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ABSTRACT
Personalized nutrition holds tremendous potential to improve human health. Despite exponential
growth, the field has yet to be clearly delineated and a consensus definition of the term
“personalized nutrition” (PN) has not been developed. Defining and delineating the field will foster
standardization and scalability in research, data, training, products, services, and clinical practice;
and assist in driving favorable policy. Building on the seminal work of pioneering thought leaders
across disciplines, we propose that personalized nutrition be defined as: a field that leverages
human individuality to drive nutrition strategies that prevent, manage, and treat disease and opti-
mize health, and be delineated by three synergistic elements: PN science and data, PN profes-
sional education and training, and PN guidance and therapeutics. Herein we describe the
application of PN in these areas and discuss challenges and solutions that the field faces as it
evolves. This and future work will contribute to the continued refinement and growth of the field
of PN.

TEACHING POINTS

� PN approaches can be most effective when there is consensus regarding its definition and
applications.

� PN can be delineated into three main areas of application: PN science and data, PN education
and training, PN guidance and therapeutics.

� PN science and data foster understanding about the impact of genetic, phenotypic, biochemical
and nutritional inputs on an individual’s health.

� PN education and training equip a variety of healthcare professionals to apply PN strategies in
many healthcare settings.

� PN professionals have greater ability to tailor interventions via PN guidance and therapeutics.
� Favorable policy allows PN to be more fully integrated into the healthcare system.
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nutrition; evidence-based
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Introduction

Personalized nutrition (PN) is rooted in the concept that
one size does not fit all; differences in biochemistry, metab-
olism, genetics, and microbiota contribute to the dramatic
inter-individual differences observed in response to nutri-
tion, nutrient status, dietary patterns, timing of eating, and
environmental exposures. PN has been described in a variety
of ways, and other terms such as “precision nutrition,”
“individualized nutrition,” and “nutritional genomics” have
similar, sometimes overlapping, meanings in the literature.
Boorsma et al. state that “Personalized nutrition tailors diet-
ary recommendations to specific biological requirements on

the basis of a person’s health status and goals,” focusing on
the clinical and biological aspects of nutrition practice (1).
This conception of PN as related to nutrition recommenda-
tions or advice for disease management and/or health opti-
mization is echoed by many (1–7). A 2018 paper by
Ordov�as et al. describes PN as an “approach that uses infor-
mation on individual characteristics to develop targeted
nutritional advice, products, or services,” expanding the
scope beyond clinical interventions (5). While these defini-
tions vary somewhat, experts agree that the goal of PN is to
advance human health and wellbeing by tailoring nutrition
recommendations and interventions to individuals or groups
of individuals with similar traits; it may integrate a variety
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of inputs including clinical assessments, biomarkers of
physiological function and pathological processes, genetic
information, data from biosensors such as activity trackers,
and other available data derived from advanced technologies
(1, 2, 4, 5, 8, 9).

Several distinguishing characteristics describe the discip-
line of PN: (1) PN has emerged relatively recently; (2) PN is
rooted in scientific evidence; (3) PN relies on analytical
technologies as well as the coaching of trained practitioners;
(4) PN is multidisciplinary, drawing on knowledge from
other fields such as genomics, epigenetics, systems biology,
medicine, and behavioral sciences in addition to traditional
nutrition science and clinical practice; and PN enables fur-
ther tailoring of interventions to meet the needs of individu-
als or specific groups of people (1, 10).

In its 2016 position paper by Ferguson et al., the
International Society of Nutrigenetics/Nutrigenomics (ISNN)
proposed that tailoring nutrition recommendations to individ-
uals or groups of people in this way “should be more effective
at preventing chronic diseases than general recommendations
about diet…Recognition of diverse individual nutritional
needs and responses to diet are changing standards of nutri-
tional care, creating new possibilities for this field” (11). Given
the considerable potential of PN to contribute to health and
wellness, a consensus definition and delineation of the field is
imperative to promoting efforts in research, education, clinical
practice, and policy that may be applied in a variety of settings
for the betterment of human health and wellbeing (5). This
paper describes the need for PN, proposes a consensus defin-
ition of the term, and delineates three elements of PN as a
novel, multi-disciplinary framework for the field: PN science
and data, PN professional education and training, and PN
guidance and therapeutics. Further, we outline the areas of
research informing PN, its therapeutic potential, and the chal-
lenges inherent to this emerging field.

