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Abstract

Introduction

Personalised prevention offers a promising tool to reduce the impact of non-communicable
diseases, which represent a growing health burden worldwide. However, to support the
adoption of this innovation it is needed to clarify the current state of available evidence in
this area. This work aims to provide an overview of recent publications on personalised pre-
vention for chronic conditions.

Materials and methods

A scoping review of scientific literature from Medline, Scopus, Web of Science and grey liter-
ature was conducted. Eligible articles included prospective primary studies and clinical prac-
tice directives on personalised preventive approaches for chronic diseases published
between January 2017 to December 2023. The review followed Arksey-O’Malley guidelines
and PRISMA-ScR checklist.

Results

We identified 121 publications including 60 primary cohort studies and 61 clinical practice
directives. We extracted 249 personalised preventive approaches, 27% in primary preven-
tion, 27% in secondary prevention, and 46% in tertiary prevention. In primary prevention,
50% of the 67 approaches were from cohort studies, mainly targeting cardiovascular dis-
eases, and 50% from directives primarily focused on cancer. Secondary prevention included
66 approaches, 73% from directives mainly concerning breast cancer. Tertiary prevention
included 116 approaches, evenly distributed among the two publication types and focusing
mostly on cancer and cardiovascular diseases. Lastly, tertiary prevention is the most
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represented level of prevention both in primary research studies and directives (54% and
41% respectively).

Conclusions

Our study highlights a significant focus on personalised prevention in oncology in the past
few years, with numerous recently issued clinical practice directives. We identified substan-
tial original research in personalised primary prevention of cardiovascular diseases, indicat-
ing growing interest in the field. However, the distribution of primary studies and directives
across the three preventive levels anticipate challenges in generating evidence of clinical
utility in primary and secondary prevention, with most approaches falling under tertiary
prevention.

Introduction

According to the latest Global Burden of Disease Study, non-communicable diseases (NCDs)
account for nearly 90% of deaths and over 80% of Disability-Adjusted Life Years in Europe
[1]. These include cancer, cardiovascular diseases, diabetes, neurodegenerative and chronic
respiratory conditions, and obesity which are common among individuals over 45 years old,
often presenting with comorbidities [2]. The growing burden of these conditions raises con-
cerns about the sustainability of healthcare systems. As multimorbidity becomes more com-
plex, healthcare systems face increased strain, necessitating innovative strategies to maintain
effective care [3]. Balancing prolonged care demands with the intricacies of multimorbidity
highlights the urgent need for adaptable and comprehensive healthcare approaches. Preven-
tion emerges as a crucial tool in reducing the burden of NCDs and supporting health system
sustainability amidst evolving epidemiological challenges [4]. In response, personalised medi-
cine has developed, aiming to provide optimal care to individuals at the right time by integrat-
ing data on lifestyle, metabolism, genetics, and social factors. This approach not only enhances
health intervention effectiveness by tailoring it to individual characteristics but in principle it
promotes resource optimisation, contributing to intervention sustainability [5].

Despite its initial distance from Population Health, personalised medicine converges with it
in the concept of “Precision Public Health”. which scales personalised medicine to populations
with a focus on prevention, leveraging genomic profiles and big data [6-8]. Evidence support-
ing the potential of personalised prevention to improve population health outcomes is sub-
stantial, and a number of research studies are ongoing, nevertheless its implementation in
health systems remains limited [9, 10]. The great majority of the evidence available today in
this field aims to assess the ability of these tests to predict specific genes or genetic variants
(analytical validity) and their accuracy in predicting future clinical outcomes (clinical validity).
This is an essential first step but demonstrating the clinical utility of a new technology—mean-
ing its efficacy or effectiveness in improving patient health outcomes—is crucial for its adop-
tion in national healthcare systems. Ideally, randomised controlled trials (RCTs) are the gold
standard for evaluating the efficacy of personalised preventive approaches, although they can
be challenging to conduct due to the rapid technological advancements that render such stud-
ies quickly outdated before completion, especially in primary and secondary prevention trials
due to the length of time required to observe health outcomes [11, 12]. When a trial cannot be
conducted, well designed observational studies can inform on the effectiveness of personalised
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preventive approaches. An example of widely implemented approaches in personalised pri-
mary and secondary prevention includes BRCA1/2 testing for identifying individuals at risk
for breast and gynaecologic cancers, that were informed from observational evidences [13].
More recently, emerging technologies like the Polygenic Risk Score (PRS) and other predictive
tests show promise for identifying subgroups of population at higher risk of certain conditions,
thus making them eligible to receive personalised preventive interventions. However, the evi-
dence supporting the clinical effectiveness of these technologies is fragmented, hindering
understanding of their readiness for scale-up in European health systems [14] based on accu-
mulating evidences from RCTs and following clinical guidelines since more than a decade.

Our study aims to comprehensively map the current state of research efforts in personalised
preventive approaches across the three levels of prevention by reviewing the recent scientific
literature from prospective cohort studies including trials and observational evidence. Addi-
tionally, we aim to map the actual clinical practice directives including guidelines and recom-
mendations that use personalised preventive approaches in order to compare the ongoing
research efforts, with the actual implemented practice in personalised prevention.

Materials and methods

This work is carried out in the context of the “a PeRsonalised Prevention roadmap for the
tuture HEalThcare” (PROPHET) project, funded under the Horizon Europe programme [15].
According to PROPHET, personalised prevention is defined: “Personalised prevention aims to
prevent onset, progression and recurrence of disease through the adoption of targeted interven-
tions that consider the biological information, environmental and behavioural characteristics,
socio-economic and cultural context of individuals. This should be timely, effective and equitable
in order to maintain the best possible balance in lifetime health trajectory” [16].

The scoping review follows the 5-stage methodological framework described by Arksey and
O’Malley [17]. The protocol has been uploaded to the Open Science Framework for public
consultation, with registration DOI: https://doi.org/10.17605/OSE.IO/DBPHR.

Preliminary research and definitions

We conducted a preliminary search on PubMed to define the search strategy and to identify
eligibility criteria. According to PROPHET definition, “A personalised preventive approach is
an action, or a set of actions, in which the information provided by genetic and/or other omics
biomarkers testing, combined with demographic, environmental and behavioural characteristics,
socio-economic and cultural context of individuals, guides the decision-making process regarding
one or more interventions aimed at preventing the onset, progression and recurrence of diseases”
[16]. In this context, the level of prevention is determined by the subsequent intervention fol-
lowing the test.

Search strategy

We searched for any relevant publication related to personalised prevention approaches on
PubMed, Scopus, Web of Science, Google Scholar, and on grey literature sources, including
Google, guidelines repositories, websites of personalised medicine and genomics projects or
consortia (e.g., the International Consortium for Personalised Medicine, ICPerMed), and rele-
vant institutions (e.g., national and international public health institutions). Considering the
launch of ICPerMed in November 2016 as a pivotal beginning for a number of research and
implementation efforts in personalised medicine, the search was extended from January 2017
to December 2023.
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The search strategy, tailored to each database, employed keywords related to three main
concepts: “personalised prevention”, “approach”, and “omics”. Synonyms for chronic and
common diseases were intentionally omitted from the search query to broaden the scope of

results from scientific databases (S1 File).

