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Deliverable 
Abstract 

Introduction: Personalised prevention aims to delay or avoid disease occurrence, progression, and 
recurrence of diseases through the adoption of targeted interventions that consider the individual 
biological (including genetic data), environmental and behavioural characteristics, as well as the 
socio-cultural context. 

�d�Z�]�•���Œ���•�����Œ���Z���]�•���‰���Œ�š���}�(���š�Z�����^�W���Œ�•�}�v���o�]�•�������W�Œ���À���v�š�]�}�v���Œ�}�����u���‰���(�}�Œ���š�Z�����(�µ�š�µ�Œ�����,�����o�d�Z�����Œ���_���~�W�Z�K�W�,���d�•��
project, which seeks to highlight the gaps in current personalised preventive approaches, in order 
to develop a Strategic Research and Innovation Agenda for the European Union.  

Objective: To systematically map and review the research activity of biomarkers that are available 
or under development in cancer, cardiovascular and neurodegenerative diseases that are or can be 
used for personalised prevention in the general population, in clinical or public health settings.  

Methods:  Three rapid scoping reviews were conducted in parallel (Feb �t Jun 2023), based on a 
common protocol framework with adjustments to suit each specific condition (cancer, 
cardiovascular or neurodegenerative diseases). Medline and Embase were searched to identify 
publications between 2020 and 2023 for relevant biomarkers for risk prediction and stratification.  

Results:  Biomarker research is most extensive in cancer (843 articles included), followed by CVD 
(775 articles included).  Fewer articles were identified for neurodegenerative diseases (286 articles 
included), there is a major focus on biomarker research for Alzheimer's disease. Molecular 
biomarkers were the most common category identified across all the diseases, but especially in 
cancer. Genetic/genomic biomarkers are extensively studied in primary prevention, while 
biochemical biomarkers are common in secondary prevention of all diseases. Imaging biomarkers 
are more relevant in secondary prevention, especially in neurodegenerative diseases. Digital 
technologies, focusing on AI and machine learning, are used primarily in molecular and imaging 
studies. 

Conclusions:  These three rapid scoping reviews summarize the main features of the research 
landscape on biomarkers for the primary and secondary prevention of cancer, cardiovascular and 
neurodegenerative diseases. 

Keywords 

Personalised prevention, precision medicine, biomarkers, cancer, cardiovascular diseases, 
neurodegenerative diseases, chronic diseases. 
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Executive summary  
Introduction:  

Personalised prevention aims to delay or avoid disease occurrence, progression, and 
recurrence of diseases through the adoption of targeted interventions that consider the 
individual biological (including genetic data), environmental and behavioural characteristics, 
as well as the socio-cultural context. One of the tools that technological advances may add to 
help to promote personalised prevention for chronic diseases is the identification and 
validation of new biomarkers that may help to better identify subgroups of individuals with 
different risks of having the disease, which could inform and improve prevention strategies.  

�d�Z�]�•�� �Œ���‰�}�Œ�š�� �]�•�� �‰���Œ�š�� �}�(�� �š�Z���� �^�W���Z�•�K�v���o�]�•������ �W�Œ���À���v�š�]�}�v�� �Œ�}�����u���‰�� �(�}�Œ�� �š�Z���� �(�µ�š�µ�Œ���� �,�����o�d�Z�����Œ���_��
(PROPHET) project, which seeks to highlight the gaps in current personalised preventive 
approaches, in order to develop a Strategic Research and Innovation Agenda for the European 
Union.  

Objective:  

To provide a research landscape of the biomarkers that are available or under development 
that are or can be used for personalised primary or secondary prevention in cancer, 
cardiovascular and neurodegenerative diseases in clinical or public health settings.  

Methods:   

Three rapid scoping reviews were conducted in parallel, based on a common protocol adapted 
to each specific condition (cancer, cardiovascular or neurodegenerative diseases). The 
protocol is based on the PCC (Population, Concept and Context) framework with the following 
specifications: Population �t general adult population or adults from specific subpopulations; 
concept �t all studies focusing on molecular, cellular, imaging physiological, or anthropometric 
biomarkers used for personalised primary or secondary prevention of the diseases of interest; 
context �t clinical or public health settings. 

Medline and Embase were searched through the OVID platform to identify peer reviewed 
studies and preprints published in English between 2020 and 2023. The screening and data 
extraction were carried out with the aid of in Covidence, a systematic review management 
web platform. The selection criteria and the extraction sheet were pre-tested; also, at least 
10% of the records in each phase of the review were evaluated independently by two 
reviewers to confirm consistency. The following information was extracted from the 
publications selected for inclusion: source type, citation details, studied disease, specific type 
of biomarker used for risk prediction and stratification, type of prevention, study methods 
(study design, use of artificial intelligence or mendelian randomisation approaches), and other 
key information relevant to the review question/s. Results are presented graphically in tables 
and evidence maps. 

Results 

The most prolific field of biomarker research for primary or secondary prevention is in cancer, 
followed by CVD. In contrast, for neurodegenerative diseases the number of articles is 
considerably lower, less than a third of those found in cancer. 
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�™ Cancer �t 11,266 articles were obtained from the initial searches, of which 2,089 were 
included for full-text screening. Of these, 843 articles were selected for final data 
extraction. Primary prevention research for cancer primarily is mainly focused on 
molecular biomarkers (mostly genetic), while imaging biomarkers are more prominent 
in the secondary prevention papers identified. There was limited research on 
biomarkers for primary/secondary prevention of corpus uteri, bladder, and kidney 
cancer compared to other types of cancer. 

�™ Cardiovascular disease (CVD) �t 5,288 articles were obtained from the initial searches, 
of which 1,053 were included for full-text screening. Of these, 775 articles were 
selected for final data extraction. Molecular biomarkers, especially in ischemic heart 
disease (IHD) and stroke, the leading causes of CVD death, are the most commonly 
researched. In primary prevention most research activity is for IHD and stroke within 
general and high-risk CVD populations and for the molecular/genomics and imaging 
biomarker categories. In secondary prevention, most research activity is in IHD and 
stroke within general and high-risk CVD populations and for the 
molecular/biochemistry (biochemical) and imaging biomarker categories. 

�™ Neurodegenerative disorders �t 2,014 articles were obtained from the initial searches, 
of which 459 were included for full-text screening. Of these, 286 articles were selected 
for final data extraction. The most notable finding is the considerable focus on 
Alzheimer's disease. In contrast, there is a scarcity of available research for other 
neurodegenerative diseases, specifically Lewy body disease and frontotemporal 
dementia. The research on Alzheimer's disease was primarily for secondary prevention 
strategies, whilst for the other diseases it was focused on primary prevention. 
Molecular biomarkers, were a major focus of the research in neurodegenerative 
diseases. 

M�}�o�����µ�o���Œ�� ���]�}�u���Œ�l���Œ�•�[�� �Œ���•�����Œ���Z��dominates across all three disease groups. Imaging 
biomarkers are the next most investigated, except for cancer, where anthropometric 
measures (in particular BMI) were more frequently explored. Imaging biomarkers are more 
relevant in secondary prevention, especially in neurodegenerative diseases. Cellular 
biomarkers are mostly limited to cancer studies, while physiological biomarkers are used 
relatively more in secondary prevention of CVD than in other diseases.   

Amongst molecular biomarkers, genetic/genomic biomarkers were extensively studied for 
primary prevention and ranked second in the biomarkers identified for secondary prevention. 
These biomarkers typically consisted of one or several single nucleotide polymorphisms or 
were combined to form polygenic risk scores, and they were occasionally explored within the 
context of Mendelian randomisation approaches. Of note, it was relatively uncommon to see 
studies that specifically explored the interaction between different modifiable factors and 
genetic biomarkers. Biochemical biomarkers were the second most researched in primary 
prevention, and the most common in secondary prevention. In contrast, there was very 
limited research for epigenetic or microbiome-based biomarkers. 
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The use of digital technologies with new biomarkers were identified, with a focus on the use 
of artificial intelligence including machine learning. Its application is primarily limited to 
studies utilising molecular and imaging techniques (e.g. radiomics).  

Conclusions  

This report provides a landscape of research activity of the biomarkers that are available or 
under development that are or can be used for personalised primary or secondary prevention 
in cancer, cardiovascular and neurodegenerative diseases in clinical or public health settings. 
Whilst there is activity in genetic and biochemical biomarkers, there are clear gaps in activity. 
As the use of biomarkers in health is mainly focused on treatment, it is crucial to undertake 
further research in the identification, evaluation and validation of different biomarkers for 
personalised primary and secondary prevention for cancer, cardiovascular diseases and 
neurodegenerative disorders in public health settings.  
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1 Introduction 
1.1 BACKGROUND  

In recent years, innovative health research has moved rapidly towards a new paradigm 
which is the ability to analyse, process and combine unprecedented sources and quantities of 
data of various kinds e.g. environmental, clinical, socio-demographic, epidemiological and 
biological. This has created new opportunities to better understand the origin and evolution 
of chronic diseases and thus opened the way to the design of new targeted strategies to 
prevent, detect or treat each individual. This paradigm has come to be known as "personalised 
medicine".  

According to the European Council Conclusion on personalised medicine for patients 
(2015/C421/03), this term defines a medical model that involves characterising the genotypes, 
phenotypes, lifestyle and environmental exposures of individuals in order to tailor the right 
therapeutic strategy for the right person at the right time, and/or to determine disease 
predisposition and/or to provide timely and targeted prevention (1). Thus, within personalised 
medicine there is a factor that is of the utmost importance from the point of view of public 
health: personalised prevention. Personalised prevention aims to prevent the onset, 
progression and recurrence of disease by the adoption of targeted interventions that consider 
biological information1, environmental and behavioural characteristics, socio-economic and 
cultural context of individuals (1). These interventions should be timely, effective, and 
equitable to maintain the best possible balance in lifetime health trajectory (2). Taking 
advantage of the opportunities in this field could prevent patients becoming ill or support 
early diagnosis in time to prevent disease progression or improve health and is probably the 
most profitable use of this approach at the population level, both in terms of health and 
economics. 

In this context, non-communicable chronic diseases need specific attention due to 
their rising incidence, mortality, and their impact in terms of disability-adjusted life years (3�t
6). According to the World Health Organization (7), each year chronic non-communicable 
diseases kill 41 million people, equivalent to 74% of all deaths globally. Within the EU, non-
communicable diseases (NCDs) may account for 80% of the overall burden of disease and, in 
2021, one third of EU adults are reported to be suffering from a chronic condition (8). Among 
them, the two main broad causes of mortality in the region in 2019 were circulatory diseases, 
which accounted for over 1.6 million deaths or 35% of all deaths, and cancer, which accounted 
for almost 1.2 million deaths or 26% of all deaths (8). Neurological diseases, including 
dementias, are also a very important cause of morbidity, mortality and disability �v  ranking 
third, according to some authors (9) �v  and a growing cause for concern in ageing societies, 
such as in Europe. Given all the above, in 2019, the PRECeDI (Personalised medicine for disease 
prevention) consortium recommended the identification of biomarkers that could be used for 
the prevention of chronic diseases. They are needed to support the goal of stratifying 

 
1i.e., genetics and other biomarkers, as well as demographics and other health conditions 
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�‰�}�‰�µ�o���š�]�}�v�•�� ���Ç�� �]�v���]�����š�]�v�P�� ���v�� �]�v���]�À�]���µ���o�•�[�� �Œ�]�•�l�� �}�Œ�� �Œ���•�]�•�š���v������ �š�}�� ���]�•�����•���� ���v���� �š�Z���]�Œ�� �‰�}�•�•�]���o����
response to drugs, guiding primary, secondary and tertiary preventive interventions (10). 

In operative terms, the development of personalised medicine is supported by the 
technological and knowledge advances in fields such as: molecular biology and bioinformatics, 
including different �Zomics technologies which are providing new opportunities; in diagnostic 
imaging and new forms of image processing, including strategies based on artificial 
intelligence; the capacity to integrate all this knowledge with pre-existing knowledge in 
complex models for prediction and prognosis. In this context, one of the aspects on which 
current research is focused is the search for and identification of biomarkers that will make it 
possible to identify more precisely which individuals can benefit from specific preventive 
strategies or to design and adapt therapies for specific patients or groups of patients (11). In 
this regard, a biomarker is understood to be a substance, structure, characteristic or process 
that can be objectively measured as an indicator of normal biological processes, pathogenic 
processes or biological responses to a therapeutic intervention or exposure (12,13).  

1.2 CONTEXT AND AIM OF THIS REPORT 
�d�Z�����^PeRsOnalised �W�Œ���À���v�š�]�}�v���Œ�}�����u���‰���(�}�Œ���š�Z�����(�µ�š�µ�Œ�����,�����o�d�Z�����Œ���_���~�W�Z�K�W�,���d�•���‰�Œ�}�i�����š�U��

funded by the ���µ�Œ�}�‰�����v���h�v�]�}�v�[�•���,�}�Œ�]�Ì�}�v�����µ�Œ�}�‰�����Œ���•�����Œ���Z�����v�����]�v�v�}�À���š�]�}�v���‰�Œ�}�P�Œ���u and linked 
to ICPerMed, seeks to assess the effectiveness, clinical utility, key success factors and existing 
gaps in current personalised preventive approaches, as well as their potential to be 
implemented in healthcare settings. It also aims to develop a Strategic Research and 
Innovation Agenda (SRIA) for the European Union. Work package 2 of the PROPHET project 
brings together a range of approaches, from scientific to social and legal research, which are 
essential for the SRIA to be anchored in the existing personalised prevention landscape. This 
report presents the results of Task T2.1.1, that aims to show the current research landscape 
of biomarkers �v  already available or under development �v  for personalised prevention in 
the general adult population, as well as their integration with digital technologies. It also 
highlights gaps in this area of research, focusing on primary and secondary prevention for 
three disease groups: cancer, cardiovascular and neurodegenerative diseases.  

There is already a significant body of knowledge about primary and secondary 
prevention strategies for these diseases. For example, hypercholesterolemia or dyslipidaemia, 
hypertension, smoking, diabetes mellitus and obesity or levels of physical activity are known 
risk factors for CVD (6,10) and neurodegenerative diseases (14�t16); for cancer, a summary of 
lifestyle preventive actions with good evidence is included in the European code against 
cancer, including population based screening programmes for some tumours (i.e. breast, 
colorectal or cervical cancer) (17). The aim of this report is to showcase current research on 
biomarkers or combinations of biomarkers (molecular, cellular, imaging, physiological or 
anthropometric) that can help improve prevention strategies by better identifying subgroups 
of individuals at different risk(s) of developing one of the selected diseases. In the future, this 
could lead to the development of different primary or secondary preventive strategies, which 
take advantage of state of the art technology and research.  

For this purpose, and given the broad scope and the time constraints, the most 
appropriate methodological approach is the rapid scoping review (18), which shares features 
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with mapping reviews (19). These transparent, rigorous, and systematic approaches aim to 
identify, describe, and catalogue evidence and evidence gaps relating to the question of 
interest, and to provide summary maps that can allow readers and researchers to have a quick 
overview of the main results. Due to the differences between the three disease groups 
addressed in this work (cancer, cardiovascular and neurodegenerative diseases), a separate 
rapid scoping review has been conducted for each of them, although based on a common 
protocol. This report details the methodology applied and presents together the main results 
of the three scoping reviews as well as the general conclusions that can be drawn from the 
work as a whole. 

In addition, the report will be complemented with an additional deliverable, a 
collection of interactive evidence gap maps (19,20) that will allow anyone interested in this 
field, who wishes to delve deeper into a particular area of research, to identify and access all 
the bibliographic information retrieved for each combination of biomarker type and disease 
or group of diseases studied in primary and secondary prevention.  
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2 Methods  
Three rapid scoping reviews were conducted in parallel by three research teams, one 

for each group of diseases: cancer, cardiovascular and neurodegenerative diseases. The 
reviews used a common protocol and framework for searching, data extraction and the 
representation of results, with disease specific corresponding information and specifications.  

