that children in food-insecure households are not only aware of
their limited food resources but are physically and psychologically influenced by it [42].
Fram et al. (2011) conducted a study of children aged 9 to 16 years in South Carolina and
revealed that children showed cognitive, emotional, and physical awareness of household
food insecurity, with emotional awareness characterized by worry, sadness, and anger [43].
In another study conducted in the United Kingdom, children aged 5 to 11 years described
the experiences of frequent hunger, hunger when food was unavailable, and hunger at
bedtime [44]. A study of Indian teenage girls aged 13–19 by Rani et al. (2018) also found
that adolescent girls from food-insecure households were more likely to have high levels
of anxiety, depression, loss of behavioral control, and psychological distress compared
with those living in food-secure households [45]. Furthermore, research by Fertig (2019) at
the University of Kentucky Center for Poverty indicates that mental distress due to food
insecurity may linger on even into adulthood [46].

In a United States study on adolescents, insufficient food was closely linked to both
depressive disorders and suicidal symptoms based on national data analysis. The study
also characterized recovery during refeeding by a slow but gradual elimination of the
symptoms [13]. Research has also posited possible biological mechanisms by which food
insufficiency is associated with a depressed mood. According to a study by Polivy, chronic
dieters or individuals with restricted diets often tend to have heightened emotional respon-
siveness and increased irritability and distraction [47].

5. Linking Food Security to the Sustainable Development Goals

Food security is directly linked to Sustainable Development Goal 2 (zero hunger),
which aims to end hunger by 2030. Achieving this goal requires adequate food availability
through sustainable agriculture and ensuring access to food for all individuals. Food
security is guaranteed when appropriate measures are implemented to achieve zero hunger.
These include food stability and adequate food stock to meet food demand [48]. Having
access to healthy food is required for healthy living. This aligns with Sustainable Develop-
ment Goal Three (SDG 3), which aims at good health and well-being. Parents who cannot
afford healthy food could be stressed mentally. This implies that food insecurity impacts
the mental health of an individual. Depression, anxiety, and psychological distress are
among the reported mental health consequences, underscoring the urgency of addressing
this issue [49].

Research demonstrates the detrimental impact of food insecurity on mental health,
with the significant prevalence of mental illness resulting from it elevating it to a public
health issue demanding immediate intervention [50]. For example, in a recent study on the
association of food security with mental health among youths in Canada by Men et al. in
2021, it was reported that severe food insecurity caused poor health among the participants
irrespective of their socioeconomic background [50]. The mental health impact of food
insecurity could be exacerbated by pandemics, droughts, and natural disasters such as
earthquakes and floods [51]. The pandemic affected the food supply chain due to the
closure of borders across the globe [52]. Many became worried about how to obtain food as
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no one knew how long the pandemic would last, and many individuals could not afford
the prices of available food. Students, workers, and families were all impacted.

The World Food Conference in 1974 emphasized the importance of food for physical
and mental development, igniting global awareness of food insecurity [53]. In the United
States, an estimated 13.7 million people experience this challenge, while a devastating
675.1 million in Africa lack access to sufficient food [7]. Global food insecurity dispropor-
tionately affects vulnerable groups [10]. Food security is crucial for a sustainable future
amidst global challenges like poverty, injustice, and climate change. Therefore, achieving
food security is not an isolated goal but an intertwined stepping stone towards fulfilling
the broader vision embodied in the UN Sustainable Development Goals (SDGs).

Aside from the fact that food security is vital towards achieving SDGs 2 and 3, food
security is required to achieve other goals. For example, a student who has not eaten
might not entirely concentrate in the classroom, thereby affecting the fulfillment of SDG 4,
which is access to quality education. While the government or private sector could provide
quality education, a hungry student may not be able to achieve it. Often, they may be
absent from school, thereby impacting their learning. During the COVID-19 pandemic,
the mental health of both domestic and international students in Australia was affected by
food insecurity in a study reported in [54].

Farmers affected by drought could not afford quality education for their children [55].
While the drought impacted the mental health of the parents, the children’s mental health
could also be impacted by not being able to learn like their other classmates. Due to drought
affecting the availability and accessibility of food, the following Sustainable Development
Goals will be affected in such families: SDG 1 (no poverty—the farmer cannot afford basic
needs for their children), SDG 2 (zero hunger—the farmer cannot afford to provide food for
their family), SDG 3 (good health and well-being—the farmer’s health and the well-being
of the children are impacted), and SDG 4 (quality education—the farmer will not be able to
send their children to school due to lack of funds).

6. Case Studies and Global Perspectives

Food insecurity, a complex and multifaceted challenge, remains a pressing global
challenge, affecting populations across various countries and regions. Food security and
mental health are intimately intertwined, with their intersection posing critical challenges
and opportunities for sustainable development globally. In this section, we delve into
case studies from diverse geographical areas, highlighting the impacts of food insecurity
and the responses implemented to address this critical issue. Additionally, we explore
success stories and innovative approaches that have shown promise in improving food
security and mental well-being. Examining these case studies and global perspectives aims
to contribute to a nuanced understanding of the multifaceted nature of food insecurity and
inform future strategies for mitigation.

6.1. Impact of Food Insecurity

A critical aspect of understanding the global landscape of food insecurity involves
examining its varied impacts on different regions. One striking example is the West and
Central Africa region, which has grappled with an unprecedented food security crisis for
two consecutive years. The compounded consequences of the 2021 cereal deficit, security
challenges, and the COVID-19 pandemic have led to a cereal production deficit of approxi-
mately 9.5 million tons, significantly affecting the region’s availability and affordability of
food [56]. Contrastingly, the European Union (EU) faces distinct challenges in the wake
of the Russia–Ukraine conflict. The war has disrupted global supply chains, leading to
shortages in critical agricultural inputs, including energy, animal feed, and fertilizers [57].
The impact on the agricultural sector is substantial, with the EU heavily dependent on
Russian fertilizer imports [58]. Additionally, the export restrictions imposed by Russia
on essential commodities have contributed to food price surges in the EU, affecting both
availability and affordability [59]. A comparative analysis of these regions highlights the
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diverse nature of food security challenges. While West and Central Africa grapple with the
immediate consequences of production deficits and inflation, the EU navigates disruptions
in the supply chain and seeks to mitigate the impact of export restrictions. Understanding
these distinct challenges is crucial for tailoring effective responses.

Studies have also shown the impact of food insecurity on mental health. A study
by Pryor et al. (2016) provides insights from a community sample focusing on young
adults [60]. The study underscores the risks posed by food insecurity, including an increased
likelihood of suicidal ideation, depression, and substance use. Maynard et al. (2018) explore
the link between food insecurity and mental health among females in high-income countries;
the study emphasizes the role of toxic stress in intertwining food insecurity and mental
health [61].

The study conducted by Elgar et al. (2021) in the United States showed a negative
association between relative food insecurity and psychological functioning, even after
controlling for food insecurity [5]. This finding suggests that individuals experiencing
food insecurity not only struggle with the tangible challenges of accessing sufficient and
nutritious food but also battle with the psychological impact of observing others who
are less worried about securing their next meal. The study highlights the global patterns
observed in the relationship between relative food insecurity and mental health outcomes.
The salience of reference groups becomes evident, with associations between food insecurity
and poorer mental health intensifying in settings where the problem is less prevalent.
This underscores the role of social comparisons in shaping perceptions of well-being and
life satisfaction. Interestingly, the study found a diminished association with relative
deprivation in high-prevalence contexts, where food insecurity is more commonplace,
and individuals may be less likely to experience the same degree of relative deprivation
compared to those in low-prevalence settings.

6.2. Responses to Food Insecurity

Understanding the multifaceted response to food insecurity across various regions
(Table 1) offers critical insights into the effectiveness of social protection policies and
intervention strategies. Governments have implemented over 50 measures to address
the food crisis in West and Central Africa. These measures include targeted social safety
net programs, tax reductions on food items, the release of existing food stocks, export
restrictions, and subsidies on agricultural inputs [56]. However, the effectiveness of these
measures is currently questionable, as markets in many countries face high food prices and
poor availability of essential commodities.

Table 1. Summary of responses to food insecurity by region.

Region Key Responses and Interventions

West and Central Africa

Targeted social safety net programs.
Tax reductions on food items.
Release of existing food stocks.
Export restrictions—Subsidies on agricultural inputs.

Somalia, Kenya, Nigeria Red Cross interventions providing water, food, financial aid, nutrition services, and healthcare.
Support for over 500,000 people in Somalia through clinics, mobile health services, and financial aid.

European Union Engagement with international bodies like FAO, WTO, and G7.
Collaborative efforts to promote humanitarian interventions and address supply chain disruptions.

United States Supplemental Nutrition Assistance Program (SNAP).
Means-tested entitlement program providing financial support for purchasing essential foods.

Canada
Universal Childcare Benefit (UCCB).
Monthly income supplement for children under 6 years old—reduction in food insecurity by
2.4 percentage points.

High-income countries Emergence of food banks, limited effectiveness due to nutritional inadequacy and underutilization.
Ghana Success stories in Ghana with sustainable agriculture and policy interventions.
Asia Technology-driven solutions like India’s e-PDS system.
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In countries like Somalia, Kenya, Nigeria, Ethiopia, and the Sahel region, the Red
Cross has been actively addressing extreme hunger and food insecurity [62]. Ground
teams provide comprehensive support, including water, food, immediate financial aid,
nutrition services, and healthcare. The Somali Red Crescent, operating in Somalia, has
supported over 500,000 people through clinics, mobile health services, and financial aid
for essential items [62]. Similarly, the Kenyan Red Cross and the Nigerian Red Cross have
reached over 520,000 and 98,000 people, respectively, providing vital support through
food, clean drinking water, health services, and financial assistance [62]. While these
interventions alleviate immediate hunger, it is crucial to recognize that long-term solutions
must complement emergency relief efforts to build resilience within communities facing
climate change and systemic challenges.

In the European Union, responses to food insecurity are characterized by a multi-
faceted approach. Recognizing the importance of international cooperation, the EU has
regularly met with international and multilateral bodies, such as the FAO, the World Trade
Organization (WTO), and the Group of Seven (G7). These collaborations aim to promote
humanitarian interventions and address the challenges posed by disruptions in the supply
chain [59].

Europe provides a broader perspective on the impact of social protection spending
on food insecurity [63]. Social protection expenditures throughout Europe generally en-
compass the overall support level through initiatives offering financial assistance and
non-monetary aid, such as housing allowances [64]. During the Great Recession, countries
with higher per capita investment in social protection spending exhibited lower levels
of food insecurity [32,63]. Loopstra (2018) considered the cumulative generosity of inter-
ventions, encompassing cash benefits and in-kind transfers, including housing subsidies.
The buffering effect of spending on housing subsidies on the relationship between rising
unemployment and food insecurity underscores the interconnectedness of social protection
measures. While income transfers are vital, addressing housing affordability and provid-
ing universal healthcare are integral components of a comprehensive strategy to combat
food insecurity.

The Supplemental Nutrition Assistance Program (SNAP) is a notable case study ad-
dressing food insecurity through social protection policies in the United States. SNAP
is a means-tested entitlement program that financially supports eligible households who
purchase essential foods [65]. While studies reveal a significant decline in food insecurity
among participants [63,66,67], persistently high levels suggest support levels and adminis-
tration adjustments. The paternalistic nature of SNAP raises questions about its impact on
households’ ability to maximize utility, prompting a critical examination of social protec-
tion programs and the necessity for continuous evaluation and adaptation to address food
insecurity effectively.

Canada’s Universal Childcare Benefit (UCCB) offers insights into the impact of income
transfers on food insecurity. Initiated in 2006, the UCCB provides a monthly income
supplement of CAD 100 for each child under 6 years old nationwide [68]. Evaluations
from the implementation of the UCCB program showed that using a CAD 1200 UCCB for
children under <6 years lowered food insecurity by 2.4 percentage points, highlighting the
potential of targeted income transfers to positively influence household food security [69].
Studies by Li et al. (2016) and Loopstra (2018) exploring social assistance programs and
poverty reduction interventions in Canada demonstrate significant reductions in food
insecurity during increased investment in cash transfer programs, emphasizing the crucial
role of income support in comprehensive social protection policies [63,70].

The emergence of food banks has become a prominent intervention in addressing
food insecurity, notably in high-income countries [71]. Over recent years, the growing
prevalence of food banks in the UK mirrors a broader trend observed in other affluent
nations [72]. Food banks, also known as food pantries, serve as charitable institutions
where individuals can access groceries free of charge [73]. Common features of food banks
include reliance on donated food, either from the community or surpluses donated by the
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food industry, and dependence on volunteers for their operation. Despite their prevalence
in high-income countries such as Canada, the United States, and Australia, food banks
face inherent limitations in effectively addressing food insecurity [63]. Studies suggest that
users of food banks often experience high levels of severe food insecurity, and the assistance
provided may need to be improved to prevent households from facing hunger [74,75]. The
nutritional inadequacy of foods distributed by food banks is a common concern, with
reports indicating insufficient amounts of essential nutrients such as fruits, vegetables,
calcium, vitamin A, and vitamin C [76].

The impact of food banks on food insecurity is complex, while some research, such as
the study by Roncarolo et al. in 2015, claims a reduction in food insecurity attributed to
food bank interventions and methodological issues, including the absence of true baseline
measures and high attrition rates, which call for cautious interpretation [77]. Additionally,
users may experience feelings of shame about resorting to food banks, contributing to
the underutilization of these services [78]. Notably, only a fraction of the food-insecure
population tends to access food banks, highlighting potential limitations in addressing the
widespread issue [8].

In response to the limitations of traditional food banks, organizations have explored
alternative approaches, often called community food programs [79]. A summary of re-
sponses by region is provided in Table 1. These initiatives aim to provide sustainable
alternatives by offering additional services beyond essential food provision [80]. Examples
include community food centers, community kitchens, and community shops. In the
United Kingdom and Canada, some food banks operate as part of community food centers,
where users can access services like benefits counseling, debt counseling, cooking classes,
and community kitchens [81]. The effectiveness of community food programs in reducing
household food insecurity remains to be determined due to challenges in study design,
including the lack of randomized trials and long-term follow-ups.

6.3. Success Stories and Innovative Approaches

While challenges are evident, notable success stories and innovative approaches offer
glimpses of hope amid the global food security crisis. One such success story emerges
from countries in West Africa that have implemented targeted social safety net programs.
These programs aim to provide direct support to vulnerable groups, including children,
women, youth, and the elderly, helping them cope with the impact of rising food prices. By
focusing on social protection, these countries are addressing the immediate needs of their
populations [56].

Innovative approaches to improving food security are evident in the European Union’s
“Farm to Fork Strategy” [82]. This long-term plan emphasizes innovations such as precision
farming, new genomic techniques, improved nutrient management, and integrated pest
management to boost agricultural productivity. Additionally, the EU actively pursues
trade agreements and policies to reduce dependency on a few countries and tackle global
issues like climate change. These strategies reflect a commitment to resilience building and
sustainable agricultural practices [59].

Sub-Saharan Africa has faced persistent challenges related to food security, but success
stories and innovative approaches have emerged. Ghana, for instance, has made significant
strides in improving food security through sustainable agricultural practices and targeted
policy interventions. The government’s Planting for Food and Jobs program, launched in
2017, has boosted agricultural productivity and enhanced food security [83]. The program
has positively impacted the quantity and quality of available food by providing subsidized
inputs, technical support, and market linkages to farmers. Such success stories under-
score the importance of multifaceted interventions that address immediate food access,
sustainable agricultural practices, and livelihood support.

Technology-driven solutions have played a pivotal role in improving food security in
Asia, particularly in countries like India and China. Mobile applications and data analytics
have been leveraged to enhance the efficiency of food distribution systems, reduce food
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wastage, and ensure timely access to nutritional information [84]. For example, India’s
“e-PDS” (electronic Public Distribution System) integrates technology to streamline the
distribution of subsidized food grains to eligible beneficiaries [85]. This improves the
effectiveness of food distribution and facilitates better targeting of vulnerable populations.
The intersection of technology and food security presents a promising avenue for scalable
and sustainable interventions that address the diverse needs of populations across regions.

Some programs have adopted innovative approaches to improving food access in
addressing food insecurity. Subsidized fruit and vegetable box programs, such as the
Good Food Box program, aim to increase access to fresh produce [86]. Evaluations of
such programs have shown mixed results, with enrolled individuals experiencing a lower
prevalence of food insecurity, while discontinuation of the program was associated with
increased food insecurity. The success of these innovative approaches is contingent on
factors like program design, sustained participation, and addressing the diverse needs of
vulnerable populations. In emphasizing context-specific interventions, the case studies
underscore the need for policies that recognize the diverse sociocultural, economic, and
environmental factors.

Additionally, success stories from Sub-Saharan Africa illustrate the effectiveness of
holistic approaches that extend beyond immediate food access, incorporating sustainable
agricultural practices, livelihood support, and market linkages to foster enduring improve-
ments. Moreover, integrating technology-driven solutions in Asia showcases the potential
for achieving scale and efficiency in interventions. The adoption of mobile applications,
data analytics, and electronic distribution systems emerges as a strategic avenue to stream-
line processes, minimize resource wastage, and enhance overall effectiveness in addressing
the evolving challenges associated with food security.

7. The Way Forward

The intricate web of challenges posed by food security and mental health intersections
has made it imperative to delineate a strategic way forward, incorporating nuanced so-
lutions and robust policy recommendations. Integrating efforts addressing both aspects
is vital for fostering sustainable development and achieving the United Nations’ SDGs.
Scholarly insights underscore the need for comprehensive, integrated strategies that ac-
knowledge the symbiotic relationship between food security and mental health [4,28].
Rather than isolated interventions, a holistic framework encompassing healthcare, nutri-
tion, and social support is essential. This demands collaborative efforts from public health
institutions, governmental bodies, and non-governmental organizations.

Robust social protection policies have proven instrumental in mitigating the adverse
effects of food insecurity on mental health. Countries with higher per capita investment
in social protection spending exhibited lower levels of food insecurity during economic
downturns [32,63]. Therefore, policymakers should prioritize investments in social pro-
tection programs, ensuring they encompass financial aid, housing allowances, and other
non-monetary assistance to address the multifaceted nature of food insecurity [64].

International cooperation is paramount given the global nature of food insecurity and
mental health challenges. Collaborative efforts between nations, facilitated by organizations
such as the FAO, the WTO, and the G7, can bolster humanitarian interventions and address
disruptions in the food supply chain [59]. Shared resources, knowledge exchange, and joint
research initiatives can amplify the impact of interventions.