Eligibility criteria
In order to be eligible, the following criteria had to be fulfilled:

1. prospective primary studies (clinical trial or cohort study) that evaluated the clinical efficacy
of a personalised preventive approach for NCDs;

2. clinical practice directives including guidelines and recommendations that featured a per-
sonalised preventive approach.

The reports from 1) and 2) had to include any common chronic condition [18], even those
originating from rare genetic variants. Only studies published in English language were
included.

Furthermore, literature reviews were initially included to conduct a backward citation
screening in order to identify additional relevant publications.

Exclusion criteria encompassed pre-prints, study protocols, as well as studies solely explor-
ing the clinical validity of genetic or other omics tests (e.g., genome-wide association studies,
case-control studies, retrospective cohorts), simulation models studies, articles not involving
omics sciences in prevention of common chronic diseases, and studies conducted on animals.

The documents identified were uploaded into the Rayyan software [19] and underwent a
two-phase assessment to determine their eligibility, firstly as a screening through title and
abstract, secondly by full text. The process of screening of the eligible documents and data
extraction, described below, was piloted and conducted by independent researchers in order
to facilitate the alignment among them and resolve potential disagreements.

Data extraction

From each eligible document we extracted information about the first author, year of publica-
tion, type of publication, Country where the study was conducted or the clinical practice direc-
tives produced, disease/health condition, level of prevention (primary, secondary, tertiary),
and the approach described.

Additionally, for each approach identified within the eligible documents, we extracted the
following characteristics:

« category of omics test (e.g., genomic, pharmacogenomic, metabolomic);
« analytical details of the test (e.g., the specific gene analysed, the name of the genetic panel);

o the preventive intervention following the test (e.g., lifestyle interventions, target therapy, per-
sonalised screening).

Data synthesis

To highlight which disease, test, and intervention have been prioritised in the scientific litera-
ture, and by expert panels or consortia in the recent years, we then grouped the eligible person-
alised preventive approaches according to: type of publication (primary studies or clinical
practice directives), level of prevention, major health domains (cancer, cardiovascular diseases,
metabolic conditions, neurological and psychiatric disorders, and others), disease type (e.g.,
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Identification

Screening

cancer site, specific cardiovascular disease), the omics test used and the type of intervention
following the test. Descriptive statistics were computed for each item. Results were presented
narratively and delineated in tables.

Reporting

The Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scop-
ing Reviews (PRISMA-ScR) Checklist was used for our review (S2 File).

Results

A total of 121 records met the inclusion criteria, of which 78 were identified through scientific
database searches and 43 from additional sources, as illustrated in the PRISMA flowchart (Fig
1). Fifty percent of the studies were conducted in the USA, 27% in Europe and 3% in Asia,
while the remaining 16% consisted of multicentric studies or clinical practice directives from
consortia of experts spanning various regions worldwide (S1 Table). Among the 121 studies
included, 60 were primary cohort studies, comprising 46 clinical trials and 14 prospective
observational studies, and 61 were clinical practice directives, including 47 guidelines and 14
recommendations.

From the 121 eligible documents, a total of 249 approaches were identified that included a
predictive omics test and a consequent preventive intervention, of which 113 from primary
research studies (45%), and 136 from clinical practice directives (55%) (Fig 2).

According to the level of prevention, 67 (27%) were on primary prevention, 66 (27%) on
secondary, and 116 (46%) on tertiary. Among primary preventive approaches, 51% were from
primary studies and 49% from clinical practice directives, among secondary 27% were from

Identification of studies via databases J | Identification of studies via other methods |

RecoE rds 'der;:ﬁﬂggg;: ?:r:?ernd.ifl ; moved bafors Records identified from: .

Scopus (n = 1179) - Duplicate records removed gzﬁérﬁzﬁgﬁs(;?;rﬁ&e?rﬂrf sﬁglnr;v‘il:v?sg)(n =6394)

Web of Science (n = 9846) (n = 5605) 9 =
Records screened Records excluded Records screened Records excluded

—» e
(n=9713) (n = 8842) (n=7783) (n=7572)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval .| Reports not retrieved
(n=871) s (n=77) (n=211) "l (n=18)
| I
Reports assessed for eligibili Reports assessed for eligibili
(n E 794) i »| Reports excluded: (n f 193) - ——»| Reports excluded:
No English language (n = 15) No approach (n = 106)

Y

[ Included ] [

Reports included in review
(n=121)

Study protocol (n = 7)

Wrong study design (n = 38)

No approach (n = 402)
Theoretical approach (n = 118)
No personalization (n = 59)
Rare disease (n = 10)

Acute disease (n = 6)

Reviews on approaches (n = 61)

Fig 1. PRISMA flow chart for study selection.
https://doi.org/10.1371/journal.pone.0317379.g001

No personalization (n = 25)
Rare disease (n = 10)
Acute disease (n = 9)
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Fig 2. Details of the 249 personalised preventive approaches extracted from the 121 studies, according to the level of prevention, and
classified by primary cohort studies (clinical trials or prospective observational studies) versus clinical practice directives (guidelines or
recommendation), and by type of disease.

https://doi.org/10.1371/journal.pone.0317379.9002

primary studies and 73% from clinical practice directives, while for tertiary 53% were from pri-
mary studies and 47% from clinical practice directives.

Table 1 details the mapping results of the 249 personalised preventive approaches according
to the level of prevention, the study design and the type of disease.

One hundred-thirteen approaches were mapped among primary research studies, of which
the vast majority were in the tertiary prevention setting (54%), then primary (30%) and sec-
ondary prevention (16%). Sixty-nine approaches were mapped from clinical trials, of which
the vast majority was in the setting of tertiary prevention (61%), especially on cancer, followed
by primary and secondary preventive studies in the setting of cardiovascular diseases. Observa-
tional studies included 44 approaches, of which the highest proportion (45%) was in tertiary
prevention, with cancer being the most common, and secondary cancer prevention.

As for the clinical practice directives, we mapped 136 approaches, of which the majority
were in the tertiary prevention setting (41%), followed by secondary (35%) and primary (24%).
Among them, 80 different approaches were mapped from guidelines, of which the majority
was in the setting of tertiary prevention (54%), especially on cancer, followed by primary and
tertiary preventive studies. Lastly, recommendations included 56 approaches, of which the
highest proportion (46%) was in secondary prevention, with cancer being the most common,
and primary cancer prevention.

The 121 records included in the review and the 249 approaches extracted are listed in the
S2 Table and detailed in the following paragraphs, according to the level of prevention.

Primary prevention

A total of 67 approaches on personalised primary prevention were identified, including 34
from primary cohort studies and 33 from clinical practice directives.
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Table 1. Personalised preventive approaches by level of prevention, study design and type of disease.

