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Abstract
The extensive investment and development of research in molecular biology in the last decades, mainly after the completion

of the Human Genome Project, has raised many expectations regarding its impact on Precision-Medicine Era. To meet the

new demands for care, it is necessary that the omics sciences be integrated into nursing practice, especially in nursing

care. Based on knowledge of structural genomics, it has been improved techniques that enabled the advancement of research

related to functional genomics, which together comprising the “omics” sciences including the transcriptomics, proteomics,

the epigenomics and metabolomics. The current challenge is to transform this expanded set of information into clinical ben-

efits for patients, through more accurate diagnoses, treatments, and personalized care to the particularities of individuals and

communities. For Nursing, the main challenge is the incorporation of the omics sciences in training and professional practice,

so that nurses can safely, scientifically, and autonomously empower themselves to provide personalized care to individuals and

families based on Precision-Medicine Era. In this paper, a debate on the impacts and challenges for Nursing to incorporate the

Precision-Medicine into clinical practice is described.
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Introduction
The speed with which new genomic knowledge with poten-
tial application to health care is being discovered and has
been transforming the health care model is immeasurable(1−2).
In fact, the extensive investment and development of research
in molecular biology in the last decades, mainly after the com-
pletion of the Human Genome Project, has raised many expec-
tations regarding its impact on Precision-Medicine Era (Khoury
& Galea, 2016; Lopes-Júnior, 2021a). Additionally, genomic-
based health care encompasses diagnosis, prevention and
therapy based on the individual’s genomic profile. This
process considers the health-disease process as the result of
combinations between the human genome and the influences
of an individual’s external and internal environment
(Lopes-Júnior, 2021b; Tonkin et al., 2020).

In order to meet the new demands for care, it is necessary
that the omics sciences be integrated into nursing practice,
especially in nursing care (Lopes-Júnior, 2021a, 2021b;
Tonkin et al., 2020). In this context, based on knowledge
of structural genomics, it has been improved techniques that
enabled the advancement of research related to functional
genomics, which together comprising the “omics” sciences

including the transcriptomics, proteomics, the epigenomics
and metabolomics. Such approaches aim to understand
changes in the functioning of the genome at different stages
of development and under different environmental conditions,
in order to provide a better understanding at the molecular
level (Lopes-Júnior, 2021a; Tonkin et al., 2020).

Discussion of Topic
The sequencing of the human genome and the consequent
genomic evolution generated high expectations in society
and a certain ‘translational anxiety’ (Collins & Varmus,
2015; Iriart, 2019; Khoury & Galea, 2016). The
Post-Genomic Era began two decades ago, and since then
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sequencing equipment and techniques have evolved rapidly
to lower the cost of analysis and drastically reduce the time
required for sequencing a complete genome (Collins &
Varmus, 2015; Iriart, 2019; Khoury & Galea, 2016).

The advancement offered by Next Generation Sequencing
– NGS consisted in its ability to produce and process a huge
volume of data in an increasingly faster, more cost-effective
and accurate way. Thus, with the advent of other technolo-
gies, such as bioinformatics, added to the association with
the physiological information of patients, for example,
through biomarkers, it becomes possible to understand the
disease at the molecular level, increasing the effectiveness
of diagnosis and treatment of several complex multifactorial
diseases (Collins & Varmus, 2015; Iriart, 2019; Khoury &
Galea, 2016).

While genomic data are decisive for understanding
various diseases and drug effects on physiological systems,
the gap between genotype (the individual’s genetic load)
and phenotype (observable characteristics) can be studied
through the characterization of different omic levels, includ-
ing the levels intermediates: proteome transcriptome, metab-
olome, in addition to studies of non-coding regions of DNA,
rich in microRNAs and long non-coding RNAs, and gene
expression sequences (Lopes-Júnior, 2021b; Regan et al.,
2019; Tonkin et al., 2020).

