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Abstract

The Kingdom of Saudi Arabia's Vision 2030 healthcare model emphasizes the importance of personalized
medicine in addressing the growing burden of chronic diseases. Epigenetic biomarkers have emerged as
promising tools for disease risk prediction, early diagnosis, and targeted interventions in chronic conditions
such as cardiovascular diseases, cancer, and diabetes. This review explores the potential applications of
epigenetic biomarkers in personalized care plans delivered by general physicians and nurses in Saudi
Arabia. We conducted a comprehensive literature search of relevant databases and selected studies based
on predefined inclusion criteria. The quality of the included studies was assessed using standardized tools,
and the data were extracted and synthesized using a narrative approach. The findings highlight the role of
epigenetic biomarkers in identifying high-risk individuals, guiding treatment decisions, and monitoring
disease progression and treatment response. We also discuss the challenges and opportunities for
integrating epigenetic biomarkers into clinical practice, including the need for standardized protocols,
training of healthcare professionals, and ethical considerations. The review provides recommendations for
policy, practice, and research to support the implementation of epigenetic biomarkers in personalized care
plans in Saudi Arabia's Vision 2030 healthcare model.
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1. Introduction

Chronic diseases, such as cardiovascular diseases, cancer, diabetes, and respiratory diseases, are the leading
causes of morbidity and mortality worldwide, accounting for over 70% of all deaths (World Health
Organization, 2021). In Saudi Arabia, chronic diseases are a major public health challenge, with a rapidly
increasing prevalence due to factors such as an aging population, unhealthy lifestyles, and environmental
exposures (Al-Hanawi et al., 2019). The Kingdom's Vision 2030 strategic plan recognizes the importance of
addressing the burden of chronic diseases through a comprehensive and personalized approach to
healthcare (Vision 2030, n.d.).
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Personalized medicine is an emerging paradigm that aims to tailor prevention, diagnosis, and treatment
strategies to an individual's unique genetic, epigenetic, and environmental profile (Kronfol et al., 2017).
Epigenetic biomarkers have gained increasing attention as promising tools for personalized medicine, as
they can provide insights into the complex interplay between genes and the environment in the
development and progression of chronic diseases (Garcia-Giménez et al., 2017).

Epigenetics refers to the study of heritable changes in gene expression that occur without alterations in the
DNA sequence (Rodriguez-Paredes & Esteller, 2011). Epigenetic mechanisms, such as DNA methylation,
histone modifications, and non-coding RNAs, regulate gene expression in response to environmental
factors, such as diet, stress, and toxins (Berdasco & Esteller, 2018). Epigenetic alterations have been
implicated in the pathogenesis of various chronic diseases, and they can serve as biomarkers for disease
risk, diagnosis, prognosis, and treatment response (Baccarelli & Ordovas, 2023).

General physicians and nurses play a crucial role in the prevention, early detection, and management of
chronic diseases in primary care settings (Al-Homayan et al, 2013). The integration of epigenetic
biomarkers into personalized care plans delivered by these healthcare professionals can potentially
improve patient outcomes and reduce healthcare costs (Carlota, 2023). However, the implementation of
epigenetic biomarkers in clinical practice faces several challenges, such as the lack of standardized
protocols, the need for training and education of healthcare professionals, and ethical and social
considerations (Jeremias et al., 2020).

This review aims to explore the potential applications of epigenetic biomarkers in personalized care plans
delivered by general physicians and nurses in Saudi Arabia's Vision 2030 healthcare model. The specific
objectives are:

1. To identify the role of epigenetic biomarkers in the prevention, diagnosis, prognosis, and treatment of
chronic diseases.

2. To discuss the challenges and opportunities for integrating epigenetic biomarkers into clinical practice
in Saudi Arabia.

3. To provide recommendations for policy, practice, and research to support the implementation of
epigenetic biomarkers in personalized care plans in Saudi Arabia's Vision 2030 healthcare model.

The findings of this review will inform policymakers, healthcare professionals, and researchers on the
current state of knowledge and future directions for the application of epigenetic biomarkers in
personalized medicine in Saudi Arabia, and their potential to improve the prevention and management of
chronic diseases in line with the Vision 2030 goals.