Why is PN needed?

PN addresses the chronic disease crisis

The U.S. is gripped by a crisis of chronic disease. Seven of
the top ten leading causes of death in the U.S. are chronic
diseases, most of which are considered preventable (12). In
2014, about 60% of American adults suffered from at least
one chronic disease (in addition to 27% of children) and
about a quarter of Americans had multiple chronic condi-
tions (13–15). It is well established that poor nutrition is a
primary driver of chronic disease, particularly cardiometa-
bolic conditions and diet-related cancers. These conditions
are also among the leading causes of death in the United
States and globally (16, 17). A recent systematic analysis for
the Global Burden of Disease (GBD) sought to discern the
disease-specific burden attributable to a variety of dietary
risk factors; in 2017 approximately 11 million global deaths
and 255 million disability-adjusted life years (DALYs) could
be attributed to dietary risk factors (17). A study in the
same year estimated that nearly half of all deaths due to car-
diometabolic diseases in the U.S. can be attributed to poor
diet (18). Mounting evidence continues to suggest that diets

rich in vegetables, fruits, whole grains, legumes, and nuts
are associated with lower risk of cardiometabolic diseases
across various adult subgroups (19, 20).

Nutrition-related chronic disease is a global problem, and
the effects are not restricted to adults or those nearing the
end of life. The “first 1000 days” concept points to the crit-
ical period of physiological and brain development from
conception to 2 years of age. Early life exposures to poor
nutrition may program children for long-term health effects
including obesity, metabolic conditions, and cardiovascular
diseases – those responsible for the most deaths globally (21,
22). Such findings have placed nutrition and lifestyle inter-
ventions to modify disease risk across the life cycle at the
center of much contemporary research.

Despite the evidence that it is core to a comprehensive
approach to addressing complex chronic disease and pro-
moting human health, personalized nutrition is largely
absent from our healthcare culture and system. The current
model for treating chronic disease is a result of break-
throughs during the last century, primarily targeting acute
conditions, wherein single-agent causes of illness were iden-
tified and single-agent pharmacologic treatments were devel-
oped. However, chronic diseases are now the major causes
of death and disability in both developed and developing
countries, outpacing the rates of acute diseases in many
nations (23, 24). Notwithstanding, medical research, practi-
tioner education, clinical care, public and private health pol-
icy continue to skew toward application of the acute-care
model to complex, multifactorial conditions that develop
over time. A disease-centered, acute care approach is ill-
suited to chronic conditions that have multiple causes and
impact multiple biological systems, as they typically have no
single agent of action indicating a clear single intervention
(25). These factors, often hidden from view, must be uncov-
ered and approached comprehensively, from the standpoint
of the individual’s unique circumstances. Thus, PN seeks to
elucidate and beneficially influence how diet shapes an indi-
vidual’s response to nutrients and, reciprocally, how genetic
makeup impacts nutrient metabolism and nutrient require-
ments in service of optimizing health and function.

Implications for PN policy framework and
healthcare costs

Treating NCDs within the current healthcare model
accounts for a staggering 90% of our nation’s $3.3 trillion
healthcare costs (26). In fact, over 90% of total health care
spending in the United States is attributed to care for
Americans with one or more chronic condition(s) (13). As
noted, many national chronic disease organizations, as well
as the U.S. Department of Agriculture, have posited and
promoted nutrition recommendations as preventive and
adjunctive measures to reduce the incidence of chronic dis-
ease and the cost of treating these conditions. Yet, steady
and increasing rates of most chronic lifestyle diseases and
skyrocketing healthcare spending reveal that that translation
and implementation continue to be major hurdles, and that
the current model is unsustainable.
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A 2010 National Alliance for Nutrition and Activity
report aiming to quantify the benefit of healthy nutrition
suggested that eating healthfully could save at least $87 bil-
lion per year in medical costs, lost productivity and lost lives
(27). Thus, there is great need for a policy framework to
support nutritional approaches to health care that are driven
by the science of PN. At the county, municipal, or commu-
nity level, policy can be applied to create health initiatives
that focus on the health and wellbeing of individuals within
their communities by considering the local environment,
demographics, social determinants of health, community
culture, and resources. PN science and data can inform poli-
cymakers and community decisionmakers in crafting initia-
tives that promote and improve access to health-promoting
resources including greater availability of healthy food and
the ability to access affordable, culturally congruent nutri-
tion education and counseling in their communities.