Genomics is the science that studies genomes, that is, the
complete collection of genes that make up an organism’s
DNA and their functions, as well as the interactions
between them and between them and the internal and external
environments (Lopes-Júnior, 2021b; Regan et al., 2019).
Transcriptomics studies the set of cellular transcripts (RNA
molecules) that genes express at a given time (transcriptome),
under certain conditions. Proteomics, on the other hand, is
the science that seeks to characterize and understand the set
of proteins that constitute the product of the expression of
genes in a given organism (proteome) and under what condi-
tions these products are synthesized in certain tissues. While
genome analysis allows us to assess the susceptibility of
developing a certain condition, proteome analysis can lead
to real-time diagnosis of what is happening to the individual.
Metabolites are intermediate or end products of metabolism
in a biological sample. The set of all low molecular mass
metabolites, present or altered in a biological system, is
called a metabolome. Metabolomics, in turn, is a field that
consists of the systematic study of human metabolism
responses to specific cellular processes induced by the use
of drugs, environmental changes or the disease itself
(Lopes-Júnior, 2021b; Regan et al., 2019).

Regarding functional genomics, reversible and heritable
changes in the genome, which do not modify the DNA
sequence, but which can make the response of individuals
to certain conditions different, should also be considered.
This area of knowledge is an object of study in epigenomics.
Epigenomics aims to investigate and answer questions about
how chemical modifications (for example, methylation,

acetylation, phosphorylation, among others) in the nucleo-
tides and histones of the DNA that constitute the genes
occur over time as a function of environmental experiences
and are transmitted to generations following (Lopes-Júnior,
2021b; Regan et al., 2019). Furthermore, the approach
known as systems biology aims to integrate, on a large
scale, the information on genotype and phenotype available,
in order to enable interventions at a preventive and therapeu-
tic level. This approach uses high-throughput equipment and
advanced bioinformatics methods to consolidate, treat and
systematize the diverse complex information of structural
and functional genetics. The information from the different
omics associated with a dataset on the phenotype of patients
allow the identification of population subgroups, a necessary
condition for diagnosis, prevention and treatments (Collins &
Varmus, 2015; Lopes-Júnior, 2021b). (Figure 1).

Current Insights and Interpretations
Precision-Medicine aims to customize treatment according to
the biological characteristics of individuals or population sub-
groups (Collins & Varmus, 2015; Iriart, 2019; Khoury &
Galea, 2016; Lopes-Júnior, 2021a). In clinical practice, we
commonly observe that patients with similar symptoms may
have different diseases, with different causes. Likewise, the
same treatment may respond well in certain patients with a
disease, but not in others who apparently have the same
disease. The foundation of Precision-Medicine lies in the rec-
ognition that different groups of individuals have specific
genomic characteristics, and those treatments must account
for these differences (Collins & Varmus, 2015; Khoury &
Galea, 2016).

The Precision-Medicine Era promises to offer, based on
the identification of the patient’s genetic characteristics, the
precise medicine, in the exact dose and at the right time,
thus making it more efficient and reducing the costs of
medical care. When considering health care, the debate
around Precision-Medicine generally includes a broader con-
ception. Called P4 medicine, this concept adds a preventive,
predictive, and participatory dimension to personalization
(Collins & Varmus, 2015; Khoury & Galea, 2016).

In order for patients and their families to fully benefit from
the explosion of omics, health professionals, especially
nurses, need to incorporate the underlying principles of geno-
mics that have been shaping all health care practice and that
will become increasingly pertinent to their clinical practices
(Amorim & Lopes-Júnior, 2021; Fu et al., 2019;
Lopes-Júnior, 2013, 2015; Lopes-Júnior et al., 2017; Regan
et al., 2019). These principles include, for example, the exis-
tence of alternative forms of the same gene (alleles) in the
population; the occurrence of similar phenotypes arising
from mutations and variations at different loci; the notion
that certain diseases in families can arise from genetic var-
iants that cause disease susceptibility through gene-gene
and gene-environment interactions; the different types of
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mutations; the possibility of performing prenatal diagnoses,
pre-symptomatic tests and population screenings; that is,
unveiling the promise of personalized care to qualify health
care (Fu et al., 2019; Lopes-Júnior et al., 2015, 2016,
2021; Regan et al., 2019; Tonkin et al., 2020).

It stands out that successful implementation of personalized
nursing care in the Precision-Medicine Era requires interprofes-
sional collaboration, community outreach efforts, and coordina-
tion of care. And this point is favorable for Nursing, since nurses
are well-positioned to lead the implementation of precision

health. Despite the surge of interest and attention to precision
health, most nurses are not well-versed in precision health or
able to understand its implications for the nursing profession.
In this sense, it is imperative for the nursing profession to
make strategic plans that promote personalized nursing care in
the Precision-Medicine Era comprising nursing research, educa-
tion, clinical practice, and health policy arenas (Fu et al., 2019).