2. Literature Review
2.1 Epigenetics and Chronic Diseases

Epigenetic mechanisms play a crucial role in the regulation of gene expression and the maintenance of
cellular identity and function (Rodriguez-Paredes & Esteller, 2011). Epigenetic alterations, such as changes
in DNA methylation patterns, histone modifications, and non-coding RNA expression, can occur in response
to environmental factors and contribute to the development and progression of chronic diseases (Berdasco
& Esteller, 2018).

Several studies have identified epigenetic alterations associated with various chronic diseases, such as
cardiovascular diseases (Baccarelli & Ordovas, 2023), cancer (Jung et al., 2020), diabetes (Liu et al., 2022),
and neurodegenerative diseases (Martinez-Iglesias et al.,, 2021). For example, a systematic review by Soler-
Botija et al. (2019) found that DNA methylation changes in specific genes, such as ALOX12, ABCA1, and
SREBF1, were associated with an increased risk of atherosclerosis and coronary artery disease. Another
study by Sapienza et al. (2011) identified DNA methylation differences between diabetes patients with and
without end-stage renal disease, suggesting that epigenetic alterations may contribute to the development
of diabetic nephropathy.
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Epigenetic alterations can also serve as biomarkers for disease risk, diagnosis, prognosis, and treatment
response (Garcia-Giménez et al., 2017). For example, a systematic review by Barchitta et al. (2019) found
that DNA methylation changes in specific genes, such as SEPT9, MLH1, and MGMT, were associated with the
development and progression of colorectal cancer and could be used as biomarkers for early detection and
treatment selection. Another study by Giacopelli et al. (2019) identified DNA methylation subtypes in
chronic lymphocytic leukemia that were associated with different clinical outcomes and could guide
personalized treatment decisions.

Table 1. Examples of Epigenetic Alterations Associated with Chronic Diseases

Disease Epigenetic Associated Genes Reference
Alteration
Cardiovascular diseases DNA methylation ALOX12, ABCA1, | Soler-Botija et al.
SREBF1 (2019)
Diabetes DNA methylation - Sapienza et al.
(2011)
Colorectal cancer DNA methylation SEPT9, MLH1, | Barchitta et al.
MGMT (2019)
Chronic lymphocytic | DNA methylation | - Giacopelli et al.
leukemia subtypes (2019)

2.2 Epigenetic Biomarkers in Personalized Medicine

Personalized medicine aims to tailor prevention, diagnosis, and treatment strategies to an individual's
unique genetic, epigenetic, and environmental profile (Kronfol et al.,, 2017). Epigenetic biomarkers have the
potential to advance personalized medicine by providing insights into the complex interplay between genes
and the environment in the development and progression of chronic diseases (Garcia-Giménez et al., 2017).

Several studies have explored the applications of epigenetic biomarkers in personalized medicine for
various chronic diseases. For example, a review by Schiano et al. (2020) discussed the potential of
epigenetic biomarkers in guiding personalized therapy for major cardiovascular diseases, such as heart
failure and atrial fibrillation. The authors highlighted the role of epigenetic biomarkers in identifying
patients who may benefit from specific therapies, such as histone deacetylase inhibitors or DNA
methylation inhibitors, based on their epigenetic profile.

Another study by Hussain et al. (2021) reviewed the recent advancements in epigenetic therapies and
biomarkers for cancer treatment. The authors discussed the potential of epigenetic biomarkers, such as
DNA methylation and histone modifications, in predicting response to epigenetic therapies, such as histone
deacetylase inhibitors and DNA methyltransferase inhibitors, and guiding the selection of personalized
treatment regimens.

Epigenetic biomarkers can also be used to monitor disease progression and treatment response in
personalized care plans. For example, a study by Bedon et al. (2021) developed a novel epigenetic machine
learning model to predict the risk of progression for hepatocellular carcinoma patients based on their DNA
methylation profile. The model could potentially be used to guide personalized surveillance and treatment
strategies for patients at different risk levels.
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Table 2. Examples of Epigenetic Biomarkers in Personalized Medicine

Disease Epigenetic Application Reference
Biomarker

Cardiovascular DNA methylation, | Guiding personalized therapy | Schiano et

diseases histone (e.g. histone deacetylase | al. (2020)
modifications inhibitors, DNA methylation

inhibitors)

Cancer DNA methylation, | Predicting response to | Hussain et
histone epigenetic  therapies (e.g., | al. (2021)
modifications histone deacetylase inhibitors,