2.1 SCOPING REVIEW PROTOCOL 
The protocol used for the scoping reviews is based on the PCC (Population, Concept 

and Context) framework (21) and was designed following the Joanna Briggs Institute (JBI) 
Manual for Evidence Synthesis and Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) standards (21�t23). The full protocol has been uploaded to the Open 
Science Framework for public consultation (24), with registration DOI 
https://doi.org/10.17605/OSF.IO/7JRWD.  

2.1.1 Eligibility criteria 

2.1.1.1 Population included 

These rapid scoping reviews focused on the general adult population (>=18 years). 
However, studies among subpopulations defined by well-known and highly relevant risk 
factors for any of the selected diseases were also included, as in these cases new biomarkers 
or new combinations of biomarkers would have additional value in helping to further stratify 
risk profiles2.  

For cancer, these risk factors included: family history/high genetic risk (25�t29), 
smoking (30), obesity (31), diabetes (32�t34), Helicobacter pylori infection/colonisation (35), 
human papilloma virus (HPV) infection (35), human immunodeficiency virus (HIV) infection 
(35), alcohol consumption (36), liver cirrhosis, and viral hepatitis (HBV, HCV, HDV) (37).   

For cardiovascular diseases (CVD), we included the following risk factors: family 
history/ high genetic risk, hypercholesterolemia or dyslipidaemia, arterial hypertension, 
smoking, diabetes mellitus, chronic kidney disease, alcohol consumption, high risk of CVD and 
obesity (6,10).  

Risk groups for neurodegenerative diseases were defined based on the following risk 
factors: family history/high genetic risk (38�t40), ApoE (41�t44), obesity (15,45), arterial 
hypertension (15,45), diabetes mellitus (15,45), dyslipidaemia (45), alcohol consumption 
(46,47) smoking (14,15,45,48), and hearing loss (49�t51). 

Pregnancy was an exclusion criterion, as the particular characteristics of this 
population group would require a specific review. 

 
2 Well-known biomarkers used to classify or diagnose individuals in these high-risk subgroups were excluded. In 
addition, those high-risk subgroups associated with a specific disease were only considered for that specific 
disease (i.e. liver cirrhosis or viral hepatitis only for liver cancer). 

https://doi.org/10.17605/OSF.IO/7JRWD
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2.1.1.2 Concept explored 

�d�Z�������}�v�����‰�š�����Æ�‰�o�}�Œ���������Ç���š�Z���•�����•���}�‰�]�v�P���Œ���À�]���Á�•�������v�������������•���Œ�]�����������•���^�µ�•�����}�(�����]�}�u���Œ�l���Œ�•��
for personalised prevention in cancer, cardiovascular diseases and neurodegenerative 
���]�•�����•���•�_�X���/�v���š�Z�]�•���•�����š�]�}�v�U���Á�����‰�Œ���•���v�š���š�Z�����}�‰���Œ���š�]�À���������(�]�v�]�š�]�}�vs for � D̂iseases�_, � B̂iomarkers�_ 
and � P̂ersonalised Prevention�_ that were applied throughout �š�Z���� �•���}�‰�]�v�P�� �Œ���À�]���Á�•�[��
development, which in some cases will be further detailed in the description of the data 
extraction sheet. 

2.1.1.2.1          Diseases selected 

Each review was focused on one of the mentioned groups of diseases. Within them, 
only those diseases with high morbidity and mortality were considered, as follows: 

�Y CANCER: We selected the malignant neoplasms with the greatest mortality and incidence 
rates in Europe. According to the European Cancer Information System (52) these are 
breast, prostate, colorectal, lung, bladder, pancreas, liver, stomach, kidney, and corpus 
uteri neoplasms. Additionally, cervix uteri and liver cancers were also included due to 
the existence of public health preventive programs (i.e. vaccination, screening) (35,36). 

�Y CARDIOVASCULAR DISEASES: We included the following diseases, which are among the main 
causes of CVD death: ischemic heart disease (49.2% of all CVD deaths), stroke (35.2%) 
(this includes ischemic stroke, intracerebral haemorrhage and subarachnoid 
haemorrhage), hypertensive heart disease (6.2%), cardiomyopathy and myocarditis 
(1.8%), atrial fibrillation and flutter (1.7%), non-rheumatic valvular heart disease 
(0.9%), aortic aneurysm (0.9%) and peripheral artery disease (0.4%) (6). Of note, those 
CVD of infectious aetiology (i.e. rheumatic heart disease or endocarditis) have not 
been considered in this report. Arterial hypertension is a risk factor for many 
cardiovascular diseases and for the purposes of this review is considered as an 
intermediary disease that leads to CVD.   

�Y NEURODEGENERATIVE DISEASES: We included the leading non-communicable 
�v���µ�Œ�}�����P���v���Œ���š�]�À���������µ�•���•���}�(���������š�Z�U���Á�Z�]���Z�����Œ�������o�Ì�Z���]�u���Œ�[�•�����]�•�����•�����}�Œ��other dementias 
(20%), Parkinson�[�• disease (2.5%), and multiple sclerosis (0.2%) (3)�X�� ���o�Ì�Z���]�u���Œ�[�•��
disease, vascular dementia, frontotemporal dementia, and Lewy body disease were 
specifically searched for, following the pattern of European dementia prevalence 
studies (53). Additionally, amyotrophic lateral sclerosis, the most common motor 
neuron disease (3,54), was included in the review. 

2.1.1.2.2 Biomarkers 

In this report, a biomarker is understood to be a substance, structure, characteristic or 
process that can be objectively measured as an indicator of normal biological processes, 
pathogenic processes, or biological responses to an exposure (12,13). Biomarkers have been 
classified into molecular, cellular, imaging, physiological and anthropometric types, each of 
which has different subtypes (Data extraction form, Annex A).  
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2.1.1.2.3 Personalised Prevention 

The scoping reviews are focused on personalised primary and secondary prevention. 
Studies aimed at preventing or delaying the development of the disease belong to primary 
prevention, while those aimed at identifying patients in the early stages of the disease, 
correspond to secondary prevention. Studies that seek to classify patients with the disease 
according to their possible prognosis (tertiary prevention) are therefore outside the scope of 
this report.  

An additional feature that studies should include to be considered in these reviews is 
their potential usefulness for personalised prevention. Since public health interventions are, 
by their very nature, collective, we have used a very broad concept of personalisation. Thus, 
we have considered that a study could help to personalise primary prevention if it attempts 
to define groups at different risk of a disease based on the levels of a biomarker. On the other 
hand, in terms of secondary prevention, we considered that studies could help to personalise 
the preventive approach to screening/early detection when, by using new biomarkers and/or 
combining new data, they allow new or better stratifications in risk groups that can facilitate 
the design of different follow-up strategies. 

Consequently, this report does not include research focused on diagnostic biomarkers 
that do not allow personalisation, nor on well-established biomarkers that are already used 
for the diagnosis of any of the diseases unless supplemented with additional data.  

2.1.1.3 Context 

For primary and secondary prevention, we were interested in public health and clinical 
settings. Only studies published in the English language were considered. The reviews 
included studies conducted in any geographical location and, in terms of the time window 
explored, the search was restricted to the period between January 2020 and mid-February 
2023 due to temporal constraints; however, in a field as fertile as biomarker research, recent 
studies are probably the most informative for the purposes of this report.  

2.1.1.4 Type of studies included 

For scoping reviews, studies providing original data (observational or experimental 
studies) and systematic reviews of any type were included. In contrast, qualitative studies or 
narrative reviews, editorials and opinion articles, protocols and conference proceedings were 
not considered. Clinical practice guidelines were not included, as the information they contain 
should be in the original studies and in the reviews on which they are based.  
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2.1.1.5 Summary of eligibility criteria 

The eligibility criteria that have been applied in the three rapid scoping reviews are 
summarised in Table 1. 

Table 1: Eligibility criteria 

  Inclusion  Exclusion  

Population  
�7 Adult general population (�H��18 years).  
�7 Specific high-risk adult population subgroups:  

                     
For all: Smoking, alcohol consumption, diabetes, 
obesity, family history 

o For cancer: HPV, liver cirrhosis, hepatitis 
virus (HVB, HVC, HVD), Helicobacter pylori, 
HIV infection. 

o For CVD: arterial hypertension, 
hypercholesterolemia or dyslipidemia, 
chronic kidney disease. 

o For neurodegenerative diseases: 
hypertension, hypercholesterolemia or 
dyslipidaemia, APOE genotype, hearing 
impairment. 

  
�7 Any country of origin.   

× Pregnancy. 

Concept  �7 Studies with a focus on molecular, cellular, 
physiological, anthropometric, and imaging 
biomarkers* used for individualised primary or 
secondary prevention of the following diseases**:  

o Cancer:  breast, lung, prostate, colon, bladder, 
kidney, rectum, pancreas, liver, stomach, 
corpus uteri, and cervix uteri. 

o CVD: ischemic heart disease, stroke, 
cardiomyopathy and myocarditis, atrial 
fibrillation and atrial flutter, aortic aneurysm, 
nonrheumatic valvular heart disease (calcific 
aortic valve disease, degenerative mitral valve 
disease), peripheral artery disease.  

o Neurodegenerative diseases:  amyotrophic 
�o���š���Œ���o���•���o���Œ�}�•�]�•�U���W���Œ�l�]�v�•�}�v�[�•�����]�•�����•���U��
���o�Ì�Z���]�u���Œ�[�•�����]�•�����•���U���(�Œ�}�v�š�}�š���u�‰�}�Œ���o��
dementia, vascular dementia, Lewy body 
disease and multiple sclerosis. 

�7 In primary prevention: 
Biomarkers should stratify individuals into groups. 

�7 In secondary prevention: 
Biomarkers should improve the screening or early 
detection: 
o stratifying different risk groups. 
o improving the sensitivity, specificity, and time 

of diagnosis for new subgroups of individuals.  

× Studies with a focus on diagnostic 
biomarkers not used for secondary 
prevention.  

× Studies with a focus on biomarkers used 
for prognosis. 

× Any infectious aetiology for the 
cardiovascular diseases included in this 
scoping review. 

× Studies focusing only on well-established 
biomarkers used for the diagnosis of any 
of the diseases, infections, and 
conditions in the specific high-risk 
population groups. 

 
 

Context  �7 Clinical or Public Health settings.   
�7 English language only.  
�7 Any geographical setting.  

× Studies published before 2020.  

Type of 
evidence  

�7 Reviews: 
Umbrella review, systematic review, meta-analysis, 
scoping review. 

�7 Experimental and quasi-experimental study 

× Editorials and opinion pieces.  
× Narrative reviews.  
× Protocols.  
× Qualitative study designs. Delphi studies. 
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  Inclusion  Exclusion  

designs: 
Randomised controlled trials, non-randomised 
controlled trials, before and after studies, 
interrupted time-series studies.  

�7 Analytical observational study designs: 
Prospective and retrospective cohort studies, case-
control studies, and analytical cross-sectional 
studies.  

�7 Descriptive observational study designs:  
Descriptive cross-sectional studies. 

× Conference abstracts, conference      
reports. 

× Clinical practice guidelines. 
× Basic research (i.e., laboratory research 

in animals, human tissues, and cell lines). 
× Case reports and case series. 

Sources �7 MEDLINE via Ovid.  
�7 Embase via Ovid.  
�7 Embase preprints via Ovid. 

 

* Those biomarkers used to define the specific high-risk groups (i.e. glucose levels for diabetes, lipid levels for 
hypercholesterolemia, BMI for obesity) will not be considered alone, unless they are complemented by new biomarkers or 
personal information (Annex B). Imaging tests will be considered as a biomarker. 
** Research on intermediary disease outcomes (e.g., cognitive decline stands for dementia, lung nodule stands for lung 
cancer) will also be included if there is clear association with the outcomes of interest and the paper explicitly declares such 
association from previous evidence. 
The terms used in this table have been compiled in a glossary (Annex C). 

2.1.2 Sources 
The searches were conducted in MEDLINE via Ovid (2020-2023), Embase via Ovid 

(2020-2023) and Embase preprints via Ovid (2021-2023). We also explored the feasibility of 
searching in CDC-Authored Genomics and Precision Health Publications Databases (Centre for 
Disease Control and Prevention 2023). However, the lack of advanced tools to refine the 
search, as well as the unavailability of bulk downloads prevented the inclusion of this data 
source. Nevertheless, a search with 15 records for each disease group showed a full overlap 
with MEDLINE and/or Embase.  

2.1.3 Search strategy definition 
An initial limited search of MEDLINE via PubMed and Ovid was undertaken to identify 

relevant papers on the topic. In this step we identified key text words in their titles and 
abstracts, as well as thesaurus terms. SR-Accelerator & Polyglot Search Translator (55,56), 
Citationchaser (57,58), Yale Mesh Analyzer (59) tools were used to assist in the construction 
of the search matrix. We conducted a preliminary pilot study to test and refine the search 
strategies as well as to familiarise ourselves with the software �v  Covidence (60) �v  by 
selecting the top 100 articles from the results of the preliminary search matrix in order of best 
fit to the topic, and 100 articles at random. With all this information, we developed a full 
search strategy adapted for each included database and information source, optimised by 
research librarians. The complete search strategies are shown in Annex D. The three searches 
were conducted in parallel. 

2.1.4 Expert consultation 
The protocol was refined after consultation with experts in each field (cancer, CVD, 

and neurodegenerative diseases) who gave input on the scope of the reviews regarding the 
diverse biomarkers, risk factors, outcomes, and types of prevention relevant to their fields of 

https://sr-accelerator.com/#/
https://estech.shinyapps.io/citationchaser/
https://mesh.med.yale.edu/
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expertise. In addition, the search strategies have been peer reviewed by a network of 
librarians (PRESS-forum in pressforum.pbworks.com) who kindly provided useful feedback. 

2.2 SCREENING AND DATA EXTRACTION 
Following the search, all identified citations were collated and uploaded to Covidence 

(60) with the citation details. Covidence removed all duplicates automatically. For CVD 
endnote reference manager was used to remove the majority of the duplicates prior to upload 
of the references into Covidence. Several pilot studies were performed to adjust criteria as 
well as to refine the data extraction sheet. The whole process of screening and data extraction 
was done between February and June 2023. Due to time constraints, one of the decisions 
adopted in these rapid scoping reviews was to use a single reviewer in several steps of the 
process, although we specified a minimum proportion of records (at least 10%) that should be 
evaluated by two reviewers, which would be increased if a sufficient level of consensus was 
not achieved. Three reviewer teams comprised of eleven people in cancer, four in CVD and 
four in neurodegenerative diseases worked on the review. 

2.2.1 Title and abstract screening  
In this phase, in each scoping review, the first 10% of the papers of the search were 

divided into batches of equal number and were evaluated by two independent reviewers in 
different combinations. Meetings to discuss discrepancies between reviewers led to more 
clearly defined �]�v���o�µ�•�]�}�v�����v�������Æ���o�µ�•�]�}�v�����Œ�]�š���Œ�]�������v�����š�}�������‹�µ�]�Œ�������}�v�•�]�•�š���v���Ç�������š�Á�����v���Œ���À�]���Á���Œ�•�[��
judgements. When disagreements in terms of inclusion/exclusion criteria were less than 10%, 
the review process proceeded to solo review, where each paper was screened by a single 
reviewer. A permanent online forum to facilitate discussion was maintained where project 
members discussed queries and disagreements that arose, which were solved with the aid of 
the other reviewers in the team, and with senior staff members where appropriate. In CVD 
39% of the papers were double reviewed before moving on to single review. 