Toward greater personalization in public
health guidelines

Why have nutrition guidelines thus far failed to slow the
epidemic of the chronic disease epidemic? Surveys suggest
that 80% of Americans encounter conflicting nutrition infor-
mation, and that 59% doubt their nutritional choices (28). A
study by the International Food Information Council
Foundations entitled “Views Toward Nutrition and
Healthful Eating Among Millennials” found that most young
Americans get their nutrition and health information from
social media or news sources (primarily online, television, or
print media). Furthermore, millennials are skeptical of nutri-
tion information, distrusting the credibility of any source
based on a perception that nutrition recommendations are
often promulgated by industry groups who stand to profit
from them (29). With limited access to clear, science-based,
unbiased nutrition information, public trust in generalized
nutrition guidelines is compromised.

By definition, national recommendations such as
Reference Dietary Intakes (RDIs) and Dietary Reference
Intakes (DRIs) established by government agencies for par-
ticular nutrients are broadly stratified by demographics
(stages of the life cycle, age, and sex). Various public health
organizations go a step further than general population or
public nutrition guidelines, incorporating a degree of cus-
tomization into nutritional guidelines and recommendations
for the treatment and recovery from the chronic conditions
they seek to remediate (30–32). However, these guidelines
have only limited ability to address the myriad inputs that
influence the unique manifestation of an individual’s health
or disease status (4).

Meaningful changes can be made in the lives of individu-
als and communities with small, targeted changes to diet,
even in the absence of extensive data and one-on-one nutri-
tion counseling. For example, a growing body of research
points to the protective nature of plant foods against NCDs
(33). Thus, generalizable nutrition recommendations have
been, and can be, drawn from the existing evidence base to
guide public policy; however, “eat your fruits and

vegetables” messaging does not sufficiently address inter-
individual variability and has proven to be of limited utility
in stemming the tide of chronic diseases.

Proposed definition and delineation of
personalized nutrition

Given the need for PN in health care and its potential
impact on human health, we propose the follow-
ing definition:

Personalized nutrition is a field that leverages human
individuality to drive nutrition strategies that prevent, man-
age, and treat disease and optimize health.

There are three elements, or areas of application, that
delineate the field of PN: PN science and data, PN profes-
sional education and training, and PN guidance and
therapeutics.

These elements are further described below as discrete
areas of application, and a discussion of their interdepend-
ence follows.

The elements of PN

PN is delineated by three elements that form and inform
one another (Figure 1); advances in any element initiate and
necessitate advances in the others to fully equip thought
leaders, scientists, and practitioners. Each offers a unique set
of tools and perspectives that, together, position PN to con-
tribute to improved health care and its delivery.

1. PN Science and Data builds upon knowledge gleaned
from traditional research methods such as observational
studies and randomized controlled trials (RCTs), along
with other human interventions and “citizen science” or
crowdsourced data projects (9, 34). Blumberg et al.,

Figure 1. The elements of personalized nutrition.
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assert that “advancing evidence-based nutrition will
depend upon research approaches that include RCTs
but go beyond them.” (9) Emerging and advanced
omics technologies also contribute to the robust PN
knowledge base. Marrying methods and technologies
enables better understanding of the potential impact of
nutrition interventions on individuals and groups of
people based on pertinent inputs and variables.

2. PN Professional Education and Training integrate
established nutrition science with PN science and data
and advanced research methods. It incorporates trad-
itional clinical care concepts with current, advanced PN
interventions for health promotion and disease manage-
ment. The clinical efficacy of PN requires that practi-
tioners are adequately trained to apply this knowledge
in practice. Laddu and Hauser note that while PN
research continues to expand, the translation into clin-
ical action and its utilization by healthcare practitioners
lags behind. They recommend that general nutrition
education be improved at all levels, including health
professional training programs and continuing educa-
tion (2). PN should be utilized by a variety of healthcare
professionals and, thus, training and education should
be appropriate to the level of application.