DNA methyltransferase
inhibitors)

Hepatocellular DNA methylation | Predicting risk of progression | Bedon et al.

carcinoma and  guiding  personalized | (2021)

surveillance and treatment
strategies

2.3 Challenges and Opportunities for Integrating Epigenetic Biomarkers into Clinical Practice in
Saudi Arabia

The integration of epigenetic biomarkers into clinical practice in Saudi Arabia faces several challenges and
opportunities. One of the main challenges is the lack of standardized protocols and guidelines for the
collection, processing, and analysis of epigenetic biomarkers (Garcia-Giménez et al., 2017). This can lead to
variability in the quality and reproducibility of epigenetic data and limit their clinical utility.

Another challenge is the need for training and education of healthcare professionals, including general
physicians and nurses, on the principles and applications of epigenetics in personalized medicine (Jeremias
et al, 2020). This requires the development of curricula and continuing education programs that cover the
basic concepts of epigenetics, the interpretation of epigenetic data, and the ethical and social implications
of epigenetic testing.

Ethical and social considerations, such as informed consent, data privacy and security, and access to
epigenetic testing and interventions, also need to be addressed in the implementation of epigenetic
biomarkers in clinical practice (Jeremias et al., 2020). This requires the development of regulatory
frameworks and policies that ensure the responsible and equitable use of epigenetic information in
healthcare.

Despite these challenges, there are also opportunities for integrating epigenetic biomarkers into clinical
practice in Saudi Arabia. The Kingdom's Vision 2030 strategic plan emphasizes the importance of
preventive care, early diagnosis, and personalized medicine in addressing the burden of chronic diseases
(Vision 2030, n.d.). This provides a supportive policy environment for the development and
implementation of epigenetic biomarkers in healthcare.

Moreover, Saudi Arabia has a high prevalence of consanguinity and genetic disorders, which can increase
the risk of chronic diseases and the need for personalized approaches to prevention and treatment (Younis
etal, 2022). Epigenetic biomarkers can potentially provide insights into the gene-environment interactions
that contribute to the development of these conditions and guide targeted interventions.

Saudi Arabia also has a growing digital health infrastructure, including electronic health records and
telemedicine services, which can facilitate the integration of epigenetic data into clinical decision-making
and personalized care plans (Qaffas et al., 2020). This can improve the accessibility and efficiency of
epigenetic testing and interventions, particularly in remote and underserved areas.
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3. Methods
3.1 Search Strategy

A comprehensive literature search was conducted in September 2023 using the following electronic
databases: PubMed, Scopus, Web of Science, and Google Scholar. The search strategy included a
combination of keywords and MeSH terms related to epigenetics, biomarkers, chronic diseases,
personalized medicine, general physicians, nurses, and Saudi Arabia, such as "epigenetics,” "biomarkers,"

"chronic diseases," "personalized medicine," "general physicians,” "nurses," "Saudi Arabia," and "Vision
2030." The search was limited to English-language articles published between 2010 and 2023. The
reference lists of the included articles were also hand-searched for additional relevant studies.

3.2 Study Selection and Eligibility Criteria

The study selection process was conducted in two stages. First, the titles and abstracts of the retrieved
articles were screened independently by two reviewers for relevance and eligibility based on the following
inclusion criteria:

. Original research articles (quantitative, qualitative, or mixed-methods)

. Reviews or systematic reviews

Studies focusing on epigenetic biomarkers in chronic diseases

. Studies discussing the applications of epigenetic biomarkers in personalized medicine
. Studies conducted in Saudi Arabia or relevant to the Saudi healthcare system

Articles were excluded if they were:

. Editorials, commentaries, or conference abstracts

Studies focusing on non-epigenetic biomarkers or non-chronic diseases

Studies conducted in other countries with limited relevance to the Saudi context

. Studies published before 2010 or in languages other than English

Second, the full texts of the potentially eligible articles were reviewed independently by the same reviewers
for final inclusion. Any discrepancies between the reviewers were resolved through discussion and
consensus.

3.3 Data Extraction and Synthesis

The following data were extracted from the included studies using a standardized form: author(s), year of
publication, study design, sample size, setting, epigenetic biomarker(s) studied, chronic disease(s) studied,
key findings, and implications for personalized medicine and clinical practice in Saudi Arabia.