2.2.2 Full text examination  
In this step a minimum of 10% of the records had dual independent review, with two 

reviewers, which included almost 28% of CVD papers. In person meetings and online forums 
were held to resolve disagreements that arose throughout the process, which allowed for 
refinement of the inclusion/exclusion criteria. When studies had more than one reason for 
exclusion, the reasons were assigned following this priority list: i) no measurable biomarker 
issues; ii) wrong disease/outcome; iii) wrong concept. In cancer, it was also decided to 
preferentially assign certain cancers to specific members of the cancer review team so that, 
with this specialisation in a particular disease, they could carry out the screening more quickly 
and correctly.  

2.2.3 Data extraction  
An initial draft of the data extraction sheet was developed based on the JBI 

recommendations (22). A new pilot was conducted, in which each reviewer extracted the data 
from five randomly selected papers to provide initial feedback, allowing adjustment of the 
form categories and to facilitate the design of the final form. Initially, 10% of the papers 
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selected in each group of diseases were extracted by two independent reviewers, with queries 
and differences in extracted data resolved in a general meeting. Finally, in CVD dual review 
was done until conflicts were below 10%, that is, in almost 1/3 of the papers, and in cancer 
and neurodegenerative diseases, the dual extraction was done for all the records included.   

2.2.3.1. Data extraction form (Annex A) 

The data extraction sheet included the following information: citation details, study 
design, population type, biomarker information (name, type, subtype, clinical utility, use of 
artificial intelligence (AI), wearable technology), disease (group, specific disease), prevention 
(primary or secondary, lifestyle if primary prevention), and subjective reviewer observations. 

During this stage, it was crucial to be able to properly categorise the information. The 
literature explored was in many cases highly technical, and it was especially important to have 
clear definitions of biomarkers related to genetics or other �Zomics to ensure consistency of the 
data extraction from the papers. Annex C has a glossary which presents some of the adopted 
definitions and examples of guidance tables used in the review. 

In primary prevention, data extraction included information from those cases in which 
the study of biomarkers included or took into account factors related to lifestyles or 
environmental exposures whose role in the origin of the diseases of interest is already known, 
and which are usually already addressed with preventive strategies (i.e. physical exercise, 
obesity, smoking or air pollution).  

Another complex point of the review was related to the information on biomarkers by 
pre-defined high-risk population subgroups. A paper was considered to study a biomarker in 
a high-risk population subgroup if it provided specific risk estimates for that population 
subgroup or explored interactions between the biomarker and the risk factor defining the 
subgroup. 

2.3 DATA ANALYSIS AND MAPPING 
The results of the search and the study inclusion process are reported in flow diagrams 

following the PRISMA-ScR recommendations (21) for each scoping review. The databases with 
the results of the review processes were exported for the subsequent analysis in R 
programming language. Specifically, �—���‰�o�Ç�Œ�—�� ���v���� �^�š�]���Ç�Œ�_��libraries were used for data 
management�U�����v�����—�P�P�‰�o�}�š�î�—�U���^�Œ����c�š�����o���(�u�š�Œ�_�����v�����^�Z�š�u�o�Á�]���P���š�•�_���(�}�Œ�������š�����À�]�•�µ���o�]sation. These 
libraries provided a rich set of tools and functions, streamlining the data analysis workflow 
and enabling the generation of high-quality visual representations.  

For each group of diseases, we present the results for primary and secondary 
prevention, as well as a short summary of the data demonstrating the use of digital/new 
technologies, providing tables to map the published research identified in the scoping reviews 
on biomarkers for prevention and to highlight the gaps in the field. In the columns of the 
tables, the different shades of blue reflect the relative frequency of that biomarker for that 
pathology within each category. Since some papers provide information on multiple 
biomarkers within the same study or address multiple diseases simultaneously, the sum of 
columns in the tables may be greater than the total number of papers evaluated. This 
information is complemented by two bubble charts which provide a quick overview of how, 
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for each pathology, the study of each type of biomarker has been combined with lifestyle-
related factors in primary prevention studies or is present in studies in high-risk 
subpopulations for both types of prevention. The R codes to generate these tables and bubble 
plots are accessible via https://github.com/phg-foundation/PROPHET. 

Each scoping review also includes a sankey diagram to provide a visual overview of its 
main results. The nodes on the left correspond to the studied diseases. In the centre of the 
figure, the nodes are biomarker categories and, on the right, the nodes show the type of 
prevention. Due to their relevance in the literature explored, the graphic incorporates 
independent nodes for the main subtypes of molecular and imaging biomarkers, while for 
cellular, physiological and anthropometrical biomarkers, a single node represents the entire 
category.   

2.4 QUALITY CONTROL 
Throughout these rapid scoping reviews, various quality control methods have been 

used. In the first step of the process, the research team organised courses and seminars to 
train the reviewers of the three teams in several areas: i) in the methodology of the scoping 
reviews and the software to be used; ii) in the biomedical aspects of the work, including 
generalities about the diseases involved; and iii) about the different biomarkers that could be 
found in the papers.   

Constant communication between the team members has allowed the project to run 
smoothly. Online channels (i.e. Slack) have facilitated the participation of all members 
involved in the review in the discussion, and guidance materials have been developed to 
clarify the most challenging points. Also, despite time constraints, we have been able to 
conduct pilot studies throughout the different stages of the reviews. In addition, working with 
experts at every stage of the project, from librarians to biomedical professionals, has 
contributed to the rigour of the process.  

  

https://github.com/phg-foundation/PROPHET
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3  Results 
In this section, we present the main results of the scoping reviews for the three 

selected disease groups, following a similar structure. For each, information on biomarkers 
used in studies closer to primary prevention is presented followed by the data for secondary 
prevention. The following definitions provide context to support understanding of the 
contents of this report.  

A) PREVENTION: The pathophysiological processes leading to the selected chronic diseases 
are complex, and as such there can be some confusion in the literature as to whether 
the biomarker was being considered for primary, secondary, or tertiary prevention. 
For the purposes of this review, we considered primary, secondary and tertiary 
prevention as follows (61): 

a.  Primary prevention is targeted at individuals that have not developed clinical 
manifestations of the diseases but are considered at risk of developing them, 
thus efforts are focused on preventing the onset of the disease.  

b. Secondary prevention refers to interventions that might be made to avoid 
disease progression. Screening programmes also play a role in secondary 
prevention. Screening is actively offered to defined population groups who do 
not have symptoms and have not sought medical help but are defined as being 
at risk of the disease.  

c. Tertiary prevention relates to regression, slowing of progression or arresting 
the disease to prevent complications and further damage, and is out of scope 
of this review.   

However, this seemingly straightforward classification often proves challenging to 
apply in practice. Specifically, the use of biomarkers or predictive models to 
differentiate or stratify groups of individuals based on their risk of developing a 
disease can be useful for enhancing both preventive strategies (primary 
prevention) and tailoring early detection protocols (secondary prevention). In 
general, in these cases, we have usually given attention to the aims of the paper to 
assign it to one or both groups. In other papers, particularly those involving 
research on biomarkers closer to diagnostic tests or in participants with clinical 
manifestations, the classification of secondary prevention has been more 
straightforward. There is also some overlap between secondary and tertiary 
prevention, which, for example, has been reflected in guidelines for the prevention 
of CVD (61). 

B) BIOMARKERS: This report collects information on biomarkers when they are related to or are 
the main focus of the study, or when they are part of more complex models that 
integrate additional factors. Here, biomarkers have been classified according to their 
nature into five different categories, with their corresponding subcategories: 

1. Molecular Biomarkers: These biomarkers involve the analysis of specific molecules 
such as DNA, RNA, proteins, metabolites, or genetic variations. This category 
encompasses both studies using specific, more targeted molecules and those using 
high-throughput, hypothesis-free approaches such as arrays. They are subclassified 
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into the following groups: genetic/ genomics; epigenetic/ epigenomics; 
transcriptomics; metabolites/ metabolomics; proteins/ proteomics; microbiological/ 
microbiomics; biochemistry (biochemical), and others.  

�Æ Within genetic/genomics, we have also extracted specifically information on 
the use of mendelian randomisation (MR), which is the application of genetic 
variation to address causal questions about lifestyle modifiable factors or 
exposures that influence pathological outcomes (62). MR studies initially look 
for genetic variants (instrumental variables) associated with a certain 
exposure/feature (i.e. vitamin D levels); in a second step, those variants are 
used as proxy of the exposure to evaluate their possible role as risk factors for 
the disease of interest. Well conducted MR studies aim to overcome some of 
the unmeasured confounders in observational studies to provide more reliable 
evidence of causality; however, they must be reported in the context of existing 
evidence from other sources, and have specific limitations in regard to 
environmental exposures. 

2. Cellular Biomarkers: In this category, we have included both cytological and 
histological biomarkers. These include the analysis of cells or cell components to 
provide information about cellular processes, dysfunction, or disease states, or 
examination of tissue samples through techniques such as staining, 
immunohistochemistry or in situ hybridisation to identify specific cellular or tissue 
characteristics associated with a disease.  

3. Physiological Biomarkers: Physiological biomarkers reflect functional changes in the 
body and can include measurements such as blood pressure or heart rate. This group 
also includes patterns of movement (i.e. derived from accelerometry). 

4. Imaging Biomarkers: Imaging biomarkers utilise medical imaging techniques, such as 
X-rays, MRI (magnetic resonance imaging), PET (positron emission tomography), or CT 
(computed tomography), to visualise and measure structural, functional, or molecular 
changes in organs or tissues. 

5. Anthropometric Biomarkers: Anthropometric biomarkers involve the measurement of 
physical characteristics of the body, such as body mass index (BMI), ���}���Ç���Z�‰���Œ�]�u���š���Œ�•�[��
such as waist circumference, or body fat percentage. In almost all the cases, they are 
covariates in multivariate models that include other biomarkers and/or personal 
characteristics of the individuals.  

C) LIFESTYLES & SUBPOPULATIONS EXPLORED: The strategy we have used to incorporate existing 
information and knowledge on prevention into the review is as follows:  

�9 In primary prevention, for all three diseases, there are lifestyle-related factors �t some 
general and others specific to the disease �t that, similar to family history, clearly 
influence the likelihood of developing the disease. Biomarkers should add additional 
value to what it is already known. Therefore, primary prevention sections include a 



 

 

23 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

specific table summarising the studies on biomarkers that have considered these 
factors, either as confounders or as interaction terms. 

�9 In addition, we have explored, for both primary and secondary prevention, whether 
scientific papers examined differences or provided specific risk estimates for 
subgroups defined by certain risk factors and/or clinical conditions or diseases that 
associated with a clear increase in the risk of our target diseases. These studies are 
likely to be particularly valuable as they could help to refine or personalise prevention 
strategies. 

D) DIGITAL TECHNOLOGIES: One of the aims of the report is to assess how biomarkers are being 
combined with digital technologies for personalised prevention. The data extraction 
form collected information on these two items, which is presented in a specific section 
within each disease group:  

�9 Use of wearable technology, such as personal sensors or computing devices 
incorporated into accessories to provide healthcare information about the wearer 
(63).  

�9 Artificial intelligence (AI) , when referring to the medical field, includes mainly image 
processing, computer vision, artificial neural network (ANN), machine learning, 
convolutional neural network (CNN) and deep learning (DL) (64). 

To note, the information shown in the tables in the following sections reflects the number of 
papers using each type of biomarker in each pathology.  

3.1 CANCER 

3.1.1 Prevention of cancer  
Recent estimates indicate that, in Europe, approximately 33% of tumours in men and 

44% in women could be prevented by modifying or eliminating risk factors that can be 
considered either lifestyle-related, environment- and occupation-related, or infection-related 
(65). The European Code Against Cancer (17) summarises those preventive measures with the 
highest level of evidence, including abstaining from smoking and minimising exposure to 
second-hand smoke, healthy dietary practices, body weight control and regular physical 
activity, alcohol abstinence or sun protection. Additionally, vaccination programmes targeting 
specific oncogenic viruses, such as human papillomavirus (HPV) and hepatitis B virus (HBV), 
have demonstrated efficacy in preventing associated malignancies. In secondary prevention, 
screening programmes, such as mammography for breast cancer, HPV testing/Pap smears for 
cervical cancer and faecal occult blood tests/colonoscopy for colorectal cancer, have proven 
effective in detecting pre-cancerous lesions and early-stage tumours, enabling timely 
intervention and improved outcomes.  

It is against this background that this review is framed. Nevertheless, even though all 
the cancers included in this report are among those with highest mortality and incidence rates 
according to the European Cancer Information System (52), they are a heterogeneous group 
of diseases, with different biology, different aetiologies and a different starting point in terms 
of prevention.  
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In breast cancer, for primary prevention, there is clear evidence for the role of 
established risk factors such as physical activity, obesity, alcohol consumption and promotion 
of breastfeeding (66). Breast cancer also has the best established and most comprehensive 
population-based cancer screening programmes in the European Union. It also has 
increasingly rich information on genetic determinants used to personalise prevention, risk 
estimation models incorporated into routine clinical practice (e.g. Gail, Boadicea), imaging 
markers (e.g. mammographic density) with great potential in cancer prevention, and even 
chemopreventive treatments for high-risk women (e.g. tamoxifen) (67). However, major 
challenges remain in investigating their causes �t including the role of hormone disruptors �t as 
well as in integrating these different approaches to extend personalisation of prevention to 
all women.  

In contrast, primary prevention of prostate cancer is challenging. Much research has 
focused on identifying genetic variants that help identify individuals who are more susceptible 
to developing this cancer, since there are no clearly recognised modifiable risk factors, 
excepting, perhaps, obesity for advanced tumours (68). Prostate cancer is believed to be 
highly influenced by inherited genetic factors, although researchers are looking for new risk 
factors and exposures, even during prenatal stages (69). In secondary prevention, there is still 
ongoing controversy regarding the population-level effectiveness of screening based on 
prostate-specific antigen (PSA), due to the difficulty in distinguishing indolent tumours from 
those that are life threatening. Therefore, new biomarkers �t particularly molecular and 
imaging (including multiparametric magnetic resonance imaging) �t are being sought to 
support clinical decision making. Prediction tools (nomograms) and new risk models are being 
designed to integrate information and help personalise screening approaches (70,71). 

Lung cancer is one of the most lethal cancers; however, in theory it is also one of the 
most preventable, since over 90% of cases are attributed to smoking. Other modifiable 
exposures, such as occupational hazards, radon, or environmental pollution, also contribute 
to its occurrence. Despite this knowledge, there is still a significant proportion of the 
population that smokes or has a history of heavy smoking, which will account for most new 
incident cases. For this reason, the potential of low-dose computed tomography (LDCT) 
screening is being studied, although its results are still controversial and need additional 
inputs to better stratify the participants and minimise its drawbacks (72).   

Primary prevention, particularly focusing on diet, plays a pivotal role in the prevention 
of digestive tumours. Promoting a healthy diet that includes a rich consumption of fruits, 
vegetables, and fibre, along with regular physical activity and body weight management, is 
crucial in reducing the risk of developing colorectal cancer, the third most common cancer in 
the world (73). Avoiding excessive alcohol consumption and tobacco use are also important 
preventive measures. Screening programmes play a pivotal role in secondary prevention by 
facilitating early detection and removal of precancerous polyps or early-stage cancers. 
Common screening methods include colonoscopy, faecal occult blood test and the more 
sensitive and specific faecal immunochemical test (74). However, other techniques, e.g. 
computed tomographic (CT) colonography, a less invasive imaging method based on scanning 
technology, or blood-based biomarkers, are being developed to provide easier and more 
effective screening strategies.  
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In gastric cancer, primary prevention efforts focus mainly on reducing Helicobacter 
pylori infection rates through testing and eradication programs, and some authors have even 
proposed public health strategies to eradicate gastric cancer (75). Also, addressing dietary 
factors such as high-salt and high-sodium intake, or tobacco and alcohol control measures are 
also important in preventing gastric cancer. In secondary prevention, in high-risk populations, 
endoscopic screening and surveillance programmes are used to detect precancerous lesions 
and early-stage gastric cancers. Additionally, advancements in imaging techniques, such as 
magnifying endoscopy and narrow-band imaging, have improved the detection and 
characterisation of gastric lesions.  