The “Farm to Fork Strategy” employed by the European Union demonstrates the
potential of innovative approaches to enhancing food security [82]. Policymakers should
prioritize investments in sustainable agriculture practices, leveraging technologies like
precision farming and improved nutrient management to bolster agricultural productivity.
By ensuring the long-term resilience of food systems, these approaches contribute to food
security and the overall well-being of communities.

To break the cycle of the bidirectional association between food insecurity and mental
health, interventions should explicitly address mental health concerns. Integrating mental
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health support into existing community programs, especially in regions with prevalent
food insecurity, can provide a comprehensive approach [28,60]. This requires collaboration
between mental health professionals, community leaders, and policymakers.

The dynamic nature of the challenges at the intersection of food security and men-
tal health necessitates ongoing research and evaluation. Policymakers should allocate
resources for studies exploring the effectiveness of interventions, identifying gaps, and
adapting strategies based on evidence [75]. Continuous evaluation ensures that policies
remain responsive to evolving socioeconomic conditions and emerging mental health
concerns.

The way forward demands a strategic marriage of social, economic, and healthcare
policies that recognize the interconnectedness of food security and mental health. The
success of these endeavors relies on a commitment to integrated approaches, global collab-
oration, and a steadfast dedication to evidence-based policymaking. By adopting such a
holistic perspective, we pave the way for a future where communities are food-secure and
mentally resilient, laying the foundation for sustainable and equitable development.

8. Conclusions

The intricate examination of food insecurity and its intersection with mental health
presented in this study underscores the urgency and complexity of addressing these global
challenges. Comprehensive analysis of case studies from diverse regions, responses, and
innovative approaches provides a nuanced understanding of the multifaceted nature of
food security. Notably, the documented impact on mental health emphasizes the pressing
need for integrated strategies encompassing healthcare, nutrition, and social support. The
success stories from different parts of the world and innovative approaches offer glimpses
of hope amid the crisis. The presented solutions, ranging from targeted social safety
net programs to technology-driven interventions, highlight the adaptability required to
address the diverse sociocultural, economic, and environmental factors contributing to food
insecurity. As this study outlines, the way forward calls for a strategic marriage of social,
economic, and healthcare policies committed to global collaboration and evidence-based
policymaking. The emphasis on continuous research and evaluation, incorporating mental
health support into community programs, and recognizing the interconnectedness of food
security and mental health pave the way for a future where communities are not only
food-secure but also mentally resilient. Adopting a holistic perspective lays the foundation
for sustainable and equitable development, fostering a world where well-being and access
to sufficient and nutritious food are prioritized.

The strength of our study lies in its examination of the complex relationship between
food insecurity and mental health globally, emphasizing diverse case studies and inno-
vative interventions. It underscores the need for integrated strategies and robust policy
recommendations to address these intertwined challenges effectively. Key strengths in-
clude its methodology, extensive literature review from 2013 to 2024, and insightful case
studies from various regions, highlighting successful approaches and the importance of
holistic, evidence-based policymaking. We advocate for continuous research, international
cooperation, and integrating mental health support into community programs to achieve
sustainable development where nutritional and mental well-being are prioritized.

While this study on food insecurity and mental health presents valuable insights,
several limitations exist. The study focuses mainly on case studies, responses from selected
regions, and interventions. This may limit the generalizability of findings to other geo-
graphical and socioeconomic contexts. There might be inconsistencies or variations in how
food insecurity and mental health outcomes are measured across different studies and
regions, affecting the comparability and robustness of conclusions. The study may also
face challenges in establishing causal relationships between interventions and outcomes
due to the complexity of factors influencing food security and mental health. We also
did not delve deeper into how these recommendations can be practically implemented
and evaluated across diverse policy landscapes. However, this study provides a clear
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pathway for future research, including areas where additional data, methodologies, or
policy experiments could further advance understanding and interventions to tackle the
interconnected challenges of food insecurity and mental health on a global scale.
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Abstract: Public health policies have been widely utilized to improve population nutrition, such as
the newly announced front-of-pack labels (FOPLs) that will be applied to Canadian prepackaged
foods to help consumers make healthier selections. However, research on similar health logos in
the food service sector has been limited. This study explores the potential application of FOPL-
style health logos in the food service sector and its impact on consumer behaviors. A survey was
conducted among 1070 Canadians to assess their awareness, perception, and support for health logos
on restaurant menus. The results indicate that while participants value healthy food options when
dining out, taste, price, and convenience remain the primary factors influencing their choices. Most
participants were unaware of existing FOPL policies and demonstrated mixed responses regarding the
influence of similar health logos on their restaurant selection. However, a majority expressed a desire
to see FOPL-style health logos on menus, and nutrient profile ratings and logos indicating nutrient
limitations or encouragements were listed as preferred health logos. Notably, females indicated
higher supportiveness for FOPL-style health logos on menus and individuals with food allergies
exhibited higher agreement in the likelihood of eating at a restaurant displaying labels. Additionally,
findings revealed that FOPL-style health logos alone may not significantly deter consumers from
purchasing labelled menu items, especially if price is affected. Overall, this study highlights the
need for further understanding consumer perceptions to effectively develop and implement FOPL
initiatives in the food service sector.

Keywords: nutritional policy; restaurant foods; consumer research; menu labelling

1. Introduction

Front-of-package labelling
Dietary risks, as determined by 15 dietary diet quality components (e.g., high in

sodium, low in vegetables), were accountable for 8 million global attributable deaths in
2019, according to the Global Burden of Disease Study [1]. To improve population nutrition,
many policy frameworks and guidelines have been applied in public health, including
individual, organizational, and system-level interventions [2,3]. One of these strategies iss
front-of-package labelling (FOPL), which uses symbols that summarize important nutri-
tional characteristics of foods on the display surface of packages, such as a warning label
that highlights nutrients which should be limited in the diet [4,5]. The utilization of FOPL
has demonstrated efficacy in improving the overall nutritional quality of a population
by enhancing consumer nutrition knowledge, facilitating healthier food choices, and en-
couraging food reformulations [6–10]. Three systematic reviews showed that FOPL has a
positive effect on consumer purchasing, such as a lower sugar and sodium content of the
purchased foods, although evidence on consumption was limited [7–9]. Song et al. specifi-
cally compared different types of labels (e.g., traffic light labels, nutrient warnings) and
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showed that warning labels are associated with better overall healthfulness and reduced
energy in purchases [9]. Similarly, Ikonen et al. found that although different types of FOPL
all have significantly positive impacts on consumers choosing healthier products, warning
labels showed the strongest impact [7]. As of 2023, 16 countries had introduced mandatory
FOPLs, and 10 of them introduced warning labels [10]. In June 2022, Canada introduced its
mandatory FOPL regulations for nutrients of concern, including saturated fat, sodium, and
sugar, with implementation slated for completion by 2026 [6].

Labelling in the food service sector
While FOPL has been widely studied on prepackaged foods, research and policies related

to labelling in the food services sector have been much scarcer. Menu labelling policies usually
focus on displaying the energy content, as several countries (e.g., United States, United Kingdom)
have national-level mandatory calorie labelling in large chain restaurants [11]. Several systemic
reviews that examined the effects of calorie labelling on foods purchased or consumed in real-
world and laboratory settings showed mixed results, concluding that impacts are limited [12–14].
There has been no national policy on health logos on menus worldwide, and New York City
and Philadelphia were the first two cities to put sodium warning icons next to restaurant menu
items that contain more than 2300 mg of sodium [15].

In Canada, while there are mandatory labelling regulations on prepackaged foods [16],
there is currently no federal labelling regulation specific to the food service sector, except
for a mandate in Ontario that requires food service establishments with 20 or more outlets
to display energy content information on their menus [17]. Considering the significant
proportion of Canadians who consume meals at restaurants [18,19] and the poor nutritional
quality of Canadian restaurant foods [20], strategies to improve diet quality in the food
service sectors become necessary.

Given the significance of understanding consumer perceptions in developing and im-
proving nutrition policy initiatives, this study aims to explore the potential application of
comprehensive nutritional information in the food service sector, focusing on three primary
research questions: (1) the desire of Canadian consumers to have increased nutritional infor-
mation presented by health logos on menus and within the food service sector, like the FOPLs
designed for prepackaged foods, (2) the demographic groups most likely to be affected by such
information, and (3) the potential impact on consumer behaviors within the restaurant sector
resulting from enhanced access to nutritional information presented by these health logos.

2. Materials and Methods

This study employed a cross-sectional survey design to assess the potential application
of FOPL in the food service sector. A voluntary survey in both English and French was
administered to participants across Canada using the online survey platform Qualtrics, in
collaboration with Angus Reid, a well-established Canadian field house and a member of
the Canadian Marketing Association.

Respondents were recruited through a broad invitation method and a double opt-in
screening process for recruitment. Potential participants were engaged through targeted
banner advertisements on various websites and partnerships with non-governmental and
charitable organizations. This strategy ensures a representative demographic mix that
encompasses diversity across all population subgroups. Ethics approval was granted by
the Institutional Review Board of Dalhousie University REB No. 2023-6677 (26 May 2023).
Participants were required to have lived in Canada for at least 12 months and to be at least
18 years of age. Participants needed to provide informed consent by clicking on a link at
the end of the consent form if they agreed to proceed with completing the survey, and the
consent could be rescinded by closing their browser.

Data were collected between 1 June and 30 June 2023, and a total of 1070 participants
were recruited for the study. Results will show varying totals due to incompletes. Partici-
pants were selected from the general population of Canada and were diverse in terms of
age, gender, marital status, education level, household income, and dietary restrictions.
The demographic characteristics of the participants are summarized in Table 1.
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Table 1. Demographics of the study participants (n = 1070).

Age Group Number %

The Silent Generation: born
1928–1945 28 3%

Baby Boomers: born
1946–1964 341 32%

Generation X: born 1965–1980 238 22%
Millennials: born 1981–1996 393 37%
Generation Z: born 1997–2012 65 6%
Grand Total 1065 100%

Gender

Female 536 50.3%
Male 522 49.0%
Other 3 0.3%
Prefer not to answer 4 0.4%
Grand Total 1065 100%

Marital Status

Married 644 61%
Separated/Divorced 79 7%
Single 290 27%
Widowed 24 2%
Prefer not to answer 27 3%
Grand Total 1064 100%

Education Level

Did not graduate high school 16 2%
High school graduate
certificate or equivalent 137 13%

Community college, technical
college, or CEGEP 253 24%

Trades certificate or diploma 87 8%
University (undergraduate
degree) 392 37%

Post-graduate degree 180 17%
Grand Total 1065 100%

Household Income

Under CAD 25,000 53 5%
CAD 25,000 to CAD 49,999 122 11%
CAD 50,000 to CAD 74,999 160 15%
CAD 75,000 to CAD 99,999 146 14%
CAD 100,000 to CAD 124,000 138 13%
CAD 125,000 to CAD 149,999 125 12%
Over CAD 150,000 190 18%
Prefer not to answer 132 12%
Grand Total 1066 100%

Dietary Restrictions

No dietary restriction 718 67%
Allergies and/or intolerances,
and faith-based restrictions
(e.g., halal, kosher, etc.)

16 2%

Faith-based restrictions (e.g.,
halal, kosher, etc.) 18 2%

Food allergies and/or
intolerances 271 25%

Others 42 4%
Grand Total 1065 100%
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Of the 1070 participants, more than 50% were Millennials (born 1981–1996) and Baby
Boomers (born 1946–1964). Of the participants, 50% were female and 49% were male,
and 61% of were married. Most participants’ education levels were university (37%) and
community college, technical college, or CEGEP (24%), followed by post-graduate degree
(17%). Sixty-seven percent of participants reported having no dietary restrictions and 25%
had food allergies and/or intolerances.

The survey consisted of questions related to participants’ perceptions and support-
iveness towards health logos on restaurant menus, their restaurant behaviors, and their
attitudes towards FOPL-style health logos. The survey included closed-ended questions,
rating scales, and multiple-choice questions. Participants were asked whether they had
seen health logos on restaurant menus and their perceptions towards them. The types
of health logos and their prevalence were assessed. Participants’ agreement or disagree-
ment with statements related to the influence of health logos on their restaurant choices
was measured.

Participants were asked about their frequency of visiting restaurants, the proportion of
their diet composed of foods prepared away from home, and their preferences for different
types of restaurants. Participants were presented with the FOPL published by Health
Canada (Figure 1) and asked about their awareness and support for applying this FOPL on
menus. Participants were also shown triangle warning sign designs and asked about their
perceived effectiveness compared to FOPLs for prepackaged foods (Figure 2). Participants’
preferences for different types of health logos on menus were assessed. Participants’
likelihood of eating at a restaurant with labels displayed on the menu and their willingness
to purchase menu items with warning labels were measured.

 
Figure 1. Front-of-pack labelling that will be applied to prepackaged foods.

Figure 2. Proposed design of a FOPL-style health logo for ‘high in sodium’, ‘high in sugar’, and ‘high
in saturated fat’.

Descriptive statistics were used to summarize the demographic characteristics of the
participants and the survey responses. Frequencies and percentages were reported for
categorical variables. Ordinal logistic regression was used to analyze independent variables
including age, gender, marital status, income, education levels, dietary restrictions, and
frequency of eating out. Statistical significance was set at p < 0.05.

3. Results

3.1. Eating out Behaviors of Participants

The results of this study indicate that participants displayed a regular frequency of
visiting restaurants, with all participants reporting at least monthly visits and 45% visiting
restaurants on a weekly basis (Figure 3).
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Figure 3. How often do you go to restaurants?

However, most participants (81%) stated that food prepared away from home ac-
counted for only 0–25% of their overall diet, and a mere 4% reported that over half of their
diet consisted of food prepared away from home. Among the various types of restaurants,
sit-down establishments were the most visited (41%), followed by fast-food restaurants
(28%), coffee shops (20%), and bakery/dessert shops (9%). When making choices about
dining out, participants prioritized factors such as taste (32%), price (29%), and convenience
(16%), with the nutrition profile ranking fourth in importance (12%) (Figure 4).

 

Figure 4. Which of the following are the 3 most important factors to you when choosing to eat out?

Nevertheless, an average of 80% of participants agreed with the notion that having
healthy food options when dining out is important. This percentage was significantly
higher (84%) among those who attended university or post-graduate degrees compared
to those who did not graduate from high school (69%) (Supplementary Table S1, p < 0.05).
Significantly more female participants (84%) than male participants (75%) agreed with the
statement (p < 0.001). Baby Boomers (80%) and Millennials (81%) had a higher percentage
of agreement compared to the Silent Generation (63%) (p < 0.05). Interestingly, people with
food allergy/intolerance and faith-based dietary restrictions (53%) had a higher percentage
of agreement compared with those without dietary restrictions (79%) (p < 0.05). These
findings shed light on the participants’ restaurant behaviors and preferences, suggesting
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that while taste, price, and convenience are primary considerations, there is a prevailing
acknowledgment of the significance of healthy food options in the dining out context.

3.2. Perception of Menu Health Logos

Among the respondents, 43% reported observing a health logo on restaurant menus.
Within this subset, the most prevalent types of logos were those indicating ratings for the
nutrient profile of menu items and logos related to energy content (Figure 5). Conversely,
warning labels were the least commonly encountered. Additional responses included
logos indicating gluten-related claims and vegan/vegetarian claims. When queried about
whether the presence of health logos influences their choice of restaurants, respondents
displayed mixed opinions. Approximately 39% of participants neither agreed nor disagreed,
while similar percentages of participants indicated disagreement (32%) and agreement
(30%). A higher percentage of female participants (33%) and married participants (31%)
selected ‘agree’ compared to male participants (25%) and single participants (23%) (p = 0.01
and 0.02, respectively) (Supplementary Table S1). Merely 20% of participants agreed that
the individuals they dine with influence their decisions regarding dishes with or without
health logos, with the majority either disagreeing (50%) or expressing neutrality (39%).
However, a higher percentage of participants who eat out 2–3 times a week (29%) and daily
(40%) stated they ‘agree’ with this statement (p = 0.02 and p = 0.03, respectively).

 

Figure 5. What type of health logo have you seen on a restaurant menu?

When participants were presented with the FOPL logo published by Health Canada,
it was found that a significant proportion of participants, specifically 84%, were unaware
of this policy. However, 59% of participants expressed their desire to see a similar FOPL-
style health logo on menus. When stratifying by gender, 10% more female respondents
compared to male respondents selected ‘somewhat agree’ or ‘strongly agree’ (p = 0.01)
(Supplementary Table S1). Moreover, when participants were shown the triangle warning
sign design (Figure 2), a considerable 65% agreed that it would be more effective than the
current FOPL used for prepackaged foods (Supplementary Table S1).

Regarding the types of health logos participants expressed interest in seeing on menus,
the highest responses were observed for ratings indicating the nutrient profile of menu
items (27%), followed by logos suggesting a high amount of nutrients to be limited in the
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diet (21%), and logos suggesting a high amount of nutrients to be encouraged in the diet
(19%) (Figure 6).

 

Figure 6. If there needs to be another type for health logo on restaurant menu items, I hope it is.

Despite the majority (64%) of participants agreeing that the use of warning labels on
menu items would effectively inform consumers about the nutritional profile of food (Figure 7),
questions exploring the potential impact of menu labelling on consumer behaviors revealed
contrasting responses. Overall, only 28% of participants agreed that they were more likely
to eat at a restaurant displaying labels on the menu. Also, 62% agreed that they would still
consider purchasing a menu item or visiting a restaurant even if a warning label was present.
When stratified by education level, respondents that did not attend high school had the
highest percentage of selecting ‘disagree’ and the proportion was significantly different from
other groups (p < 0.05) (Supplementary Table S1). Additionally, a mere 16% of participants
agreed that they were willing to pay a higher price for a meal at a restaurant to avoid menu
items with warning labels, whereas 32% and 23% of participants expressed strong or moderate
disagreement, respectively (Figure 7). However, among participants who eat out daily, 35%
agreed that they would pay a higher price, significantly higher than the participants who eat
out monthly (p = 0.02).

 

Figure 7. Effect of health logos on consumers’ behaviors.
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4. Discussion

The findings of this study provide insights into restaurant behaviors and preferences
among the participants, shedding light on their dining out habits and the significance of
healthy food options. They contribute to the understanding of consumer attitudes towards
FOPL and inform the development of initiatives aimed at improving population health
through FOPL-style health logos in the food service sector.

Although the eating out frequency reported in this study (45%) was lower than that
reported pre-pandemic in 2019 (54%) [18], restaurants still have a role in the participants’
overall food consumption patterns, even after the pandemic. However, despite the fre-
quency of restaurant visits, the participants’ reliance on food prepared away from home
is relatively low, with most people reporting that it accounted for a small proportion of
their overall diet. This finding suggests that while dining out is a common practice, it does
not dominate their daily food intake. Additionally, only a 4% proportion of participants
reported that over half of their diet consisted of food prepared away from home. These
results highlight the importance of considering home-cooked meals and other sources
of nutrition when evaluating the overall dietary habits of individuals. A multi-faceted
approach such as the Health Eating Strategy [21] will be necessary to improve the dietary
habits of Canadians at the individual, industrial, and governmental levels.