Primary Secondary Tertiary Total of approaches

prevention prevention prevention
Primary cohort studies 34 (30%) 18 (16%) 61 (54%) 113 (100%)
Clinical trials (N = 46) 25 (36%) 3 (4%) 41 (60%) 69 (100%)
Cancer 3 2 19 24
Cardiovascular diseases 15 1 11 27
Metabolic conditions 6 - 2 8
Neurological/psychiatric disorders - - 5 5
Others 1 - 4 5
Prospective observational studies (N = 14) 9 (21%) 15 (34%) 20 (45%) 44 (100%)
Cancer 4 12 19 35
Cardiovascular diseases 4 2 1 7
Metabolic conditions - - - -
Neurological/psychiatric disorders - - - -
Others 1 1 - 2
Clinical practice directives 33 (24%) 48 (35%) 55 (41%) 136 (100%)
Guidelines (N = 47) 15 (19%) 22 (27%) 43 (54%) 80 (100%)
Cancer 10 22 35 67
Cardiovascular diseases 5 - 3 8
Metabolic conditions - - 1 1
Neurological/psychiatric disorders - - 4 4
Others - - - -
Recommendations (N = 14) 18 (32%) 26 (46%) 12 (22%) 56 (100%)
Cancer 13 24 9 46
Cardiovascular diseases 5 2 2 9
Metabolic conditions - - - -
Neurological/psychiatric disorders - - 1 1
Others - - - -
Total of included studies (N = 121) 67 (27%) 66 (27%) 116 (46%) 249 (100%)

https://doi.org/10.1371/journal.pone.0317379.t001

Primary cohort studies. The 34 approaches focused on cardiovascular diseases (56%),
cancer (21%), metabolic conditions (18%), and other chronic diseases (5%) (Table 2), of which
25 were from clinical trials and 9 from prospective observational studies (Table 1). The vast
majority of the approaches investigated the genetic predisposition and pharmacogenomic pro-
file for high-risk individuals followed by the administration of personalised risk-reduction
strategies for coronary heart disease, and for breast, ovarian and pancreatic cancers. Four
approaches in cancer (melanoma and breast cancer) and cardiovascular diseases included
PRSs profiling and disclosure among high-risk subjects in order to encourage the adoption of
healthier lifestyles or the uptake of other preventive therapies.

Concerning the approaches on metabolic conditions, four were on diabetes and two on
obesity, while the strategies on other chronic diseases were specifically on rheumatoid arthritis
and age-related macular degeneration; these approaches were based on the use of genetic test-
ing for the identification of high-risk subjects and target life-style interventions.

Clinical practice directives. Thirty-three approaches were included, of which 15 were
from guidelines and 18 from recommendations (Table 1). Among them, 70% focused on can-
cer and 30% on cardiovascular diseases. Among cancer prevention approaches, breast cancer
(39%) and ovarian cancer (30%) were the most common, followed by colorectal, pancreatic,
uterine and prostatic cancer (31%). These approaches included cascade genetic screening of
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Table 2. Personalised approaches in primary prevention (N = 67) according to disease category, specific health condition, test evaluated and consequent preventive

intervention.
Disease Specific condition N (%) Test N (%) Intervention N (%)
Primary cohort studies (N = 34)
Cancer Breast cancer 3 (42%) Multigene panels 3 (42%) Prophylactic surgery 3 (42%)
N =7(21%) Melanoma 2 (28%) Monogenic tests 2 (28%) Lifestyle changes 3 (42%)
Ovarian cancer 1(15%) Polygenic risk score 2 (28%) Preventive therapy 1(16%)
Pancreatic cancer 1(15%)
Cardiovascular diseases | Coronary artery diseases 18 (95%) Genetic tests 14 (74%) Drug dose adaptation 13 (68%)
N =19 (56%) - Familial hypercholesterolemia 11 (58%) Pharmacogenomic tests 3 (16%) Lifestyle changes 6 (32%)
- Hypertension 2(10%) Polygenic risk score 2 (10%)
Dilated cardiomyopathy 1 (5%)
Metabolic diseases Type 2 diabetes 4 (67%) Genetic tests 5(83%) Lifestyle changes 6 (100%)
N =6 (18%) Obesity 2(33%) Nutrigenomic test 1 (17%)
Others Eye macular degeneration 1 (50%) Genetic tests 2 (100%) Lifestyle changes 2 (100%)
N =2 (5%) Rheumatoid arthritis 1 (50%)
Clinical practice directives (N = 33)
Cancer Breast cancer 9 (39%) Monogenic tests 15 (62%) Prophylactic surgery 16 (70%)
N =23 (70%) Ovarian cancer 7 (33%) Multigene panels 8 (38%) Lifestyle changes 4 (17%)
Colorectal cancer 3 (13%) Preventive therapy 2 (3%)
Pancreatic cancer 2 (9%)
Uterine cancer 1 (3%)
Prostatic cancer 1 (3%)
Cardiovascular diseases | Coronary artery diseases 10 (100%) Genetic tests 8 (80%) Drug dose adaptation 7 (70%)
N =10 (30%) - Familial hypercholesterolemia 7(70%) Pharmacogenomic tests 2 (20%) Lifestyle changes 3 (30%)
- Hypercholesterolemia 1(10%)
- Thromboembolism 1(10%)
- Channelopathies 1(10%)

https://doi.org/10.1371/journal.pone.0317379.1002

BRCA1/2 mutation testing, and other hereditary syndromes, which targeted healthy individuals
with family history or other risk factors. In these situations, individuals identified as being at
high risk through the tests, preventive interventions included risk-reduction strategies, of which
70% included prophylactic surgery, 17% promotion of healthy behaviours, and 13% preventive
treatments, such as chemoprophylaxis. In the cardiovascular disease setting, interventions such
as lifestyle modification and the use of preventive medications were included in 30% and 70%
of the approaches aimed at preventing coronary artery diseases. Such strategies included genetic
tests for familial hypercholesterolemia (70%), channelopathies (10%), and pharmacogenomic
tests (20%), enabling personalised therapies and adverse reactions prevention.

Secondary prevention

The review identified 66 approaches for personalised secondary prevention, comprising 18
from primary cohort studies and 48 from clinical practice directives (Table 3).

Primary cohort studies. The 18 approaches focused on cancer (78%), cardiovascular dis-
eases (17%), and eye macular degeneration (5%) (Table 3), of which 3 were from clinical trials
and 15 from observational studies (Table 1). In secondary cancer prevention, the majority of
the approaches included cascade genetic screening for breast cancer (22%), while a lower num-
ber focused on colorectal, prostate, and pancreatic cancer (14% each) and other tumours
(36%). After identifying at-risk individuals through genetic counselling and testing, the
approaches included personalised screening strategies aimed at early cancer detection.
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Table 3. Personalised approaches in secondary prevention (N = 66) according to disease category, specific health condition, test evaluated and consequent preven-

tive intervention.