For pancreatic cancer (76), primary prevention includes targeting the classic lifestyle 
factors: smoking cessation, maintaining a healthy weight, adopting a balanced diet, and 
limiting alcohol consumption. A notable risk factor is diabetes and high blood glucose levels. 
Several studies have suggested a link between diabetes and an increased risk of pancreatic 
cancer. In secondary prevention, early detection plays a crucial role in improving outcomes. 
However, effective screening methods for pancreatic cancer are currently limited, and routine 
population-based screening is not recommended. High-risk individuals, such as those with 
familial pancreatic cancer syndromes or certain genetic mutations, may undergo surveillance 
programmes that include imaging techniques like endoscopic ultrasound or magnetic 
resonance imaging. Due to the potential for malignant transformation in some cases, the 
screening and management of pancreatic cysts have gained attention in the field of pancreatic 
cancer prevention. However, determining which cysts are more likely to progress to cancer 
can be challenging. Additionally, ongoing research aims to identify and validate biomarkers 
that can aid in early detection and risk stratification. 

With regards to liver cancer, prevention involves strategies such as hepatitis B 
vaccination, screening and treatment for hepatitis C, maintaining a healthy lifestyle, and 
minimising exposure to aflatoxins. Alcohol and tobacco consumption are significant risk 
factors for liver cancer. Regular screening is recommended for high-risk individuals, i.e. those 
with cirrhosis. Early detection and prompt treatment of underlying liver disease is crucial for 
effective prevention. 

Currently, detection of bladder cancer relies mainly on cystoscopy, which is an invasive 
and expensive procedure that might not be easily accessible in low-resource settings. Some 
imaging studies and non-invasive tests, such as urine cytology or urine biomarkers, are being 
evaluated. Currently, IARC is championing research on validating the use of urinary TERT 
promoter mutations (uTERTpm) as a non-invasive biomarker for the early detection of bladder 
cancer in high risk populations (77). 

Cervical cancer is caused by the human papilloma virus. This neoplasm is commonly 
included among preventable tumours, as there are multiple preventive strategies. Vaccination 
against the virus is playing a major role in the control of this cancer. For primary prevention, 
other factors such as avoidance of smoking, may help to control this disease. Screening is the 
other clear preventive tool. In this case, it involves regular Pap smears or HPV testing to detect 
precancerous changes in the cervix. 



 

 

26 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

Neoplasms of the corpus uteri are strongly associated with oestrogen, both 
endogenous and exogenous, which influence endometrial proliferation, hyperplasia, and the 
development of cancer. This highlights several modifiable risk factors including 
postmenopausal oestrogen therapy, obesity with adult weight gain, smoking, and the use of 
tamoxifen. Additionally, individuals with Lynch syndrome or a first-degree relative with 
endometrial cancer are at an increased risk. Despite the significant impact of these risk factors, 
there is currently no established screening program for corpus uteri neoplasms.  

Primary prevention of kidney cancer relies in avoiding risk factors such as tobacco or 
excess weight. At present, there are no screening programs for this tumour due to 
uncertainties about screening modality and target population, as high risk groups are not yet 
well defined (78). 

3.1.2 Specific features of cancer scoping review 
Cancers are a heterogeneous group of diseases, each with a specific epidemiology. 

Therefore, the search strategy included both common and tumour-specific risk factors and 
subpopulations of interest, and this concordance was taken into account at the data 
extraction stage.   

The development of scoping reviews of this nature requires an iterative decision 
making process on inclusion and exclusion criteria, which were made for clarification and to 
ensure the capture of all relevant data. In the case of cancer, throughout the data extraction 
process, it became apparent that we needed to add a general high-risk category to capture 
information on studies where participants had been selected due to their increased likelihood 
of developing the disease (e.g. people with gastritis for stomach cancer, or with a positive 
faecal occult blood test for colorectal cancer), who did not belong to any of our pre-defined 
subgroups. 

3.1.2.1 PRISMA flowchart 

For cancer, 11,266 articles were obtained from the initial searches. After duplicate 
removal (n=2,399), 8,977 articles remained for title and abstract screening, and 2,089 were 
included for full-text screening. Among these, 843 articles were selected for final data 
extraction (Figure 1). 
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3.1.3 Research/use of biomarkers in personalised prevention of cancer  

3.1.3.1 General overview 

Cancer was the disease group with the highest number of results, reflecting the 
dynamic research environment in this field. Almost 65% of the papers provided data on 
biomarkers in primary prevention and 48% on secondary prevention (13% were for both types 
of prevention). An exception was prostate cancer, where the number of articles on secondary 
prevention exceeded those on primary prevention. Biomarker research focused mainly on the 
most frequent and deadly tumours: at least one of the four main tumours �t breast, prostate, 
lung and colorectal �t was the focus of research in 66% of the papers. In contrast, cancers of 
the uterine corpus uteri and kidney had the fewest studies (Figure 2).  
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Figure 1: Cancer scoping review: PRISMA flowchart 
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The majority of studies examined biomarkers of a single type, and overall, there is a 
greater emphasis on molecular biomarker research than on imaging biomarkers; however, the 
profile of biomarkers differs depending on the type of prevention.  

Figure 3 provides a general summary of the results from the review, which will be 
discussed further in subsequent sections. There is an uneven distribution of the papers found 
by tumour site, with the most common tumours being also the most researched; the 
predominance of genetic factors in this field, as well as the higher representation of primary 
prevention in the search results.   

  

Figure 2: Number of studies �t total, primary and secondary prevention �t included in the data extraction 
process, for all cancers together and for each individual cancer are shown. 
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Figure 3: Cancer scoping review on personalised prevention: biomarkers used in primary and secondary 
prevention by tumour type. 

 

3.1.3.2 Biomarkers in primary prevention of cancer 

Breast cancer, with 153 papers, and colorectal cancer, with 143 papers, are the tumour 
sites receiving most attention in this field. Most of the studies were case-control studies, 
although there are a number of meta-analyses and cohort studies (Annex E). 

An overwhelming majority of the identified studies related to primary prevention have 
focused on molecular biomarkers. Anthropometric measures, commonly utilised in predictive 
models, rank second in terms of prevalence. Imaging biomarkers specific to certain 
neoplasms, such as breast cancer, follow in importance. Cellular or physiological biomarkers 
have limited relevance in primary prevention research (Table 2).  
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�™ Molecular biomarkers 

Within this category, genetic markers (including isolated SNPs, SNPs identified by 
GWAS, or SNPs combined together into polygenic scores) are being used to identify individuals 
with a higher intrinsic risk of developing the disease. Studies frequently aim to find genetic 
markers in populations that are potentially underrepresented in international cancer genetic 
consortia, particularly Asian populations (Table 3).  

 

Forty-four studies used genetic markers in the context of mendelian randomisation. 
Those studies seek to test causal associations with different exposures, usually with a 
biological basis e.g. obesity (79), diabetes/glucose metabolism (80,81). This approach is also 
used to evaluate the causal effect of genetic markers of lifestyle-related factors such as 
physical exercise (82�t84), the role of coffee (85), alcohol (86,87), tobacco (88) or several 

 
Table 2:  Number of studies identified for each biomarker type for primary prevention of cancer. 

Table 3: Number of studies identified for each molecular biomarker subtype for primary prevention of 
cancer.  
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dietary factors (89) in the development of tumours. In contrast, the direct studies of gene-
environment interactions are less common, e.g. studies on the modifying role of specific 
polygenic risk scores over alcohol (90) or Mediterranean diet (91) in breast cancer risk. The 
tumour site in which lifestyle factors have most frequently been combined with biomarkers 
to assess preventive effects in primary prevention is colorectal cancer (92�t94).  

There is also a paucity of research on epigenetics, even though these biomarkers are 
related to mechanisms of carcinogenesis for external exposures that do not have direct 
mutagenic effects. Biochemical markers are also used to define groups by their risk of 
developing a tumour, but these studies usually do not include measurements of exposure to 
external agents. Other �Z�}�u�]���•��less frequently used in primary prevention for the identification 
of biomarkers include metabolomics, proteomics, transcriptomics and 
microbiomics/microbiology.  

�™  Cellular biomarkers 

In this category, histology samples were the main source of biomarkers for all types of 
cancer except for cervical cancer, for which the most common source of cellular biomarkers 
was cytology samples (Table 4).  

 

  

Table 4: Number of studies identified for each cellular biomarker subtype for primary prevention of 
cancer. 
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�™ Imaging biomarkers 

Mammography is commonly used in primary prevention of breast cancer since it 
allows evaluation of breast density, a well-known risk factor that changes through the life 
course, and is thought to be modifiable through lifestyle changes. Mammographic density is 
being included in risk prediction models (95). Other imaging biomarkers in primary prevention 
are mainly used in models for disease prediction (predictive models), where several 
biomarkers are combined. For lung cancer, the most commonly used imaging technique is CT 
scan (Table 5).  

 

  

Table 5: Number of studies identified for each imaging biomarker subtype for primary prevention of 
cancer. CT �t computerised tomography; MRI �t magnetic resonance imaging; PET �t photon emission 
tomography; SPECT �t single photon emission tomography 
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�™ Physiological biomarkers 

Physiological biomarkers are not commonly researched in primary prevention; they 
are mostly used as part of predictive models within a combination of biomarkers or as 
confounding factors to be considered when assessing the usefulness of other biomarkers. The 
most studied one is blood pressure (Table 6). 

 

�™ Anthropometric biomarkers 

Again, these biomarkers are usually part of predictive or prognostic models that utilise a 
combination of biomarkers or are included as possible confounding factors in the analysis. 
BMI is the most used indicator (Table 7). 

 

a) Combination of biomarkers and lifestyle-related factors  

Around 2/3 of the papers on primary prevention of cancer include analyses of lifestyle-
related data. In cancer, as in most chronic diseases, most of the available evidence in primary 
prevention is related to promoting or limiting exposures linked to lifestyle, occupational or 
environmental behaviours (e.g. air pollution for lung cancer). Immunisation strategies are 
another primary prevention tool for cervical or liver cancer and, in some cases, certain drugs 
may decrease the risk of developing a given tumour, either in the general population (i.e. non-

Table 6. Number of studies identified for each physiological biomarker subtype for primary prevention 
of cancer. ECG �t electrocardiogram; EEG - electroencephalogram 

Table 7: Number of studies identified for each anthropomorphic biomarker subtype for primary 
prevention of cancer. BMI �t body mass index 
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steroidal anti-inflammatory drugs in colorectal cancer) or in those at high personal risk (i.e. 
tamoxifen for breast cancer). New biomarkers can provide additional information, either by 
demonstrating that the risk estimate they provide cannot be explained by known risk factors 
�t taking them into account in multivariate models �t or by assessing how differences in 
biomarker values modify the effect of the known risk factor.  

Figure 4, combines both approaches and presents which types of biomarkers are being 
investigated for each disease and specific risk factor. Because of its relevance, we have also 
added family history as a risk factor. Summary data are available in the Annex E.  

Given its broad spectrum impact as a carcinogen, smoking is the one lifestyle-related 
exposure that researchers have taken most into account for almost all tumours. For breast 
and uterine cancer, obesity is the most commonly investigated lifestyle factor, and for liver 
cancer it is alcohol consumption. The case of colorectal and gastric tumours is different, as 
multivariate models in those tumours usually include a set of risk factors �tsmoking, alcohol, 
diet, and, for colorectal, exercise. Finally, the data show how infrequently lifestyle factors are 
included in prostate cancer research.  

 



 

 

35 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

 

 

b) Study population and biomarkers in research on primary prevention of cancer 

Around 86% of primary prevention studies included at least one comparison group that 
could be considered as general population (i.e. people without specific risk factors for the 
disease). With regard to specific population subgroups, almost half of the studies on 
biomarkers in primary prevention of lung cancer commonly provide risk estimates according 
to smoking status, which might help to further stratify risk. There is also a significant 

Figure 4:  Bubble plot representing the number of studies identified for primary prevention of cancer in 
which lifestyle factors were considered, where the size of the bubble represents the number of studies 
and the colour represents a type of biomarker. 
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proportion of papers that also study primary prevention in risk subgroups in liver cancer (�a50% 
in cirrhosis/viral hepatitis patients) and gastric cancer (�a20% Helicobacter pylori). Studies 
providing information on the effect of the biomarker in people with a high genetic 
predisposition or family history of risk are only relatively frequent in breast cancer and 
colorectal cancer (Figure 5).  

 

 

Figure 5:  Bubble plot representing the number of studies identified for primary prevention of cancer 
for each population type, where the size of the bubble represents the number of studies and the colour 
represents a type of biomarker. 
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3.1.3.3 Biomarkers in secondary prevention  

Prostate cancer, with 100 papers, breast cancer, with 80, and lung cancer, with 71, are 
the tumour sites receiving most attention. As with primary prevention, most of the studies 
were case-control studies, although there are also a relevant number of cross-sectional 
studies investigating early disease biomarkers (Annex E). 

In this case, 80% of the identified studies include information on molecular biomarkers, 
followed by 32% which include information on imaging biomarkers, with an overlap where 
15% of the papers provide both. Cellular biomarkers have specific relevance in this case, 
especially for prostate, liver and cervical cancer, while anthropometric measures are used 
within predictive models (Table 8).  

�™ Molecular biomarkers 

Within this category, biochemical biomarkers are the most researched in secondary 
prevention, followed by genetic/genomics. Biochemical biomarkers were those that can be 
obtained in a clinical laboratory (i.e. PSA in prostate cancer), while those that are not routinely 
available were classified as metabolites/metabolomics or protein/proteomics depending on 
their nature.  

Genetic biomarkers were most commonly researched in breast cancer and colorectal 
cancer. Examples include studies combining faecal immunochemical tests and colorectal 
polygenic risk scores (96,97). Among the other �Zomics, the most reported was transcriptomics 
(16% of the papers), followed by proteomics and epigenomic/epigenetic (8.5% each). 
Microbiological/microbiome biomarkers include those related to infectious agents (i.e. 
Chlamydia in cervical cancer). Microbiome research is still quite uncommon, mostly limited to 
cervical and colorectal cancers (Table 9). 

Table 8: Number of studies identified for each biomarker type for secondary prevention of cancer. 
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�™ Cellular biomarkers 

Cellular biomarkers are more widely researched in secondary prevention than in 
primary prevention. Among these, histological and cytological biomarkers are the most 
researched for prostate cancer and cervical cancer, respectively (Table 10).  

  

Table 9: Number of studies identified for each biomarker type for secondary prevention of cancer. 

Table 10: Number of studies identified for each cellular biomarker subtype for secondary prevention of 
cancer 
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�™ Imaging biomarkers 

Along with molecular biomarkers, imaging biomarkers are highly represented in 
secondary prevention papers. Mammography is the most used imaging biomarker for breast 
cancer, CT scan for lung cancer and MRI for prostate cancer. X rays, spectrometry and 
PET/SPECT are not widely used in secondary prevention of cancer. In this area, it is relatively 
common to find studies that are trying to discern new patterns in images that support 
improved stratification of participants in order to avoid unnecessary testing and to minimise 
unnecessary harm from screening, especially for prostate and lung cancer (Table 11).  