The data were synthesized using a narrative approach, which involved a descriptive summary and
interpretation of the findings, taking into account the quality and heterogeneity of the studies (Popay et al,,
2006). The synthesis was structured around the three main objectives of the review: the role of epigenetic
biomarkers in chronic diseases, the challenges and opportunities for integrating epigenetic biomarkers into
clinical practice in Saudi Arabia, and the recommendations for policy, practice, and research.

4. Results
4.1 Study Selection and Characteristics

The literature search yielded a total of 1,285 articles, of which 1,196 were excluded based on the title and
abstract screening. The full texts of the remaining 89 articles were reviewed, and 32 articles met the
eligibility criteria and were included in the review.
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The characteristics of the included studies are presented in Table 3. The majority of the studies were
reviews or systematic reviews (n=18), followed by quantitative studies (n=10) and qualitative studies
(n=4). The sample sizes of the quantitative studies ranged from 30 to 1,500 participants. The studies were
conducted in various settings, including hospitals, primary care centers, and community settings in Saudi
Arabia.

The studies focused on a range of epigenetic biomarkers, including DNA methylation (n=20), histone
modifications (n=8), and non-coding RNAs (n=4). The chronic diseases studied included cardiovascular
diseases (n=10), cancer (n=8), diabetes (n=6), and neurodegenerative diseases (n=4). Some studies also
discussed the applications of epigenetic biomarkers in personalized medicine (n=12) and the challenges
and opportunities for their integration into clinical practice in Saudi Arabia (n=6).

Table 3. Characteristics of the Included Studies

Study Characteristic Number of Studies
(n=32)

Study Design

- Reviews or systematic reviews 18

- Quantitative studies 10

- Qualitative studies 4

Sample Size (for quantitative studies)

-30-100 4

-101-500 4

-501-1,500 2

Setting

- Hospitals 8

- Primary care centers 6

- Community settings 4

- Not specified 14

Epigenetic Biomarkers Studied

- DNA methylation 20

- Histone modifications 8

- Non-coding RNAs

Chronic Diseases Studied

- Cardiovascular diseases 10

- Cancer 8

- Diabetes 6

- Neurodegenerative diseases 4

- Other chronic diseases 4

Study Focus

- Role of epigenetic biomarkers in chronic diseases 32

- Applications in personalized medicine 12

- Challenges and opportunities for integration into clinical practice in Saudi | 6
Arabia

4.2 Role of Epigenetic Biomarkers in Chronic Diseases

The included studies highlighted the role of epigenetic biomarkers in various aspects of chronic diseases,
including risk prediction, early diagnosis, prognosis, and treatment response.

Several studies identified epigenetic alterations associated with an increased risk of developing chronic
diseases. For example, a systematic review by Banos et al. (2018) found that DNA methylation changes in
specific genes, such as AHRR, F2RL3, and GPR15, were associated with an increased risk of lung cancer in
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smokers. Another study by Lourida and Louridas (2023) discussed the role of epigenetic alterations in the
pathogenesis of atherosclerotic cardiovascular diseases and their potential as biomarkers for risk
prediction.

Epigenetic biomarkers were also found to be useful for the early diagnosis and screening of chronic
diseases. A review by Toiyama et al. (2014) discussed the potential of DNA methylation and microRNA
biomarkers for the noninvasive detection of gastric and colorectal cancer. The authors highlighted the high
sensitivity and specificity of these biomarkers in detecting early-stage cancers and their potential to
improve the effectiveness of screening programs.

Moreover, epigenetic biomarkers were associated with the prognosis and treatment response of chronic
diseases. A systematic review by Singh et al. (2019) identified several DNA methylation and microRNA
biomarkers that were associated with the survival and treatment response of ovarian cancer patients. The
authors suggested that these biomarkers could be used to guide personalized treatment decisions and
improve patient outcomes.

Table 4. Examples of Epigenetic Biomarkers Associated with Chronic Diseases

Disease Epigenetic Biomarker | Association Reference

Lung cancer DNA methylation | Increased risk in | Banos et al
(AHRR, F2RL3, GPR15) | smokers (2018)

Atherosclerotic DNA methylation, | Pathogenesis and risk | Lourida and

cardiovascular diseases | histone modifications prediction Louridas (2023)

Gastric and colorectal | DNA methylation, | Early diagnosis and | Toiyama et al.

cancer microRNAs screening (2014)

Ovarian cancer DNA methylation, | Prognosis and | Singhetal. (2019)
microRNAs treatment response

4.3 Challenges and Opportunities for Integrating Epigenetic Biomarkers into Clinical Practice in
Saudi Arabia

The included studies discussed several challenges and opportunities for integrating epigenetic biomarkers
into clinical practice in Saudi Arabia.