Disease

Cancer
N = 14 (78%)

Cardiovascular diseases
N=3(17%)

Others
N=1(5%)

Cancer
N =46 (96%)

Cardiovascular diseases
N =2 (4%)

Specific conditions

Breast cancer

Pancreatic cancer

Colorectal cancer

Prostatic cancer

Other cancers

Coronary artery diseases

- Familial hypercholesterolemia
Hypertrophic cardiomyopathy

Eye macular degeneration

Breast cancer

Colorectal cancer

Pancreatic cancer

Ovarian cancer

Renal cancer

Other cancers

Coronary artery diseases

- Familial hypercholesterolemia

Cardiomyopathies

https://doi.org/10.1371/journal.pone.0317379.t003

N (%) Test N (%) Intervention N (%)
Primary studies (N = 18)
3 (22%) Multigene panels 11 (79%) | Personalised cancer screening | 14 (100%)
2 (14%) Monogenic tests 3 (21%)
2 (14%)
2 (14%)
5(36%)
2 (67%) Genetic tests 2 (67%) Personalised follow-up 3 (100%)
2(67%) Whole genome sequencing 1(33%)
1 (33%)
1(100%) | Genetic tests 1(100%) | Personalised follow-up 1 (100%)
Clinical practice directives (N = 48)
14 (30%) | Monogenic tests 29 (63%) | Personalised cancer screening | 46 (100%)
10 (22%) | Multigene panels 17 (37%)
6 (13%)
3 (6%)
2 (5%)
11 (24%)
1 (50%) Genetic tests 2(100%) | Personalised follow-up 2 (100%)
1(50%)
1 (10%)

Regarding cardiovascular diseases, two approaches focused on familial hypercholesterol-

emia diagnosis based on genetic testing, and follow-up to prevent coronary artery disease; and
one approach aimed at identifying high risk individuals with hypertrophic cardiomyopathy
genetic testing to target precise cardiological follow-up.

Clinical practice directives. Forty-eight approaches were included, of which 22 were
from guidelines and 26 from recommendations (Table 1). Among them, 96% focused on can-
cer, while only 4% pertained to cardiovascular diseases.

Among cancer, 30% aimed to enhance breast cancer screening programmes, including
magnetic resonance imaging for high-risk individuals with BRCA 1/2 mutations or other asso-
ciated genetic variants. This same strategy, which includes cascade genetic screening and sub-
sequent personalised follow-up, was also present in approaches for colorectal cancer (22%),
pancreatic cancer (13%), ovarian cancer (6%), renal cancer (5%), and other cancers (24%),
including endocrine tumours, melanoma, prostate cancer, and others. Similarly for primary
prevention, genetic panels analysis for various hereditary conditions were present in 37% of
the approaches. Regarding cardiovascular diseases, one approach focused on coronary artery
disease, including familial hypercholesterolaemia genetic testing, and the other on cardiomy-
opathies genetic variants detection, to enable personalised follow-up through periodic cardio-
logical visits and imaging.

Tertiary prevention

The review identified 116 approaches, comprising 61 from primary cohort studies and 55
from clinical practice directives (Table 4).

Primary cohort studies. The 61 approaches focused on cancer (62%), cardiovascular dis-
eases (20%), and eye macular degeneration (5%), neurological and psychiatric diseases (8%),
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Table 4. Personalised approaches in tertiary prevention (N = 116) according to disease category, specific health condition, test evaluated and consequent preventive
intervention.

Disease Specific conditions N (%) Test N (%) Intervention N (%)
Primary cohort studies (N = 61)
Cancer Colorectal cancer 8(22%) | Multigene panels 26 (68%) | Target therapy 36 (95%)
N = 38 (62%) Breast cancer 7 (18%) | Monogenic tests 10 (27%) | Drug dose adaptation | 2 (5%)
Lung cancer 7 (18%) | Pharmacogenomic tests | 2 (5%)
Ovarian cancer 5(13%)
Pancreatic cancer 3 (8%)
Prostatic cancer 2 (5%)
Cholangiocarcinoma 2 (5%)
Other cancers 4 (11%)
Cardiovascular diseases Coronary artery diseases 11 (92%) | Pharmacogenomic tests | 12 (100%) | Drug dose adaptation | 12 (100%)
N =12 (20%) Atrial fibrillation 1(8%)
Metabolic diseases Type 2 diabetes 1(50%) | Pharmacogenomic tests | 2 (100%) | Drug dose adaptation | 2 (100%)
N=2(3%) Obesity 1(50%)
Neurological and psychiatric disordes | Depression disorders 2(40%) | Pharmacogenomic tests | 5 (100%) | Drug dose adaptation | 5 (100%)
N =5 (8%) Epilepsy 1(20%)
Dementia 1(20%)
Alzheimer 1(20%)
Others Eye macular degeneration 1(25%) | Pharmacogenomic tests | 4 (100%) | Drug dose adaptation | 4 (100%)
N=4(7%) Chronic obstructive pulmonary disease | 1 (25%)
Gastroesophageal reflux 1(25%)
Hypothyroidism 1(25%)
Clinical practice directives (N = 55)
Cancer Breast cancer 18 (41%) | Multigene panels 22 (50%) | Target therapy 37 (84%)
N = 44 (80%) Colorectal cancer 5(12%) | Monogenic tests 15 (34%) | Drug dose adaptation | 7 (16%)
Opvarian cancer 4(9%) Pharmacogenomic tests | 7 (16%)
Lung cancer 3(7%)
Prostatic cancer 3 (7%)
Melanoma 2 (4%)
Gastric cancer 2 (4%)
Pancreatic cancer 2 (4%)
Other cancers 5(12%)
Cardiovascular diseases Coronary artery diseases 3(60%) | Pharmacogenomic tests | 5 (100%) | Drug dose adaptation | 5 (100%)
N=5(9%) Cardiomyopathies 1(20%)
Atrial fibrillation 1(20%)
Metabolic diseases Gout 1(100%) | Pharmacogenomic tests | 1 (100%) | Drug dose adaptation | 1 (100%)
N=1(2%)
Neurological and psychiatric disordes | Depression disorders 2(40%) | Pharmacogenomic tests | 5 (100%) | Drug dose adaptation | 5 (100%)
N=5(9%) Epilepsy 2 (40%)
Schizophrenia 1 (20%)

https://doi.org/10.1371/journal.pone.0317379.1004

metabolic diseases (3%), and 7% on other chronic conditions (Table 4); among them, 41 were
from clinical trials and 20 from observational studies (Table 1).

For cancer prevention 22% of approaches focused on colorectal cancer, followed by breast
(18%) and lung cancer (18%). The approaches identified included the use of multigene panels
(68%) and single gene mutation tests (27%) to identify target therapies, and pharmacogenomic
tests (5%) to determine the appropriate dosage of anticancer drugs. In cardiovascular disease
approaches, 92% focused on pharmacogenomics for myocardial infarction maintenance and
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8% on personalised treatment of atrial fibrillation. Regarding neurological and psychiatric dis-
eases, pharmacogenomics was used in five approaches: two for depressive disorders, and one
on epilepsy, dementia, and Alzheimer’s disease. In metabolic diseases, pharmacogenomic
approaches were used in one study on the treatment of type 2 diabetes and one on obesity.

Finally, four approaches were identified from a randomised controlled trial evaluating the
pharmacogenomic profile of patients undergoing polypharmacotherapy for common chronic
diseases, including eye macular degeneration, chronic obstructive pulmonary disease, gastro-
esophageal reflux disease, and hypothyroidism (Table 4).