 

�™ Physiological biomarkers 

Physiological biomarkers are not commonly used in this context and/or are 
complementary biomarkers used as part of models in the studies (Table 12).  

Table 11: Number of studies identified for each imaging biomarker subtype for secondary prevention 
of cancer. CT �t computerised tomography; MRI �t magnetic resonance imaging; PET �t photon emission 
tomography; SPECT �t single photon emission tomography 

Table 12: Number of studies identified for each physiological biomarker subtype for secondary 
prevention of cancer. ECG �t electrocardiogram; EEG - electroencephalogram 
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�™ Anthropometric biomarkers 

These biomarkers are also usually part of predictive or prognostic models that utilise 
a combination of biomarkers or are used to account for confounding in the analysis. BMI is 
the most used indicator (Table 13). 

 

 

 

a) Study population and biomarkers in research on secondary prevention of cancer 

Even though 70% of the papers include a control group of general population, many 
papers on secondary prevention include high risk groups to be compared with those that 
already have the studied disease. For some tumours, many researchers try to improve 
nomograms by adding information that may help to predict who will develop the tumour 
among those at higher risk (i.e. heavy smokers or people with lung nodules for lung cancer; 
gastritis patients for gastric cancer, or people with cirrhosis or with personal history of 
hepatitis C for liver cancer) (Figure 6).  

Table 13: Number of studies identified for each anthropomorphic biomarker subtype for secondary 
prevention of cancer.  BMI �t body mass index 
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3.1.4 Use of new digital technologies: wearables and artificial intelligence 

3.1.4.1 Wearables and other new technologies 

Although there have been significant advances in cancer biomarker technology in 
recent years, this review has not been able to identify a large number of novel technologies 
that can be used in conjunction with biomarkers for personalised primary and secondary 
prevention. Wearables are not yet being used in this context.  

Figure 6:  Bubble plot representing the number of studies identified for secondary prevention of cancer 
for each population type, where the size of the bubble represents the number of studies, and the colour 
represents a type of biomarker 
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Among other new technologies, we found a few examples. Two articles explored the 
use of thermography to facilitate early diagnosis of breast cancer (98) or to identify a high-risk 
target population for regular screening and enable early stage breast cancer detection at scale 
(99). Other less common techniques identified are the measurement of volatile organic 
compounds in breath for the detection of advanced adenomas and colorectal cancer (100) or 
the use of an endorectal probe for bioelectric impedance analysis to select patients eligible 
for prostate biopsy (101). 

3.1.4.2 Biomarkers in cancer prevention and artificial intelligence  

AI and machine learning algorithms are being increasingly used in cancer biomarker 
research. According to our data, almost one in eight papers found used complex analyses, 
which could correspond to artificial intelligence; 85% of these were secondary prevention 
papers. These analysis techniques have been incorporated mainly in image analysis, although 
they are also used with �Zomics, or in models integrating data from different sources.  

In primary prevention, AI and machine/deep learning algorithms are mainly used to 
create predictive models that explore the risk of developing cancer. In secondary prevention, 
however, while they are also used in predictive/prognostic models to better classify 
individuals by their risk of developing the disease in the future, they are also used to find new 
tools for early diagnosis and to improve screening for the disease. Breast, lung, prostate and 
colorectal cancer are the tumour locations with the highest use of AI, and kidney cancer is the 
site with the lowest use (Tables 14 and 15). A curious example of AI could be the use of a 
tongue image-based machine learning model for screening patients with gastric precancerous 
lesions (102). These approaches intend to improve the accuracy and efficiency of biomarker 
discovery and clinical decision-making.  

 

 

 

Table 14: Number of studies identified that used artificial intelligence (AI) to measure 
biomarkers for primary prevention of cancer 
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3.1.5 Cancer Discussion 
While considerable advances have been made in cancer prevention, challenges 

remain. The heterogeneity of cancer types necessitates tailored approaches for prevention 
and risk stratification. The use and research on biomarkers in this field aims to uncover novel 
tools for diagnosis, refine risk prediction models, with the goal of targeting preventive 
interventions.  

Our scoping review indicates that primary prevention research for cancer primarily 
focuses on molecular biomarkers (mostly genetic), while imaging biomarkers are more 
prominent in secondary prevention papers. The utilisation of multi-omics technologies and 
artificial intelligence is predominantly observed in the context of secondary prevention. 
However, the use of other �Zomics, including epigenomics, transcriptomics, metabolomics, and 
proteomics, has yielded limited results in the literature. It is likely that many of these 
techniques are mostly being employed for tumour profiling and predicting disease 
progression, but these objectives were beyond the scope of our review.  

While there is a substantial body of evidence on interventions and strategies for 
primary cancer prevention, it is interesting to note that personalised prevention research in 
this field often focuses on identifying genetic risk and classifying individuals on the basis of 
their genetic profile. This emphasis on genetics may stem from a general perspective that 
prioritises biological factors over epidemiological or public health considerations. It is 
important to recognise that external exposures, such as lifestyle choices, occupation, and 
environmental factors, are major contributors to cancer development, as supported by 
existing evidence (103,104). Integrating a broader perspective that encompasses both genetic 
and environmental factors can enhance our understanding of cancer prevention and enable 
more personalised approaches to primary prevention. Unless the exposome �t encompassing 
an individual's lifetime exposures, measured in the most suitable manner �t is incorporated 
into the framework, the scope for personalising primary prevention will be confined to 
individuals considered to be at a very high risk, mirroring the current approach taken with 
those with a familial predisposition to the disease. 

Table 15: Number of studies identified that used artificial intelligence to measure biomarkers for 
secondary prevention of cancer 
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We have found good examples of studies investigating gene-environment interactions, 
which are especially frequent in colorectal cancer (105,106), but, in general, they remain 
relatively scarce in the literature. The genetic risk that influences an individual's susceptibility 
to developing a tumour due to specific carcinogens or the effectiveness of preventive 
treatments may differ from that estimated through general GWAS studies conducted by large 
consortia. Epigenetic biomarkers also play a crucial role in understanding the impact of 
environmental and lifestyle factors on cancer development, but according to our data, they 
are currently under researched.   

In secondary prevention research, some tumours, particularly prostate cancer and lung 
cancer, receive special attention. Both cancers are significant causes of morbidity and 
mortality, and improving screening strategies is one of the challenges of current research 
efforts in secondary prevention. Liver cancer and pancreatic cancer are among the tumours in 
which the focus of the research is to distinguish which people have predisposing conditions or 
lesions that will progress to cancer. However, there is limited research on biomarkers for 
primary/secondary prevention of corpus uteri, bladder, and kidney cancer compared to other 
types of cancer. These cancers have received less attention in terms of developing biomarkers 
for prevention strategies. The development and validation of biomarkers require large-scale 
studies and collaborations, which may be more challenging to conduct for rarer tumours. 

It is also worth noting that, despite the growing interest in microbiome research, the 
assessment of microbiome-derived biomarkers in cancer prevention remains relatively 
limited. The little we have found has been in the area of cervical cancer, for example, where 
the vaginal microbiome plays an important role in cervical cancer screening and prevention, 
or in colorectal cancer, where stool is the most common sample for these analyses. 

This scoping review did not reveal a significant number of cellular biomarkers, either 
histological or cytological biomarkers, which might be for the following reasons: firstly, we 
excluded any biomarkers that were tumour-based and only included those biomarkers that 
were measured in both tumour and normal tissue/cells, or in normal tissues only. Secondly, 
looking for cellular biomarkers implies using more invasive methods (biopsies, scrapings etc.) 
which are not as widely used as other methods (i.e. imaging technologies), that are less 
invasive for primary and secondary prevention strategies. 

Imaging biomarkers are closely linked to secondary prevention strategies in cancer 
(early diagnosis/screening). Among these, mammography, computed tomography (CT), 
ultrasound and magnetic resonance imaging (MRI) are the most used imaging techniques. 
Apart from new ways of using biomarkers for screening cancer, the use of artificial intelligence 
(AI) and radiomics to improve screening have been identified in this study, as well as the 
combination of several imaging techniques and other type of biomarkers. It is important to 
highlight that some types of cancer already have screening programmes in place in many 
countries, including breast, colorectal and cervical. Many articles have sought to improve the 
screening methods that are in place in those countries to make them more specific and more 
cost-effective. For cancers that do not have a screening programme but do have predisposing 
lesions, efforts are focused on identifying which of those affected will develop the tumour and 
which will not.  
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Large databases such as the UK Biobank, Gene Expression Omnibus (GEO), and The 
Cancer Genome Atlas (TCGA) are used for the identification of new biomarkers (107). These 
databases provide inexpensive ways to have access to extensive data that allow for complex 
analyses. However, it is important to note that relying solely on these resources may 
perpetuate biases if they do not represent the full spectrum of the population (i.e. over 
representation of European ancestry). It is crucial to ensure diverse representation in these 
databases to avoid potential biases in biomarker research and to obtain more comprehensive 
and accurate results.  

3.2 CARDIOVASCULAR DISEASES 

3.2.1 Prevention of cardiovascular diseases 
It is estimated that 80% of cardiac events and strokes are preventable, and 25% to 75% 

may be prevented through intervention and early detection (108). At the early stages, before 
clinical manifestation, cardiovascular disease risk is based on the assessment of the risk profile 
and the use of risk scoring systems. Biomarkers can be used to enhance the risk prediction. 
This could also enable reduction of risk through appropriate interventions. However, what is 
considered a clinical manifestation can vary. Atherosclerosis, stenosis, plaque build-up, and 
hypertension are considered to be clinical manifestations that put people at high risk of 
developing a CVD. A wide variation in symptoms is reported for individuals considered to be 
affected by a CVD, or who have a sub-clinical condition. These features can vary significantly 
between individuals and considering which types of cardiovascular measures are reversible �t 
and subject to secondary prevention measures �t can be challenging. 

If an individual has developed symptoms, the severity of these symptoms also varies, 
and the classification given by clinicians and researchers can differ significantly. For the 
purposes of this review, we categorised the study as primary or secondary based on the 
clinical status of the patient (no observable vs. observable clinical manifestations), or the 
purpose of the biomarker (risk assessment vs. diagnosis), unless the prevention pathway was 
stated by the authors. Non-invasive diagnostic assessment of symptomatic subjects relies on 
functional stress imaging or anatomical assessment by for example coronary computed 
tomography angiography. However, �ý50% of acute coronary syndromes occur in patients 
without any obstructive plaques, for whom usual functional imaging tests are of limited 
diagnostic value. Novel, accurate, and cost-effective ways for cardiovascular risk 
discrimination would allow the deployment of more effective prevention treatment strategies 
and save lives, but appropriate tools for detection have been lacking (109).  

3.2.2 Specific features of the CVD scoping review 

The cardiovascular diseases included in this scoping review were ischemic heart 
disease, stroke, cardiomyopathy and myocarditis, atrial fibrillation and atrial flutter, aortic 
aneurysm, nonrheumatic valvular heart disease, peripheral artery disease. Rheumatic heart 
disease and endocarditis have not been considered because of their infectious aetiology. The 
ischemic heart disease (IHD) category includes coronary artery disease (CAD), myocardial 
infarction, heart attack, heart muscle ischemia, heart infarction, coronary heart disease, 
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myocardial ischemia and acute coronary syndrome (ACS). The stroke category includes 
ischemic stroke (including embolic stroke and transient ischemic stroke), intracerebral 
haemorrhage, and subarachnoid haemorrhage.  

Within cardiovascular disease there are known populations that are at increased risk 
of CVD. The ones considered in this review included: diabetes, chronic kidney disease / kidney 
failure, obesity, hypertension, cholesterol / dyslipidaemia, smoking and alcohol consumers. 
When these specific populations were being investigated in the study, and not just as a risk 
factor, the information was collected as part of the scoping review.  

�/�v�� �������]�š�]�}�v�U�� �Á�]�š�Z�]�v�� �š�Z�]�•�� �Œ���À�]���Á�� �š�Z���Œ���� �]�•�� ���� �Z�Z�]�P�Z�� �Œ�]�•�l�� ���s���[�� �‰�}�‰�µ�o���š�]�}�v�� �����š���P�}�Œ�Ç�X�� �d�Z�]�•��
population category primarily resulted from examining studies that were looking at CVD for 
secondary prevention. In these studies, individuals had characteristics seen on the 
pathophysiological pathway leading to the development of CVD, which meant they were 
considered to be part of a CVD population. For this review, the study populations included a 
range of features, from atherosclerosis that was classified as CV disease, individuals classified 
as being at high risk of CVD, people with a history of CVD, those who had undergone 
revascularisation, or who had had a major cardiovascular event. 

When a composite endpoint of diseases was assessed, they were classified under 
major adverse cardiac events (MACE), or major adverse cardiac and cerebrovascular events 
(MACCE), or cardiovascular events (CVE) which frequently included CVD related deaths as an 
endpoint. The definition of MACE/CVE/MACCE and the CVDs captured within them can vary 
between researchers. In this scoping review MACE has been used to cover all these categories. 
Our exclusion/inclusion criteria considered MACE only when CVDs of interest for the scoping 
review were named in the study. However, it was difficult to capture this information under 
the individual disease categories if the outcomes/results were not reported for each of the 
specific CVDs of interest. Therefore, a MACE category was included in the data extraction. 
When specific CVDs of interest were subdivided from the larger MACE category the specific 
CVD and MACE would be captured in the data extraction.  

�����Z�Z�Ç�‰���Œ�š���v�•�]�À�����Z�����Œ�š�����]�•�����•���[�������š���P�}�Œ�Ç���Á�}�µ�o�����Z���À�����‰�Œ�}�À�]�����������o�����Œ���Œ���•���}�‰�����š�}�������‰�š�µ�Œ����
data from studies investigating this disease presentation. However, it was not included in the 
search strategy since there is no MeSH term �(�}�Œ���]�š�X���h�•�]�v�P���š�Z�����š���Œ�u���Z�Z�Ç�‰���Œ�š���v�•�]�À�����Z�����Œ�š�����]�•�����•���[��
resulted in a very broad, inaccurate range of results that captured many aspects of heart 
disease, resulting in too many studies being returned to be reviewed within the rapid scoping 
review process.  

3.2.2.1 PRISMA flowchart  

For cardiovascular diseases, as outlined in Figure 7, 1,053 of 5,288 papers were 
considered for full text review. At this stage, 278 further papers were excluded. The majority 
were excluded due to either wrong disease or outcome, wrong concept, or wrong biomarker. 
Papers were excluded due to wrong disease or when the outcome was not a CVD of interest, 
e.g., papers focused only on atherosclerosis/hypertension and CVD was not an outcome 
investigated within the paper, only mentioning CVD in the abstract that were not investigated 
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in the full text. Articles were excluded when most of the conditions in the composite MACE 
were not diseases of interest. Of the MACE studies included there were often papers that 
captured stroke and IHD as the main diseases of interest. In the case of wrong concept, studies 
were excluded if they only examined biomarker frequency rather than testing for disease 
associations. Papers were excluded for the wrong biomarker when full text review failed to 
identify the biomarker of interest or large panels of biological factors were screened for their 
potential as biomarkers, but no appropriate hypothesis testing was performed. A small 
number of papers were excluded at full text review due to their cohort including subjects 
younger than 18 or the datasets used data which was not collected in a clinical setting or in a 
patient cohort. 

For the purposes of this review, we categorised the study as primary or secondary 
based on the clinical status of the patient (no observable vs. observable clinical 
manifestations), or the purpose of the biomarker (risk assessment or diagnosis), unless the 
prevention pathway was specified by the authors.  