When analyzing the types of restaurants participants frequented, sit-down establish-
ments emerged as the most visited, followed by fast-food restaurants, coffee shops, and
bakery/dessert shops. Previous research has shown that less healthful eating behaviors
are mainly associated with eating out at fast food restaurants, rather than at sit-down
restaurants [22,23]. Understanding these preferences is crucial for restaurant owners and
policymakers to tailor their offerings and interventions accordingly.

Regarding the factors influencing participants’ choices when dining out, taste, price,
and convenience were identified as the primary considerations. Notably, nutrition profiles
ranked fourth in importance. These findings align with previous research, highlighting
that taste and cost often outweigh health considerations when making food choices outside
the home [24]. However, it is noteworthy that despite the lower ranking of nutrition in
the choice factors, the majority of participants expressed agreement with the importance
of having healthy food options when dining out. This demonstrates a general awareness
and acknowledgement among participants that healthful choices are essential when eating
away from home.

This study also explored the awareness and influence of health logos on restaurant
menus. While 43% of participants reported observing health logos, ratings for nutrient
profiles and energy content were the most prevalent types. Warning labels were less
commonly encountered, indicating a potential area for improvement in menu labelling
initiatives. Participants’ opinions on the influence of health logos on their restaurant
choices were mixed, with a notable percentage neither agreeing nor disagreeing. Also,
although most participants were unaware of Health Canada’s FOPL policy, a considerable
percentage expressed a desire to see a similar FOPL-style health logo on restaurant menus.
This highlights the potential for menu labelling initiatives to increase consumer awareness
of nutritional information and promote healthier choices, but also suggests that the impact
of health logos on consumer behavior requires further investigation and possibly a design
specifically tailored to menus will be required. This study’s results highlighted participants’
interest in specific types of health logos on menus, with a focus on nutrient profile ratings
and logos suggesting nutrients to be limited or encouraged in the diet. A quasi-experimental
trial in France implemented the Nutri-Score system, a summary graded coloured system,
in catering and found a significant reduction in the intake of calories, sugars, and saturated
fats among participants [25]. Similarly, an Australian study demonstrated the feasibility of
applying the Health Star Rating system to restaurant foods [26]. These studies and results
provide valuable insights for policymakers and restaurant owners in designing effective
menu labelling systems that align with consumers’ interests and needs.
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Interestingly, the significance of healthy food options and perceptions of health logos
varied based on respondents’ age, gender, education level, and dietary restrictions. For
example, participants with higher education levels (university or post-graduate degree)
were more likely to emphasize the importance of healthy food options, indicating a positive
association between education and health-conscious choices, which was shown in many
previous studies [27,28]. Additionally, female participants displayed a higher agreement
with the importance of healthy food options and were more likely to support the imple-
mentation of FOPL-style health logos than males, suggesting potential gender differences
in health-related preferences in the restaurant setting, echoing those found in previous
nutrition behavior research [29]. These differences underscore the importance of targeted
interventions and tailored communication strategies for different demographic groups.

Moreover, the potential impact of menu labelling on consumer behavior is complex.
While the majority of participants agreed that warning labels would effectively inform
consumers about the nutritional profile of food, most participants expressed neutrality in
whether they were likely to eat at a restaurant displaying labels on the menu. This suggests
that menu labelling alone might not be sufficient to drive significant changes in dining
out habits. The U.K. has published sodium guidelines for the eating out, takeaway, and
delivery sectors by 2024 [30]. Canada has its sodium target for packaged foods but have not
yet extended to the food service sector [31]. Therefore, thorough nutrition guidelines and
regulations targeting the restaurant foods will also be necessary so that healthier options
are available for consumers.

Furthermore, the willingness to pay a higher price for a meal to avoid menu items with
warning labels was very low, indicating that price remains a significant factor in dining
out decisions, even in the presence of health-related information. This could be concerning
as poor diet quality is particularly evident among Canadians with a lower socioeconomic
status [32]. Even if warning labels are presented on unhealthy menu items, lower-income
consumers may still purchase them if healthier options are more expensive. Therefore,
equity-oriented policies that improve economic security would be more beneficial than
information-based nutrition policies in these scenarios.

Overall, these results provide valuable insights into restaurant behaviors and prefer-
ences, emphasizing the need for a comprehensive approach to promote healthier dining
out choices. While menu labelling initiatives hold promise, they should be complemented
with other strategies, such as public awareness campaigns, menu reformulation, and collab-
orations with the food industry, to achieve meaningful and sustained changes in consumer
behavior. Understanding the varying preferences and motivations across demographic
groups will be crucial in developing effective and targeted interventions. Policymakers and
restaurant owners can utilize these findings to better align their offerings with consumer
needs and contribute to a healthier dining out environment. Future research can delve
deeper into understanding the barriers to and facilitators of healthy dining out choices
and evaluate the long-term impact of menu labelling initiatives on consumer behavior and
public health outcomes.

This study has some limitations. Firstly, the sample was drawn from the general pop-
ulation of Canada and was limited to adults who were able to answer questionnaires in En-
glish or French, which may limit the generalizability of the findings to children/adolescents
and to minority groups who do not communicate in English/French. Secondly, dietary
behaviors were collected retrospectively, and self-reported data are subject to recall and
response biases. This study examined consumer perceptions and may not represent actual
behavioral changes in food purchases and consumptions associated with menu labels.

5. Conclusions

This study assessed the potential application of FOPL-style health logos in the food
service sector and the data collected from the survey questionnaire provide insights into
participants’ perceptions, preferences, and behaviors related to health logos on restaurant
menus. Although participants do think it is important to have healthy food options
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available when dining out, a much lower number of participants think health logos will
affect their choices of restaurants/foods. The two main reasons could be that 1. food away
from home is not the major component of their diet and 2. taste, price, and convenience are
the most important factors when dining out. This study highlights that FOPL-style health
logos in the food services sector may not be sufficient and that more multidisciplinary
strategies will be necessary to improve the dietary intake of Canadians.
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Abstract: This study examined young Japanese adults’ values regarding the consumption of balanced
meals consisting of staples, main dishes, and side dishes and how these values relate to demographics,
socioeconomic status, nutrition knowledge, attitudes, skills, behaviors, and diet-related quality of life.
Data were obtained from the “Survey on Dietary Habits of the Younger Generation” (2000 responses,
ages 18–39), of which 1888 valid responses were analyzed. The principal component analysis
identified three value patterns: PC1—valuable yet burdensome; PC2—environment-reliant, weak
initiative; and PC3—low value due to hassle. Both PC1 and PC3 were associated with prioritizing
prices in food choices and knowledge of a balanced meal. However, PC1 participants valued balanced
meals and possessed meal preparation skills, whereas PC3 participants valued balanced meals less
and had negative attitudes toward eating them. PC1 was positively associated with the frequency of
eating balanced meals while PC3 was negatively associated. PC2 individuals had positive attitudes
toward eating balanced meals but were less concerned about nutritional balance when choosing
foods themselves. This study highlights the importance of adopting an approach that aligns with the
value patterns of the target population.

Keywords: values; motivations; dietary behaviors; healthy eating; young adults; Japan

1. Introduction

Healthy eating is vital in preventing non-communicable diseases. Poor diet, over-
weight, and obesity are major risk factors for diabetes, cardiovascular disease, and cancer [1].
Adherence to healthy eating patterns, such as the Mediterranean Diet, Healthy Eating In-
dex, or Dietary Approaches to Stop Hypertension, is associated with lower mortality risks
among adults [2,3]. Adherence to the Japanese Food Guide Spinning Top, which recom-
mends having a balanced meal consisting of staples, main dishes, and side dishes, is also
known to lower the total and cerebrovascular mortality risks [4] and frailty risks [5] among
middle-aged and older Japanese adults.

Research has identified that young adults globally have poor diet quality compared to
other adults [6–9], with high consumption of ultra-processed foods [6] and low intake of
fruits and vegetables [7] and whole grains [8]. Furthermore, early adulthood is a period
associated with poor eating habits and rapid weight gain. This is because early adulthood
is a transitional period that includes environmental, social, and lifestyle changes that may
affect dietary changes [10]. Leaving home and education are associated with negative
dietary changes. Therefore, further research is needed to identify and understand specific
segments within the young adult age group, which is particularly prone to dietary changes,
to develop tailored strategies for promoting balanced diets. Encouraging a healthy diet
from an early age is essential for overall well-being [11]. Individual lifestyle patterns that
develop during this transition often persist later in life. Although this age group is prone to
dietary changes due to life events such as marriage and parenting, which may have health
implications [12], young people’s health has often been neglected in global public health
because this age group is perceived as healthy and is difficult to reach.
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To improve dietary intake, it is necessary to explore the determinants of dietary
behavior and their influence on diet quality. Diet changes over time, and food preparation
behaviors persist. Involvement in food preparation during the early stages of adulthood
has been linked to healthier dietary intake in the mid-to-late twenties [13]. However,
individuals’ dietary behaviors are influenced by various factors, including intrapersonal
factors (e.g., age, sex, education, lifestyle, motivation, knowledge, skills, and appetite),
interpersonal factors (e.g., family support, social occasion, culture or traditions, and dietary
patterns of friends or family), and environmental factors (e.g., food cost, food accessibility
and availability, and media) [14–16]. Financial concerns are frequently reported as barriers
to healthy eating [14]. Specifically, for youths, social media use is an important determinant
of dietary behavior. A systematic review indicated that young adults seemed receptive to
healthy eating and recipe tips through social media [17]. Encouraging consumer demand
for healthy foods and diets through nutrition education and developing healthy food
environments, including social media, are important.

Eating meals consisting of staples, main dishes, and side dishes at least twice a day is
associated with better nutrient and food group intake and a higher likelihood of meeting
the Dietary Reference Intakes for the Japanese [18]. In Japan, as part of the national
health promotion initiatives, consuming such meals twice or more daily, almost daily, is an
important objective. However, <40% of the adult population is engaged in this practice,
and the figure is even lower among the younger population aged 20–39 years, falling below
30% [19]. To achieve this goal, it is crucial to understand the factors hindering desirable
dietary behaviors and consider specific measures accordingly. While many previous
studies have reported on dietary behaviors, attitudes, and socioeconomic factors related
to the frequency of consuming meals with staples, main dishes, and side dishes [20–33],
these studies have mostly focused only on behavioral aspects. Therefore, evidence of the
differences underlying people’s values behind such behaviors is limited.

Factors reported to be related to the frequency of eating a combination of staples,
main dishes, and side dishes include demographics [30,33], financial resources [20,25,28],
education [28], health awareness [23,31,32], knowledge [27,32], cooking frequency [22,31]
preference [27], dietary behaviors including skipping meals [30,33], and eating out [24,30].
However, no studies have evaluated the values toward eating a balanced meal and how
such values are associated with individual factors. Therefore, clarifying the core compo-
nents of the specific patterns of the younger generation’s values toward eating a balanced
meal and its related factors could be a valuable resource for considering an approach
that matches the value patterns of the target population. Therefore, this study aimed to
elucidate the core components and patterns of the younger generation’s perceived value of
eating a balanced meal. In addition, this study examined the factors associated with the
identified value patterns, such as sociodemographic factors, food knowledge, attitudes,
skills, behaviors, and diet-related quality of life.

2. Materials and Methods

2.1. Survey Methodology and Participants

We reanalyzed the data from the “Survey on Dietary Habits of Younger Generations”
conducted by the Ministry of Agriculture, Forestry, and Fisheries [34]. This cross-sectional
survey included 2000 responses from individuals aged 18–39 years living nationwide. The
survey was conducted online in November 2019 using monitors from Cross Marketing
Inc. (Tokyo, Japan). Cross Marketing Inc., a professional marketing research company, has
one of the largest active registered panels in Japan, with over 5 million people, including
panels registered with partner companies [35]. The survey had a target sample size of
2000 individuals (1000 males and 1000 females). Allocation by sex, age, and area of
residence was determined according to the results of national census data [34]. Students
were excluded because of their different lifestyles. In addition, those who had received
special nutrition and culinary arts training were excluded to avoid response bias.
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Before analysis, permission for data use was obtained from the government. After
excluding incomplete responses, 1888 responses were analyzed.

2.2. Measures

We used data on sociodemographic and anthropometric variables, perceived values of
eating a balanced meal, dietary knowledge, attitudes, skills, behaviors, and diet-related
quality of life.

2.2.1. Sociodemographic and Anthropometric Variables

The sociodemographic variables collected included demographics (age, sex, living
status, marital status, and living with children) and socioeconomic characteristics (oc-
cupation, education, and household economic status). Anthropometric characteristics
included body mass index (BMI), calculated based on the self-reported height and weight
of the participants.

2.2.2. Perceived Values Regarding Eating a Balanced Meal

A 12-item questionnaire was used to examine the participants’ perceived values
regarding eating a balanced meal (a combination of staples, main dishes, and side dishes),
as shown in Table 1. The participants rated the items on a 7-point Likert scale (1, not
applicable at all; 7, very applicable). Participants were asked, “Please indicate the extent to
which the following statements apply to your opinion of eating a combination of staples,
main dishes, and side dishes, using a rating of 1 to 7 points”. Cronbach’s alpha for the
12 items was 0.900.

Table 1. Characteristics of participants.

n %

Sociodemographic and anthropometric variables
Age 29.7 ± 6.2
Sex male 960 50.8

female 928 49.2
Living status living alone 516 27.3

living with others 1372 72.7
Marital status single 1230 65.1

married 658 34.9
Living with
children no 1417 75.1

yes 471 24.9
Occupation full-time employee/civil servant 999 52.9

part-time job 350 18.5
freelance/self-employed 71 3.8
housewives/unemployed 217 11.5
others (not specified) 251 13.3

Education junior or senior high school 732 38.8
junior college or vocational school 342 18.1
college, university, graduate school 814 43.1

Household
economic status

Financially constrained, causing significant distress 303 16.0
Financial constrained, accompanied by some concern 621 32.9
Financially constrained, yet little worrisome 781 41.4
Financially secure, living worry-free 183 9.7

Body Mass Index (kg/m2) 21.5 ± 3.5
BMI categories underweight (BMI < 18.5) 365 19.3

normal (BMI 18.5–24.9) 1266 67.1
obese (25.0 ≤ BMI) 257 13.6

Mean ± standard deviation.
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2.2.3. Dietary Knowledge, Attitudes, Motivations for Food Choices, and Skills

Dietary knowledge regarding the consumption of a combination of staples, main
dishes, and side dishes was assessed using a single item. Participants were asked, “Do you
know what a “meal consisting of a combination of staples, main dishes and side dishes”
is?”. Subsequently, they selected one of three answers (1: I know both the term and its
meaning; 2: I do not know the meaning, but I have heard the term; and 3: I do not know
the term or its meaning).

Regarding dietary attitudes, we assessed two items. First, we assessed the participants’
attitudes toward practicing healthy eating habits. Participants were asked, “Are you
committed to practicing a healthy diet regularly?”. They rated their commitment on a
4-point Likert scale (1, not at all; 4, always). Second, participants were asked about eating a
combination of staples, main dishes, and side dishes daily: “Please indicate how much of
the following applies to your daily dietary habits by rating them from 1 to 7”. They rated
the items on a 7-point Likert scale (1, not applicable at all; 7, very applicable). The following
10 items were used to assess participants’ motivations for food choices: nutritional balance,
energy (calories), taste, price, seasonality, safety, appearance, word-of-mouth, popularity,
and image of the manufacturer or store. Participants were asked ahead of each item, “Please
indicate how much of the following applies to what you consider important when cooking
or choosing meals in your daily life”. They rated the items on a 7-point Likert scale (1, not
applicable at all; 7, very applicable).

Dietary skills were determined based on the following five items: considering the
balance of nutrition and taste when planning a menu; knowing what ingredients and
utensils are needed for preparing meals; reading nutrition labels and making food selections;
ability to prepare most dishes; and ability to prepare meals in a short time, even when busy.
Participants were asked ahead of each item, “Please rate the extent to which the following
applies to your meal preparation knowledge and skills”. They rated the items on a 7-point
Likert scale (1, not applicable at all; 7, very applicable).

2.2.4. Dietary Behavior and Diet-Related Quality of Life

Regarding the dietary behavior of eating a combination of staples, main dishes, and
side dishes, participants were asked, “In your daily life, how many days of the week do
you eat a combination of staples, main dishes, and side dishes at least twice a day?”. They
then selected one of the following four answers: (1) almost never, (2) 2 or 3 days a week,
(3) 4 to 5 days a week, or (4) almost every day.

Diet-related quality of life was assessed using the subjective diet-related quality of
life (SDQOL) measure, a validated four-item scale [36]. The SDQOL is composed of four
items (“I enjoy mealtimes”, “I am eager for mealtimes to come”, “My meals are eaten in a
positive atmosphere”, and “I am satisfied with my daily diet”). Responses were provided
on a 5-point Likert scale (1, disagree; 5, agree). Cronbach’s alpha for the 12 items was 0.829.

2.3. Ethics Approval

The survey was administered online by Cross Marketing Inc. (Tokyo, Japan). All
participants were informed that the questionnaire was given for research purposes and that
their participation was completely voluntary. Because the data were collected anonymously
using an online questionnaire without including personal data, written informed consent
was not required. The study protocol was approved by the Ethics Committee of Kagawa
Nutrition University (Saitama, Japan; approval number: 291; approval date: 17 May 2023).

2.4. Statistical Analysis

Using principal component analysis, we identified the value patterns of consuming
a balanced meal from the 12 surveyed items. Multiple regression analysis was used to
explore independent factors associated with these patterns.

The patterns of the participants’ perceptions regarding the consumption of staples,
main dishes, and side dishes were analyzed as follows. Principal component analysis (PCA)

154



Nutrients 2024, 16, 1855

with varimax rotation, including 12 items, was conducted to facilitate the interpretation
of each component. The varimax rotation technique is a type of orthogonal rotation
technique that results in uncorrelated components to ease the interpretation underlying the
phenomenon being captured by each component [37]. Therefore, in our analyses, we used
varimax rotation. Three principal components with eigenvalues > 1 were identified, and
the cumulative contribution ratio was 75.1%. To identify a component as meaningful, the
cumulative variance-extracted components must encompass at least 70% of the dataset’s
variance [38]. Considering up to the third principal component, the principal component
scores were calculated to have a mean of 0 and a variance of 1. The higher the principal
component score, the higher the loadings of each of the items that make up the pattern;
thus, it is an indicator of the characteristics of the composition of the pattern [38]. Following
this, items displaying factor loadings beyond ±0.4 were scrutinized as having significant
interpretive loadings [38]. Based on their characteristics, type names were assigned to
each component. Sample validity was verified using the Kaiser–Meyer–Olkin measure
of sampling adequacy (KMO measure), yielding a KMO measure of 0.879, confirming
its validity.