Clinical practice directives. Fifty-five tertiary prevention approaches were identified
from clinical practice directives, 43 from guidelines and 12 from recommendations (Table 1).
Consistent with findings in primary and secondary prevention, the majority pertained to can-
cer (80%), followed by cardiovascular diseases (9%), neurological and psychiatric conditions
(9%), and metabolic diseases. For tertiary prevention of cancer, the identified approaches pri-
marily included the detection of somatic mutations. These tests may screen for a range of
genetic variants using multigene panels (50%), or alternatively, they may focus on specific
gene variants, such as BRCAI, BRCA2, and BRAF (34%), to guide and target therapies.
Another strategy involved pharmacogenomic tests (16%), particularly genotyping DPYD,
UGT1IA, and CYP2D6 genes, to ensure proper dosing of anticancer drugs like dihydropyri-
dines, irinotecan, and tamoxifen. These approaches were identified for various cancers, with
the majority focused on breast cancer, followed by colorectal, ovarian and lung cancer
(Table 4).

Regarding cardiovascular diseases, three approaches focused on coronary artery disease,
including pharmacogenomic tests for CYP2CI9 genotyping, which is implicated in the metab-
olism of antiplatelet drugs, to establish correct maintenance therapy dosages for patients who
had undergone percutaneous coronary intervention for myocardial infarction. The remaining
two approaches, also based on pharmacogenomic testing, focused on preventing complica-
tions and personalising treatment for cardiomyopathies and atrial fibrillation to prevent
events.

For neurological and psychiatric diseases, the approaches centred on pharmacogenomic
tests to determine the correct dosage of drugs for treating conditions, including depressive dis-
orders (40%), epilepsy (40%), and schizophrenia (20%). Lastly, one approach for metabolic
diseases focused on gout treatment, through appropriate therapy and dosage to prevent com-
plications, including renal insufficiency and treatment-related events.

Discussion

This scoping review provides a broad overview of publications and reports on personalised
preventive approaches for chronic diseases published in the recent years, both from primary
research studies including trials and observational studies, and clinical practice directives.
While primary studies reflect current research advancements, recommendations and guide-
lines indicate well-established approaches with longstanding evidence. The results from our
study show that half of the outputs were published in the US, with a good balance between the
two main kind of documents. When extracting the approaches from the reports, around half
concerned primary research studies, with a larger proportion of clinical trials respect to obser-
vational studies, and half clinical practice directives, thus suggesting an important amount of
evidence accumulated from primary studies in the past decades in the field. As for the level of
prevention, most of the personalised approaches were on tertiary prevention (46%) compared
to primary (27%) and secondary (27%), with secondary prevention showing a greater propor-
tion of outputs from clinical practice directives respect to primary studies. As for the disease
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investigated, cancer was the most common across the studies and the preventive level, with
exception of CVD that are well represented among clinical trials.

Indeed, deepening the analysis of our results through the comparison between clinical prac-
tice directives and primary studies, different maturity levels of evidence in personalised pre-
vention emerge. When examining the diseases targeted, the wide representation of oncology,
which accounts for 69% of the approaches, reflects the significant interest the scientific com-
munity has dedicated to research in this field over recent decades. For all levels of prevention
in oncology, there are more clinical practice directives than primary studies, especially in pri-
mary and secondary prevention. This trend differs from other diseases and can be attributed
to the extensive research and established strategies in cancer prevention prior to our selected
timeframe. In fact, while details like reccommended screening ages or lifestyle advice may vary,
the guidelines largely use the same genetic tests. A paramount example in this context are
breast and ovarian cancer, which have emerged as one of the most central conditions for
which these approaches are designed across primary and secondary preventive settings. The
clinical practice directives included for breast and ovarian cancer prevention largely rely on
the same genetic tests, (BRCA1/2), STK11, TP53, and differed in aspects like the recommended
target age, or specific intervention details.

Concerning CVD, a growing interest is testified by a large number of primary research
studies across the three levels of prevention. These include the use of PRS to trigger improved
lifestyles for primary prevention, for example by evaluating how the return of risk class
assessed by PRS integration influences the adoption of virtuous behaviours in high-risk indi-
viduals [20]. In terms of secondary prevention, we identified innovative approaches for per-
sonalised screening programmes towards people with predisposition for familial
hypercholesterolemia [21]. As for tertiary prevention, the majority of primary studies is repre-
sented by example of pharmacogenomics testing to adapt therapies to prevent the recurrence
of major CVD events like CYP2CI9 genotyping to implement P2Y12 inhibitor dose adjust-
ments [22-24]. Clinical practice directives, instead, primarily concentrate on managing famil-
ial hypercholesterolemia, with guidelines differing in the target population and the
recommended interventions, which are personalised based on the patient’s individual charac-
teristics and the clinical context [25, 26]. The outlook for neurological, psychiatric, and meta-
bolic diseases is instead rather bleak, with scarce outputs published, which are still firmly
anchored to primary studies and tertiary prevention. This limited focus is concerning, espe-
cially considering the increasing ageing population and the associated burden of disease
among the oldest-old, which includes particularly neurodegenerative disorders such as demen-
tia [27]. This may partly reflect the challenges associated with these conditions, including the
complex interplay of genetic and environmental factors and the need for long-term studies to
establish effective preventive measures, as well as the barriers in securing research funding in a
field often less influenced by for-profit incentives [28]. Pharmacogenomics, however, is the
only approach that consistently emerges in guidelines for the treatments of these diseases, play-
ing a pioneering role in translating personalised prevention from research to clinical practice.
It acts as a catalyst for primary research in tertiary prevention, showcasing its significant
impact on improving therapies for several non-communicable diseases. This model serves as
an exemplary framework that could be replicated in various contexts or approaches, emphasis-
ing the potential of genetic insights to enhance individualised healthcare strategies. By inte-
grating pharmacogenomic data, clinicians can better tailor prevention and treatment plans,
ultimately leading to more effective health outcomes [29].

Overall, our study reveals that the promising evidence in the area of personalised preven-
tion struggles to find application in clinical practice, or even earlier, in producing solid evi-
dence of the clinical utility of tools with established predictive power. This is because
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translating predictive omics evidence into clinical practice involves several challenges [30-32].
Producing evidence for primary and secondary prevention is particularly difficult and costly,
requiring rigorous clinical studies with long-term follow-up [33]. The extended timeframes
and significant resources needed for such studies often hinder the generation of robust evi-
dence, slowing the translation of research findings into clinical practice. Moreover, even when
solid evidence is obtained, multidisciplinary evaluations are needed to complement recom-
mendations with considerations on organisational feasibility, resource sustainability, equitable
access to care, and acceptability among both the target population and healthcare professionals
[34, 35]. Although our study did not address the assessment of these domains in the included
studies, the scarcity of literature specifically focusing on these aspects, particularly including
equity and equality, remains evident [36, 37]. These evaluations are crucial for ensuring that
new preventive measures can be effectively integrated into existing healthcare systems and are
accessible to all patients who may benefit from them.

The complexity of these evaluations is compounded by the need to balance the potential
benefits of personalised prevention with the practical constraints of healthcare delivery. For
instance, integrating omics data into routine clinical practice requires significant investment
in infrastructure, training for healthcare professionals, and patient education. Additionally,
ethical considerations, such as patient privacy and informed consent must be carefully man-
aged to build trust and ensure the responsible use of genetic information.