As mentioned above, the ultimate goal of Precision-
Medicine is to enhance precise diagnosis and personalized treat-
ment of both rare and common diseases and to develop a new

Figure 1. Integration of the omics sciences in nursing. Source: Adapted from Regan et al. (2019).
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Chart 1. Recommendations for Nurses in Clinical Practice, Education, Research, and Health Policy to Translate and Integrate the

Personalized Nursing Care in the Precision-Medicine Era.

Recommendations for Nursing

clinical practice

Recommendations for Nursing

education

Recommendations for Nursing

research

Recommendations for Nursing

in health policy

Advocate for the collection and

inclusion of family health history and

other social factors with omic data

into patient care and electronic health

record documentation

Integrate precision health

concepts and skills (omics

and data science) into all

levels of nursing education

(baccalaureate, advanced

practice, and doctoral) as

recommended by national,

and international nursing

consensus framework

statements. This includes

exposure to use omics

science information in

student clinical experiences

across the life span (prenatal

health, neonatal/infancy/

pediatrics, adult, older adult)

and throughout the health

and illness spectrum (acute

care, public health and

community settings,

long-term care, etc.)

Increase public and private

funding to support key

components in the

preparation of tomorrow’s

nurse scientists who will

conduct innovative research

in PM Era, particularly in the

area of symptom

management science across

the lifespan

Increase the support of PM

research and research

training through activities in

collaboration with federal

and non-federal agencies

Develop accurate and understandable

information content and patient

education tools about

Precision-Medicine (PM) Era that

empowers patients and informs the

general population

Increase public and private

funding for preparation of

PhD nursing faculty to initiate

and sustain the integration of

Personalized Nursing Care in

PM Era content throughout

all nursing programs and

curriculum accreditation

standards

Sustain continued support for

innovative programs on PM

Era, such as, Graduate

Partnerships Program,

Postdoctoral Fellowships, Data

Science Boot Camp, and

training internships or research

rotations in the Symptom

Science Center

Support PM in health systems,

research, and training for nurse

executives and leaders within

healthcare systems. This

includes for instance

development of nursing

practice policies (entry level

and Advanced Practice

Nursing) at their institution to

ensure safe patient care

Prepare practicing nurses across a

range of health care settings are

prepared to implement Personalized

Nursing Care, including:

pharmacogenomics-based drug

administration, genetic test report

information interpretation, and

identification of high-risk family

histories that warrant a referral to

genetics counseling

Develop Personalized Nursing

Care in PM content for

continuing education and

training programs for all

currently practicing licensed

nurses

Conduct nursing research that

generates knowledge on the

ideal formats and modalities of

patient, family, and caregiver

education, communication

related to Personalized Nursing

Care in PM Era, focus on the

prevention and symptom

management across the lifespan

Develop policy solutions that

protect patient confidentiality

as much as possible for PM

issues not previously

addressed or covered in the

legislation. This includes

various ethical, legal and social

implications issues including

privacy, protection of personal

data from being used against

employment and health

insurance, and properly

obtaining patient informed

consent to store and use omic

or other health related

information

Integrate nursing knowledge on PM

interventions is integrated into patient

care workflows in ways that are safe

and helpful to patients in making

informed decisions about their care

Support use of and

participation in

international nursing

professional alliances

with strong genetic/

Conduct nursing research that

identifies which interventions

would promote the best health

outcomes given patients’

particular omics science, digital,

Support modernization and

technologic innovation within

healthcare systems and

institutions in order to use

omics information to

(continued)
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classification system that would align with greater utilization
and application of omic data Khoury and Galea, 2016;
Lopes-Júnior, 2021a). In this way, significant advancements
have been made to prepare the nursing workforce to drive sci-
entific discoveries and use data to improve population health
and prevention efforts in the Precision-Medicine Era. For
instance, nurses can investigate the effect of genetic variance
in genes (pharmacogenetics) or many genes simultaneously
(pharmacogenomics) and how this modifies human responses
to pharmacological agents and diet (Dickmann & Ware,
2016; Shiao et al., 2018). By incorporating this knowledge
into patient care, nurses canmonitor andmanage care with phar-
macological agents to restore, maintain and promote patients’
health. Thus, nursing in the Precision-Medicine Era requires a
focus on each individual’s personal risk for disease and the
effectiveness of treatments based on individuals’ unique combi-
nation of genomics and environmental risk factors. The effort to
include nursing in the leadership of Precision-Medicine still
faces challenges despite the fact that the nursing perspective
is essential for successful implementation (Fu et al., 2019).