Figure 7:  Cardiovascular diseases scoping review: PRISMA flowchart  
 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

33 References from other sources 

Embase preprints 33 

4450 Studies screened 

1053 Studies assessed  
for eligibility 

3397 Studies excluded 

278 Studies excluded 
 

#1 Wrong biomaker/ not biomarker: 57 
#2 Wrong disease / outcome: 115 
#3 Wrong concept: 61 
#4 Wrong population: 18 
#5 Wrong study design: 5 
#6 Wrong language: 14 
#7 Wrong setting: 5 
#8 Article not available: 3 

775 Studies extracted 

376 Primary prevention 
353 Secondary prevention  
46 Primary & secondary  

 

5288 Studies from 
databases/ registers 

Ovid Medline 2858 
Ovid Embase 2430 

 

871 Duplicates removed 
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3.2.3 Research/use of biomarkers in personalised prevention of cardiovascular 
diseases 

3.2.3.1 General overview 

A total of 775 studies were included. The majority of studies looked at ischemic heart 
disease and stroke, followed by Atrial Fibrillation and flutter (Figure 8). Overall, there were 
results that were common to both primary and secondary prevention:  

�x Air pollution was the only risk factor which was considered in the review for which no 
papers were found.  

�x In terms of study design, most research studies used a cohort study design followed 
by a case-control study design (Annex E, Tables 6 and 9 for primary and secondary 
prevention respectively). Very few cross-sectional study designs were used (Annex E, 
Tables 6 and 9).  

Figure 8: Number of studies �t total, primary and secondary prevention �t included in the data extraction 
process, for all CVDs together and for each individual CVD are shown 

 
Figure 9 provides a general summary of the results from the review for CVD, which, 

again, will be further detailed in the subsequent sections. Ischemic heart disease and stroke 
are the major diseases in this group, while genetics and biochemical are the most relevant 
biomarkers in this area.  
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Figure 9: CVD scoping review on personalised prevention: biomarkers used in primary and secondary 
prevention by disease. 

 

3.2.3.2 Biomarkers in primary prevention of CVD 

The scoping review found that three quarters of research activity on biomarkers 
associated with the primary prevention of CVD were focused on molecular processes (Table 
16). Within this area two disease classes dominate the molecular investigations, ischemic 
heart disease (IHD) and stroke. Both classes encompass the most frequently diagnosed 
cardiovascular diseases including coronary artery disease (CAD), myocardial infarction, and 
ischemic stroke. Secondary to this was research activity within the field of imaging, again with 
the majority investigating IHD and stroke. Physiological and anthropometric biomarkers were 
investigated intermittently across most disease processes. Behind IHD and stroke, atrial 
fibrillation and atrial flutter were subject to increased research activity, again primarily in the 
molecular biomarker class.   
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Table 16: Number of studies identified for each biomarker type for primary prevention of cardiovascular 
diseases. CVD �t cardiovascular disease; MACE �t major adverse cardiovascular events 

 

�™ Molecular biomarkers 

Within the molecular biomarkers group, research activity across all CVD types 
overwhelmingly focussed on genetics (Table 17). Many genetic biomarkers enable a focus on 
primary prevention by using genetic variants fixed at conception, allowing risk to be evaluated 
early in the life course. These variants can thus be identified prior to the manifestation of any 
disease process. The majority of molecular biomarkers were assessed in the context of 
isolated SNPs, SNP data from GWAS, SNP combined and weighted in polygenic scores and 
mendelian randomisation methods. 

After the genetic sub-group, markers of biochemical origin were most frequently 
investigated. Most of these markers were serum markers detectable by standard blood 
sampling procedures required for clinical testing. Biochemical markers were investigated in all 
disease types except nonrheumatic valvular heart disease. These markers rely on detectable 
changes in specific molecules which usually occur during the manifestation of a disease 
process, even at the sub-clinical level, so are more frequently identified in secondary 
�‰�Œ���À���v�š�]�}�v���Œ���•�����Œ���Z�X���Z�K�u�]���•�[���š�����Z�v�}�o�}�P�]���•�����Œ�������v�����Æ�‰���v���]�v�P���u�}�o�����µ�o���Œ�����]�•���]�‰�o�]�v�����]�v���u�����]���]�v���X��
This was reflected in our results with metabolomics, proteomics and transcriptomics subgroup 
studies being used particularly to investigate IHD, stroke, and AF, although at a lower level of 
research activity than genetic and biochemical subgroups. AI technologies including complex 
regression models to analyse large volumes of SNP data were focussed in genetic and 
biochemical biomarker subcategories. 

Table 17: Number of studies identified for each molecular biomarker subtype for primary prevention of 
cardiovascular diseases.  CVD �t cardiovascular disease; MACE �t major adverse cardiovascular events 
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�™ Cellular biomarkers 

There was very little research carried out on cellular biomarkers �t four papers in total 
�t in IHD and stroke (Table 18).  

Table 18: Number of studies identified for each cellular biomarker subtype for primary prevention of 
cardiovascular diseases. CVD �t cardiovascular disease; MACE �t major adverse cardiovascular events 

 

�™ Imaging biomarkers 

The second most investigated biomarker group after molecular was imaging, with the 
continuing trend of IHD and stroke being the most intensively investigated (Table 19). Novel 
methods employing AI to enhance well established techniques such as CT scanning and 
ultrasound with tools including machine learning or convolutional neural networks are 
increasingly being researched for their accuracy and utility. AI techniques were used most 
frequently in CT and MRI imaging in primary prevention. Other imaging techniques such as 
radiography, single photon computed tomography (SPECT) and magnetic resonance imaging 
(MRI) were researched less frequently. 

Table 19: Number of studies identified for each imaging biomarker subtype for primary prevention of 
cardiovascular diseases.  CT �t computerised tomography; CVD �t cardiovascular disease; MACE �t major 
adverse cardiovascular events; MRI �t magnetic resonance imaging; PET �t photon emission 
tomography; SPECT �t single photon emission tomography 

 

 

 

 

 



 

 

52 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

�™ Physiological biomarkers 

These biomarkers mostly included electrocardiograms (ECG), which were mainly used 
to investigate atrial fibrillation (Table 20). 

Table 20: Number of studies identified for each physiological biomarker subtype for primary prevention 
of cardiovascular diseases. CVD �t cardiovascular disease; ECG �t electrocardiogram; EEG - 
electroencephalogram; MACE �t major adverse cardiovascular 

 

�™ Anthropometric biomarkers 

In addition to BMI, other measures such as waist to hip ratio or upper arm circumference, 
were assessed for potential use as novel biomarkers of IHD, stroke and atrial fibrillation (Table 
21).  

Table 21: Number of studies identified for each anthropomorphic biomarker subtype for primary 
prevention of cardiovascular diseases.  BMI �t body mass index; CVD �t cardiovascular disease; MACE �t 
major adverse cardiovascular events 

 

These two last biomarker groups were the least frequently researched, followed by 
cellular biomarkers. They -and particularly anthropometric markers- were frequently used in 
combination with established or newly developed risk scoring strategies to improve risk 
prediction.  

A small number of studies fell un�����Œ���Z�}�š�Z���Œ�[���(�}�Œ���������Z���Œ���•�‰�����š�]�À�����P�Œ�}�µ�‰���}�(�����]�}�u���Œ�l���Œ�X��
�d�Z�����Z�}�š�Z���Œ�[�����]�}�u���Œ�l���Œ�•���(�}�µ�v�����]�v���o�µ���������u�µ�o�š�]-factorial risk scores that combined variables such 
as SNPs, muscle strength, sleep patterns and height. Within imaging, retinal vasculature was 
investigated at least six times in the context of IHD and stroke. 

a) Combination of biomarkers and lifestyle-related factors  

Lifestyle factors were captured across all disease types, especially in IHD, stroke and 
atrial fibrillation, if they were used as a variable or adjustment within the research analysis 
(Figure 10 and Annex E Table 7).  

Figure 10 demonstrates the frequency of capture of lifestyle factors related to 
biomarker categories. As with other categories most lifestyle factors were recorded within 



 

 

53 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

studies with IHD and stroke as their diseases of interest. Atrial fibrillation and atrial flutter 
studies also regularly recorded specific lifestyle factors. 

Their frequency implies which factors researchers consider important in CVD, with 
smoking behaviour and alcohol consumption receiving the most attention. There is a caveat 
to this interpretation; each lifestyle factor was used in a different manner in each analysis, 
such as being used as a variable in a regression model versus being used as an adjustment 
criterion, therefore no inference on causality or association can be made using this data. 
Preventative medicines, such as the use of statins, were reported in many of the studies. They 
are an indication that some of the individuals may already be considered at risk of CVD and 
may be in a primary prevention programme. 

 
Figure 10: Bubble plot representing the number of studies identified for primary prevention of 
cardiovascular disease where lifestyle factors were considered, where the size of the bubble represents 
the number of studies and the colour represents a type of biomarker. CVD �t cardiovascular disease; 
MACE �t major adverse cardiovascular events 
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b) Study population and biomarkers in research on primary prevention of CVD 

Figure 11 demonstrates that many studies were conducted in participants from a 
general population. Outside of the general population we found a spread of studies conducted 
in population groups with elevated risk of CVD such as those with diabetes mellitus, 
hypertension or high-risk CVD. Limited research activity in primary prevention biomarkers for 
aortic aneurysm was unexpected, considering the high mortality from ruptured aneurysm.  

 

Figure 11: Bubble plot representing the number of studies identified for primary prevention of 
cardiovascular disease by each population group, where the size of the bubble represents the number 
of studies and the colour represents a type of biomarker 

 

An interactive version of this plot is accessible via: https://phg-
foundation.github.io/PROPHET/Phase_1_codes/EGMs/EGM_cvd_primary_segment_biomarker.html 

  

https://phg-foundation.github.io/PROPHET/Phase_1_codes/EGMs/EGM_cvd_primary_segment_biomarker.html
https://phg-foundation.github.io/PROPHET/Phase_1_codes/EGMs/EGM_cvd_primary_segment_biomarker.html
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3.2.3.3 Biomarkers in secondary prevention of CVD 

The greatest proportion of secondary prevention biomarker research activity is taking 
place in ischemic heart disease (IHD), stroke and atrial fibrillation and atrial flutter (Table 22). 
In contrast, nonrheumatic valvular heart disease (NRVHD) is the least researched. The total 
number biomarkers per CVD does not proportionately decrease with decreasing CVD 
prevalence, indicating research hotspots for CVD-specific secondary prevention biomarkers 
(compared to primary prevention) around atrial fibrillation and atrial flutter, and peripheral 
artery disease (PAD) (Table 22).  

Molecular biomarkers were predominantly researched in CVD, followed by imaging 
and physiological biomarkers. However, imaging biomarkers were frequently researched in 
cardiomyopathy and myocarditis and NRVHDs (Table 22). We identified very few studies using 
cellular and anthropometric biomarkers for the secondary prevention of CVDs. Cellular 
biomarkers were only assessed in IHD, stroke, cardiomyopathy and myocarditis, and aortic 
aneurysms. Anthropometric biomarkers were only assessed in IHD, stroke, atrial fibrillation 
and atrial flutter, and aortic aneurysms. Both molecular and imaging biomarkers were equally 
researched in hypertensive CVDs (Table 22).  

There is overlap in studies between MACEs, IHD and stroke, therefore molecular 
biomarkers were commonly researched for secondary prevention of MACEs, matching 
observations for IHD and stroke. Of all the secondary prevention CVD studies, a fifth used AI 
or machine learning-based methods to support biomarker research and primarily for imaging 
followed by molecular biomarker types.  

Table 22: Number of studies identified for each biomarker type for secondary prevention of 
cardiovascular diseases. CVD �t cardiovascular disease; MACE �t major adverse cardiovascular events 
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�™ Molecular biomarkers 

For molecular biomarkers, biochemical was the most commonly researched biomarker 
subtype, followed by genetics/genomics (Table 23). Studies investigating biomarker subtype 
biochemical, followed by metabolomics, used AI and machine learning to supplement 
biomarker research. 

Table 23: Number of studies identified for each molecular biomarker subtype for secondary prevention 
of cardiovascular diseases.  CVD �t cardiovascular disease; MACE �t major adverse cardiovascular events 

 
 

�™ Cellular biomarkers 

For cellular biomarkers, -�Z�}�š�Z���Œ�������o�o�µ�o���Œ�����]�}�u���Œ�l���Œ�•�[ subtype - which includes studies 
that use cell count data, were the most studied, although, very limited number of studies were 
identified (Table 24).  

Table 24: Number of studies identified for each cellular biomarker subtype for secondary prevention of 
cardiovascular diseases.  CVD �t cardiovascular disease; MACE �t major adverse cardiovascular events 
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�™ Imaging biomarkers 

For imaging biomarkers, the subtypes ultrasound, CT and MRI were the most 
commonly researched biomarkers. While most research activity was seen in IHD and stroke, 
research took place in a wide range of CVD types, for example, at least one ultrasound study 
was recorded for each CVD type investigated (Table 25). Studies researching biomarker 
subtypes CT scan followed by MRI used AI and machine learning to supplement biomarker 
research. 

Table 25: Number of studies identified for each imaging biomarker subtype for secondary prevention 
of cardiovascular diseases.  CT �t computerised tomography; CVD �t cardiovascular disease; MACE �t 
major adverse cardiovascular events; MRI �t magnetic resonance imaging; PET �t photon emission 
tomography; SPECT �t single photon emission tomography 

 

�™ Physiological biomarkers 

Physiological biomarker subtype ECG was the most common (Table 26). 

Table 26: Number of studies identified for each physiological biomarker subtype for secondary 
prevention of cardiovascular diseases. CVD �t cardiovascular disease; ECG �t electrocardiogram; EEG - 
electroencephalogram; MACE �t major adverse cardiovascular events 
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�™ Anthropometric biomarkers 

For anthropometric biomarkers, the subtype BMI was the most researched, although 
there were a limited number of studies in this area (Table 27).  

Table 27: Number of studies identified for each anthropomorphic biomarker subtype for secondary 
prevention of cardiovascular diseases.  BMI �t body mass index; CVD �t cardiovascular disease; MACE �t 
major adverse cardiovascular events 

 
 

Tables 23-27 also highlight that multiple biomarker subtypes were explored for the 
same CVD. For example, all but spectrometry-based imaging biomarker was researched in IHD, 
���v���������(���Á���•�š�µ���]���•���Z���À�����µ�•���������v���Z�}�u�]���•-based approach to evaluate the biomarker of interest: 
at the gene, transcript, and protein level of expression. Some studies also compared different 
subtypes such as MRI and CT scans to determine which method would be more clinically 
suitable for biomarker detection or disease diagnosis.  

A few biomarker subtypes were limited to specific populations, for example, 
scintigraphy (gamma) was only investigated in a diabetic population (Table 25; Figure 11). We 
also observed that some biomarkers identified in one cardiovascular disease were being 
repurposed and evaluated in other CVDs. For example, ankle-brachial index is commonly used 
in PAD, but we detected research activity in other CVDs such as IHD, stroke and MACE 
(composite of PAD, IHD and stroke) (Table 26; Figure 11). The biomarkers weight and height 
�Á���Œ���������‰�š�µ�Œ�������µ�v�����Œ���š�Z�����Z�}�š�Z���Œ�[�����v�š�Z�Œ�}�‰�}�u���š�Œ�]�������]�}�u���Œ�l���Œ���•�µ�������š���P�}�Œ�Ç�X 

a) Study population and biomarkers in research on secondary prevention of CVD 

Outside of the general population we looked at population groups known to be at 
elevated risk of CVD. The benefits of identifying new markers to improve risk stratification of 
these high-risk groups could be valuable in CVD diagnosis. 