Nonetheless, European countries are making substantial advances through initiatives such
as Genomics England [38], the Estonian Biobank [39], FinnGen in Finland [40], and the
IMPACT cohort in Spain [41]. These large-scale cohort studies systematically integrate geno-
mic data with additional health and lifestyle metrics, creating invaluable resources for advanc-
ing research and facilitating the future implementation of personalised prevention strategies
across Europe. Our study has several limitations. Firstly, as a scoping review, its objective is to
explore the breadth and nature of personalised prevention, which means it does not assess the
quality of the included studies or provide a critical synthesis of the results to evaluate their
effectiveness. Secondly, the review may not be exhaustive of all existing approaches, leaving
some potentially valuable strategies unexamined. Additionally, the eligibility criteria limited
the results to records published after 2016 and those in English, potentially omitting relevant
research. Lastly, our work does not evaluate the actual implementation and integration of the
identified approaches into clinical practice.

In conclusion, our study highlights significant progress and ongoing challenges in personal-
ised prevention. While oncology leads the way with broader guidelines and more robust evi-
dence, other fields lag behind, necessitating further research and multidisciplinary efforts to
translate omics data into clinical practice and develop inclusive, effective prevention strategies.
The journey from evidence to implementation is complex, but the potential benefits for public
health are substantial. As personalised medicine continues to evolve, ongoing collaboration
among researchers, clinicians, policymakers, and patients will be essential to realise its full
potential in improving health outcomes and preventing disease.

Supporting information

S1 File. Search strategies for scientific databases and grey literature.
(DOCX)

S2 File. Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for
Scoping Reviews (PRISMA-ScR) checklist.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0317379  January 13, 2025 13/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0317379.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0317379.s002
https://doi.org/10.1371/journal.pone.0317379

PLOS ONE The current landscape of personalised preventive approaches for non-communicable diseases: A scoping review

S1 Table. Countries where the studies were conducted or the clinical practice directives
produced.
(DOCX)

$2 Table. Detailed overview of included approaches.
(DOCX)

Acknowledgments

We gratefully acknowledge the support and efforts of the members of the PROPHET project
consortium who have significantly contributed to the development of this work.

Author Contributions

Conceptualization: Sara Farina, Tommaso Osti, Alessandra Maio, Roberta Pastorino, Stefania
Boccia.

Data curation: Sara Farina, Tommaso Osti, Luigi Russo, Alessandra Maio, Nicolo Scarsi,
Cosimo Savoia, Abdelrahman Taha, Leonardo Villani.

Formal analysis: Sara Farina, Tommaso Osti, Luigi Russo, Alessandra Maio, Nicolo Scarsi,
Cosimo Savoia, Abdelrahman Taha, Leonardo Villani, Roberta Pastorino.

Funding acquisition: Stefania Boccia.

Investigation: Sara Farina, Tommaso Osti, Luigi Russo, Alessandra Maio, Nicolo Scarsi,
Cosimo Savoia, Abdelrahman Taha, Leonardo Villani.

Methodology: Sara Farina, Tommaso Osti, Luigi Russo, Alessandra Maio, Roberta Pastorino,
Stefania Boccia.

Supervision: Roberta Pastorino, Stefania Boccia.

Validation: Sara Farina, Tommaso Osti, Roberta Pastorino, Stefania Boccia.
Visualization: Sara Farina, Tommaso Osti, Stefania Boccia.

Writing - original draft: Sara Farina, Tommaso Osti.

Writing - review & editing: Sara Farina, Tommaso Osti, Alessandra Maio, Roberta Pastorino,
Stefania Boccia.

References

1. Abbafati C, Abbas KM, Abbasi M, Abbasifard M, Abbasi-Kangevari M, Abbastabar H, et al. Global bur-
den of 369 diseases and injuries in 204 countries and territories, 1990-2019: a systematic analysis for
the Global Burden of Disease Study 2019. The Lancet. 2020; 396: 1204—1222. https://doi.org/10.1016/
S0140-6736(20)30925-9 PMID: 33069326

2. Licher S, Heshmatollah A, van der Willik KD, Stricker BHC, Ruiter R, de Roos EW, et al. Lifetime risk
and multimorbidity of non-communicable diseases and disease-free life expectancy in the general pop-
ulation: A population-based cohort study. PLoS Med. 2019; 16: €1002741. https://doi.org/10.1371/
journal.pmed.1002741 PMID: 30716101

3. Scheirer MA, Dearing JW. An Agenda for Research on the Sustainability of Public Health Programs.
Am J Public Health. 2011; 101: 2059. https://doi.org/10.2105/AJPH.2011.300193 PMID: 21940916

4. Nugent R. Preventing and managing chronic diseases. BMJ. 2019; 364. https://doi.org/10.1136/bmj.
1459 PMID: 30705038

5. Ricciardi W, Stefania B. New challenges of public health: Bringing the future of personalised healthcare
into focus. Eur J Public Health. 2017; 27: 36—39. hitps://doi.org/10.1093/eurpub/ckx164 PMID:
29028243

PLOS ONE | https://doi.org/10.1371/journal.pone.0317379  January 13, 2025 14/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0317379.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0317379.s004
https://doi.org/10.1016/S0140-6736%2820%2930925-9
https://doi.org/10.1016/S0140-6736%2820%2930925-9
http://www.ncbi.nlm.nih.gov/pubmed/33069326
https://doi.org/10.1371/journal.pmed.1002741
https://doi.org/10.1371/journal.pmed.1002741
http://www.ncbi.nlm.nih.gov/pubmed/30716101
https://doi.org/10.2105/AJPH.2011.300193
http://www.ncbi.nlm.nih.gov/pubmed/21940916
https://doi.org/10.1136/bmj.l459
https://doi.org/10.1136/bmj.l459
http://www.ncbi.nlm.nih.gov/pubmed/30705038
https://doi.org/10.1093/eurpub/ckx164
http://www.ncbi.nlm.nih.gov/pubmed/29028243
https://doi.org/10.1371/journal.pone.0317379

PLOS ONE The current landscape of personalised preventive approaches for non-communicable diseases: A scoping review

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.
20.

21.

22,

23.

24,

25.

26.

27.

Pastorino R, De Vito C, Migliara G, Glocker K, Binenbaum |, Ricciardi W, et al. Benefits and challenges
of Big Data in healthcare: an overview of the European initiatives. Eur J Public Health. 2019; 29: 23-27.
https://doi.org/10.1093/eurpub/ckz168 PMID: 31738444

Yurkovich JT, Evans SJ, Rappaport N, Boore JL, Lovejoy JC, Price ND, et al. The transition from geno-
mics to phenomics in personalized population health. Nat Rev Genet. 2024; 25: 286-302. https://doi.
org/10.1038/s41576-023-00674-x PMID: 38093095

Hassan M, Awan FM, Naz A, Deandrés-Galiana EJ, Alvarez O, Cernea A, et al. Innovations in Geno-
mics and Big Data Analytics for Personalized Medicine and Health Care: A Review. Int J Mol Sci.
2022;23. https://doi.org/10.3390/IJMS23094645 PMID: 35563034

Boccia S, Ricciardi W. Personalized prevention in oncology: integrating the current approaches for the
benefit of population health. Eur J Public Health. 2023; 33: 1-2. https://doi.org/10.1093/eurpub/ckac163
PMID: 36351002

Jaskulski S, Nuszbaum C, Michels KB. Components, prospects and challenges of personalized preven-
tion. Front Public Health. 2023; 11. https://doi.org/10.3389/fpubh.2023.1075076 PMID: 36875367