In order to deploy personalized nursing care into the
Precision-Medicine Era, it is imperative for the nursing pro-
fession to make strategic plans that promote precision health
in nursing research, education, clinical practice, and health
policy. Nurses are well positioned to usher in this new era
of Precision-Medicine and lead its integration into health pro-
motion, disease prevention, and treatment using nursing’s
holistic approach (Fu et al., 2019).

Based on a critical analysis of literature and expert opin-
ions (Fu et al., 2019; Regan et al., 2019; Tonkin et al.,
2020), the Chart 1 provides an overview of personalized
nursing care in the Precision-Medicine Era presenting the
recommendations for nurses in clinical practice, education,
research, and health policy.

Conclusions
Technological advances arising from the omics sciences have
significantly expanded the set of available data to new possi-
bilities for more effective treatments of diseases. The current

Chart 1. Continued.

Recommendations for Nursing

clinical practice

Recommendations for Nursing

education

Recommendations for Nursing

research

Recommendations for Nursing

in health policy

genomic education

frameworks for which to

implement omic and

Personalized Nursing

Care in PM Era

lifestyle and environmental

characteristics

improve patient care and

outcomes

Prepare baccalaureate and advanced

practice nurses to pursue certification

in genetics/genomics as a clinical

specialty and lead quality

improvement implementation pilots

of precision health interventions in

their practice settings

Develop reliable and valid

patient outcome measures

that can be used to evaluate

effective Personalized

Nursing Care

mplementation into PM Era

at the healthcare provider

level, clinic level, hospital/

facility level, and health

system level

Develop policies that support

the safe integration of PM

information and services into

health care operations (i.e.:

laboratory standards

compliance, omic tests with

sufficient analytical validity,

clinical validity and clinical

utility, etc.)

Support use of and participation in

international nursing professional

alliances with strong genetic/genomic

clinical practice frameworks for which

to implement omic and PM Era

Support innovative

population-level research

designs and scientific

questions that examine

omics science and omics

technology utilization in

administrative databases

to identify variation

patterns and health

system infrastructure

deficiencies that prevent

equitable access to PM

Era in health systems or

across populations

Increase the presence and

participation of nursing

clinicians, educators, and/or

scientists on interdisciplinary

teams and initiatives that

involve implementation of

Personalized Nursing Care

into PM in healthcare

institutions, health systems

(i.e. Institutional Review

Boards, Ethics Boards,

Nursing Professional

Practice Committees, etc.)

Source: Adapted from Fu et al. (2019).
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challenge is to transform this expanded set of information
into clinical benefits for patients, through more accurate diag-
nosis, treatments, and personalized care to the particularities
of individuals and communities.

Nursing roles are paramount in the implementation of
Precision-Medicine, including precision delivery of medica-
tions based on knowledge of pharmacogenetics, provision of
personalized nursing care for patient, provision of family
education about the meaning of omic tests, performance of
health and family assessments, including the family history,
and provision of critical feedback and insight on feasibility
of implementing new technologies into workflows at the clin-
ical point of care. With regards to the level of preparation,
nurses in every clinical, educational, research and policy
setting have an interdisciplinary team role to play in further-
ing the goals of the Precision-Medicine Era.

For the incorporation of new precision medicine technol-
ogies, it is essential to undertake a cost-benefit assessment
from an ethical perspective, which considers whether they
will be accessible to all who can benefit and whether they
will not aggravate health disparities. Finally, for Nursing,
the main challenge is the incorporation of the omics sciences
in training and professional practice, so that nurses can
safely, scientifically, and autonomously empower themselves
to provide personalized care to individuals and families based
on Precision-Medicine.

Authors’ Contributions
LCL Jr conceived the paper, planned, supervised, wrote and inter-
preted the data, also critically reviewed successive versions of the
paper and approved the final version to be published.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Disclaimer
Authors hold sole responsibility for the views expressed in the man-
uscript, which may not necessarily reflect the opinion or policy of
the SAGE Open Nursing.

Funding
The author(s) received no financial support for the research, author-
ship and/or publication of this article.