Simple and multiple linear regression models with stepwise methods were used to
describe the characteristics of each principal component pattern. The component scores
were used as the dependent variables. The independent variables were sociodemographic
characteristics, dietary knowledge, attitudes, motivations for food choices, skills, behaviors,
and diet-related quality of life.

All analyses were performed using the IBM SPSS Statistics software version 27.0 (IBM
Corp, Armonk, NY, USA).

3. Results

3.1. Participant Profile

Table 1 displays the means and standard deviations of the participants’ demographic
and anthropometric variables. Among the 1888 participants, 50.8% were male, with an
average age of 29.7 years (SD = 6.2). Regarding living status, 27.3% of the participants
lived alone. Approximately two of three participants were single (65.1%) and did not have
children (75.1%). According to educational attainment, the predominant form of education
was higher education, encompassing degrees beyond the college or university level. Most
participants experienced varying degrees of financial constraint, with only 9.7% reporting
financial security and worry-free lifestyles. Most participants were within the normal range
(BMI, 18.5–24.9); however, 19.3% were underweight (BMI < 18.5) and 13.6% were obese
(25.0 ≤ BMI).

Table 2 shows participants’ profiles regarding dietary knowledge, attitudes, skills,
behaviors, and diet-related quality of life. At the level of knowledge regarding eating a
combination of staples, main dishes, and side dishes, nearly half of the participants (46.3%)
demonstrated an understanding of both the terminology and its meaning; however, more
than half of the participants lacked an understanding of the meaning (53.6%). Among the
food choice motives, “taste” scored the highest (4.9 ± 1.5), followed by “price” (4.8 ± 1.5).
However, a very small proportion of participants (7.5%) always prioritized the practice of
healthy eating habits. Regarding eating behaviors, approximately one of four participants
(24.8%) reported consuming a combination of staples, main dishes, and side dishes twice
or more daily, almost every day. Alternatively, a similar percentage of respondents (26.3%)
indicated that they rarely do so.
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Table 2. Dietary knowledge, attitudes, skills, and behaviors and diet-related quality of life.

n %

Knowledge Regarding eating a combination of staples, main dishes and side dishes
I do not know the term or its meaning 289 15.3
I do not know the meaning, but I have heard the term 724 38.3
I know both the term and its meaning 875 46.3

Attitude Toward practicing healthy eating habits
not at all 199 10.5
not so much 794 42.1
sometimes 753 39.9
always 142 7.5

Toward eating a combination of staples, main dishes and side dishes on daily
basis (1: not applicable at all, to 7: very applicable) 4.1 ± 1.5

Motivations for food choices (1: not applicable at all, to 7: very applicable)
nutritional balance 4.2 ± 1.6
energy (calories) 4.0 ± 1.5
taste 4.9 ± 1.5
price 4.8 ± 1.5
seasonality 4.0 ± 1.5
safety 4.4 ± 1.5
appearance 4.1 ± 1.5
word-of-mouth 3.5 ± 1.6
popularity 3.4 ± 1.6
good manufacturer or store brand image 3.5 ± 1.5

Skills (1: not applicable at all, to 7: very applicable)
considering the balance of nutrition and taste when planning a menu 3.8 ± 1.6
knowing what ingredients and utensils are needed for preparing meals 4.1 ± 1.6
reading nutrition labels and making food selections 3.8 ± 1.6
ability to prepare most dishes 4.0 ± 1.8
ability to prepare meals in a short time, even when busy 3.8 ± 1.6

Behaviors Eating a combination of meals at least twice a day
almost never 497 26.3
two to three days a week 494 26.2
four to five days a week 428 22.7
almost everyday 469 24.8

Diet-related QOL SDQOL (4~20 points) 13.7 ± 3.5

Mean ± standard deviation. QOL: quality of life, SDQOL: subjective diet-related quality of life.

3.2. Principal Component Analysis of Perceptions Regarding Eating a Balanced Meal

We analyzed 12 measures of the participants’ perceptions regarding eating a combi-
nation of staples, main dishes, and side dishes using principal component analysis with
varimax rotation. The three components had eigenvalues > 1.0, accounting for 75.1% of
the total item variance. The Kaiser–Meyer–Olkin measure of sampling adequacy was high
(KMO = 0.879).

As shown in Table 3, the first component was labeled “Valuable yet burdensome”
(PC1: Eigenvalue = 5.85, 48.7% item variance). PC1 had high positive loadings (0.828–0.878)
for three components that considered a balanced meal healthy, nutritious, and fulfilling
for participants. In addition, it had moderately positive loadings (0.429–0.733) regarding
positive attitudes toward eating if meals were prepared or if someone was eating them.
However, it also had moderately positive loadings (0.483–0.544) for feeling the burden
of preparation and adoption. The second component was labeled ‘environment-reliant,
weak initiative’ (PC2: Eigenvalue = 1.90, 15.8% item variance). This component showed
moderate to high positive loadings (0.662–0.872) on items such as meals participants would
use if they were available or easily purchased. The third component was labeled “Low
value due to hassle” (PC3: Eigenvalue = 1.26, 10.5% item variance). PC3 had high positive
loadings (0.687–0.791) for three components regarding burden: preparing a balanced meal
wastes time, is troublesome, and is costly. Although the factor loadings were small, there
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were negative loadings for eating a balanced meal to build relationships with others or
eating when others eat.

Table 3. Factor loadings of the 12 components regarding participants’ perceived values of eating a
combination of staples, main dishes, and side dishes through principal component analysis with
varimax rotation.

PC1 PC2 PC3

I think it is good for our health. 0.878 0.090 0.285
I think that it improves nutritional balance. 0.877 0.068 0.299
It helps to feel that I am living a fulfilling life. 0.828 0.241 0.127
If such meal is prepared, I would like to proactively adopt it. 0.733 0.301 0.289
It helps to facilitate communication with family members. 0.572 0.488 −0.182
If there are places where such meals can be purchased or eaten near my home or
commute route, I would like to incorporate them. 0.109 0.872 0.185

If there is a service that delivers such meals at a reasonable price, I would be willing to
adopt it. 0.059 0.819 0.243

If such meals are offered at a lower price at workplace, I would be willing to select it. 0.183 0.803 0.259
If I have someone to eat with, I’m willing to eat such meals. 0.429 0.662 −0.138
I feel that preparing such meals is a waste of time. 0.040 0.265 0.791
I feel that preparing such meals is troublesome. 0.483 0.088 0.757
I think that adopting such meals cost a lot money. 0.544 0.107 0.687

Eigenvalue 5.85 1.90 1.26
Explained variance (%) 48.73 15.85 10.52
Cumulative variance explained (%) 48.73 64.58 75.10

Kaiser–Meyer–Olkin (KMO): 0.879. PC1: Valuable yet burdensome, PC2: Environment-reliant, weak initiative,
and PC3: Low value due to hassle. Factor loadings exceeding +0.40 or falling below −0.40 are highlighted in bold.

3.3. Factors Associated with Participants’ Perception Patterns Regarding Eating a Balanced Meal

Table 4 shows the linear regression coefficients from simple and multiple analyses,
examining factors associated with participants’ perception patterns regarding eating a
balanced meal. The multiple linear regression analysis reveals that factors associated
with the PC1 pattern include being female (β = 0.040, p < 0.05), being married (β = 0.052,
p < 0.01), having sufficient knowledge (β = 0.091, p < 0.001), having a positive attitude
(β = 0.090, p < 0.001), and possessing skills for preparing meals (β = 0.114, p < 0.001).
Additionally, food choice motives such as taste (β = 0.259, p < 0.001) and price (β = 0.199,
p < 0.001) were positively associated with this pattern, while participants were less likely
to consider popularity (β = −0.110, p < 0.001) and word-of-mouth (β = −0.079, p < 0.001)
when choosing foods. The adjusted R2 was 0.411 in the multiple model.

Analysis of the PC2 pattern revealed negative associations with sociodemographic
variables and food-choice motives. Individuals who had higher component scores for
this pattern were more likely to be young (β = −0.060, p < 0.01), male (β = −0.070,
p < 0.001), living alone (β = −0.077, p < 0.001), and have lower motives for nutritional
balance (β = −0.116, p < 0.001) and taste (β = −0.056, p < 0.05) when selecting foods. On
the other hand, individuals in this pattern showed higher scores for attitudes toward eating
a balanced meal (β = 0.105, p < 0.001) and higher concerns for selecting foods with good
manufacturer or store brand image (β = 0.240, p < 0.001) or popularity (β = 0.142, p < 0.001).
The adjusted R2 was 0.268 for the multiple models.

Lastly, the linear regression analysis for the PC3 pattern demonstrated a positive
association with age (β = 0.052, p < 0.05) and knowledge (β = 0.095, p < 0.001) but a negative
association with household economic status (β = −0.065, p < 0.01) and attitudes toward
eating a balanced meal (β = −0.142, p < 0.001). In terms of food choice motives, this pattern
was more likely to be concerned with price (β = 0.298, p < 0.001) and taste (β = 0.103,
p < 0.001) but less concerned with seasonality (β = −0.168, p < 0.001). The adjusted R2 was
0.195 for multiple models.
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In terms of behavior, a higher frequency of eating a balanced meal was observed in
the PC1 pattern (β = 0.043, p < 0.05), while a lower frequency was observed in the PC3
pattern (β = −0.122, p < 0.001). Furthermore, a higher SDQOL score was associated with
PC1, while a lower score was observed in PC3. No significant association was observed
with the PC2 pattern.

4. Discussion

4.1. Value Patterns and Related Factors

This study identified three patterns and components of perceived value among young
adults regarding the consumption of a balanced meal consisting of staples, main dishes,
and side dishes more than twice daily. Furthermore, we identified the independent factors
associated with each pattern. Different characteristics were observed for each pattern.
Individuals with high component scores in the PC1 pattern believed that eating a balanced
meal was important for their health and wanted to incorporate it; however, they also felt
a sense of burden. Despite facing time and financial constraints, individuals with high
PC1 scores had a higher frequency of consuming a balanced meal in practice because they
possessed the necessary knowledge, skills, and attitudes for meal planning. Those with
higher PC2 component scores were more motivated to eat a balanced meal. However,
nutritional balance and taste were not prioritized in their actual food choices, and there
was no significant association with meal preparation skills. Consequently, there was no
association with the frequency of eating balanced meals. Finally, individuals with higher
PC3 scores who were less likely to value a balanced meal because of the hassle of cost,
effort, and time investment were negatively associated with the practice of a balanced
meal. In addition, those who scored higher in this pattern were found to lack financial
comfort and to be more concerned with taste, price, and brand image when making food
choices. To our knowledge, this is the first study to identify the core components and
patterns of individuals’ values regarding eating a balanced meal and how they relate to
sociodemographic factors, dietary knowledge, attitudes, skills, behaviors, and SDQOL.

Positive values for eating a combination of staples, main dishes, and side dishes were
predominantly observed in participants who followed the PC1 pattern. The participants
were more likely to be female or married. They were also more concerned about eating a
balanced meal daily and perceive such a lifestyle as more applicable. Generally, health-
ier food behaviors are associated with older age, higher education, and female sex [39].
Additionally, the participants who followed PC1 and PC2 perceived several benefits of
eating a balanced meal in a social context. For example, it facilitates communication with
family members and increases their willingness to eat if others are eating. However, partici-
pants in PC2 were more environmentally dependent and did not value eating a balanced
meal as much as those in PC1, and food-choice motives were negatively associated with
nutritional balance. Therefore, no significant association was observed between PC2 and
eating balanced meals. Furthermore, for PC3, the value of a balanced meal within the social
context found in PC1 and PC2 was negative, indicating a negative association. Our findings
suggest that different value patterns may influence actual behavior. Therefore, we explore
the potential factors associated with these value differences and consider their implications
for promotion strategies.

Price was an independent predictor for both PC1 and PC3 and was positively associ-
ated with both patterns. For PC3, price showed the largest regression coefficient among the
independent predictors. One possible reason for the differences in actual eating behavior
is the existence of economic constraints. Among the three patterns, household economic
status was an independent predictor only for PC3, indicating that it was associated with
greater constraints. A previous study targeting younger adults aged 20–39 years reported
that, regardless of educational attainment, a poor subjective financial status increases the
risk of unhealthy dietary habits, including low frequency of eating a balanced meal [28].
The tendency to prioritize price as a motivation for food selection was demonstrated in PC1
and PC3, but it was more strongly associated with PC3. It has been reported that individu-
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als with lower household incomes tend to prioritize price over factors such as nutritional
value when making food choices, compared to those with higher incomes [20]. Therefore,
the presence of economic constraints suggests that individuals might be hindered from
maintaining nutritionally balanced meals.

Regarding paying attention to nutritional balance when making food choices, univari-
ate analysis showed significant associations between PC1 and PC3. However, multivariate
analysis did not reveal any significant associations. In the simple regression model, a
positive association was observed with PC1, while a negative association was observed
with PC3. However, for PC2, a positive association was indicated in the simple regression
model, but it turned into a negative association in the multivariate analysis. One possible
interpretation is the effect of adjusting for demographic characteristics. The demographic
characteristics of PC2 included younger age and male sex. Additionally, individuals with
higher BMI scores were more prevalent in this group. Females generally tend to make
healthier food choices than men and are more concerned about healthy eating behaviors
to maintain their physique [39]. Since those who had higher PC2 scores had a predomi-
nance of younger males and higher BMI scores, they may have been less concerned with
nutritional balance.

Taste was positively associated with both PC1 and PC3. It is crucial in food selection,
with innate preferences for basic tastes such as sweet and bitter. These tastes are present
in both healthy and unhealthy foods. Although taste often guides food choices, its link
to specific dietary patterns remains unclear. Research suggests that prioritizing taste over
health can lead to unhealthy food choices [40]. PC1 individuals prioritized taste, aimed for
a balanced meal, and consumed it more frequently. Belief about the taste of unhealthy foods
affects responses to health messages [41]. Taste is a key factor in food choice across cultures.
Therefore, promoting healthy eating should focus on taste rather than health messages.

Food literacy encompasses the knowledge, attitudes, and skills required for informed
dietary decisions and health impacts [42], significantly enhancing overall well-being [43].
Vidgen and Gallegos defined food literacy as a collection of interrelated knowledge, skills,
and behaviors required to plan, manage, select, prepare, and eat food to meet needs and
determine intake [43]. Multivariate regression analysis confirmed positive associations of
attitudes and skills with PC1 and PC2 but a negative association between attitudes and PC3.
College students with better meal preparation skills prepared more meals, including staples,
main dishes, and side dishes [21]. Cooking for oneself is correlated with higher diet quality,
whereas consuming commercial meals is associated with poorer quality [9]. Pregnant
females with meal knowledge also had greater confidence in their meal preparation skills
and were more likely to eat meals with staples, main dishes, and side dishes every day [27].
Although knowledge was associated with PC3, it may also be related to age. However,
as food literacy suggests, knowledge alone does not guarantee behavioral change. PC1’s
adoption of a favorable diet may stem from understanding balanced meals and maintaining
positive attitudes. Therefore, fostering improved attitudes, skills, and confidence is crucial
for behavioral changes.

Participants characterized by the PC3 pattern were less likely to consume a balanced
meal consisting of staples, main dishes, and side dishes and exhibited lower SDQOL
scores. A study involving adults aged 20 years and older found that those who adhered
to a balanced meal reported a better subjective health status, regardless of demographic
characteristics, time availability, or financial resources [29]. In our study, PC3 was negatively
associated with SDQOL, even after adjusting for demographic variables and other factors.
Conversely, PC1 exhibited a positive association, indicating a high frequency of balanced
meal consumption. While causal relationships cannot be inferred due to the cross-sectional
nature of this study, the findings suggest that individuals who felt burdened by adhering
to a balanced meal did not practice such dietary habits, resulting in lower SDQOL scores.
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4.2. Limitations

This study had some limitations that should be considered when interpreting the
results. First, it was a secondary analysis of a cross-sectional survey of 2000 males and
females aged 18–39 living nationwide, which was not conducted for the purpose of this
study. Therefore, the items measuring food literacy, such as food knowledge and attitude,
are limited and may be lacking. For example, meal preparation behaviors such as the
frequency of cooking and preference for cooking have also been reported to be associated
with meals that include staples, main dishes, and side dishes [22,27]. The ability to prepare
good-tasting meals is an essential life skill and a major aspect of food literacy [43]. In
addition, the frequency of eating out and using prepared meals have been reported to
be associated with the practice of balanced meals [9,30]. Therefore, further studies are
warranted. Second, the participants were recruited from a panel of an internet research
company, and the survey was conducted online; web-based questionnaires with volunteer
panels may feature recruitment and response biases [44]. However, the sample size was
allocated by sex, age group, and region of residence according to the census results; students
and individuals who had received professional education in nutrition or culinary arts were
excluded from the study population. Respondents’ answers are subject to response bias.
This study used the Likert method to assess participants’ views on eating a balanced meal,
which may be affected by midpoint and extreme responses, as well as social desirability
bias. However, to control for these biases, strategies such as avoiding ambiguous questions,
mixing negative and positive items, and ensuring anonymity are recommended [45,46].
While this study incorporated several of these measures, it did not address noncontingent
respondents who may not read the questionnaire carefully. Although trap questions can
detect and exclude such respondents, they were not used in this web survey. Future
research should implement these methods to improve data reliability and validity. Despite
these limitations, this is the first study to measure the core components and patterns of
values and related factors among young Japanese individuals toward eating a balanced
meal to achieve the goal of a national health promotion program. This study revealed the
need to consider socioeconomic conditions and other factors, emphasizing the importance
of improving the eating environment, especially for those unwilling to actively adopt a
balanced meal or who have a negative impression of such a diet, to achieve national health
promotion goals.

Future studies should explore the impact of external factors, such as socioeconomic
conditions and global events, such as the COVID-19 pandemic, on dietary behaviors.
Additionally, longitudinal and intervention studies are recommended to examine changes
in dietary values over time and to test strategies for promoting balanced meals. These
approaches will provide a more comprehensive understanding of the factors influencing
dietary behaviors.