3. PN Guidance and Therapeutics are clinical approaches
in which the individual client or patient is central to the
care process and the development of meaningful recom-
mendations, mirroring the emerging model of personal-
ized medicine. Interventions are designed based on the
fullness of available objective data including anthropo-
morphic, biochemical, genetic, microbial and/or omic;
in addition to socio-behavioral and subjective factors
such as personal and family history, cultural back-
ground and personal beliefs and preferences. In the PN
paradigm, health and disease are not viewed as binary,
but as existing along a continuum of function. Systems
are not viewed in isolation, but in relationship to one
another. The PN practitioner can map areas of greatest
importance across function and systems in order to

more fully understand an individual’s phenotype and
nutritional needs and advise accordingly.

Richer and more robust data can lead to more targeted
recommendations and interventions (Figure 2).� Results can
be achieved to enhance quality of life and health outcomes
with protocols developed based on standard nutrition
intakes and assessments. When the practitioner has access to
additional data for those with specific traits or health condi-
tions, the practitioner can further tailor evidence-based strat-
egies and interventions for individuals or subgroups with
certain attributes such as insulin resistance or impaired
immunity. Tools such as genomics and functional testing
may be utilized for further impact on the health and behav-
ior of individuals now and in the future (3, 35–37). This is
important as growing evidence suggests that personalizing
nutrition guidance and recommendations leads to more sus-
tainable and effective behavior change on an individual level
(38, 39).

The PN care model

An individual’s health status is not simply the presence or
absence of a diagnosable disease, but rather the culmination
of the interplay of systems and inputs - some inherited,
though the majority a result of environmental exposures,
diet, and lifestyle. By understanding data that reflects the
entirety of a patient’s unique circumstances, health history,
and functional imbalances, the practitioner is able to inter-
vene at any stage: disease prevention, subclinical symptom
management, disease manifestation and progression, health
optimization, and performance enhancement.

The proposed definition of PN points to the formulation
of strategies that, when applied, prevent, manage, and treat
disease and optimize health. A supportive care model creates
a framework enabling PN practitioners to achieve a greater
level of personalization, and allows individuals and groups
of people to benefit from strategies based on their unique

Figure 2. Interaction of PN Science & Data with PN Guidance & Therapeutics.
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traits. This care model reflects aspects of accepted care
models utilized across healthcare professions: (1) assess-
ment, (2) interpretation, (3) intervention, and (4) monitor-
ing and evaluation, and is adapted to meet the need for
emerging personalized care incorporating new technologies
that expand clinical tools in PN. As in other care models,
the PN Care Model (Figure 3) is cyclical, allowing for con-
tinual refinement of interventions to achieve the desired
outcomes. More research is needed before PN will take its
place as a centerpiece of our healthcare system (5).
However, as PN science and data allow us to understand
more about the impact of genetic, phenotypic, biochemical,
and nutritional inputs on an individual’s health, PN profes-
sionals will have greater ability to tailor interventions (5).
A personalized model of care is the hallmark of this clinical
approach.

Assessment
Extensive assessment and ongoing patient input and feed-
back provide quantitative and qualitative information that
enable the PN practitioner to gain greater understanding of
the unique landscape of the individual. Readiness, motiv-
ation, behavior, sociocultural preferences, symptoms and
manifestations of dysfunction are considered alongside
results of objective assessments. These include, but are not
limited to, biochemical assays, advanced analyses of inflam-
mation, oxidation and environmental contaminants, nutri-
tional genomic reports, and microbial panels. Consideration
of both subjective and objective input empowers the practi-
tioner to create a framework for care and identify the most
fruitful areas of focus and intervention.

Interpretation
The PN assessment is evaluated through the lens of the rap-
idly evolving body of PN scientific evidence. The PN profes-
sional considers the fullness of data gathered to create a
roadmap of an individual’s function or dysfunction and
repletion or depletion across body systems and biochem-
ical pathways.

Intervention
The PN practitioner uses the data and roadmap developed
to design actionable interventions, education, counseling and
ongoing care to address manifestations of dysfunction (i.e.
symptoms) as well as the underlying root causes of imbal-
ance. Interventions can include changes to diet; targeted
nutraceuticals; lifestyle factors such as movement, sleep, and
stress management; and food-related behaviors such as tim-
ing of eating, eating environment, fasting, food selection,
food storage, and food preparation.