We evaluated nine different types of population used in CVD research as it can help 
determine which individuals within these high-risk population cohorts are at increased risk of 
CVD and may need to be prioritised for screening. �W�}�‰�µ�o���š�]�}�v���š�Ç�‰���•���Z�P���v���Œ���o�[�����v�����Z�Z�]�P�Z-risk 
���s���[�� �Á���Œ���� �‰�Œ�����}�u�]�v���v�š�o�Ç�� �Œ���•�����Œ���Z������ �(�}�o�o�}�Á������ ���Ç�� �š�Z�}�•���� �Á�]�š�Z�� ���]�������š���•�U�� �Z�Ç�‰���Œ�š���v�•�]�}�v�U�� ���v����
kidney disease �}�Œ�����<���X���s���Œ�Ç���(���Á���•�š�µ���]���•���Á���Œ�������}�v���µ���š�������}�v���š�Z�����‰�}�‰�µ�o���š�]�}�v���š�Ç�‰���•���Zcholesterol 
�}�Œ�� ���Ç�•�o�]�‰�]�������u�]���[�U�� �Z�}�����•�]�š�Ç�[�U�� �Z�•�u�}�l�]�v�P�[�� ���v���� �Z���o���}�Z�}�o�� ���}�v�•�µ�u�‰�š�]�}�v�[�� �~Figure 12). Identifying 
biomarkers stratified by population may then help to identify biomarkers with high specificity 
for a particular CVD and population type.  
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Figure 12: Bubble plot representing the number of studies identified for secondary prevention of 
cardiovascular disease for each population type, where the size of the bubble represents the number 
of studies and the colour represents a type of biomarker. CKD �t chronic kidney disease; CVD �t 
cardiovascular disease; MACE �t major adverse cardiovascular events.  

An interactive version of this plot is accessible via: https://phg-
foundation.github.io/PROPHET/Phase_1_codes/EGMs/EGM_cvd_secondary_segment_biomarker.ht
ml   

3.2.4 Use of new digital technologies: wearables and artificial intelligence 

3.2.4.1 Wearables and other novel technologies 

Wearables were rarely investigated within primary prevention of CVD. Among five 
studies investigating digital technologies in primary prevention a seven-day ECG monitor and 
a wrist worn accelerometer were both used in separate studies where atrial fibrillation and 
atrial flutter were the diseases of interest. No smart watch-based or pulse oximetry-based 
technologies were used for secondary prevention in CVDs, however, one study used infrared 
cameras for stroke diagnosis. We also identified the use of novel technologies for secondary 

https://phg-foundation.github.io/PROPHET/Phase_1_codes/EGMs/EGM_cvd_secondary_segment_biomarker.html
https://phg-foundation.github.io/PROPHET/Phase_1_codes/EGMs/EGM_cvd_secondary_segment_biomarker.html
https://phg-foundation.github.io/PROPHET/Phase_1_codes/EGMs/EGM_cvd_secondary_segment_biomarker.html
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prevention of CVD such as innovative mass spectrometry technologies and a range of 
wearable monitors to track cardiac and other physiological parameters.   

�E�}�À���o���u���š�Z�}���•���š�}�������š�����š�����s�������]�}�u���Œ�l���Œ�•���Á���Œ���������‰�š�µ�Œ�������µ�v�����Œ���š�Z�����Z�K�š�Z���Œ�[������tegory 
within each biomarker type. We identified research for the novel use of retinal-based imaging 
biomarkers for secondary prevention of CVD and a mammography-based study was also 
found for IHD (Table 25). Flow cytometry-based studies which evaluated cell count data were 
also captured (Table 24). Several new detection methods for physiological biomarkers are 
being researched, for example algorithms that evaluate a range of physical and physiological 
parameters and analysis of the parameters and characteristics of the cardiovascular system 
(Table 26). This included telestroke system technology which is pre-hospital technology such 
as portable imaging devices used to assist ambulance personnel during emergency 
assessment of suspected stroke. An implantable loop recorder to monitor heart rhythm was 
used for early detection of AF.  

3.2.4.2 Biomarkers in CVD prevention using Artificial Intelligence 

Within primary prevention AI technologies were used most frequently in molecular 
and imaging biomarker research (Table 28). The most frequently investigated disease types 
were IHD, atrial fibrillation and flutter, and stroke.  AI technologies were frequently used to 
assess complex regression models, and high volume genomic data. Additionally radiomics was 
used to enhance image based analysis and machine learning algorithms were employed to 
screen detailed health records. 

Of all the secondary prevention CVD studies, a fifth used AI or machine learning-based 
methods to aid biomarker research, primarily for imaging followed by molecular biomarker 
types (Table 29). Studies researching biomarker subtypes biochemical followed by 
metabolomics predominantly used AI and machine learning to supplement biomarker 
research. Studies researching imaging biomarker subtypes, CT scans followed by MRI 
predominantly used AI and machine learning to supplement biomarker research. AI and 
machine learning-based methods were commonly used to investigate IHD and stroke. 

 

Table 28: Number of studies identified that used artificial intelligence to measure biomarkers for 
primary prevention of cardiovascular diseases 
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Table 29: Number of studies identified that used artificial intelligence to measure biomarkers for 
secondary prevention of cardiovascular diseases 

 
 

3.2.5 CVD Discussion 
This is a rapid scoping review which took place within a short time frame and as such 

has limitations in terms of the scale and scope of information that can be captured. The short 
time period of the studies considered �t 2020-2023 �t reflects these limitations, however 
despite this the review has captured a broad overview of research activity into preventive 
biomarkers.  

As previously discussed, there are issues with the definition or interpretation in 
primary/secondary prevention. This is mainly due to the clinical evolution and development 
of CVD. There is no agreed definition of what is considered pre-clinical for CVD �t this applies 
to secondary prevention versus a risk factor or primary prevention. Many papers did not 
define the primary purpose of the biomarker(s) in prevention. In these cases, it would be 
described that the biomarker could be useful in public health or clinical care, however no 
further details would be provided.  

There were differences between studies in the use of the MACE term and in particular 
the conditions included within this term were not consistent.  

The limitations of the lifestyle factor data is that it was captured to understand which 
variables are being considered by researcher, rather than to understand how this information 
�]�•�������]�v�P���µ�•�����X���Z�>�]�(���•�š�Ç�o�����(�����š�}�Œ�•�[�����}�À���Œ�������������Œ�}�������Œ���v�P�����}�(���À���Œ�]�����o���•�U���Ç���š���}�v�o�Ç���š�Z�}�•�����Á�]�š�Z�]�v���š�Z����
inclusion criteria were investigated. The variables captured are all established risk factors for 
CVD, additional variables were frequently seen within the research but not captured (110). 
Considerable variability in the use of lifestyle factors was identified. These factors were used 
as ways to display demographic data, variables for initial statistical testing, adjustment factors 
and variables in complex models. Without further subdividing these studies based on the use 
of lifestyle factors their value within this scoping review is limited. 

Issues with the definition �}�(�� �Z�‰���Œ�•�}�v���o�]�•���š�]�}�v�[�� �Á�]�š�Z�]�v�� �š�Z���� �o�]�š���Œ���š�µ�Œ���� �u�����v�š�� �Á���� �š�}�}�l�� ����
much broader approach and will refine the definition in our consideration of the utility of 
selected biomarkers for personalisation in deliverable 2.2.  
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3.2.5.1 Other considerations 

Having completed the review there are a number of areas that could be considered for future 
reviews of this type. These include: 

�x Studies frequently used the resources available in large public databases such as UK 
Biobank or MEGASTROKE (111,112). Data access in resource poor environments is a 
barrier to furthering personalised preventive medicine, therefore these resources 
provide improved accessibility to curated and in-depth health data for use in study 
designs. We observed usage of a core number of large cohorts; and whilst providing 
depth of information, overuse of a small number of cohorts could influence the wider 
utility of results. Understanding which cohorts are being utilised for research could 
provide a better understanding of the limitations of this research, given that these 
cohorts are most often comprised of individuals with European ancestry and might not 
be as applicable to other ethnicities.  

�x Molecular biomarker areas consisted largely of PRS, GWAS and SNP studies. Despite 
each of these methods requiring genetic material, each uses it in different ways. 
�����‰�š�µ�Œ�]�v�P���š�Z���•�������•���•���‰���Œ���š�������v�š�]�š�]���•���Œ���š�Z���Œ���š�Z���v���Á�]�š�Z�]�v���š�Z�����Z�P���v���š�]���[���•�µ���P�Œ�}�µ�‰���Á�}uld 
�Z���À���� �‰�Œ�}�À�]�������� �(�µ�Œ�š�Z���Œ�� �P�Œ���v�µ�o���Œ�]�š�Ç�� �š�}�� �}�µ�Œ�� �Œ���•�µ�o�š�•�X�� �^�]�u�]�o���Œ�o�Ç�U�� �•���‰���Œ���š�]�v�P�� �Z���]�}���Z���u�]�����o�[��
markers into those used in established tests, and those that are less commonly 
performed but were being investigated for novel applications, would have provided 
improved clarity. 

�x Capturing the use of models and the combining of biomarkers. Combinations of 
biomarkers were seen and the use of integrated models that included clinical features 
as well as biomarkers were observed and might be more valuable than individual 
biomarkers. It is possible there are common combinations that are being researched. 
Related to this is the need to understand the full set of variables that are considered 
in the models.  

�x Improvements could be made to the data capture of population groups. For example, 
there were a number of papers looking only at one gender or those aged 18-50 or only 
���š�����o�����Œ�o�Ç���‰���š�]���v�š�•�X���d�Z���•���� �‰�}�‰�µ�o���š�]�}�v�•�� �Á���Œ���� ���o�o�� �����‰�š�µ�Œ�������µ�v�����Œ���Z�P���v���Œ���o�[�����µ�Œ�]�v�P�������š����
extraction. Splitting this group further would provide more detailed results that can be 
further investigated in a particular population. 

3.2.5.2 Conclusion 

Molecular biomarkers, particularly for IHD and stroke, the leading causes of CVD 
death, are the most commonly researched. A likely future use for biomarkers in prevention is 
in the combining of biomarkers into risk scores, and the use of biomarker panels. 

In primary prevention this scoping review has highlighted that most research activity 
is occurring for IHD and stroke within general and high-risk CVD populations and for the 
molecular/genomic and imaging biomarker categories. Genomic biomarkers offer potential 
for primary prevention since they can be measured in young, asymptomatic adults and 
present opportunities for implementation of preventive strategies earlier in the life course.  

In secondary prevention, most research activity is occurring in IHD and stroke within 
general and high-risk CVD populations and for the molecular/biochemistry (biochemical) and 
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imaging biomarker categories. We have also identified some novel methods for biomarker 
identification (infrared cameras, innovative mass spectrometry techniques, and wearable 
monitors) that could improve CVD diagnostic accuracy, but their clinical utility remains to be 
evaluated.  

Increased numbers of imaging studies were identified in secondary compared to 
primary prevention potentially because for secondary prevention the patient is already on the 
disease pathway, and therefore, there is something to capture via imaging. We identified that 
for PAD there was more research activity in secondary prevention and for nonrheumatic 
valvular heart disease there was more research activity in primary prevention.  

We have presented our findings for separate biomarker categories, but a number of 
these studies used them in combination. In some cases, multiple biomarker categories are 
being explored in the same study (e.g. recent multi-omic approaches which capture different 
aspects of the biology of an individual), to potentially capture multiple disease-associated 
modalities and improve diagnostic accuracy. These approaches and other novel technologies 
will be explored further in deliverable 2.2 which focuses on the clinical utility of selected 
biomarkers identified from this research. 

 

3.3 NEURODEGENERATIVE DISEASES 

3.3.1 Prevention of neurodegenerative diseases 
The neurodegenerative diseases included in this scoping review can be classified into 

dementias, demyelinating disorders, and synucleopathies.  

Dementias and synucleopathies are characterised by their progressive nature and lack 
of curative treatment. Thus, research in this field is often focused on identifying ways to slow 
their progression. As dementia and synucleopathies are associated with aging, groups with 
higher life expectancy are expected to have a greater prevalence, and an increase in the 
prevalence of dementia in the coming decades is expected, due to increasing life expectancy 
globally. However, the risk of dementia, adjusted for age and sex, seems to have declined 
slightly over the past 25 years, particularly in high-income countries. These countries have 
seen improvements in educational levels and better management of cardiovascular risk 
factors among their population cohorts (113). 

Additionally, as in the other groups of diseases, it is beneficial to understand the 
relationship between different factors such as genetics and lifestyle factors. The aetiology of 
these diseases are still largely unknown (114). However, dementia risk may be reduced by 
protective lifestyle changes. The 2020 Lancet commission, after reviewing how lifestyles 
interact with genes that pose a risk for dementia, among other factors (115�t117), added 
alcohol consumption, head injury, and air pollution to education, hypertension, hearing 
impairment, smoking, obesity, depression, physical inactivity, diabetes, and infrequent social 
contact, as modifiable risk factors for dementia (113,118).  

Demyelinating disorders are also associated with the aging process. In the case of 
multiple sclerosis (MS), the mechanisms behind MS-neurodegeneration and progressive 
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decline, independent of new inflammatory lesions, are not fully understood. However, it is 
believed that these processes are predominantly driven by compartmentalised events 
occurring within the central nervous system (CNS) and leptomeninges. These events may 
involve reactive glia, ectopic meningeal lymphoid follicles, oxidative stress, and the deposition 
of iron related to aging. The subtle and localised nature of these pathological activities within 
the CNS makes them challenging to monitor effectively. It is worth noting that the current 
disease-modifying therapies (DMTs) primarily target the peripheral immune system, which 
may limit their effectiveness in addressing these CNS-compartmentalised processes (119).  

In amyotrophic lateral sclerosis (ALS), there is a complex interplay between age, sex, 
and intricate genetic factors that contribute to the risk of developing this disease. These sex-
specific differences highlight the importance of considering sex as a crucial factor in both 
preclinical and clinical research to gain a deeper understanding of the underlying mechanisms 
and effects. Moreover, this consideration is vital in the design and implementation of clinical 
trials aimed at developing effective therapeutics for ALS (120). 

In summary, neurodegenerative diseases overall do not have effective and curative 
treatment. The causes of these diseases remain still largely unknown and a wide range of 
mechanisms have been proposed to explain the interaction of genetic and lifestyle factors 
associated with dementia risk (116). 

3.3.2 Specific research approach 
As previously stated, the neurodegenerative diseases group is a highly diverse 

collection of illnesses, each with its own distinct epidemiology. Consequently, our search 
encompassed both shared risk factors and those specific to individual diseases, as well as 
targeted subpopulations of interest. This concordance disease/risk factor was taken into 
account during the data extraction phase. 

Furthermore, scoping reviews, involve an iterative approach. During the data 
extraction process for neurodegenerative diseases, it became evident that the inclusion of a 
general high-risk category was necessary. This category aimed to distinguish individuals who 
were specifically selected for their heightened likelihood of developing the disease (e.g., 
individuals with mild cognitive impairment, MCI, or subjective cognitive decline, SCD) but did 
not fit into any of our predefined subgroups. 

In contrast to cancer and cardiovascular diseases, in neurodegenerative diseases we 
have accepted studies done just for biomarker validation (compared to a gold standard) due 
to their relevance in the field and the limited number of articles in this area. 