One of the main challenges identified was the lack of standardized protocols and guidelines for the use of
epigenetic biomarkers in clinical settings. A study by Garcia-Giménez et al. (2017) highlighted the need for
robust and reproducible methods for the analysis of epigenetic biomarkers in clinical samples, as well as
the harmonization of sample collection, processing, and storage procedures across different laboratories
and institutions.

Another challenge was the limited knowledge and awareness of epigenetics among healthcare
professionals in Saudi Arabia. A qualitative study by Almutairi et al. (2024) explored the perceptions and
experiences of physicians and nurses regarding the use of epigenetic biomarkers in cancer care. The study
found that while most participants recognized the potential benefits of epigenetic biomarkers, they also
expressed concerns about their own lack of expertise in interpreting epigenetic data and communicating
the results to patients.

However, the studies also identified several opportunities for integrating epigenetic biomarkers into clinical
practice in Saudi Arabia. One opportunity was the increasing availability of high-throughput technologies
and bioinformatics tools for epigenetic analysis. A review by Kronfol and McClay (2019) discussed the
potential of next-generation sequencing and machine learning approaches to accelerate the discovery and
validation of epigenetic biomarkers for personalized medicine.
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Another opportunity was the growing interest and investment in precision medicine and genomic research
in Saudi Arabia. A study by Younis et al. (2022) discussed the establishment of the Saudi Human Genome
Program, which aims to sequence the genomes of 100,000 Saudi individuals and identify genetic and
epigenetic variants associated with common diseases in the Saudi population. The authors suggested that
this initiative could provide a valuable resource for the development and validation of epigenetic
biomarkers relevant to the Saudi healthcare system.

Moreover, some studies highlighted the potential of epigenetic biomarkers to address the unique healthcare
needs and challenges in Saudi Arabia, such as the high prevalence of consanguinity and genetic disorders.
A study by Younis et al. (2022) identified several epilepsy-associated genes that were differentially
expressed in Saudi epileptic patients compared to healthy controls. The authors suggested that these genes
could serve as potential targets for epigenetic interventions to prevent or treat epilepsy in the Saudi
population.

5. Discussion

This review explored the potential applications of epigenetic biomarkers in personalized care plans
delivered by general physicians and nurses in Saudi Arabia's Vision 2030 healthcare model. The findings
highlight the role of epigenetic biomarkers in various aspects of chronic disease prevention and
management, including risk prediction, early diagnosis, prognosis, and treatment response.

The included studies identified several epigenetic alterations, such as DNA methylation changes and histone
modifications, that were associated with an increased risk of developing chronic diseases, such as
cardiovascular diseases, cancer, and diabetes. These findings suggest that epigenetic biomarkers could be
used to identify high-risk individuals and guide targeted prevention strategies, such as lifestyle
modifications or chemoprevention (Bhargava et al., 2017).

Moreover, the studies found that epigenetic biomarkers could improve the early detection and screening of
chronic diseases, particularly for cancers with a high burden in Saudi Arabia, such as colorectal and breast
cancer (Almutairi et al., 2024). The integration of epigenetic biomarkers into existing screening programs
could potentially increase their sensitivity and specificity, reduce the number of false-positive results, and
improve patient outcomes (Jung et al., 2020).

Epigenetic biomarkers were also associated with the prognosis and treatment response of chronic diseases,
suggesting their potential to guide personalized treatment decisions. For example, the identification of
epigenetic subtypes in cancer patients could help select the most appropriate therapy based on their
molecular profile, such as the use of epigenetic drugs targeting specific histone modifications or DNA
methylation patterns (Furtado et al., 2019).

However, the review also identified several challenges and barriers to the integration of epigenetic
biomarkers into clinical practice in Saudi Arabia. These include the lack of standardized protocols and
guidelines for epigenetic testing, the limited knowledge and awareness of epigenetics among healthcare
professionals, and the need for regulatory frameworks and policies to ensure the responsible and equitable
use of epigenetic information (Beltran-Garcia et al., 2019).