Pastorino R, Loreti C, Giovannini S, Ricciardi W, Padua L, Boccia S. Challenges of Prevention for a
Sustainable Personalized Medicine. J Pers Med. 2021; 11: 311. https://doi.org/10.3390/jpm11040311
PMID: 33923579

Burke W, Korngiebel DM. Closing the gap between knowledge and clinical application: challenges for
genomic translation. PLoS Genet. 2015; 11: 1-9. https://doi.org/10.1371/journal.pgen.1004978 PMID:
25719903

Owens DK, Davidson KW, Krist AH, Barry MJ, Cabana M, Caughey AB, et al. Risk Assessment,
Genetic Counseling, and Genetic Testing for BRCA -Related Cancer: US Preventive Services Task
Force Recommendation Statement. JAMA—Journal of the American Medical Association. 2019; 322:
652-665. https://doi.org/10.1001/jama.2019.10987 PMID: 31429903

Lewis CM, Vassos E. Polygenic risk scores: From research tools to clinical instruments. Genome Med.
2020; 12: 1-11. https://doi.org/10.1186/s13073-020-00742-5 PMID: 32423490

Pastorino R, Pezzullo AM, Osti T, Adany R, Borry P, Barnhoorn F, et al. The PROPHET project paves
the way for personalized prevention in the future healthcare. Eur J Cancer Prev. 2024; 33. https://doi.
org/10.1097/CEJ.0000000000000873 PMID: 38598497

concept paper—PROPHET. [cited 8 Aug 2024]. Available: https://prophetproject.eu/?s=concept+paper

Arksey H, O'Malley L. Scoping studies: towards a methodological framework. Int J Soc Res Methodol.
2005; 8: 19-32. https://doi.org/10.1080/1364557032000119616

Noncommunicable diseases. [cited 8 Aug 2024]. Available: https://www.who.int/news-room/fact-
sheets/detail/noncommunicable-diseases

Rayyan—Intelligent Systematic Review—Rayyan. [cited 8 Aug 2024]. Available: https://www.rayyan.ai/

Viigimaa M, Jurisson M, Pisarev H, Kalda R, Alavere H, Irs A, et al. Effectiveness and feasibility of car-
diovascular disease personalized prevention on high polygenic risk score subjects: a randomized con-
trolled pilot study. European heart journal open. 2022; 2. https://doi.org/10.1093/ehjopen/oeac079
PMID: 36600884

Birnbaum RA, Horton BH, Gidding SS, Brenman LM, Macapinlac BA, Avins AL. Closing the gap: Identi-
fication and management of familial hypercholesterolemia in an integrated healthcare delivery system.
J Clin Lipidol. 2021; 15: 347-357. https://doi.org/10.1016/j.jacl.2021.01.008 PMID: 33583725

Cavallari LH, Lee CR, Beitelshees AL, Cooper-DeHoff RM, Duarte JD, Voora D, et al. Multisite Investi-
gation of Outcomes With Implementation of CYP2C19 Genotype-Guided Antiplatelet Therapy After
Percutaneous Coronary Intervention. JACC Cardiovasc Interv. 2018; 11: 181-191. hitps://doi.org/10.
1016/J.JCIN.2017.07.022 PMID: 29102571

Cavallari LH, Franchi F, Rollini F, Been L, Rivas A, Agarwal M, et al. Clinical implementation of rapid
CYP2C19 genotyping to guide antiplatelet therapy after percutaneous coronary intervention. J Transl|
Med. 2018; 16. https://doi.org/10.1186/s12967-018-1469-8 PMID: 29642909

Claassens DMF, Vos GJA, Bergmeijer TO, Hermanides RS, van ‘t Hof AWJ, van der Harst P, et al. A
Genotype-Guided Strategy for Oral P2Y 12 Inhibitors in Primary PCI. New England Journal of Medicine.
2019; 381: 1621-1631. hitps://doi.org/10.1056/NEJMoa1907096 PMID: 31479209

Giudicessi JR, Kullo 1J, Ackerman MJ. Precision Cardiovascular Medicine: State of Genetic Testing.
Mayo Clin Proc. 2017; 92: 642—662. https://doi.org/10.1016/j.mayocp.2017.01.015 PMID: 28385198
Harada-Shiba M, Arai H, Ohmura H, Okazaki H, Sugiyama D, Tada H, et al. Guidelines for the Diagno-
sis and Treatment of Adult Familial Hypercholesterolemia 2022. J Atheroscler Thromb. 2023; 30: 558—
586. https://doi.org/10.5551/jat. CRO05 PMID: 36682773

Nichols E, Steinmetz JD, Vollset SE, Fukutaki K, Chalek J, Abd-Allah F, et al. Estimation of the global
prevalence of dementia in 2019 and forecasted prevalence in 2050: an analysis for the Global Burden

PLOS ONE | https://doi.org/10.1371/journal.pone.0317379  January 13, 2025 15/16


https://doi.org/10.1093/eurpub/ckz168
http://www.ncbi.nlm.nih.gov/pubmed/31738444
https://doi.org/10.1038/s41576-023-00674-x
https://doi.org/10.1038/s41576-023-00674-x
http://www.ncbi.nlm.nih.gov/pubmed/38093095
https://doi.org/10.3390/IJMS23094645
http://www.ncbi.nlm.nih.gov/pubmed/35563034
https://doi.org/10.1093/eurpub/ckac163
http://www.ncbi.nlm.nih.gov/pubmed/36351002
https://doi.org/10.3389/fpubh.2023.1075076
http://www.ncbi.nlm.nih.gov/pubmed/36875367
https://doi.org/10.3390/jpm11040311
http://www.ncbi.nlm.nih.gov/pubmed/33923579
https://doi.org/10.1371/journal.pgen.1004978
http://www.ncbi.nlm.nih.gov/pubmed/25719903
https://doi.org/10.1001/jama.2019.10987
http://www.ncbi.nlm.nih.gov/pubmed/31429903
https://doi.org/10.1186/s13073-020-00742-5
http://www.ncbi.nlm.nih.gov/pubmed/32423490
https://doi.org/10.1097/CEJ.0000000000000873
https://doi.org/10.1097/CEJ.0000000000000873
http://www.ncbi.nlm.nih.gov/pubmed/38598497
https://prophetproject.eu/?s=concept+paper
https://doi.org/10.1080/1364557032000119616
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.rayyan.ai/
https://doi.org/10.1093/ehjopen/oeac079
http://www.ncbi.nlm.nih.gov/pubmed/36600884
https://doi.org/10.1016/j.jacl.2021.01.008
http://www.ncbi.nlm.nih.gov/pubmed/33583725
https://doi.org/10.1016/J.JCIN.2017.07.022
https://doi.org/10.1016/J.JCIN.2017.07.022
http://www.ncbi.nlm.nih.gov/pubmed/29102571
https://doi.org/10.1186/s12967-018-1469-8
http://www.ncbi.nlm.nih.gov/pubmed/29642909
https://doi.org/10.1056/NEJMoa1907096
http://www.ncbi.nlm.nih.gov/pubmed/31479209
https://doi.org/10.1016/j.mayocp.2017.01.015
http://www.ncbi.nlm.nih.gov/pubmed/28385198
https://doi.org/10.5551/jat.CR005
http://www.ncbi.nlm.nih.gov/pubmed/36682773
https://doi.org/10.1371/journal.pone.0317379