ORCID iD
Luís Carlos Lopes-Júnior https://orcid.org/0000-0002-2424-
6510

References
Amorim, M. H. C., & Lopes Júnior, L. C. (2021).

Psychoneuroimmunology and nursing research: Discovery, par-
adigm shifts, and methodological innovations. Acta Paulista

Enfermagem, 34(1), e-EDT1. https://doi.org/10.37689/acta-ape/
2021edt1

Collins, F. S., & Varmus, H. (2015). A new initiative on precision
medicine. The New England Journal of Medicine, 372(9),
793–795. https://doi.org/10.1056/NEJMp1500523

Dickmann, L. J., & Ware, J. A. (2016). Pharmacogenomics in the
age of personalized medicine. Drugs Discovery Today
Technology, 2016, 11–16. https://doi.org/10.1016/j.ddtec.2016.
11.003

Fu, M. R., Kurnat-Thoma, E., Starkweather, A., Henderson, W. A.,
Cashion, A. K., Williams, J. K., & Coleman, B. (2019).
Precision health: A nursing perspective. International Journal
of Nursing Sciences, 7(1), 5–12. https://doi.org/10.1016/j.ijnss.
2019.12.008

Iriart, J. (2019). Precision medicine/personalized medicine: A criti-
cal analysis of movements in the transformation of biomedicine
in the early 21st century. Cadernos de Saude Publica, 35(3),
e00153118. https://doi.org/10.1590/0102-311X00153118

Khoury, M. J., & Galea, S. (2016). Will precision medicine improve
population health? The Journal of the American Medical
Association, 316(13), 1357–1358. https://doi.org/10.1001/jama.
2016.12260

Lopes-Júnior, L. C. (2013). Analysis of genetics and genomics
teaching in undergraduate nursing programs in Brazil
[Master’s dissertation]. University of São Paulo at Ribeirão
Preto College of Nursing, Brazil). http://www.teses.usp.br/
teses/disponiveis/22/22133/tde-12062013-163124/pt-br.php

Lopes-Júnior, L. C. (2015). Translational research and nursing: The
lab bench to bedside. Journal of Nursing UFPE On Line, 9(1),
12. https://doi.org/10.5205/01012007

Lopes-Júnior, L. C. (2021a). The era of precision medicine and its
impact on nursing: Paradigm shifts? Revista Brasileira de
Enfermagem, 74(5), e740501. https://doi.org/10.1590/0034-
7167.2021740501

Lopes-Júnior, L. C. (2021b). Medicina genômica e a enfermagem.
In Associação Brasileira de Enfermagem, H. R. Bresciani, J.
G. Martini, & L. D. Mai (Eds.), PROENF Programa de
atualização em enfermagem: Saúde do adulto (pp. 10–62).
Artmed Panamericana 1(16). https://doi.org/10.5935/978-65-58
48-215-4.C0003

Lopes-Júnior, L. C., Bomfim, E. O., & Flória-Santos, M. (2015).
Genomics-based health care: Implications for nursing.
International Journal of Nursing Didactics, 5(2), 11–15. http://
dx.https://doi.org/10.15520/ijnd.2015.vol5.iss02.60.11-15

Lopes-Júnior, L. C., Carvalho Júnior, P. M., de Faria Ferraz, V. E.,
Nascimento, L. C., Van Riper, M., & Flória-Santos, M. (2017).
Genetic education, knowledge and experiences between nurses
and physicians in primary care in Brazil: A cross-sectional
study. Nursing & Health Sciences, 19(1), 66–74. https://doi.
org/10.1111/nhs.12304

Lopes-Júnior, L. C., Olson, K., de Omena Bomfim, E.,
Pereira-da-Silva, G., Nascimento, L. C., & de Lima, R. A.
(2016). Translational research and symptom management in
oncology nursing. British Journal of Nursing, 25(10), S12,
S14, S16 passim. https://doi.org/10.12968/bjon.2016.25.10.S12

Lopes-Júnior, L. C., Tuma, M. C., & Amorim, M. (2021).
Psychoneuroimmunology and oncology nursing: A theoretical
study. Revista da Escola de Enfermagem da USP, 55,
e20210159. https://doi.org/10.1590/1980-220X-REEUSP-2021-
0159