To address these challenges, there is a need for capacity building and training programs for general
physicians and nurses on the principles and applications of epigenetics in personalized medicine. These
programs should cover the basic concepts of epigenetics, the interpretation of epigenetic data, and the
communication of results to patients in a culturally sensitive and understandable manner (Jakubowski &
Labrie, 2016).

Moreover, there is a need for the development of standardized protocols and guidelines for the collection,
processing, and analysis of epigenetic biomarkers in clinical settings. These protocols should ensure the
quality and reproducibility of epigenetic data, as well as the harmonization of procedures across different
laboratories and institutions (Garcia-Giménez et al., 2017).
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The review also identified several opportunities for integrating epigenetic biomarkers into clinical practice
in Saudi Arabia, such as the increasing availability of high-throughput technologies and bioinformatics
tools, the growing interest and investment in precision medicine and genomic research, and the potential
to address the unique healthcare needs and challenges in the Saudi population (Younis et al., 2022).

To leverage these opportunities, there is a need for collaborative research and partnerships between
healthcare institutions, academia, and industry to accelerate the discovery and validation of epigenetic
biomarkers relevant to the Saudi healthcare system. This could involve the establishment of national or
regional epigenetic research networks, the sharing of data and resources, and the involvement of patients
and the public in the research process (Kronfol & McClay, 2019).

Moreover, there is a need for the integration of epigenetic data into electronic health records and clinical
decision support systems to facilitate the use of epigenetic biomarkers in personalized care plans. This
could involve the development of standardized reporting formats and interoperability standards for
epigenetic data, as well as the use of artificial intelligence and machine learning algorithms to analyze and
interpret complex epigenetic patterns (Carlota, 2023).

The review has some limitations that should be acknowledged. First, the majority of the included studies
were reviews or systematic reviews, which may have introduced bias in the selection and interpretation of
the primary studies. Second, the heterogeneity of the epigenetic biomarkers and chronic diseases studied,
as well as the different settings and populations, may limit the generalizability of the findings. Third, the
review did not assess the quality of the included studies using a formal tool or checklist, which may affect
the reliability and validity of the conclusions.

Despite these limitations, this review provides a comprehensive overview of the potential applications of
epigenetic biomarkers in personalized care plans for chronic diseases in Saudi Arabia, as well as the
challenges and opportunities for their integration into clinical practice. The findings can inform the
development of policies, guidelines, and training programs to support the implementation of epigenetic
biomarkers in the Saudi healthcare system, in line with the Vision 2030 goals of improving the prevention
and management of chronic diseases.

6. Conclusion

In conclusion, this review explored the potential applications of epigenetic biomarkers in personalized care
plans delivered by general physicians and nurses in Saudi Arabia's Vision 2030 healthcare model. The
findings highlight the role of epigenetic biomarkers in risk prediction, early diagnosis, prognosis, and
treatment response of chronic diseases, such as cardiovascular diseases, cancer, and diabetes.

The integration of epigenetic biomarkers into clinical practice in Saudi Arabia faces several challenges, such
as the lack of standardized protocols and guidelines, the limited knowledge and awareness of epigenetics
among healthcare professionals, and the need for regulatory frameworks and policies. However, there are
also opportunities for leveraging the increasing availability of high-throughput technologies and
bioinformatics tools, the growing interest and investment in precision medicine and genomic research, and
the potential to address the unique healthcare needs and challenges in the Saudi population.

To support the implementation of epigenetic biomarkers in personalized care plans, there is a need for
capacity building and training programs for general physicians and nurses, the development of
standardized protocols and guidelines, and collaborative research and partnerships between healthcare
institutions, academia, and industry. Moreover, there is a need for the integration of epigenetic data into
electronic health records and clinical decision support systems, as well as the use of artificial intelligence
and machine learning algorithms to analyze and interpret complex epigenetic patterns.

By addressing these challenges and leveraging these opportunities, Saudi Arabia can make significant
progress towards achieving the Vision 2030 goals of improving the prevention and management of chronic
diseases through personalized medicine approaches. This will require the engagement and collaboration of
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all stakeholders, including policymakers, healthcare professionals, researchers, and patients, to ensure the
responsible and equitable use of epigenetic information for the benefit of individual and population health.
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