PLOS ONE The current landscape of personalised preventive approaches for non-communicable diseases: A scoping review

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

of Disease Study 2019. Lancet Public Health. 2022; 7: e105—e125. https://doi.org/10.1016/S2468-2667
(21)00249-8 PMID: 34998485

Wang S, Jiang Y, Yang A, Meng F, Zhang J. The Expanding Burden of Neurodegenerative Diseases:
An Unmet Medical and Social Need. Aging Dis. 2024; 0. https://doi.org/10.14336/AD.2024.1071 PMID:
39571158

Sadee W, Wang D, Hartmann K, Toland AE. Pharmacogenomics: Driving Personalized Medicine. Phar-
macol Rev. 2023; 75: 789-814. https://doi.org/10.1124/pharmrev.122.000810 PMID: 36927888

Klein ME, Parvez MM, Shin JG. Clinical Implementation of Pharmacogenomics for Personalized Preci-
sion Medicine: Barriers and Solutions. J Pharm Sci. 2017; 106: 2368—-2379. https://doi.org/10.1016/j.
xphs.2017.04.051 PMID: 28619604

Jayasinghe D, Eshetie S, Beckmann K, Benyamin B, Lee SH. Advancements and limitations in poly-
genic risk score methods for genomic prediction: a scoping review. Hum Genet. 2024; 143. https://doi.
org/10.1007/s00439-024-02716-8 PMID: 39542907

Nacis JS, Kamande P, Toni AT, Mudibo E, Musyimi R, Popluechai S, et al. Barriers and enablers to the
effective implementation of omics research in low- and middle-income countries. Nat Biotechnol. 2024;
42:988-991. https://doi.org/10.1038/s41587-024-02274-4 PMID: 38886608

McShane LM, Cavenagh MM, Lively TG, Eberhard DA, Bigbee WL, Williams PM, et al. Criteria for the
use of omics-based predictors in clinical trials: explanation and elaboration. BMC Med. 2013; 11.
https://doi.org/10.1186/1741-7015-11-220 PMID: 24228635

Alarcon Garavito GA, Moniz T, Déom N, Redin F, Pichini A, Vindrola-Padros C. The implementation of
large-scale genomic screening or diagnostic programmes: A rapid evidence review. Eur J Hum Genet.
2023; 31: 282—-295. https://doi.org/10.1038/s41431-022-01259-8 PMID: 36517584

Clayton EW, Smith ME, Anderson KC, Chung WK, Connolly JJ, Fullerton SM, et al. Studying the impact
of translational genomic research: Lessons from eMERGE. Am J Hum Genet. 2023; 110: 1021-1033.
https://doi.org/10.1016/j.ajhg.2023.05.011 PMID: 37343562

Madden EB, Hindorff LA, Bonham VL, Akintobi TH, Burchard EG, Baker KE, et al. Advancing genomics
to improve health equity. Nat Genet. 2024; 56: 752—757. https://doi.org/10.1038/s41588-024-01711-z
PMID: 38684898

Wang Y, He Y, Shi Y, Qian DC, Gray KJ, Winn R, et al. Aspiring toward equitable benefits from genomic
advances to individuals of ancestrally diverse backgrounds. Am J Hum Genet. 2024; 111: 809-824.
https://doi.org/10.1016/j.ajhg.2024.04.002 PMID: 38642557

Samuel GN, Farsides B. Genomics England’s implementation of its public engagement strategy:
Blurred boundaries between engagement for the United Kingdom’s 100,000 Genomes project and the
need for public support. Public Underst Sci. 2018; 27: 352—364. https://doi.org/10.1177/
0963662517747200 PMID: 29241419

Leitsalu L, Haller T, Esko T, Tammesoo ML, Alavere H, Snieder H, et al. Cohort Profile: Estonian Bio-
bank of the Estonian Genome Center, University of Tartu. Int J Epidemiol. 2015; 44: 1137-1147. https:/
doi.org/10.1093/ije/dyt268 PMID: 24518929

Kurki MI, Karjalainen J, Palta P, Sipila TP, Kristiansson K, Donner KM, et al. FinnGen provides genetic
insights from a well-phenotyped isolated population. Nature. 2023; 613: 508-518. https://doi.org/10.
1038/s41586-022-05473-8 PMID: 36653562

Hintzsche J, Kim J, Yadav V, Amato C, Robinson SE, Seelenfreund E, et al. IMPACT: a whole-exome
sequencing analysis pipeline for integrating molecular profiles with actionable therapeutics in clinical
samples. J Am Med Inform Assoc. 2016; 23: 721-730. https://doi.org/10.1093/jamia/ocw022 PMID:
27026619

PLOS ONE | https://doi.org/10.1371/journal.pone.0317379  January 13, 2025 16/16


https://doi.org/10.1016/S2468-2667%2821%2900249-8
https://doi.org/10.1016/S2468-2667%2821%2900249-8
http://www.ncbi.nlm.nih.gov/pubmed/34998485
https://doi.org/10.14336/AD.2024.1071
http://www.ncbi.nlm.nih.gov/pubmed/39571158
https://doi.org/10.1124/pharmrev.122.000810
http://www.ncbi.nlm.nih.gov/pubmed/36927888
https://doi.org/10.1016/j.xphs.2017.04.051
https://doi.org/10.1016/j.xphs.2017.04.051
http://www.ncbi.nlm.nih.gov/pubmed/28619604
https://doi.org/10.1007/s00439-024-02716-8
https://doi.org/10.1007/s00439-024-02716-8
http://www.ncbi.nlm.nih.gov/pubmed/39542907
https://doi.org/10.1038/s41587-024-02274-4
http://www.ncbi.nlm.nih.gov/pubmed/38886608
https://doi.org/10.1186/1741-7015-11-220
http://www.ncbi.nlm.nih.gov/pubmed/24228635
https://doi.org/10.1038/s41431-022-01259-8
http://www.ncbi.nlm.nih.gov/pubmed/36517584
https://doi.org/10.1016/j.ajhg.2023.05.011
http://www.ncbi.nlm.nih.gov/pubmed/37343562
https://doi.org/10.1038/s41588-024-01711-z
http://www.ncbi.nlm.nih.gov/pubmed/38684898
https://doi.org/10.1016/j.ajhg.2024.04.002
http://www.ncbi.nlm.nih.gov/pubmed/38642557
https://doi.org/10.1177/0963662517747200
https://doi.org/10.1177/0963662517747200
http://www.ncbi.nlm.nih.gov/pubmed/29241419
https://doi.org/10.1093/ije/dyt268
https://doi.org/10.1093/ije/dyt268
http://www.ncbi.nlm.nih.gov/pubmed/24518929
https://doi.org/10.1038/s41586-022-05473-8
https://doi.org/10.1038/s41586-022-05473-8
http://www.ncbi.nlm.nih.gov/pubmed/36653562
https://doi.org/10.1093/jamia/ocw022
http://www.ncbi.nlm.nih.gov/pubmed/27026619
https://doi.org/10.1371/journal.pone.0317379