Monitoring and evaluation
Ongoing monitoring and evaluation are crucial to a
robust care model, as they enable further personalization
of interventions throughout the duration of the care pro-
cess. The PN practitioner regularly assesses subjective
input and collects objective data in order to hone and
refine therapeutic intervention strategies to build self-effi-
cacy and behavior change in the individual, thereby opti-
mizing quantitative and qualitative measures of an
individual’s health.

Figure 3. Personalized nutrition care model.
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Integration of PN into clinical practice

In the PN model, more targeted interventions and more
effective prevention and treatment may be possible as PN
practitioners are equipped to assess multiple inputs and
determine their distinct and collective roles in an individu-
al’s health trajectory. For instance, as genetic testing
becomes more affordable, accessible, and popular, practi-
tioners and the public have increased awareness of and
access to information about gene variants that may play a
role in health and disease. Genetic reports often include
nutritional recommendations based on an individual’s gen-
ome. Nielsen and El-Sohemy found that “DNA-based dietary
advice results in greater changes in intake for some dietary
components compared to population-based dietary advice,”
results that suggest potential for the impact of gene-based
testing on tailoring recommendations to individuals (34).

To this end, the important role of the nutrition profes-
sional should be considered. Zubair et al. conducted an
observational study in 2531 participants enrolled in a pro-
gram that combined multiomic data with personalized
coaching via phone. They looked at the program’s impact
on 55 clinical markers and the impact of genetic predispos-
ition on changes to those markers. The results revealed
“sustained improvements” in anthropometric, nutrient,
inflammatory and cardiometabolic risk markers in particu-
lar, improvements to hemoglobin A1c. Their results also
demonstrated that genetic markers could be associated with
longitudinal changes to these clinical markers. They con-
cluded that: “Overall, these results suggest that a program
combining multi-omic data with lifestyle coaching produces
clinically meaningful improvements, and that genetic predis-
position impacts clinical responses to lifestyle change” (40).

Similar findings emerged from a study by Araujo
Almeida et al., of 478 people who received the results of a
genetic test with or without practitioner-facilitated education
and interventions. The group that received practitioner-
facilitated nutrition interventions had “greater improvements
in diet quality…when compared with receiving a standard
gene test report” (36). Studies such as these suggest that the
optimal path to achieving long-term goals and outcomes
may be a collaborative approach leveraging available tech-
nologies that analyze data and assist with tailoring recom-
mendations, facilitated by trained professionals.

Advances in science & technology enabling PN

The omics sciences

The “omics sciences” - nutritional genomics, epigenomics,
transcriptomics, metabolomics, proteomics, microbiomics,
and others - inform the elements of PN: PN research, PN
education and PN practice. PN considers omics analyses
that identify relevant molecules (metabolites, proteins,
microbes, genes) in conjunction with analyses of body sys-
tem function, nutritional, and environmental inputs, allow-
ing for a more comprehensive understanding of an
individual’s health circumstances and needs (10, 41, 42).
Bland, Minich, and Eck describe how these omics sciences

and technologies inform personalized practice by allowing
PN practitioners to evaluate, track and map complex gene
expression, proteins, and metabolites noting that, while
promising, our ability to translate omics data into relevant,
personalized guidance and clinical interventions is still nas-
cent and both the data and any resulting recommendations
require scrutiny (10).

Nutritional genomics

Nutritional genomics is a specific area of research exploring
the interaction between genes, nutritional components, and
health outcomes (43). Nutritional genomics research informs
a broadening and deepening understanding of the interac-
tions of genes, nutritional components, and health toward
the application of personalized approaches, particularly
within certain populations with similar traits (43). Many
variants are being prioritized for future research of geno-
type-directed population-specific nutrition strategies.

Microbiomics

Highly individualized microbial communities residing in the
gut exert influence on digestion and assimilation, thereby
impacting the nutrients derived from food. These microbes
also work to shape human metabolism by contributing their
own exogenous enzymatic functions (44, 45). The interplay
of food and nutrients with the microbiome and our genetic
material influences the systems and biological processes that
lead us toward health resilience or dysfunction and disease.
In addition to risk for diabetes and obesity, the microbiome
has been implicated in a variety of other biological processes
such as modulation of host immune function and modula-
tion of neuroinflammation impacting brain function (42,
46). Interactions between food, genomics, and microbiomics
“could become the new challenge for the future in prevent-
ive medicine” (42). Thus PN will play an important role in
elucidating these interactions and developing tools and strat-
egies for the prevention, management, and treatment of a
range of chronic diseases.

