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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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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-Junior, 2021a; Tonkin et al., 2020).

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!' 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-Junior, 2021a). Additionally, genomic-
based health care encompasses diagnosis, prevention and

Discussion of Topic

The sequencing of the human genome and the consequent

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-Janior, 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-Junior, 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

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-Jinior, 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-Junior, 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-Junior, 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-Junior,
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-Janior, 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-Jinior, 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-Junior, 2021; Fu et al., 2019;
Lopes-Junior, 2013, 2015; Lopes-Jdnior 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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Figure |. Integration of the omics sciences in nursing. Source: Adapted from Regan et al. (2019).

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-Junior 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
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Chart |I. 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 Recommendations for Nursing Recommendations for Nursing Recommendations for Nursing
clinical practice education research in health policy
Advocate for the collection and Integrate precision health Increase public and private Increase the support of PM
inclusion of family health history and concepts and skills (omics funding to support key research and research
other social factors with omic data and data science) into all components in the training through activities in
into patient care and electronic health levels of nursing education preparation of tomorrow’s collaboration with federal
record documentation (baccalaureate, advanced nurse scientists who will and non-federal agencies

practice, and doctoral) as conduct innovative research

recommended by national, in PM Era, particularly in the

and international nursing area of symptom

consensus framework management science across
statements. This includes the lifespan

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.)

Develop accurate and understandable Increase public and private Sustain continued support for ~ Support PM in health systems,
information content and patient funding for preparation of innovative programs on PM research, and training for nurse
education tools about PhD nursing faculty to initiate Era, such as, Graduate executives and leaders within
Precision-Medicine (PM) Era that and sustain the integration of Partnerships Program, healthcare systems. This
empowers patients and informs the Personalized Nursing Care in  Postdoctoral Fellowships, Data includes for instance
general population PM Era content throughout Science Boot Camp, and development of nursing
all nursing programs and training internships or research ~ practice policies (entry level
curriculum accreditation rotations in the Symptom and Advanced Practice
standards Science Center Nursing) at their institution to
ensure safe patient care
Prepare practicing nurses across a Develop Personalized Nursing  Conduct nursing research that  Develop policy solutions that
range of health care settings are Care in PM content for generates knowledge on the protect patient confidentiality
prepared to implement Personalized continuing education and ideal formats and modalities of as much as possible for PM
Nursing Care, including: training programs for all patient, family, and caregiver issues not previously
pharmacogenomics-based drug currently practicing licensed education, communication addressed or covered in the
administration, genetic test report nurses related to Personalized Nursing legislation. This includes
information interpretation, and Care in PM Era, focus on the  various ethical, legal and social
identification of high-risk family prevention and symptom implications issues including
histories that warrant a referral to management across the lifespan  privacy, protection of personal
genetics counseling 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 Support use of and Conduct nursing research that Support modernization and
interventions is integrated into patient participation in identifies which interventions technologic innovation within
care workflows in ways that are safe international nursing would promote the best health healthcare systems and
and helpful to patients in making professional alliances outcomes given patients’ institutions in order to use
informed decisions about their care with strong genetic/ particular omics science, digital, omics information to

(continued)
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Chart |. Continued.

Recommendations for Nursing

clinical practice education

Recommendations for Nursing

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

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

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

lifestyle and environmental
characteristics

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

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

improve patient care and
outcomes

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.)

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.)

across populations

Source: Adapted from Fu et al. (2019).

classification system that would align with greater utilization
and application of omic data Khoury and Galea, 2016;
Lopes-Junior, 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 can monitor and manage 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
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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.
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