4.3. Implications for Future Practices

This study revealed three core patterns in valuing the consumption of a complete set
of staples, main dishes, and side dishes. It is essential to adopt an approach that matches
the value patterns of the target population to promote desirable eating behaviors among
young people. Individuals with higher PC1 scores tended to have a more balanced diet
owing to their knowledge, skills, and attitudes toward meal planning. However, they
also felt burdened. Therefore, nutrition professionals should provide recipes and skills
training to encourage positive attitudes and improve meal preparation skills. Additionally,
considering previous research findings [47] on convenience cooking products, such as
meal bases and ready-made sauces, incorporating these into dietary interventions could
offer time-saving solutions and alleviate the burden felt by individuals with higher PC1
scores. These products often include vegetable-rich recipes, addressing barriers of cooking
skills, confidence, and creativity. Encouraging their use alongside skills training could be a
practical approach to promoting healthier dietary habits among individuals with varying
cooking skills and knowledge. Alternatively, for PC2, which was not associated with
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the intake of a balanced meal, and PC3, which was negatively associated, the following
approach was considered: First, PC2, consisting mostly of young, single men living alone,
was willing to use meals if available. However, they were not inclined to make food choices
based on nutritional concerns. Therefore, strategies such as making vegetable dishes default
side dishes at restaurants and delicatessens were considered effective. A previous study
reported that creating a default healthy menu increased the selection rate of healthy menu
items [48].

Given that PC3, who had a strong sense of burden related to consuming a combi-
nation of staple, main, and side dishes, also had limited financial resources, a strategy
that leverages incentives, such as discounting set menus, may be a viable option. An
intervention study that offered JPY 50 cashback to customers who ordered dishes with
more vegetables reported an increase in their usage, especially among those with limited
food budgets [49]. Although monetary incentives are relatively modest, this study indicates
that incentives may be beneficial in reducing disparities in healthy food choices. Therefore,
it is proposed that educational approaches and environmental improvements, such as
modifying defaults and using economic incentives, are crucial. Policymakers, nutrition
educators, and public health officials can implement these findings in real-world settings to
improve dietary behaviors among young adults. Targeted interventions based on identified
value patterns will vary depending on the situation and context of the target population,
but considering target-specific strategies can help create an environment that supports
healthier food choices.

5. Conclusions

This study identified three patterns of values among the younger generation regarding
the consumption of a balanced meal consisting of staples, main dishes, and side dishes more
than twice a day, as well as the core components of each pattern. In addition, the results
revealed that sociodemographic factors, as well as nutritional knowledge, attitudes, skills,
behaviors, and SDQOL, were related to each pattern. It is vital to adopt an approach that
matches the value patterns of the target population to promote desirable eating behaviors
among young people. Therefore, these findings could be a valuable resource for promoting
nutrition education among younger generations. This study underscores the significance of
reinforcing the values associated with practicing balanced meals to enhance their adoption
among young Japanese adults. Furthermore, the use of defaults and incentives may be
a valuable strategy for engaging a population less inclined to adhere to balanced meals.
For future practice, such an integrated approach could serve as a pivotal instrument in
promoting healthier dietary practices, thereby improving diet-related quality of life.
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Abstract: Eating low amounts of healthy foods leads to high rates of diet-related diseases. How can
we control and reduce the increase in these diseases? One of the recommendations is to improve
nutritional competence, which means greater health consciousness. The objective of the present study
is to determine the influence of health consciousness on the dimensions of perceived value and their
impact on the willingness to consume foods from a healthy brand. Through a non-experimental,
cross-sectional, and explanatory study, the responses of 518 participants (men and women) who
confirmed being consumers of the healthy brands of food were analyzed. The study included adults
aged from 18 to 58 years recruited using non-probability sampling. Data was collected using a self-
report form and statistically analyzed using Smart PLS. The findings support that health awareness
positively and significantly influences perceived quality value, perceived financial value, perceived
social value, and perceived emotional value; contrary to this, it was detected that the perceived
financial value does not influence the willingness to consume foods from healthy brands. This study
contributes significantly to health science by showing how the theory of perceived value predicts
the intention to consume healthy brands, with health consciousness intervening in this prediction.
Therefore, it is concluded that the study population that consumes healthy foods has experienced
the positive impact of perceived value and reports that the factors that comprise it influence their
intention to consume healthy foods.

Keywords: healthy foods; diet; healthy brand; health consciousness; perceived value

1. Introduction

Eating healthy foods is essential to maintain good health and achieve a long quality of
life [1–3]. The benefits go beyond disease prevention, as they also influence aspects such
as energy, mental well-being, and overall quality of life [4,5]. Adopting healthy eating
habits is an investment in personal well-being and a key component to a whole and healthy
life [6]. Nowadays, people are more aware that a healthy and balanced diet and lifestyle
could influence purchasing decisions [7,8]. This is where brands that offer healthy options
can appeal to this growing group of health-conscious consumers [1,5,7].

Companies, governments, and international organizations have been joining social
efforts to improve people’s lives and health. A clear example of effort is revealed in
the formulation of international policies by the United Nations’ (UN) 2030 Sustainable
Development Agenda. This is a normative agenda on sustainable development, covering
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17 Sustainable Development Goals (SDGs) and 169 goals for achieving them. The OSD—
Zero Hunger (SDG 2) and Health and Well-being (SDG 3)—are strongly allied under
the mission of achieving a healthy diet for all people. By addressing malnutrition and
guaranteeing access to nutritious food, we contribute significantly to improving the health
of a population and moving towards sustainable development [9].

There is a strong social trend of great interest in sustainability and conscious eating.
Previous studies confirm that this can affect people’s willingness to consume foods from
brands that support these trends [9,10]. This topic is a complex phenomenon that involves
a combination of individual and contextual factors [11], the same ones that contribute to
the formation of a healthier society [5], where consumers can make informed decisions
contributing to individual and community well-being. Following this same direction,
continuous education on healthy eating is vital to address the public health challenges
that each country faces, and consumers with high levels of education will have a healthier
consumption philosophy [12].

Health is one of the main drivers of healthy food consumption [13]. Considering this,
health consciousness is the tendency to care for one’s health [6]. Although most people’s
level of health consciousness is related to eating behavior [14], health-conscious people tend
to be willing to do something for themselves and take action for their health. Many studies
show a correlation between health consciousness and consuming organic and healthy
foods [15]. Most people believe that healthy brand products are good for people’s health
because they contain healthier nutritional values than conventional products and are safer.
That is, the consumer leans toward foods that help them be healthier without harming the
environment [16]. Therefore, people with low health consciousness are often less motivated
to engage in behaviors that help them stay healthy [15].

One of the theories applied to these health and nutrition contexts is the theory of
perceived value. This theory was initially proposed by Zeithaml and is currently applied in
research on perceived value and purchase intention in various contexts [17]. Many studies
show that perceived value predicts consumer purchase intention better than satisfaction
or quality [17,18]. Perceived value is defined as the general psychological evaluation [17]
and subjective nature of a product or service by consumers, measured by their perceptions,
generally influenced by benefits and costs [19,20]. Perceived value has been widely used in
behavioral research and is closely related to customer loyalty, satisfaction, and continuance
intention [21]. In this sense, research shows that perceived value is a key factor influencing
consumer attitudes toward purchases [18], which is based, among other things, on past
experiences [8].

After carefully reviewing the background, there is evidence of growing interest among
academics, business, and health professionals in continuing to research these topics. It can
be validated that scientific dissemination has been increasing since 2006, and the interest in
continuing research is evident. The preceding studies have been applied to various areas,
sectors, and populations, such as management and business, social sciences, medicine,
environmental sciences, decision sciences, and psychology. Bibliometric indicators reveal
that the ten countries that publish the most scientific results are the USA, China, Taiwan,
South Korea, Great Britain, Indonesia, Spain, Malaysia, Australia, and India. When evaluat-
ing scientific dissemination by country, it has been found that the research carried out in
the Peruvian population needs to be expanded; more scientific literature can support and
guide future research in these areas.

Despite the importance that has been given to the present topic, within the scientific
literature available, no studies have been found that develop or explain health awareness
and its influence on the dimensions of perceived value and, in turn, its influence on the
purchase intention of healthy products. Thus, this research aims to fill this knowledge
gap by focusing on a Peruvian context and proposing future research that addresses
other population scenarios. Furthermore, given the prevalence of malnutrition, diet, and
health-related diseases, this study could provide valuable contributions to professionals in
academia and related fields.
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Considering what was referred to in the previous paragraphs, the objective of the
present study is to determine the influence of health consciousness on the dimensions of
perceived value and their impact on the willingness to consume foods from a healthy brand.
Furthermore, specific objectives are set to identify if (a) health consciousness influences the
perceived quality value of a healthy product, (b) health consciousness influences the per-
ceived social value of a healthy product, (c) health consciousness influences the perceived
emotional value of a healthy product, (d) health consciousness influences the perceived
financial value of a healthy product, (e) perceived quality value influences willingness to
consume healthy brand foods, (f) perceived social value influences willingness to consume
healthy brand foods, (g) perceived emotional value influences willingness to consume
healthy brand foods, and (h) perceived financial value willingness to consume healthy
brand foods. Next, this study is divided into the following sections (having already covered
the first section): Section 2 contains the theoretical framework and hypothesis development.
Section 3 provides materials and methods. Section 4 focuses on the results. Section 5 refers
to the discussion, and Section 6 to the conclusions.

2. Theoretical Framework and Hypotheses Development

Health consciousness has increased over time, gaining a notable boost since the
COVID-19 pandemic. Given this circumstance, research has emerged that examines cus-
tomer perception of a brand or product, even more so when it comes to rating key aspects
of perceived value, such as quality [8,22]. According to background research, it has been
shown that although health consciousness is part of a consumer’s philosophy regarding
conscious eating, this philosophy can vary depending on the context of the country and
culture. Despite these differences, the consumer tends to evaluate a product and, among
other characteristics, its quality [23]. Although the food industry sector is considered
unbalanced due to the presence of unsustainable practices, it has been detected that within
the framework of satisfying human needs, individuals who intend to maintain a healthy
diet maintain practices of health consciousness, thus seeking the quality of the products
received [24]. With this, the following hypothesis is proposed:

H1. Health consciousness influences the perceived quality of a healthy product.

Some studies establish that health-conscious consumers, independently of thinking
about their well-being, also think about the well-being of others, which is why they evaluate
the impact of the brand on society. This attitude is known as social value [25,26]. Likewise,
scientific records establish that behaviors that benefit sustainability are part of the perceived
social value since multiple positive impacts have been recognized. Here, the consumer
is aware of caring for himself and the environment and adopting other behaviors that
impact the environment [27]. In this way, the health-conscious consumer limits him/herself
to marketing efforts and focuses on choosing a healthy product that cares for his/her
environment since he/she recognizes its function as a catalyst for social change [28]. What
was previously mentioned leads to the following hypothesis:

H2. Health consciousness influences the perceived social value of a healthy product.

Taking into account that consumer segmentation revolves around specific criteria, it is
established that one of these is the preference for food [29,30]. In this way, the literature es-
tablishes that some consumer behaviors are closely linked to health consciousness [31]. This
is a public health approach that impacts consumer experiences. On the other hand [32–34],
it describes that consumers who are health conscious are more demanding in their criteria
when evaluating certain products since they are also characterized by having a particular
interest in knowing it more after choosing it, buying it again and again, and feeling the
experience of the benefits the product creates, establishing a deep and sustainable emotional
bond and connection over time, which is called emotional value. With this, the following
hypothesis is proposed:
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H3. Health consciousness influences the perceived emotional value of a healthy product.

In the same way, it has been identified that when consumers are aware of their health,
they also look for environmentally friendly products, and when it comes to purchasing them,
they are willing to pay as long as it does not exceed the projected budget [35,36]. This means
the health-conscious consumer plans ahead and allocates a budget according to consumer
preferences regarding healthy products. With this, the following hypothesis is proposed:

H4. Health consciousness influences the perceived financial value of a healthy product.

Perceived quality involves a multidimensional assessment of the attributes of healthy
foods from the consumer’s perspective, including beliefs about nutritional value, natural-
ness, and positive health impacts [15,24,30,37]. Regarding purchase intention, it expresses
the subjective probability that consumers will choose to obtain healthy food shortly, de-
termined by confidence in the benefits of the product, personal adherence to sustainabil-
ity, and perceived social norms [14,16,36,38]. In this way, various studies support that
functional and organic foods with high dietary quality increase the probability of future
purchases, both in Western and Asian consumers [12,39–41]. What was reviewed raises the
following hypothesis:

H5. Perceived quality influences the purchase intention of healthy products.

Perceived social value involves the subjective assessment of improvements in status
and image within the social circle, which current consumers can obtain by adopting posi-
tively validated behaviors in their community [3,22,38,42]. This involves perceptions about
optimizing interpersonal relationships, reputation, and self-concept by manifestly adhering
to prevailing trends or norms [2,4,43,44]. Some studies indicate that this perceived social
value can increase the estimated subjective probability that millennials and centennials will
choose food options promoted as healthy by their reference groups, thus increasing ad-
herence to those socially validated consumption behaviors [39,42,43]. With the mentioned
above, the following hypothesis is proposed:

H6. Perceived social value influences the purchase intention of healthy products.

Perceived emotional value involves the subjective assessment of feelings of connection
and well-being that current consumers in regions of exceptional longevity associate with
organic foods [2,21,45–47]. Here, the emotional usefulness and symbolic expressiveness
of cultural and environmental preservation options are incorporated [48–50]. Evidence
indicates that the high emotional value perceived in organic products increases the esti-
mated probability of healthy purchasing the following year, increasing conscious eating
behaviors [50,51]. Therefore, this hypothesis is proposed:

H7. Perceived emotional value influences the purchase intention of healthy products.

The perceived financial value implies the integrative evaluation of the economic bene-
fits and costs of obtaining a product for the consumer [52–54]. In addition, it ranges from
quality to price to comfort to perceived savings to satisfying the buyer’s needs [49,55,56].
Therefore, the evidence indicates that this financial value positively impacts the purchase
intentions of ecological products in different age groups [38,50,57], promoting conscious
consumption behaviors. With this, the following hypothesis is proposed:

H8. Perceived financial value influences the purchase intention of healthy products.

Considering the hypotheses mentioned above, the ensuing conceptual model of the
study can be visualized, as depicted in Figure 1.
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Figure 1. Proposed model.

3. Materials and Methods

This article aimed to build an explanatory model through an empirical study to
examine healthy consciousness (HC), perceived quality value (PQV), perceived social
value (PSV), perceived emotional value (PEV), perceived financial value (PFV), and the
willingness to consume healthy brand foods (WCHBF) that takes place in the Peruvian
market. The study used a self-administered questionnaire using a quantitative, non-
experimental, and cross-sectional design approach [58].

3.1. Sample and Procedure

It is important to note that the study population is more representative of young people
since they are the ones who maintain a high tendency to consume healthy products [59,60].
For this study, Peruvian residents who stated that they consumed foods from a healthy
brand (Union brand) were summoned. The brand in question has been in the Peruvian
market for more than 90 years and, since its founding (1929), has sought products with a
high nutritional value index that provides, to a certain extent, the prevention of diseases. In
addition, being characterized by making healthy products available to the market, allowing
a healthy experience for the consumer, this brand is socially responsible by contributing to
the educational development of young university students by allowing them to finance
their studies through the sale of their products.

One solid condition for participants to take part in this study is that they had to be
of legal age and had to have consumed the Union brand. In addition, all participants
were informed about the research objectives and the use of the information collected.
Before proceeding with filling out the survey, they signed informed consent. Approval was
obtained from the school’s ethics committee of Postgraduate Studies of the Universidad
Peruana Unión, according to document 2023-CE-EPG-00041. The questionnaire was self-
administered and anonymous, thus increasing the probability of obtaining honest answers.
The survey was hosted in the Google Forms application and shared through social networks,
official academic WhatsApp groups, and official groups of the Union brand. Thus, the
participation of 518 individuals selected through non-probabilistic convenience sampling
was achieved [61], whose characteristics are detailed in Table 1.
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Table 1. Sociodemographic characteristics (n = 518).

Category Frequency Percentage

Age
18–25 451 87.0
26–33 41 7.9
34–42 14 2.7
43–50 6 1.2
51–58 6 1.2

Gender
Male 183 35.3
Female 335 64.7

Marital status
Married 30 5.8
Divorced 2 0.4
Single 486 93.8

Religion
Adventist 444 85.7
Catholic 57 11
Evangelical 7 1.4
Other 10 1.9

Academic formation
Secondary completed 19 3.7
Advanced technician 4 0.8
University (undergraduate) 462 89.2
University (postgraduate) 33 6.3

Family economic income
Up to 2 minimum salaries 266 51.4
From 3 to 4 minimum salaries 131 25.3
From 5 to 10 minimum salaries 92 17.8
From 11 to 20 minimum salaries 19 3.6
Greater than 20 minimum salaries 10 1.9

3.2. Measurement Scales

The digital questionnaire was structured in 3 sections: The first section presented
the instructions for filling out the questionnaire and the informed consent through the
statement “I agree to participate”. The second section contained the measurement scales
regarding healthy products, specifically the “Union brand”. And the third section was
composed of questions related to sociodemographic data such as age, sex, marital status,
religion, educational level, and family economic income. The constructs reached a high
level of reliability, with Cronbach’s alpha values of 0.951 for health awareness, 0.947 for
emotional value, 0.929 for perceived financial value, 0.954 for perceived quality value, and
0.929 for willingness to consume healthy brand foods. Willingness to consume healthy
brand foods (WCHBF) was measured in 7 items for each variable [62]. Using the proposal of
Köse and Kırcova [13], health consciousness (HC) was assessed using 7 items; however, to
measure perceived quality value (PQV), perceived social value (PSV), perceived emotional
value (PEV), and perceived financial value (PFV), 3 items were used for each construct
(Appendix A). All items were evaluated using a 5-point Likert-type scale, where 1 means
“Strongly disagree” and 5 means “Strongly agree”.

3.3. Statistical Analysis

The statistical analysis of this research was performed using a two-step approach: first,
the evaluation of the measurement model, and second, the evaluation of the structural
model [58]. For this purpose, the statistical software Smart-PLS version 4.0 was used to
perform the reliability test of the measurement model, such as discriminant validity and
convergent validity [58], and also to test the hypotheses of the structural model. In addition,
this study also used IBM SPSS version 25 software to analyze the demographic data of the
respondents, which are shown in Table 1.

To determine the influence of health consciousness on the dimensions of perceived
value and the influence of these on the willingness to consume foods from a healthy
brand (see Figure 1), the partial least squares structural equation model (PLS-SEM) was
used [63] since it is a comprehensive approach to multivariate statistical analysis, it involves
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several variables equal to or greater than three variables, and it includes structural and
measurement components to examine the relationships between each of the variables in a
conceptual model simultaneously [58].