Promising clinical applications for PN

Approaches to therapeutic diets

Although therapeutic dietary patterns are often embedded
into PN plans, they must be individualized in order to exert
greatest positive health outcomes. Two examples are dis-
cussed here along with PN perspectives on modifications to
tailor these therapeutic dietary patterns to subgroups or
individuals.

Allergen-free diets have the common aim of removing
immunological triggers from an individual’s diet. These
plans may be indicated for the treatment of known allergies,
intolerances and sensitivities or for the identification of
unknown triggers via elimination diet. An allergen-free diet
is typically tailored to the individual by a PN practitioner
based on the specifics of their response, the type of immune
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reaction (ex. IgE or non-IgE mediated), and other contribu-
ting causes such as lack of enzymes or gastrointestinal fac-
tors. Some examples of allergen-free diets include peanut
free, tree nut-free, low FODMAP, gluten-free, and casein- or
dairy-free (47–49). Tree nut and peanut allergies are some
of the most severe IgE mediated food allergies, and avoid-
ance is considered the most effective clinical strategy.
However, alternatives to complete avoidance of tree nuts are
being proposed. By employing “selective avoidance” for
those with tree nut allergies who are clinically tolerant to
only some tree nuts, personalized approaches can expand
the diet and mitigate the development of additional allergies
(50). Furthermore, food allergy prevention is being recom-
mended, with early introduction of allergenic food in infants
to build immune tolerance (51).

Some of these diets are being considered in the treatment
of non-allergic conditions. For example, gluten-free diets are
being explored for the treatment of a diverse range of condi-
tions for which gluten has been implicated in the pathology,
such as gluten-related gastrointestinal, autoimmune, skin,
nervous system, psychiatric, and neurological conditions
(52–57). Researchers continue to explore predictive factors
for successful application of these and other therapeutic
diets based on genetic, clinical, biochemical and demo-
graphic inputs.

Ketogenic diets are designed to drive metabolism into a
state of ketosis, providing ketones as a primary source of
cellular fuel. The hallmarks of ketogenic diets are low-carbo-
hydrate and high-fat; however, the macronutrient ratios
needed to promote and maintain ketosis varies from person
to person. Additionally, ketogenic diets can be tailored to
the specific lifestyle and preferences of an individual, such
as a vegan ketogenic plan. Thus, personalization is involved
in the clinical decision to select a ketogenic diet, the identifi-
cation of the most appropriate ketogenic diet for that indi-
vidual, and the most effective duration of the diet, among
other considerations. As noted by Paoli et al., ketogenic diet
therapy is the focus of ongoing research for many condi-
tions “… such as diabetes, polycystic ovary syndrome, acne,
neurological diseases, cancer and the amelioration of respira-
tory and cardiovascular disease risk factors. The possibility
that modifying food intake can be useful for reducing or
eliminating pharmaceutical methods of treatment, which are
often lifelong with significant side effects, calls for serious
investigation” (58).

Glycemic response

The personalized approach has been explored with regard to
post-prandial glycemic response (PPGR). For example, Zeevi
et al. monitored 800 individuals with type 2 diabetes for one
week, and found widely varied post-meal blood glucose
changes in response to identical meals. They reported that
“Personalized diets created with the help of an accurate pre-
dictor of blood glucose response that integrates parameters
such as dietary habits, physical activity, and gut microbiota
may successfully lower postmeal blood glucose and its long-
term metabolic consequences” (59). Mendes-Soares et al.

conducted a similar study in 327 non-diabetic individuals
indicating that a personalized predictive model may enable
individuals to better manage PPGR (60). Further research in
this area will contribute to a growing understanding of the
role of personalized assessment in creating tailored recom-
mendations to improve glycemic responses and reduce the
incidence and consequences of long-term hyperglycemia, as
well as other cardio-metabolic processes and conditions.