6 SAGE Open Nursing

https://orcid.org/0000-0002-2424-6510
https://orcid.org/0000-0002-2424-6510
https://orcid.org/0000-0002-2424-6510
https://doi.org/10.37689/acta-ape/2021edt1&nbsp;
https://doi.org/10.37689/acta-ape/2021edt1&nbsp;
https://doi.org/10.37689/acta-ape/2021edt1&nbsp;
https://doi.org/10.1056/NEJMp1500523
https://doi.org/10.1056/NEJMp1500523
https://doi.org/10.1016/j.ddtec.2016.11.003
https://doi.org/10.1016/j.ddtec.2016.11.003
https://doi.org/10.1016/j.ddtec.2016.11.003
https://doi.org/10.1016/j.ijnss.2019.12.008
https://doi.org/10.1016/j.ijnss.2019.12.008
https://doi.org/10.1016/j.ijnss.2019.12.008
https://doi.org/10.1590/0102-311X00153118
https://doi.org/10.1590/0102-311X00153118
https://doi.org/10.1001/jama.2016.12260
https://doi.org/10.1001/jama.2016.12260
https://doi.org/10.1001/jama.2016.12260
http://www.teses.usp.br/teses/disponiveis/22/22133/tde-12062013-163124/pt-br.php
http://www.teses.usp.br/teses/disponiveis/22/22133/tde-12062013-163124/pt-br.php
http://www.teses.usp.br/teses/disponiveis/22/22133/tde-12062013-163124/pt-br.php
https://doi.org/10.5205/01012007
https://doi.org/10.5205/01012007
https://doi.org/10.1590/0034-7167.2021740501
https://doi.org/10.1590/0034-7167.2021740501
https://doi.org/10.1590/0034-7167.2021740501
https://doi.org/https://doi.org/10.5935/978-65-5848-215-4.C0003
https://doi.org/https://doi.org/10.5935/978-65-5848-215-4.C0003
https://doi.org/https://doi.org/10.5935/978-65-5848-215-4.C0003
https://doi.org/https://doi.org/10.5935/978-65-5848-215-4.C0003
https://doi.org/https://doi.org/10.5935/978-65-5848-215-4.C0003
https://doi.org/https://doi.org/10.5935/978-65-5848-215-4.C0003
https://doi.org/https://doi.org/10.5935/978-65-5848-215-4.C0003
https://doi.org/http://dx.
https://doi.org/http://dx.
https://doi.org/http://dx.
https://doi.org/10.15520/ijnd.2015.vol5.iss02.60.11-15
https://doi.org/10.15520/ijnd.2015.vol5.iss02.60.11-15
https://doi.org/10.1111/nhs.12304
https://doi.org/10.1111/nhs.12304
https://doi.org/10.1111/nhs.12304
https://doi.org/10.12968/bjon.2016.25.10.S12
https://doi.org/10.12968/bjon.2016.25.10.S12
https://doi.org/10.1590/1980-220X-REEUSP-2021-0159
https://doi.org/10.1590/1980-220X-REEUSP-2021-0159
https://doi.org/10.1590/1980-220X-REEUSP-2021-0159


Regan, M., Engler, M. B., Coleman, B., Daack-Hirsch, S., &
Calzone, K. A. (2019). Establishing the genomic knowledge
matrix for nursing science. Journal of Nursing Scholarship,
51(1), 50–57. https://doi.org/10.1111/jnu.12427

Shiao, S., Grayson, J., Lie, A., & Yu, C. H. (2018). Personalized
nutrition-genes, diet, and related interactive parameters as

predictors of cancer in multiethnic colorectal cancer families.
Nutrients, 10(6), 795. https://doi.org/10.3390/nu10060795

Tonkin, E., Calzone, K. A., Badzek, L., Benjamin, C., Middleton,
A., Patch, C., & Kirk, M. (2020). A roadmap for global acceler-
ation of genomics integration across nursing. Journal of Nursing
Scholarship, 52(3), 329–338. https://doi.org/10.1111/jnu.12552

Lopes-Júnior 7

https://doi.org/10.1111/jnu.12427
https://doi.org/10.1111/jnu.12427
https://doi.org/10.3390/nu10060795
https://doi.org/10.3390/nu10060795
https://doi.org/10.1111/jnu.12552
https://doi.org/10.1111/jnu.12552

	 Introduction
	 Discussion of Topic
	 Current Insights and Interpretations
	 Conclusions
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