The measurement instrument evaluation process examined three indicators. (1) In-
ternal consistency and reliability, in which Cronbach’s alpha and the composite reliability
(CR) indices were sought to be above 0.70. (2) Convergent validity is met when all items
of the construct have loadings greater than 0.70, and the average variance extracted from
the construct is greater than 0.50. Moreover, (3) the construct’s discriminant validity is met
when the coefficients of the Heterotrait–Monotrait (HTMT) indicator are below 0.85 [64].

To evaluate the structural model, it was first verified whether the relationships estab-
lished in the model were significant; for this, the p-value had to be less than 0.05. Next, two
indicators, R2, were examined to test the model’s predictive power. The adjusted R2 values
of 0.19, 0.33, and 0.67 are considered weak, moderate, and substantial, respectively [65].
Likewise, in behavioral studies, a value of 0.2 for R2 is acceptable [63].

4. Results

The results are presented in two stages: (1) measurement model evaluation, which
evaluates the validity and reliability of the measurement model, and (2) structural model
evaluation, which evaluates the structural model and addresses the relationships between
the constructs [63].

4.1. Evaluation of the Measurement Model

Regarding the convergent evaluation, Table 2 shows that all the items of the six
constructs comply with this validation since all the factor loadings were less than 0.70 [58].
Furthermore, it is confirmed that Cronbach’s Alpha and composite reliability are greater
than 0.70. Likewise, it is confirmed that all constructs’ average variance extracted is greater
than 0.50. Therefore, the convergent validity of the measurement model was excellent.

Table 2. Scale elements.

Predictor Code
Outer

Loadings
α

Composite
Reliability

(rho_a)

Composite
Reliability

(rho_c)
AVE

Healthy consciousness
(HC)

HC1 0.833

0.951 0.951 0.960 0.773

HC2 0.893
HC3 0.896
HC4 0.907
HC5 0.897
HC6 0.870
HC7 0.781

Perceived
emotional value (PEV)

PEV1 0.943
0.947 0.949 0.966 0.904PEV2 0.953

PEV3 0.925

Perceived
financial value (PFV)

PFV1 0.891
0.929 0.930 0.955 0.875PFV2 0.929

PFV3 0.907

Perceived
quality value

(PQV)

PQV1 0.945
0.954 0.954 0.971 0.917PQV2 0.920

PQV3 0.943

Perceived
social value

(PSV)

PSV1 0.963
0.952 0.953 0.969 0.912PSV2 0.953

PSV3 0.941

Willingness to consume
healthy brand food

(WCHBF)

WCHB1 0.800

0.929 0.931 0.943 0.701

WCHB2 0.778
WCHB3 0.779
WCHB4 0.778
WCHB5 0.826
WCHB6 0.809
WCHB7 0.785
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To evaluate this study’s discriminant validity, the Heterotrait–Monotrait criterion was
used. This criterion is met if the HTMT value is less than 0.95 [64]. Table 3 shows that this
criterion is met since the highest value is 0.781, well below the required limit. Therefore,
discriminant validity was established between the six constructs of the model.

Table 3. Herotrait–Monotrait (HTMT) matrix.

HC PEV PFV PQV PSV WCHB

HC
PEV 0.538
PFV 0.534 0.781
PQV 0.578 0.742 0.754
PSV 0.359 0.646 0.612 0.455

WCHB 0.561 0.721 0.673 0.724 0.535

4.2. Structural Model Evaluation

Table 4 and Figure 2 show the results of the structural model with path coefficients
between −1 and +1 [58]. The R2 coefficients of the present work for PQV, PSV, PEV, PFV,
and WCHBF were 0.333, 0.129, 0.290, 0.285, and 0.615, respectively. That is, the R2 values
had values from acceptable to substantial, except for PSV, which is weak. Therefore, the
values show that the variables of the present study explain an acceptable percentage of the
variance of the WCHB. The overall model fit was measured using the root mean square
residual (SRMR), resulting in a value of 0.035 for this indicator, below the recommended
threshold value of 0.080 [63].

 
Figure 2. Structural model.

Hypothesis tests and evaluation of path coefficients can be seen in Table 4. The results
show that HC positively and significantly influences PQV, PSV, PEV, and PFV, supporting
hypotheses H1, H2, H3, and H4. The results also show that PQV, PSV, and PEV positively
and significantly influence WCHBF, which supports hypotheses H5, H6, and H7. This
model indicates that PFV does not influence WCHBF, so H8 is not accepted.
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Table 4. Estimates of the proposed hypotheses.

H Hypothesis
Original

Sample (O)
Sample

Mean (M)

Standard
Deviation
(STDEV)

T Statistics
(|O/STDEV|)

p Values Decision

H1 HC -> PQV 0.577 0.577 0.039 14.829 0.000 Accepted
H2 HC -> PSV 0.359 0.360 0.049 7.312 0.000 Accepted
H3 HC -> PEV 0.538 0.539 0.044 12.284 0.000 Accepted
H4 HC -> PFV 0.534 0.534 0.042 12.673 0.000 Accepted
H5 PQV -> WCHB 0.405 0.407 0.071 5.693 0.000 Accepted
H6 PSV -> WCHB 0.121 0.122 0.057 2.114 0.035 Accepted
H7 PEV -> WCHB 0.289 0.288 0.086 3.375 0.001 Accepted
H8 PFV -> WCHB 0.069 0.068 0.082 0.848 0.396 Rejected

5. Discussion

The results of this study have shown that health awareness influences the perceived
quality of a healthy product. To support this finding, research has been identified that
indicates that the greater the health awareness, the higher the evaluation of the product’s
quality; this means that the health-conscious consumer usually seeks more information
about the quality of the product to be purchased [66,67]. Other studies that support the
results shown establish that nutritional knowledge allows consumers to reflect and make the
appropriate and informed decision regarding their diet, thus increasing health awareness,
a decision that is based on the evaluation of the quality of the food product [67,68] and is
that in a scenario where healthy products have attributes associated with higher quality
standards, they are recognized and valued with greater emphasis in consumers who
maintain health awareness [37,69].

According to the results, it has been shown that health awareness influences the
perceived social value of a healthy product. This finding is also reported by Sánchez-Feijoo
et al. [70], who establish that products from a brand with a social value that also seeks
common well-being have a better perspective from the perspective of a health-conscious
consumer [44]; these consumers are also the ones who have the greatest susceptibility to
opt for those products whose mechanism maintains and promotes social value [71]. In
addition, other research that supports the results of this study shows that health-conscious
consumers have a high tendency to know the social behavior of the company or brand in
the face of various environmental problems; therefore, their behavior tends to validate their
commitment to products and/or brands that, independently of meeting quality standards,
are aligned with social impact practices [72]; this means that health-conscious consumers,
beyond seeking benefits regarding their physical health, also seek a special contribution to
society [8].

Another factor that influences health awareness is the perceived emotional value of the
healthy product, as demonstrated in this study. In this regard, Zahid et al. [73] demonstrate
that affective emotions emerge with greater emphasis when a consumer identifies that the
consumption of a specific product generates well-being. That is, when he/she becomes
aware of his/her health, then repurchase behavior comes from this, which refers to a
scenario where the consumer reduces his/her susceptibility to consider alternative products
due to the attachment that has been created [74]. Under this same context and to support the
findings of this study, a recent study has been identified that refers to the health-conscious
consumer as that character who associates a healthy product with emotional value, and
that is that when a consumer believes in a product, and it meets their expectations of health
and well-being, an emotional relationship is generated, the same one that derives from a
pleasant experience [75,76].

Likewise, it has been found that health awareness influences the perceived financial
value. This result is completely consistent with the studies of Vieria [77], who established
that when a consumer chooses a healthy food, they also evaluate the price [78]. For example,
a low price could be a reason for consumer distrust [79]. In this sense, there is research
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that supports that healthy products must guarantee equity between quality and price since
health-conscious consumers seek to obtain nutritional benefits that ensure health care in
exchange for a financial value that the product or brand merits [80,81]. In this case, health
awareness influences the financial value when evaluating the nutritional benefit against a
justified and balanced price.

Another finding establishes that the perception of quality exerts a positive influence on
the intention to purchase healthy products. Research that has addressed this topic strongly
supports this behavior; according to Ordoñez et al. [27], perceived quality significantly
affects purchase intentions. Recent studies [38,39] have shown that quality is a relevant
aspect that can affect the purchasing decision when choosing a product or selecting a
brand [40]. Under this context, it is necessary that companies develop strategies to com-
municate quality attributes in order to achieve a true purchase intention for their products.
Likewise, there is other research that supports the results of this study by indicating that
one of the criteria that drives purchase intention is quality and that this criterion is part of
the consumer’s decision when purchasing a product [82,83].

Likewise, it has been shown that perceived emotional value influences the purchase
intention of healthy products; this finding is supported by researchers Sánchez et al. [84]
and Bonisoli and Micolta [85] who place special emphasis on specifying that emotional
value is part of a set of evaluative aspects that have a positive influence on the consumer’s
purchase intention; furthermore, another recent study has shown that the interaction
between emotional value and purchase intention of healthy products is explained by
consumer perception; that is, when they feel an important attachment between themselves
and the brand and/or product, they will not hesitate to choose it [86]. In this way, emotional
value assumes a leading role where the connection between the consumer and the product
is lasting, thus generating greater willingness to purchase when choosing a product, which
generates an important advantage for the brand over the competition since the barrier of
the purchase modality is not a limitation when the emotional value exists [87,88].

Another result, in the applied context, indicates that financial value does not influence
the purchase intention of healthy products; this result contradicts some previous research
that determines that price influences purchase decisions [89]. However, recent studies have
shown that when it comes to healthy products, quality plays a more important role in
purchase intention [90,91]. This means that financial value is not necessarily a determinant
of purchase intention. Furthermore, other research reveals that nowadays, consumers
prioritize their health and are willing to pay a high price if required [92,93]. With this
recent background, the results found in this study are supported, taking into account
that the financial value can be a decisive element depending on the context where it is
applied, being in the context of healthy foods a secondary factor that does not determine
the purchase intention.

In general terms, evidence has been found that health awareness influences three
dimensions of perceived value (perceived quality, social value, emotional value). This
means that every health-conscious consumer has a high tendency to value the quality of
health products more, granting greater social value to products due to the recognition
they have in the social environment, which means they experience a positive emotional
value. These multiple influences highlight how important it is for consumers to become
health conscious, thus avoiding negative outcomes regarding their health [94,95]. With this,
companies could establish clear policies that lead to capturing and achieving loyalty in
a segmented manner with customers that are health-conscious consumers while having
support from governments and health authorities, who maintain an important participation
in the improvement of public health conditions [96,97].

5.1. Theoretical and Practical Implications

Despite recognition that a healthy diet is economically fair, affordable, nutritionally
adequate, and safe, few countries have adopted healthy eating principles in government
dietary recommendations. Based on this study’s findings, marketing strategies can be
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developed to increase consumer preference for healthy branded products. To this effect, it
is necessary to promote consumer education so that they can have the ability to assertively
decide which healthy products to consume. Under this circumstance, companies are
called to use attractive packaging that draws the attention of the consumer by seeking the
collaboration of influencers to promote healthy eating.

Given the critical role that consumers’ health consciousness plays in healthy food
choices, marketers and government policymakers should focus on conducting educational
campaigns through various media channels to promote awareness about health topics
among consumers. In educational programs presented on various media and social media
channels, recognition of opinions from important leaders can effectively change consumer
attitudes and dietary choices. In addition to providing knowledge about healthy foods, mar-
keters can emphasize the psychological benefits of nutritious foods during the consumption
experience. Since food consumption is experiential and primarily related to consumers’
emotions, the psychological benefits associated with the consumption experience will
increase consumers’ willingness to purchase foods from healthy brands.

Alternatively, once this research is conducted, companies could source food products
tailored to the preferences and values of health-conscious consumers. If they offer health
benefits, they could also innovate by creating new ingredients and recipes low in sodium,
saturated fat, and added sugars.

Through market segmentation, food industries can easily find a market segment
that consists of health-conscious consumers willing to consume products from a healthy
food brand. Therefore, they can easily change production and marketing according to
consumer interests and preferences. They may even have a different product for health-
focused consumers. Likewise, they can collaborate with the health industry, nutritionists,
or wellness experts to be the recommended brand. Thus, brand credibility will increase. It
is also believed that restaurant companies can consider these options and offer healthier
alternatives to attract consumers from this segment. In this way, they can improve their
brand’s reputation by demonstrating a complete and genuine commitment to the health
and well-being of consumers.

Finally, this study can provide valuable information for companies to adapt their
strategies, policies, products, and operations to meet market demands aimed at population
health. Adapting to the desires of health-conscious consumers improves brand image,
reputation, and perceived value and contributes to the general well-being of society.

5.2. Limitations and Future Research

Although this study provides an in-depth understanding of how perceived value
theory predicts willingness to consume foods from a healthy brand and how health con-
sciousness may play a role in this prediction, there are limitations to the research. For
example, although we have information on the economic income of the study participants,
an analysis of the association of this income with the purchase of healthy products has not
yet been carried out. The reason for this is that homogeneous samples were not obtained
that would allow comparison. Under this context, it is proposed that future research
investigate whether the economic condition of individuals could be associated with the
willingness to consume foods from a healthy brand.

Another limitation of this study corresponds to the sample that was selected. It is a
non-probabilistic sampling that was used at the convenience of the researcher. As a result
of this, a high representation of women was obtained in the surveys, with a high number
of participants whose ages range between 18 and 25 years and a significant percentage of
participants who declared themselves to be Adventists (a group characterized by having a
differentiated lifestyle with respect to their diet, customs, and beliefs), which means this
could be a bias regarding the results obtained. The lack of balance between the number
of men and women could reduce the possibility of generalizing the results. Considering
this, it is proposed that future studies segment the sample in order to include a greater
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diversity of participants and carry out comparative studies between sociodemographic
characteristics such as religious belief, age, gender, and marital status.

On the other hand, the concept and knowledge of each study participant about
healthy brands have not been recorded; this could represent research bias because the
lack of this detail could vary respondents’ perceptions. Thus, it is proposed that future
investigations carry out a quasi-experimental investigation where, in the first instance, the
study population is made aware of the consumption of healthy foods, thus ensuring that
the participants have prior information regarding healthy foods.

Furthermore, other research could focus on qualitative studies that explore motivations
or barriers that influence an individual’s consumption decision when choosing healthy
foods. The results found would be key information to promote the choice of healthy foods
and increase awareness of health.

6. Conclusions

This study shows how the theory of perceived value can predict the willingness
to consume foods from a healthy brand, with health consciousness intervening in this
prediction. Thus, it is concluded that the population under study that consumes healthy
foods has experienced the positive impact of perceived value and reports that the factors
that comprise it influence their intention to consume nutritious foods. In this case, it
is important that healthy brand companies can consolidate and strengthen quality and
social, emotional, and financial value. This fact constitutes the option of activating two
agents of change that can contribute to the willingness to consume food. First, educational
institutions could be part of the change in consumer behavior since educational programs
can promote health consciousness, encouraging students to choose healthy foods in their
daily diet. On the other hand, there are also companies dedicated to producing healthy
foods; these assume a fundamental role by having the capacity to directly impact the
intention to consume healthy foods by consolidating the value of perceived components.
Focusing on the components of perceived value is part of a social initiative that aims to
influence the Peruvian population’s habits positively.

Likewise, the need to disseminate healthy food consumption patterns is conclusive.
For this purpose, actions must be taken to transform consumers’ attitudes and behaviors so
that they are willing to integrate alternatives that lead to healthy eating. This fact is noted
in a health-conscious approach.

Finally, considering that this research’s findings indicate that health consciousness
can influence perceived value, the need to establish strategies that place high relevance on
health consciousness is highlighted, extending from individual to collective decisions. For
this reason, it is necessary to integrate educational programs and health lectures that allow
the population to make better decisions regarding their diet.
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Appendix A

Table A1. Constructs and Items.

Construct Items Loadings

Healthy consciousness (HC)

Personally. . .
HC1 I reflect a lot on my health.
HC2 I am very conscious of my health.
HC3 I am alert to changes in my health.
HC4 I take responsibility for the state of my health.
HC5 I am aware of the state of my health throughout the day.
HC6 I look to choose foods that are good for my health.
HC7 I prefer food products without additives.

Perceived
quality value

(PQV)

Union brand products. . .
PQV1 They are always of good quality.
PQV2 They have a good presentation.
PQV3 They have an adequate useful life.

Perceived
social value

(PSV)

Consume Union brand products. . .
PSV1 It helps me feel accepted by others.
PSV2 Improves the way I am perceived.
PSV3 They give me social approval.

Perceived
emotional value (PEV)

Consume Union brand products. . .
PEV1 It gives me satisfaction.
PEV2 It makes me feel good.
PEV3 It gives me peace of mind.

Perceived
financial value (PFV)

Buy Union brand products. . .
PFV1 It offers good value for money.
PFV2 Worth the price.
PFV3 They have a reasonable price.

Willingness to consume
healthy brand food

(WCHBF)

I am willing to buy the following Union brand products. . .

WCHBF1 Bread (multiseed, special whole wheat flour fortified with iron and B vitamins,
bromate-free).

WCHBF2 Cookies (special whole wheat flour fortified with iron and B complex vitamins,
free of artificial coloring).

WCHBF3 Beverages (0% alcohol wine, sugar-free fruit juices, free of artificial colors
and flavorings).

WCHBF4 Granolas (mix of nuts, seeds, and cereals).
WCHBF5 Snacks (sticks with sesame, chia, kion, garlic, flaxseed, and omega 9, 6, and 3).
WCHBF6 Spreads (grape jam, peanut butter, and omega 6 and 9).

WCHBF7 Panettone (fortified with iron, contains source of fiber and source of protein,
contains omega 6 and 9).
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23. Bauerné Gáthy, A.; Kovácsné Soltész, A.; Szűcs, I. Sustainable Consumption-Examining the Environmental and Health Awareness
of Students at the University of Debrecen. Cogent Bus. Manag. 2022, 9, 2105572. [CrossRef]
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Abstract: Expert groups recommend that populations adopt dietary patterns higher in whole, plant-
based foods and lower in red and processed meat as a high-impact climate action. Yet, there is limited
understanding of populations’ willingness to adopt plant-rich dietary patterns. This study examined
United States (US) adults’ perceptions, beliefs, and behaviors towards plant-rich dietary patterns
and practices over a decade. Fifteen questions from the International Food Information Council’s
Food and Health Surveys (2012–2022) were analyzed across four sustainability domains (i.e., human
health, environmental, social, and economic domains). Most respondents had favorable perceptions
of environmentally sustainable food and beverages, but sustainability influenced less than half of
consumers’ purchase decisions. Plant-rich dietary pattern adherence increased across survey years
(12.1% [2019] to 25.8% [2022], p < 0.001). One-quarter (28.1%) of Americans reported reducing their
red meat intake over 12 months (2020–2022). Yet, another 15.5% reported greater red meat intake, and
18.8% reported greater plant-based meat alternative (PBMA) intake over 12 months. The percentage
of respondents who reported greater red meat and PBMA consumption in the previous 12 months
significantly increased across the years surveyed (2020–2022, p < 0.05). IFIC Survey findings highlight
growing US consumer awareness of health, environmental, and social sustainability but low adoption
of plant-rich dietary patterns and practices. Government leadership and coordinated actions by
health professionals, civil society, and businesses are needed to educate and incentivize Americans to
adopt plant-rich dietary behaviors, and greater industry transparency is needed to show how food
and beverage products support human and planetary health.