Meeting the challenges of PN

While the number of PN practitioners is growing, consider-
able obstacles must be overcome before PN can be fully
actualized. Several challenges are discussed below and poten-
tial solutions and strategies are presented.

Challenge – nutrition research: data management, study
design & translation

Research is continuously identifying additional potential for
PN application, and large datasets are being collected. With
vast information at our fingertips, collecting, organizing and
analyzing these data can be daunting, costly, and labor-
intensive. Results of nutrition trials may be called into ques-
tion due to lack of reproducibility, lack of statistical power
and methodological issues (7). The multivariate nature of
inter-relationships between genetic factors, biosystems, bio-
markers and nutrients are complex and are not fully under-
stood; moreover, the conclusions drawn from the data can
be contentious (10).

Harnessing the available research and translating it into
actionable recommendations presents another challenge. For
example, since the mapping of the human genome, many
have discussed how genetic information might impact clin-
ical practice, but Murgia and Adamski note that “… fifteen
years and hundreds of publications later, the gap between
the experimental and epidemiologic evidence and health
practice is not yet closed.” (44) Clinicians and scientists
have and always will be challenged to translate the growing
evidence base into meaningful clinical interventions (44).

Meeting the challenge – PN research & data

Personalized approaches have brought to light concerns
regarding the RCT as the “gold standard” of evidence (9, 61,
62). When interventions are chosen based an individual’s
health data and circumstances, population-based evidence
may not be sufficient for determining the best intervention
(61). Leveraging the wealth of available tools may be the
most effective way forward for PN research. These tools
may include evidence from RCTs, as well as other types of
research approaches with varying degrees of certainty, such
as small human studies based on sub-populations, and even
n-of-1 data using biomarkers, genetic variants, functional
markers, technology platforms, and data from biosensors.

As technology advances, data collection will become
increasingly affordable and much more accessible. Already,
wearable devices and mobile apps enable individuals to
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collect real-time information of activity, diet and fluid
intake, and other parameters of health. Wang and Hu sug-
gest that integration of these types of tracking technologies
with “big data analytics” will enable ever more personalized
guidance (7). Integrating technologies, advanced computa-
tional methods, artificial intelligence, and systems
approaches to analyzing a broad range of data from various
inputs will likely enable more targeted, personalized guid-
ance (6, 10, 63, 64).

Interdisciplinary knowledge platforms will ultimately
allow for the necessary creation and adoption of newer
standards of nutrition science investigation (62, 64). With
robust repositories of more precise data and greater under-
standing of the relationships between biomarkers, genetics,
and health outcomes, researchers may be able to improve
hypothesis generation for future research initiatives (64, 65).
Growing understanding of these complexities contributes to
a robust and well-rounded evidence base, which provides
the foundation for the development of evidence-based clin-
ical strategies and therapeutic interventions, informs
education curricula and training programs, and lays the
groundwork for effective policy and public health
initiatives (9).

Challenge - equipping practitioners

Despite the complexities inherent to PN, practitioners have
a mandate to provide timely, science-based recommenda-
tions to their clients and patients. As Laddu and Hauser
note, “it could be argued that it is an impossible task for
clinicians to add the significant volume of new information
needed to personalize recommendations at the omics level
to the already large and ever-increasing amount of content
that they are expected to know” (2). For example, nutrition
professionals are considered a primary resource for action-
able nutrition recommendations based on genetic individual-
ity. However, Murgia and Adamski note that professionals
are lacking evidence summaries and guidelines to effectively
make such recommendations. While clinicians are chal-
lenged to manage the rapidly evolving world of genetic test-
ing, omic technology, and emerging research to support
their patients and clients, their training does not often equip
them to do so (44).

For example, nutrition is within the scope of practice of a
range of healthcare providers, including physicians, however
nutrition is underutilized largely due to insufficient nutrition
education in medical training and a resulting lack of confi-
dence implementing nutrition strategies in practice (66–68).
As such, Barnard suggests that a prudent and immediate
step for physicians is to recognize the importance of nutri-
tion counseling, communicate with the patient, and refer as
appropriate (69).