Keywords: sustainable diets; sustainability; eating behavior; red meat; plant-based meat alternatives;
planetary health

1. Introduction

The United States’ (US) food system and the average American dietary pattern are
not sustainable for supporting long-term human and planetary health and societal well-
being [1,2]. There is growing consensus that sustainable diets support nutrition security
and human health, environmental and ecological health, social equity, and economic
prosperity [3–5]. The Food and Agriculture Organization of the United Nations (FAO)
and the World Health Organization (WHO) emphasize that sustainable diets “promote all
dimensions of individuals’ health and wellbeing; have low environmental pressure and
impact; are accessible, affordable, safe, and equitable; and are culturally acceptable” to
support current and future generations [6].

Nutrients 2023, 15, 4990. https://doi.org/10.3390/nu15234990 https://www.mdpi.com/journal/nutrients182
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Reducing human consumption of red and processed meats (RPM) and shifting peo-
ple toward dietary patterns higher in minimally processed, whole-plant-based foods
(i.e., pulses, legumes, whole grains, nuts, seeds, fruits, and vegetables) is a high-impact
action that can mitigate the food system’s impact on climate change [1,7–9]. This strategy
has been recommended by US and international expert bodies to promote human and
planetary health [6,10–13].

The current Western diet followed by many Americans is characterized by excessive
intake of sugary beverages, meat, refined grains, and highly processed foods rich in added
sugars and sodium, as well as low intake of fruits, vegetables, nuts and seeds, whole
grains, and seafood [8,14,15]. The high US consumer demand for and overconsumption
of red meat (i.e., beef, pork, and lamb) and processed meats is of particular concern,
as diets rich in these products are linked to an increased risk of type 2 diabetes, heart
disease, stroke, and colorectal cancer in individuals and populations [16–18]. The large-
scale industrialized agricultural production of beef in the US contributes to environmental
degradation, as it requires significant water and land use compared to plant-based foods,
and produces substantial greenhouse gas emissions, especially methane, that negatively
impact the climate [8,19,20]. Many US dietary patterns align with the broader definition of
a sustainable diet devised by the FAO and WHO (Figure 1). These patterns can collectively
be described as plant-rich dietary patterns and are associated with lower NCD risks and
lower environmental impacts (or equivalent, in the case of the Healthy US-Style) compared
to the Western diet followed by most Americans [8,9,11,20,21].

Figure 1. Plant-rich dietary patterns that support sustainable dietary transitions for US adults [6–8,10,12,20].
* The environmental impact estimate is based on the level of animal-sourced protein intake, particularly
RPM intake, as there is substantial evidence to suggest that dietary patterns high in plant-based foods
and low in or free from animal-sourced foods have lower greenhouse gas emissions and land use. These
patterns may also have lower water and energy use, although this depends on the types of plant-based
foods consumed.

The emphasis on plant-rich dietary patterns has contributed to a steep rise in the
quantity of plant-based food products available in the US marketplace, particularly plant-
based meat alternative (PBMA) products, which aim to mimic the sensory attributes of
traditional meat products and undergo substantial industry processing [22,23]. PBMA
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products may offer environmental and animal welfare benefits compared to traditional meat
products [24,25]. However, there is limited evidence that these products will support human
health [22,26]. Many PBMA products lack the daily requirements of certain nutrients of
which animal-sourced foods are key sources (e.g., vitamin B12 and iron), raising concerns
about their use as direct replacements for red meat and other animal-sourced proteins [22,26].

The published literature provides limited insights on American adults’ perceptions,
beliefs, and behaviors regarding adopting plant-rich dietary patterns and practices, which
could inform community- and population-level strategies to drive greater sustainability
action. A 2023 scoping review on sustainable diet-related consumer attitudes and behaviors
found only three published US-based studies and four multi-country studies that included
US consumers [27]. Research into consumer perceptions and behaviors has mainly focused
on the health and environmental aspects of sustainability rather than the use of a multi-
dimensional approach that considers all four sustainability domains (i.e., human health,
environmental, social, and economic domains) [27,28]. Encouraging the adoption of plant-
rich dietary patterns requires greater understanding of Americans’ beliefs, motivations,
and behaviors for selecting food and beverage products that align with such patterns.

The National Health and Nutrition Examination Surveys (NHANES) are the US Gov-
ernment’s primary method for assessing trends in American adults’ health and nutritional
status [29], but these surveys do not currently include sustainable diet metrics. Since 2006,
the International Food Information Council (IFIC) has independently conducted annual
Food and Health Surveys that assess Americans’ perceptions, beliefs, and behaviors related
to food and beverage purchases and consumption, including sustainability components.
Several publications have described diet and health trends based on the IFIC Food and
Health surveys [30–32]. However, no published analysis has comprehensively examined
the sustainable diet metrics included in these surveys over the past decade (2012–2022).

The purpose of this study is to conduct a secondary data analysis of the annual IFIC
Food and Health Surveys carried out over the past decade (2012–2022). We sought to
analyze US adults’ perceptions, beliefs, and behaviors regarding plant-rich dietary patterns
and practices (e.g., reducing RPM intake and purchasing sustainable food and beverage
products) across four sustainability domains (i.e., human health, environmental, social,
and economic domains). Differences in perceptions, beliefs, and behaviors based on the
respondent’s age, gender, and household income level were assessed to identify how
different US adult sub-populations may contribute to sustainable dietary transitions.

2. Materials and Methods

2.1. IFIC Survey Participants and Data Collection Procedures

The 2012–2022 IFIC Food and Health Surveys were based on a representative sample
of the US adult population (aged 18 to 80 years old) and ranged from 62 to 84 survey
items each year. Weighting was used to ensure that the distribution of the sample reflected
that of the US adult population, guided by the latest annual Current Population Survey
available at the time of survey administration [33]. The samples were specifically weighted
by age, education, race/ethnicity, region, and gender. The surveys were collected online by
Greenwald and Associates using Dynata’s (formerly ResearchNow) consumer panel [34].
The IFIC Food and Health Surveys (2012 to 2022) were completed in an average of 24.2 min.
The survey sample size ranged from a high of 1058 respondents in 2012 to a low of
1002 respondents in 2017, with an average sample size of 1012 adult participants per survey
year. While select questions remained consistent across the survey years, the IFIC changed
some survey questions or response options each year. The full survey results by year are
available on the IFIC’s website.

2.2. Procedures

For this secondary retrospective study, Food and Health Survey data were obtained
through a formal request to the IFIC, after which the researchers independently analyzed
the data. Eleven Food and Health Surveys (2012–2022) were reviewed to identify and
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analyze questions relevant to at least one of the four sustainable diet domains (i.e., human
health, environmental, social, and economic domains) [4,5]. Relevant questions were those
that were asked in at least two Food and Health Surveys. Open-ended questions, as well
as responses that were not offered in at least two survey years, were excluded. Questions
about food access, food safety, food waste, and access to nutrition information were beyond
the scope of these surveys and, therefore, not analyzed in this study.

2.3. Analysis

A cross-tabulation analysis [35] using Statistical Package for the Social Sciences (SPSS)
version 29.0 [36] was conducted for 15 IFIC Food and Health Survey questions, as shown
in Supplementary Table S1. One question related solely to the health domain, five to the
environmental domain, seven to the health and environmental domains, one to the social
and environmental domains, and one to all four sustainability domains. Responses to
the 15 survey questions were analyzed by household income group to indirectly capture
components of the economic sustainability domain. All 15 questions were analyzed by re-
spondents’ age (categorized by generation, based on Pew Research Center definitions [37]),
gender, and household income level (Table 1). Questions were analyzed as single items
rather than summed or indexed. Survey responses were provided as means and ranges
or percentages. Chi-square analyses were conducted on selected questions to assess the
significance of trends across survey years. Given the changes in the annual IFIC survey
questions and response options over time, more detailed statistical analyses were not
feasible for some of the questions.

Table 1. Demographic characteristics of respondents used for the International Food Information
Council Food and Health Survey analysis (2012–2022).

Demographic
Characteristic

Groups Used for Analysis Source

Gender Male, female

2012–2018 Food and Health Surveys: “male” and “female”
were the only gender options that respondents could choose.
2019–2022 Food and Health Surveys: “prefer not to say”
and “other” response options were added. 1

Generation (years)

Silent Generation (born 1928–1945)
Baby Boomers (born 1946–1964)
Generation X (born 1965–1980)
Millennials (born 1981–1996)

Generation Z (born 1997–2012)

2012–2022 Food and Health Surveys: age was collected as a
continuous variable (18–80 years old).
Generational age based on Pew Research Center
definitions [37].

Household income
Lower income ($0 to <$75,000 USD)

Higher income ($75,000 to
$150,000+ USD)

The 2012–2022 Food and Health Surveys included six
income groups that were divided into two groups
(i.e., lower income and higher income) for this analysis. 2

USD = US dollars. 1 Only “male” and “female” options were analyzed for consistency across survey years, and
they are referred to as “men” and “women”, respectively, in this paper. 2 Individuals who responded “not sure”
or “prefer not to answer” for household income level were excluded from the income-related analyses.

3. Results

This section presents selected results from the cross-tabulation analysis of the 15 IFIC
Food and Health survey questions relevant to plant-rich dietary patterns and principles. One
question related to the adoption of or adherence to plant-rich dietary patterns. The other 14
relevant IFIC questions related to consumer perceptions, beliefs, and behaviors regarding
plant-rich dietary principles. These questions fell into four main categories: red meat and
plant protein consumption, sustainable food and beverage considerations, sustainable food
and beverage purchases, and access to sustainable food and beverage information.
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3.1. Plant-Rich Dietary Pattern Adherence

From 2019 to 2022, the percentage of respondents who reported following any plant-
rich dietary pattern (i.e., vegetarian, vegan, Mediterranean, plant-based, flexitarian, or
Dietary Approaches to Stop Hypertension [DASH]) in the past year more than doubled
(12.1% [2019] to 25.8% [2022], X2[1, N = 2060] = 62.788, p < 0.001). Younger consumers
(i.e., Generation Z [born 1997–2012] and Millennials [born 1981–1996]) were more likely
to follow a plant-rich pattern than older consumers (i.e., Generation X [born 1965–1980],
Baby Boomers [born 1946–1964], and the Silent Generation [born 1928–1945] [37]) across all
four years surveyed. In 2022, nearly twice as many young consumers reported following
plant-rich dietary patterns compared to 2019 (19.3% vs. 37.1%, X2[1, N = 748] = 26.894,
p < 0.001), while more than three times as many older consumers followed these dietary
patterns (9.0% vs. 17.3%, X2[1, N = 1312] = 20.307, p < 0.001).

Over this time period, vegetarian or vegan dietary pattern adherence varied between
3.1% (2021) and 6.1% (2022), with an average of 4.6% of respondents following vegetarian or
vegan dietary patterns. Mediterranean dietary pattern adherence ranged from 4.3% (2021)
to 5.8% (2020), with an average of 5.2% of respondents following this dietary pattern, while
DASH adherence was steady from 2019 to 2021 (1.9% average), before increasing to 5.5% in
2022. Adherence to a flexitarian dietary pattern significantly increased across the survey
years from 2.1% to 7.4% (2019–2022, X2[1, N = 2060] = 32.424, p < 0.001), while plant-based
dietary adherence increased from 4.0% to 11.8% (X2[1, N = 2060] = 43.624, p < 0.001) in
the same time period. Younger respondents were more likely to follow plant-based and
flexitarian dietary patterns than older generations in all four survey years.

3.2. Red Meat and Plant Protein Consumption

In 2016, the IFIC Food and Health Surveys asked consumers about their perceptions of
the healthfulness of animal proteins and proteins from plant sources (i.e., “plant proteins”)
and added questions about the consumption of these products from 2019. Across all
years surveyed (2016–2020), less than half of consumers (38.7% average) indicated that
animal proteins were healthy (range: 34.9–42.8%), compared to more than two-thirds (73.5%
average) that identified plant proteins as healthy (range: 69.4–75.4%). From 2016 to 2019,
the percentage of consumers who stated that animal proteins were unhealthy increased
from 10.3% to 16.4%, before dipping to 15.4% in 2020.

The consumption of animal and plant protein products was mixed across respondents.
About one-quarter (24.1% average; 2019–2020) of respondents reported that they actively
tried to consume animal proteins, while another one-quarter (23.3% average) tried to
limit or avoid them; more than one-third of respondents (38.1% average) actively tried to
consume plant proteins.

From 2020 to 2022, the percentage of respondents who reported eating somewhat or much
more red meat in the past 12 months increased from 13.1% to 18.7% (X2[1, N = 2059] = 12.248,
p < 0.001). Red meat consumption increased over time among both women and men. In
2020, respondents were more than twice as likely to report decreased (31.3%) versus increased
(13.1%) red meat intake. However, by 2022, this gap substantially decreased, as the percentage
of respondents who reported less red meat intake dropped to 27.1% compared to 18.7% who
reported eating more red meat. Women were more likely than men to report reduced red meat
intake across all survey years. Younger consumers were substantially more likely to report
increased red meat consumption in the past 12 months (25% average) compared to older adults
(10% average) in all three survey years (Figure 2). In 2020 and 2021, individuals with lower
incomes were more likely to report eating more red meat in the past 12 months than those
with higher incomes (15.5% vs. 12.4% average). However, in 2022, more individuals with
higher incomes reported increased meat intake (22.3%) compared to those with lower incomes
(17.8%).
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Figure 2. Changes in red meat consumption in the past 12 months among younger versus older
consumers, as captured in the International Food Information Council Food and Health Surveys
(2020–2022).

On average, nearly one fifth (18.8%) of respondents reported increased PBMA intake
in the past 12 months (2020–2022). Across the survey years, the number of respondents
who reported greater PBMA intake significantly increased (17.0% [2020] to 22.3% [2022],
X2[1, N = 2059] = 9.184, p < 0.05), particularly among men and individuals from high-
income households. In the 2022 survey, the wording for this question was updated from
“plant-based meat alternatives” to “plant-based meat and seafood alternatives”, which may
have contributed to this trend.

In 2020, 24.4% of respondents who reported increased PBMA intake also reported
increased red meat intake in the previous 12 months. By 2022, 41.0% of those who reported
increased PBMA consumption had also increased their red meat intake over the same
12-month period. Younger consumers were more likely than older consumers to report
greater PBMA intake (29% vs. 12% average, 2020–2022), while older adults were substan-
tially more likely to report that they never consumed PBMAs (Figure 3). From 2020 to
2021, 12-month PBMA intake was consistent between higher-income and lower-income
groups and increased among both groups in 2022, but especially among those with higher
household incomes.
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Figure 3. Changes in plant-based meat alternative consumption in the past 12 months between
younger and older consumers, as captured in the International Food Information Council Food and
Health Surveys (2020–2022).

3.3. Sustainable Food and Beverage Purchases

From 2012 to 2018, sustainability was consistently ranked as the least important fac-
tor in US consumers’ food and beverage purchase decisions following convenience, price,
healthfulness, and taste. On average, only one third of consumers (37.4%) believed that sus-
tainability had a substantial or great influence on their purchase decisions (range: 34.2–42.6%,
2012–2018). In the 2019–2022 surveys, “sustainability” was re-phrased to “environmental
sustainability”. Following this change, average consumer responses further declined to less
than one third (31.8%) of respondents who indicated that environmental sustainability had
a substantial or great impact on purchase decisions (range: 26.8–38.0%, 2019-2022) (Figure 4).
Taste was the most important factor for consumers across all years (2012–2022). Women
were consistently more likely than men to report that “sustainability” or “environmental
sustainability” influenced their purchases over the 11-year survey period.

In comparison, over the past decade, more than 60% of US consumers, on average,
indicated that healthfulness had a substantial influence on their food and beverage pur-
chases (range: 59.4–70.7%, 2012–2022). However, between 2012 and 2015, the percentage of
consumers who reported giving a lot of thought to the healthfulness of their food and bev-
erage consumption steadily decreased from 57.8% to 48%, and this figure further decreased
to 39.6% of consumers in 2022.

Most consumers, particularly women, considered whether food and beverage products
were produced in an environmentally sustainable way, and this figure was steady across
the survey years (64.4% average, 2012–2015). In 2022, the responses remained consistent,
with 65% of respondents indicating that they gave at least a little thought to sustainability,
24.1% of whom gave a lot of thought to this issue (Figure 4). Yet, only half of respondents

188



Nutrients 2023, 15, 4990

(50.8%) reported a belief that their individual food and beverage purchases had a moderate
or significant impact on the environment, up from 42.5% in 2021. Younger generations
were more likely to state that their dietary choices had a significant environmental impact,
which decreased with increasing generational age (2021–2022).

 
Figure 4. Consumer perceptions, beliefs, and behaviors towards the environmental sustainability
impacts of food and beverage products, as captured in the International Food Information Council
(IFIC) Food and Health Surveys (2012–2022).

When explicitly asked whether purchasing or consuming sustainably produced prod-
ucts was important, 74.9% of respondents reported that it was somewhat or very important
in 2016. This value decreased in 2017 but remained consistent between 52.6% and 57.8%
each year (2017–2021), even when “sustainable” was rephrased to “environmentally sus-
tainable” for the 2019–2021 surveys (Figure 4). Women were more likely than men to report
that purchasing or consuming sustainable products was important to them in each of the
years surveyed.