Meeting the challenge – PN professional education
and training

PN can be incorporated more fully into health care by
improving nutrition education for all healthcare

practitioners (2, 70). Academic institutions and training
associations should thoughtfully design nutrition education
curricula to equip clinicians with leading-edge science and
clinical tools relevant to the type of practitioner. As PN sci-
ence continues to develop, university curricula, certification
standards, training programs, and continuing education
courses must continue to evolve and provide dynamic and
up-to-date offerings. Third-party accrediting bodies can
serve in this effort, as they ensure the high quality of nutri-
tion education programs through periodic monitoring and
evaluation of programs (66, 71). Additionally, accredited
certifications that set standards for practicing professionals
will support efforts to equip qualified practitioners by ensur-
ing programmatic rigor, a robust practice experience, and a
solid knowledge and skill base (72). Academic institutions
and training organizations are developing and implementing
programs based on standards set by nationally recognized
accreditation and certification bodies. As more update their
curricula, additional programs will become available across
the healthcare profession to further equip practitioners and
advance PN in practice.

Challenge – access to PN services

Despite evidence that such services may support better
health outcomes and lower the cost of healthcare, PN serv-
ices are unavailable in most healthcare settings. Improving
access to PN care requires addressing two systemic issues:
limited access to nutrition providers and lack of insurance
reimbursement. Outdated state laws regulating the practice
of nutrition have made PN services out of reach for most
Americans. Many state practice laws place outdated restric-
tions on which professionals can deliver clinical nutrition
services, preventing healthcare practitioners from offering
services they are trained to provide. Importantly, PN serv-
ices are not yet widely covered by insurance plans. This
leaves residents of many states with limited access and little
choice when seeking PN services.

Meeting the challenge – expanded nutrition policy &
access to PN care

In order to embed nutrition in the healthcare system and
the toolset of healthcare professionals, it is important to
advocate for laws that authorize all practitioners to practice
to the level of their training. Furthermore, recognition of
and opportunities for nutrition practitioners at various skill
levels will expand access to care by promoting a diverse
workforce, ensuring high-quality services and market com-
petition, and supporting the creation and implementation of
favorable policy. An example is a 2018 North Carolina state
law change which authorizes a broader array of nutrition
professionals to practice than previously allowed (73).
Another is the 2014 Centers for Medicare & Medicaid
Services (CMS) rule authorizing clinically qualified nutrition
professionals to order therapeutic diets in hospitals and
other institutional facilities (74).
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Despite these inroads, the cost of PN services remains a
significant barrier. While some insurers cover nutrition
counseling, reimbursement is typically inadequate. It is com-
mon for insurers to only enroll certain types of nutrition
providers; only pay for care for individuals with certain
medical conditions; and provide little to no reimbursement
of functional laboratory tests, dietary supplements, and med-
ical foods which are frequently utilized in PN guidance and
therapeutics. Federal and state health insurance laws which
are favorable to nutrition can help to ensure that patients
who want or need access to PN care can afford to receive it.
Additionally, effective public health initiatives remain an
untapped strategy for maintaining and improving the health
of society at large, and there is an urgent need for a policy
framework to support national public health messaging and
more effective approaches to health care driven by the
science of PN.

Conclusion

PN is a field with great potential to address chronic disease
and optimize human health and performance. An agreed-
upon definition and clear delineation of PN is imperative
for its acceptance, utilization, and expansion.

Herein we propose the definition of PN as: a field that
leverages human individuality to drive nutrition strategies
that prevent, manage, and treat disease and optimize health.
PN is delineated by three elements: PN science and data,
PN professional education and training, and PN guidance
and therapeutics. Novel research methods and the continued
development of innovative technology solutions will lead to
increasingly individualized nutrition guidance, products and
services. Enhanced education and training will equip a gen-
eration of practitioners who can apply personalized models
of care to better support the health and wellbeing of individ-
uals and communities.

Solutions to complex problems require creativity, collab-
oration and big-picture thinking. The interdisciplinary
nature of PN requires that stakeholders act in concert, par-
ticipating as allies toward a paradigm shift in the healthcare
landscape (10). With consensus and collaboration among
scientists, experts, clinicians, food and health industry lead-
ers, and policymakers, we can advance PN science, train PN
practitioners, and enhance access to PN care. Building on
the seminal work done by pioneers across many disciplines,
this definition can serve as a springboard to embed PN in
the healthcare system to prevent, treat, and manage disease,
and optimize human health.
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