Among consumers who identified sustainable production as being important, conserv-
ing natural habitat and reducing pesticide use were the most important sustainable food
production aspects identified in all three of the years surveyed (2016–2018). Baby Boomers
and Silent Generation respondents were more likely than younger generations to identify
pesticide use as an important sustainability concern. Most consumers also indicated that
knowing where their food came from influenced their decision to purchase certain foods
and beverages (range: 52.7–56.2%, 2017–2020). In 2021 and 2022, consumers were also
asked about the significance of knowing that food system workers were treated in a fair
and equitable way on food purchases. More than half of respondents (59%) identified this
as important in 2021, although this number decreased to 44.7% of respondents in 2022.
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3.4. Access to Sustainable Food and Beverage Information

On average, nearly two-thirds (64.1%) of respondents, especially women, agreed
that it was hard for consumers to know whether the food choices that they made were
environmentally sustainable (2019–2020). Most respondents (61.2% average) also agreed
that if it was easier to find this information, it would have had a greater influence on
their food and beverage choices (2019–2021). Across the three years studied, younger
respondents were more likely to agree with this statement than older adults. Less than one
quarter of respondents indicated that they purposefully purchased foods labeled as organic
(26.5% average, 2019–2021), locally sourced (25.7% average, 2019–2021), environmentally
friendly (21% average, 2019–2020), or plant-based (15.5% average, 2020–2021).

Among individuals that identified environmentally sustainable food production meth-
ods as important (2019–2022), the most frequent identifiers of sustainably produced product
were recyclable packaging and labels that indicated locally grown, sustainably sourced,
and non-genetically modified organisms (GMO)/organisms that were not bioengineered
(Table 2). Consumers’ reported use of locally grown and organic labels to identify environ-
mentally sustainable food products showed a consistent decline across the survey years,
falling from 51.8% (2019) to 32.7% (2022) for locally grown labeling and from 43.4% (2019)
to 30.7% (2022) for organic labeling (Table 2).

Table 2. Food product characteristics that consumers reported using to identify environmentally
sustainable food products in the International Food Information Council Food and Health Surveys
(2019–2022).

Survey Year (n = Number of Respondents 1)

Response Option
2019

(n = 554)
2020

(n = 565)
2021

(n = 538)
2022

(n = 784)
2019–2022
Average

Recyclable Packaging 43.9% 45.5% 53.0% 40.8% 45.8%

Minimal/Reusable Packaging 37.0% 35.6% 42.4% 29.6% 36.2%

Labeled as Organic 43.3% 40.4% 34.8% 30.7% 37.3%

Labeled as Being Locally Grown 51.8% 43.4% 38.1% 32.7% 41.5%

Labeled as Sustainably Sourced 46.0% 47.1% 45.2% 35.1% 43.4%

Labeled as Non-GMO/Not
Bioengineered 46.2% 42.7% 35.7% 27.8% 38.1%

Labeled as Bioengineered/
Containing Bioengineered

Ingredients 2
N/A 17.0% 13.2% 16.5% 15.6%

GMO = Genetically modified organism. 1 This question was only asked to individuals who responded that
it was “somewhat important” or “very important” to know that the products that they purchase or consume
are produced in a sustainable way, so these totals do not align with the total survey participants for 2019–2022.
2 This response option was only offered in the 2020–2022 surveys.

When asked to compare two products with the same Nutrition Facts Panel, about
one-third of consumers believed that a product labeled as “having a small carbon footprint”
(32.7% average, 2021–2022) or one that was produced in an environmentally sustainable
way (38.1% average, 2019–2021) was healthier than an otherwise identical, non-sustainable
product. For both characteristics, younger consumers were more likely than older gener-
ations to identify these products as healthier for people and the planet. Similarly, more
than 40% of consumers believed that a food labeled as “plant-based” was healthier than an
identical alternative product (43.7% average, 2019–2021).

4. Discussion

The IFIC survey analysis is discussed in relation to other US-focused consumer re-
search and in the context of future research to better understand consumers’ sustainability-
related perceptions, beliefs, and behaviors. Policy and practice recommendations are
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provided to enhance the enabling environment for consumer behavior change with regard
to plant-rich dietary patterns and practices.

4.1. Plant-Rich Dietary Pattern Adherence

The IFIC survey results indicate Americans’ low overall adherence to plant-rich dietary
patterns, although adherence significantly increased across the survey years and within
specific populations. The finding that a small proportion of survey respondents followed a
vegetarian or vegan dietary pattern aligns with other US surveys that indicated the low
uptake of these patterns. Cramer et al. (2017) [38] found that an estimated 4% of Americans
had previously followed a vegetarian or vegan diet for health reasons, with 1.9% having
done so within the prior 12 months. Consumer surveys by Gallup (2018) and McKinsey
and Company (2022) indicated that 5–8% of Americans surveyed followed a vegetarian or
vegan diet [39,40].

Low adoption of plant-rich dietary patterns may be due to a lack of consumer aware-
ness of these dietary patterns or knowledge of their health benefits. For instance, when
the flexitarian dietary pattern was described in detail in a 2022 McKinsey and Company
consumer survey, 46% of consumers reported following this eating pattern (which was also
referred to as “casual vegetarianism”) [39]. A taste preference for meat versus plant-based
proteins and disparities in food access and agency (the ability to secure and prepare foods
and meals based on one’s context) could also play roles in the low adoption of plant-rich
dietary patterns among Americans [27,41].

These findings indicate a need for the provision of greater consumer education by
nutrition and health professionals regarding the health, environmental, and animal welfare
benefits of adopting such patterns. Educational or social change campaigns like Vegan-
uary [42] and the Have a Plant movement [10], which encourage reducing RPM intake and
its replacement with minimally processed plant-based foods, could be used to increase
consumer sustainability education and behavior change. While vegetarian dietary patterns
that eliminate many or all animal-sourced products generally have the lowest environmen-
tal impact [7,8], these patterns may not be acceptable to many Americans. Coordinated
efforts are needed to motivate consumers to adopt flexitarian plant-rich dietary patterns
(Figure 1) to support both human and planetary health.

4.2. Red Meat and Plant Protein Consumption

Studies from the US and other high-income countries have identified low consumer
awareness of the environmental impacts of meat production and consumption and low
willingness to reduce meat consumption [27,43,44]. Similar to the IFIC Food and Health
Survey findings, other recent studies and US consumer polls have indicated that Americans
are willing to reduce their meat intake for human health benefits more often than for
environmental or animal welfare concerns [27,39,45]. US men, particularly those from
low-income households, had higher total and red meat consumption than women and
were less likely to reduce meat consumption [45–47]. Greater red meat intake among men
has been linked to cultural associations between red meat and masculinity [46,47], which
may have contributed to the differences seen between genders in IFIC Surveys.

However, the IFIC Food and Health Survey data showed that a significant portion
of consumers increased their red meat consumption in recent years, which aligns with
analyses showing that per capita red meat consumption has increased in the US over
the past decade [48,49]. The Coronavirus Disease of 2019 (COVID-19) pandemic led to
decreased red meat production due to facility closures, workforce shortages, and increased
sanitation and cleaning procedures, which subsequently contributed to increased red meat
prices [50]. The finding that the percentage of Americans who reported greater red meat
intake increased amid the COVID-19 pandemic (2020–2022) was, therefore, unexpected.

The IFIC Food and Health Survey results indicated consumer interest in plant-based
proteins, coupled with increased consumption of PBMAs, in recent years. A separate 2022
IFIC survey on PBMA consumption found that 65% of Americans had consumed PBMAs
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in the past year, with healthfulness and high-quality protein cited as the two top reasons
for consuming these products [51]. The finding that young consumers reported greater
PBMA intake than older adults aligns with prior studies that found that individuals who
consumed PBMA products were more likely to be less than 35 years of age [52,53] and live
in high-income households (>$100,000) [53]. However, these studies also found that PBMA
consumers were more likely to be female [52,53], which was not supported by the IFIC
Food and Health Survey findings. The finding that many respondents reported increased
red meat and PBMA consumption within the same year supports the evidence suggesting
that consumers may eat PBMA products in addition, to rather than in place of, traditional
meat products [39,53].

The higher price of PBMA products compared to traditional meat products may have
contributed to the smaller increase in PBMA consumption among individuals with lower
compared to higher household incomes reported in the 2022 Food and Health Survey [54].
Likewise, nutrition insecurity and participation in federal nutrition assistance programs
increased during the COVID-19 pandemic [55], showing that a large proportion of the
US population faced financial burdens that may have been reflected in the differences
in increased PBMA and red meat consumption between household income groups. Yet,
given the increased meat prices during the COVID-19 pandemic [50], it was surprising to
find that in the 2022 survey, both income groups reported increased red meat intake in
the past 12 months (a reflection of their 2021–2022 intake). Government food assistance
initiatives (e.g., the Farmers to Families Food Box initiative and the Emergency Food
Assistance Program) that, during the COVID-19 pandemic, distributed US agricultural
products, including meats, to individuals and families in need may have contributed to
this increase [56]. The 2022 finding that individuals with lower incomes were less likely
to report increased red meat intake aligns with findings from Ritzel & Mann (2021) [46].
These researchers found that household income has a negative effect on total and red meat
consumption in the US [46]. However, the results of the 2020 and 2021 IFIC Surveys did
not support this trend. Future research should study how income differences affect US
consumers’ willingness and capacity to reduce red meat intake and increase consumption
of plant-based proteins.

Increased action is needed to nudge American consumers towards sustainable dietary
changes. Taxes on high-environmental-impact products like RPM, subsidies for low-impact
products, or making sustainable food choices the default at food outlets could be used to
shift consumer behavior to support planetary health [27,44]. Adopting subsidies for healthy
foods (i.e., fruits, vegetables, and whole grains) has the potential to reduce NCD deaths
and improve food access and economic health disparities in the US [57]. Given concerns
about the implications of highly processed PBMA products for human health, places, and
the planet [26], additional research and US Government and expert guidance is needed to
explain how consumers should incorporate these products into plant-rich dietary patterns.

4.3. Sustainable Food and Beverage Purchases

The findings of IFIC Food and Health Surveys indicate a discrepancy between con-
sumers’ perceptions of environmentally sustainable food and beverage products and their
behaviors. Although most adult consumers reported thinking about whether the products
that they purchased were produced in an environmentally sustainable way and supported
purchasing sustainable products, these thoughts did not appear to influence many con-
sumers’ purchasing decisions. A 2022 McKinsey and Company consumer survey also
found that while most US consumers (64%) identified sustainable solutions as important,
less than half of these consumers reported a willingness to pay more for sustainable options
or eat more sustainable products [39].

The past decade of IFIC Food and Health Surveys showed that US consumers ranked
environmental sustainability far below many other metrics (i.e., convenience, healthfulness,
price, and taste) that influenced their food and beverage purchase decisions. Similarly, a 2022
multi-country systematic review found that taste, price, and individual health influenced
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consumers’ food purchases more than environmental sustainability [43]. A 2022 assessment
of how American consumers’ shopping habits aligned with healthy diets for sustainable food
systems found that taste and economic factors, such as affordability and access, ranked above
environmental and social factors [58]. These results suggest that despite being interested in
supporting environmentally and socially sustainable products, consumers either purchased
fewer of these products or were unaware of how these products may support sustainable
diets. The 2023 IFIC Food and Health Survey revealed that most Americans were not willing
to pay more for healthier or socially sustainable products due to inflation and the consequent
rising prices of groceries [59].

The decrease in Food and Health Survey respondents’ recognition of the importance
of fair and equitable worker treatment between 2021 and 2022 may have been a result of
the COVID-19 pandemic. Vulnerabilities in the US food system and inequities and injustice
among food system workers deemed essential during the pandemic were at the forefront
of media coverage in 2020–2021 period [60,61].

Notably absent from the IFIC Food and Health Surveys were questions that addressed
economic sustainability principles, such as the impact of food accessibility and affordability
on consumers’ sustainability actions. Shifting towards more sustainable diets that sup-
port human and planetary health may not be affordable for low-income Americans [62].
This highlights the need to consider the economic sustainability domain when assessing
consumer behaviors and their policy implications [5]. Current research into sustainable
dietary patterns emphasizes the environmental and health benefits of such diets [4,27],
but additional research is needed to fully capture their economic and social implications
for Americans.

4.4. Access to Sustainable Food and Beverage Information

The IFIC Food and Health Survey findings indicate that consumers are interested in
but cannot access environmental sustainability information about the food and beverage
products that they purchase and consume. Similarly, a 2022 McKinsey and Company
consumer survey identified that nearly half of US consumers had trouble understanding
what actions to take to be more sustainable [39]. The IFIC Survey results also indicate that
consumers having a clearer understanding of how their dietary behaviors could influence
sustainability and drive greater adoption of plant-rich dietary practices. Consumers need
greater transparency from industry to access environmental and social sustainability infor-
mation. Advocates and civil-society organizations should hold industry accountable for
prioritizing the influence of their food and beverage products across all four sustainabil-
ity domains, as well as for publicizing this information through the annual reporting of
sustainability metrics.

Many US companies are adopting labeling schemes that highlight the ecological or
social sustainability aspects of their products, such as carbon footprint labels [63]. These
labeling schemes are voluntary and largely led by industry. The IFIC Survey results
indicate that consumers may misconstrue products with environmental sustainability
attributes (i.e., small carbon footprint labels, sustainable production methods) as being
implicitly healthier, creating a “health halo” around these products. Research indicates that
nutrition labeling can encourage consumers to make healthy choices and push industry
to reformulate products [64]. Yet, the complexity around capturing a product’s impacts
across the four sustainability domains and the lack of unified, independent certification
schemes and regulatory oversight raises concerns about the future of sustainability labeling
by industry and political actors [65]. Additional research is needed regarding the impact
of the US food and beverage industry’s sustainability labels and product attributes on
consumers’ perceptions and behaviors.

The finding that consumers’ use of locally grown and organic labels to identify en-
vironmentally sustainable products decreased across years (2019–2022) is unexpected, as
consumer demand for local and organic products has grown over the past decade [66,67].
However, this result aligns with the finding that only one-quarter of all respondents, on
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average, purposefully purchased organic or locally sourced food and beverage products.
Consumers’ use of all environmental sustainability food labeling characteristics declined
between 2019 and 2022 (Table 2), which could indicate growing consumer confusion
or distrust of food labels. There may be growing consumer awareness of the fraud or
greenwashing that has historically surrounded organic labeling [68], as well as the lack of
government oversight for many common food labels [69].

US government agencies are in the process of updating guidelines for sustainability
and eco-labeling claims [70,71]. Therefore, nutrition and health professionals, advocates,
and civil society should encourage the food and beverage industry to adopt independent
sustainability labeling schemes based on clearly defined criteria certified by third-party
organizations, such as the Cool Food Initiative adopted by Panera restaurant in partnership
with the World Resources Institute [72]. These efforts are needed to help consumers to
navigate through the abundant and unregulated labeling used to market food and beverage
products to identify those that support sustainability. However, research indicates that
given the sociocultural and economic barriers to accessing healthy and sustainable food and
beverage products, coupled with the low cost of many meat products, further information
alone will not drive consumers to adopt more sustainable behaviors [27,73]. Sustainability
labeling and education campaigns should be used in coordination with more intrusive
policy tools, such as taxes or food subsidies, to effectively drive behavioral change [73].

4.5. Strengths and Limitations and Recommendations for Future IFIC Food and Health Surveys

The strength of this study is the novel analysis of IFIC Food and Health Survey ques-
tions over a decade from a representative sample of US adults, providing insights into US
consumers’ sustainability-related perceptions, beliefs, and behaviors. The limitations of this
study largely stem from the design of the Food and Health Surveys. The cross-sectional na-
ture of the surveys limits researchers’ capacity to analyze changes in individual consumers’
perceptions, beliefs, and behaviors over time. Changes in the variety of questions asked
and response options provided from year to year further limited our capacity to analyze
trends and conduct more in-depth statistical analyses for certain questions. Across the
decade of IFIC Surveys, many changes were made to the wording of certain questions and
the response options provided. The authors have clarified where these changes occurred
throughout this paper, as detailed in Supplementary Table S1. These changes may have
impacted the results of this analysis.

The IFIC Surveys captured participant age data on a continuous scale, which the
authors categorized into generations for the purpose of this analysis. The limitations
in the representation of certain generational groups (i.e., low frequencies of Generation
Z respondents in earlier survey years) may have impacted the presence or absence of
generational trends observed across the surveys. While the IFIC Survey results are weighted
to reflect certain characteristics of the US population, the responses captured from the
~1000 survey respondents in each survey year may not be reflective of the perceptions,
beliefs, and behaviors of the entire US population. Some results presented in this survey,
therefore, may have occurred due to the differences in the individuals sampled across
survey years. The administration of the survey online also likely excluded those with low
digital literacy skills and those who lacked access to the internet or digital technologies.

The IFIC Survey questions are also not based on a publicly reported conceptual
framework for health behavioral change, which further limited our capacity to analyze
certain cognitive and behavioral outcomes related to sustainability. Future Food and Health
Surveys should standardize sustainability questions to allow for greater analysis of trends
in consumer responses over time. IFIC should also consider utilizing a research-grounded
conceptual framework for behavioral change to guide the formation of Food and Health
Survey questions. Future IFIC Surveys should use standardized sustainable diet-relevant
questions, so that the IFIC Surveys could serve as a reliable method for capturing ongoing
sustainable diet metrics for US adults.
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In addition to supporting human and environmental health, sustainable diets and
food systems must also advance social equity and economic prosperity for current and
future generations [4,6]. Future IFIC Food and Health Surveys should, therefore, include
additional questions that address economic and social sustainability domains that have been
under-represented in these surveys over the past decade. Additional consideration should
be given to developing questions that can help to better assess Americans’ perceptions of
and interest in reducing RPM intake and adopting sustainable dietary principles in line
with expert recommendations, such as the frequency, types, and portion sizes of animal
and plant protein intake by Americans.

In the 2012 to 2018 IFIC Food and Health Surveys, “male” (described as “men”) and
“female” (described as “women”) were the only two gender options from which survey
participants could choose. In 2019, “other” and “prefer not to say” were added as options
but were not included in this analysis (Table 1). Future IFIC surveys should incorporate
additional gender options to be more inclusive of and better capture the breadth of the
gender identities of US adults. Moreover, IFIC Survey findings may not be applicable to
other high-income countries or to US children or adolescents.

5. Conclusions

The IFIC Food and Health Survey findings from the past decade indicate US consumer
awareness of and interest in health, environmental, and social sustainability principles but
low adoption of plant-rich dietary patterns or practices, especially to reduce RPM intake.
Greater action is needed by health and nutrition professionals, industry, civil society, and
governments to educate and nudge consumers to adopt plant-rich dietary patterns and
reduce or replace RPM intake to support the health of people and the planet.
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Figure Legend

In the original publication [1], there was a mistake in the caption for Figure 1, as
published. The caption for Figure 1 is missing a permission statement. The corrected
caption appears below.

Figure 1. Summary of the PDI metrics scoring process. Abbreviations used: oPDI,
overall plant-based dietary index; hPDI, healthful plant-based dietary index; lhPDI, less
healthful plant-based dietary index. Created with Canva, adapted with permission from
Sarah E. Jarvis.

The authors state that the scientific conclusions are unaffected. This correction was
approved by the academic editor. The original publication has also been updated.
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