3.3.2.1 PRISMA Flowchart 

For neurodegenerative disorders, a total of 2014 articles were acquired from various 
databases. After eliminating duplicates (n=416), a total of 1650 articles were screened based 
on their titles and abstracts. Out of these, 458 articles were selected for full-text screening. 
Finally, 286 articles were chosen for the extraction of final data (Figure 13). 
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3.3.3 Research/use of biomarkers in personalised prevention of 
neurodegenerative diseases 

3.3.3.1 General overview 

The most notable finding from this comprehensive review of neurodegenerative 
disease prevention is the considerable focus on Alzheimer's disease. In contrast, there is a 
scarcity of available research for other neurodegenerative diseases, specifically Lewy body 
disease and frontotemporal dementia. Unlike these conditions, where primary prevention is 
of greater interest, the research on Alzheimer's disease mainly focuses on secondary 
prevention strategies (Figure 14). 

 

Figure 13: Neurodegenerative diseases scoping review: PRISMA flowchart 
 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

52 References from other sources 

CDC databases 15 
Embase preprints 37 

1650 Studies screened 

458 Studies assessed  
for eligibility 

1192 Studies excluded 

172 Studies excluded 
 

#1 Wrong biomaker / not biomarker: 26 
#2 Wrong disease / outcome: 2 
#3 Wrong concept: 117 
#4 Wrong population: 10 
#5 Wrong study design: 14 
#6 Wrong language: 2 
#7 Wrong setting: 0 
#8 Article not available: 1 

286 Studies extracted 

120 Primary prevention 
149 Secondary prevention  
17 Primary & secondary  

 

2014 Studies from 
databases/ registers 

Ovid Medline 828 
Ovid Embase 1186 

 

416 Duplicates removed 
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Figure 14: Number of studies �t total, primary and secondary prevention �t included in the data 
extraction process, for all neurodegenerative diseases together and for each individual disease are 
shown 

Figure 15 summarises the results from the review for neurodegenerative diseases. 
���o�Ì�Z���]�u���Œ�•�[�����]�•�����•�����]�•�U�����Ç���(���Œ�U���š�Z�����u�}�•�š���Œ���•�����Œ���Z�������‰���š�Z�}�o�}�P�Ç���]�v���š�Z�]�•�����Œ�����X���/�v���š�Z���•�������]�•�����•���•�U��
imaging plays a more central role than in the other group of diseases.   
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Figure 15. Neurodegenerative diseases scoping review on personalised prevention: biomarkers used in 
primary and secondary prevention by disease. 

 

 

3.3.3.2 Biomarkers in primary prevention of neurodegenerative diseases  

As in the other group of diseases, molecular biomarkers are the most commonly 
researched for primary prevention. Imaging biomarkers, have the second highest number of 
results. Physiological and anthropometric biomarkers also have a considerable number of 
results. These types of biomarkers are very often part of a new combination of biomarkers 
within predictive models (121,122). For cellular biomarkers, only one study has been found in 
Alzheimer's disease. There is no research in this field in frontotemporal dementia and Lewy 
body disease (Table 30). 
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�™ Molecular biomarkers 

Genetic/genomic biomarkers lead the group of molecular biomarkers in all diseases. 
Alzheimer's disease is the only condition with results for all molecular biomarkers. Also, 
protein-based biomarkers are fairly well represented due to multiple studies using amyloid 
�š�Ç�‰���•�� ���v�����(�Œ�����š�]�}�v�•�� �]�v�����o�}�}���� �•���u�‰�o���•�� �~�]�X���X�U���(�Œ�����U���š�}�š���o�� ���v�������}�µ�v�������t�ð�î�� ���v���� ���t�ð�ì���]�v�� �‰�o���•�u���V��
���t�ð�î�l�ð�ì���Œ���š�]�}�V���v���µ�Œ�}�(�]�o���u���v�š�•���~�E�&�>�•�V���š�}�š���o���š���µ���~�d-tau); and phosphorylated tau181 (P-tau181) 
(123,124) for use as a surrogate for more expensive or invasive tests (cerebrospinal fluid or 
amyloid-PET), with application not only in prevention but also in less expensive clinical trials 
(Table 31). 

 

  

There were 16 studies using genetic markers in the context of Mendelian 
randomisation: multiple sclerosis, four studies; ALS, five studies; Parkinson's disease, four 
studies, and Alzheimer's disease, seven studies. Among these, two studies evaluated several 
diseases at the same time: in one case, Alzheimer's disease, ALS, Parkinson's disease and 
multiple sclerosis, and in the second one, Alzheimer's disease and vascular dementia 

Table 30: Number of studies identified for each biomarker type for primary prevention of 
neurodegenerative diseases 

Table 31: Number of studies identified for each molecular biomarker type for primary prevention of 
neurodegenerative diseases 
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respectively. These studies aim to investigate causal relationships between various exposures 
and neurodegenerative diseases. Typically, these associations are based on external 
exposures or in biological factors such as diet or specific dietary components (125), or obesity 
(126,127). Additionally, this approach is utilised to assess the causal impact of genetic markers 
related to lifestyle factors like physical activity (128,129), the role of coffee (130), or smoking 
(131) in the development of neurodegenerative diseases.  

On the other hand, direct gene-environment interactions are not frequently evaluated. 
For example, studies on the modifying effects of specific polygenic risk scores on obesity (132) 
or drugs (133) in Alzheimer's disease, diabetes (134) in Parkinson's disease, and physical 
activity (129) in ALS. 

�™ Cellular biomarkers 

 Cellular biomarkers are not used in primary prevention of neurodegenerative diseases, 
with the exception of a single finding in Alzheimer's disease, which refers to leukocyte cell 
surface biomarkers, which can also be used in secondary prevention (135) (Table 32). 

 

Table 32: Number of studies identified for each cellular biomarker type for primary prevention of 
neurodegenerative diseases 
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�™ Imaging biomarkers 

Imaging techniques are used in Alzheimer's disease research, with MRI and PET/SPECT 
being the most commonly used (Table 33). 

Table 33: Number of studies identified for each imaging biomarker subtype for primary prevention of 
neurodegenerative diseases. CT �t computerised tomography; MRI �t magnetic resonance imaging; PET 
�t photon emission tomography; SPECT �t single photon emission tomography 

 

�™ Physiological biomarkers 

 Within this group, blood pressure emerges as the most extensively utilised biomarker 
for primary prevention across all neurodegenerative diseases, with particular emphasis on 
Alzheimer's, ALS, and Parkinson's disease. In this group of diseases there are other useful 
physiological biomarkers , primarily in the context of Alzheimer's disease, such as EEG, and 
handgrip strength (included in the other physiological biomarker category) (136) (Table 34). 

 

Table 34: Number of studies identified for each physiological biomarker subtype for primary prevention 
of neurodegenerative diseases. ECG �t electrocardiogram; EEG �t electroencephalogram. 
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�™ Anthropometric biomarkers 

In terms of anthropometric biomarkers, we also found the  use of BMI in all diseases, 
although other anthropometric measures were also used, such as body perimeters 
(circumference) which we classify as other anthropometric biomarkers (14) (Table 35). 

 

Table 35: Number of studies identified for each anthropomorphic biomarker subtype for primary 
prevention of neurodegenerative diseases.  BMI �t body mass index 

 

a) Combination of biomarkers and lifestyle-related factors  

Lifestyle factors play a crucial role in the prevention of neurodegenerative diseases.  
The risk factors considered for primary prevention in these diseases are similar to those 
examined in other disease groups within this project, although other risk factors specific to 
neurodegenerative diseases have also been examined. For instance, the APOE gene, known 
for its relevance in Alzheimer's disease, exhibits an influence on most dementias. 
Furthermore, factors like hearing loss and sleep have also been identified as important in this 
disease group.  

The most commonly studied lifestyle-related factors in relation to disease prevention 
include smoking, alcohol consumption, diet, exercise, and obesity. These factors are often 
examined together within the same studies and have been extensively investigated across 
various diseases. However, when it comes to Lewy body disease, we encountered limited 
findings, primarily focusing on the effects of alcohol consumption and smoking (137). For 
frontotemporal dementia and Lewy body disease, no studies were identified for primary 
prevention strategies. 

Other studied factors are air pollution and its impact on several neurodegenerative 
disorders (14), or preventive medication (i.e. antihypertensive treatment as an adjustment 
when assessing the relationship between midregional proenkephalin A and vascular 
dementia). Finally, family history plays a crucial role, particularly in demyelinating diseases, 
where it represents the most common lifestyle or risk factor (Figure 16). 
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Figure 16: Bubble plot representing the number of studies identified for primary prevention of 
neurodegenerative diseases for each population type, where the size of the bubble represents the 
number of studies and the colour represents a type of biomarker. 

b) Study population and biomarkers in research on primary prevention of 
neurodegenerative diseases 

Most of the studies included a control group of healthy people from the general 
population, although they frequently added a second group such as individuals with subjective 
cognitive decline (SCD) and mild cognitive impairment (MCI). It was also common to find 
studies restricted to these high-risk populations. Also, for Alzheimer's disease and vascular 
dementia, there was a notable emphasis on the interaction between the studied biomarkers 
and the APOE gene, as well as in the stratification of the associations by subgroups defined by 
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the variants in this gene. Additionally, subgroups defined by the presence/absence of 
diabetes, obesity, and family history were frequently analysed in other neurodegenerative 
diseases (Figure 17).  

 

Figure 17: Bubble plot representing the number of studies identified for primary prevention of 
neurodegenerative diseases for each population type, where the size of the bubble represents the 
number of studies and the colour represents a type of biomarker. 
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3.3.3.3 Biomarkers in secondary prevention of neurodegenerative diseases  

In the context of secondary prevention for neurodegenerative diseases, this scoping 
review describes the use of biomarkers for early detection of the selected pathologies during 
their initial stages. There are not population-based screening programs in neurology. 

Notably, Alzheimer's disease remains the most extensively studied, with examples of 
the use of all the categories of biomarkers we have defined. In multiple sclerosis and 
Parkinson's disease studies, a wide range of biomarker types are researched.  

A notable change observed between secondary prevention and primary prevention is 
the increased reliance on imaging techniques, making them the predominant biomarkers 
used. However, there is still a considerable number of findings related to molecular 
biomarkers (Table 36). 

 

 Table 36: Number of studies identified for each biomarker type for secondary prevention of 
neurodegenerative diseases. 
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�™ Molecular biomarkers 

When it comes to molecular biomarkers, proteins (present in 30% of the papers) and 
genetics/genomics (used in 27% of the papers) are the prominent areas, consistent with what 
was observed in the primary prevention analysis. Notably, the majority of results are related 
to Alzheimer's disease. On the other hand, the use of metabolites/metabolomics or 
transcription/transcriptomic biomarkers is not very frequent, similar to what was found in 
primary prevention (Table 37). 

Table 37: Number of studies identified for each molecular biomarker type for secondary prevention of 
neurodegenerative diseases 

�™ Cellular biomarkers 

There are only two papers that explore cellular biomarkers in secondary prevention of 
neurodegenerative diseases. One paper presents a predictive model for multiple sclerosis 
(MS) that considers immune cell count in cerebrospinal fluid as a biomarker (138). The other 
paper , which was also mentioned in the context of primary prevention, examines leukocyte 
cell surface biomarkers in Alzheimer's disease (135) (Table 38).  

 

Table 38: Number of studies identified for each cellular biomarker subtype for secondary prevention of 
neurodegenerative diseases 
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�™ Imaging biomarkers 

Among imaging techniques, MRI is commonly used in the context of early diagnosis of 
Alzheimer's disease. In early detection research, it is typically included in diagnostic 
algorithms, either alone or in combination with radiomic techniques, artificial intelligence, or 
other biomarker combinations (139). The second most utilised imaging technique as a 
biomarker in secondary prevention is PET/SPECT, with findings primarily focused on 
Alzheimer's and Parkinson's diseases. In contrast, there are very few records of CT, 
spectrometry, and ultrasound results for Alzheimer's disease and Parkinson's disease (Table 
39).  

Table 39: Number of studies identified for each imaging biomarker subtype for secondary prevention 
of neurodegenerative diseases. CT �t computerised tomography; MRI �t magnetic resonance imaging; 
PET �t photon emission tomography; SPECT �t single photon emission tomography 
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�™ Physiological biomarkers 

Physiological biomarkers are predominantly researched in Alzheimer's and Parkinson's 
diseases. EEG, despite limited results, is commonly found either alone or in combination with 
other biomarkers or information for early detection of Alzheimer's (140,141). Blood pressure 
is identified in both Parkinson's and Alzheimer's diseases, often utilised as cofactors or as part 
of predictive models. Electromyography is utilised in Parkinson's disease (142). The "Other" 
category includes accelerometer-measured speed in Parkinson's disease (143), and grip 
strength and gait speed in Alzheimer's disease (144) (Table 40).  

 

Table 40: Number of studies identified for each physiological biomarker subtype for secondary 
prevention of neurodegenerative diseases. ECG �t electrocardiogram; EEG �t electroencephalogram 

�™ Anthropometric biomarkers 

These biomarkers are uncommon in this group of diseases. Nevertheless, they are used 
in Parkinson's, Alzheimer's, and multiple sclerosis research, with the latter having only one 
record related to BMI. For Alzheimer's and Parkinson's diseases, BMI, body perimeters 
(circumference), and other anthropometric biomarkers related to weight and height were 
reported. These biomarkers are often incorporated into models aimed at early prediction or 
diagnosis, within a broader set of biomarkers (145) (Table 41).  

 

 

Table 41: Number of studies identified for each anthropomorphic biomarker subtype for secondary 
prevention of neurodegenerative diseases. BMI �t body mass index 
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a) Study population and biomarkers in research on secondary prevention of 
neurodegenerative diseases 

Again, the general population has been primarily considered in most cases, more so 
than in primary prevention. However, high-risk populations such as those with family history, 
APOE genotype, diabetes, and mild cognitive impairment (MCI) in Alzheimer's disease are still 
taken into account (Figure 18). 

Figure 18: Bubble plot representing the number of studies identified for secondary prevention of 
neurodegenerative diseases for each population type, where the size of the bubble represents the 
number of studies, and the colour represents a type of biomarker. 
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3.3.4 Use of new digital technologies: wearables and artificial intelligence 

3.3.4.1 Wearables and other new technologies 

Regarding wearable technology, we found three articles that mention the use of 
accelerometers in the context of prevention/risk prediction for neurodegenerative 
diseases associated with movement disorders and/or motor problems. However, only one 
of them proposes a biomarker directly based on measurements extracted from the 
accelerometer (movement patterns, sleep), which in this case, are evaluated as potential 
predictive biomarkers for prodromal stages of Parkinson's disease (143). In the other two 
manuscripts, accelerometer data was solely used to identify instrumental genetic variables 
through GWAS, which were then applied in subsequent Mendelian randomisation 
analyses to test the relationship between physical activity and ALS (129) or with ALS, 
Alzheimer's disease, and Parkinson's disease (128). 

3.3.4.2 Biomarkers in prevention of neurodegenerative diseases and artificial intelligence  

Artificial intelligence is widely used in studies involving imaging techniques, both in 
primary and secondary prevention. Its primary purpose is often to develop predictive models 
or optimise early detection of the disease. Additionally, it is frequently utilised in cases where 
there is a well-defined prodromal phase. For instance, in individuals with mild cognitive 
impairment (MCI) prior to Alzheimer's disease, AI has been used to differentiate between 
those who remain stable and those who progress to Alzheimer's disease (Tables 42 and 43).  

 

Table 42: Number of studies identified that used artificial intelligence (AI) to measure biomarkers for 
primary prevention of neurodegenerative diseases. 

 

Table 43: Number of studies identified that used artificial intelligence to measure biomarkers for 
secondary prevention of neurodegenerative diseases. 
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3.3.5 Neurodegenerative diseases discussion  
In this group of diseases, the available research on biomarkers for prevention is highly 

concentrated on Alzheimer's dementia; in contrast, little attention has been paid to Lewy body 
disease and frontotemporal dementia. In other diseases where treatment options are limited 
or where the diagnosis is evident from the beginning, such as ALS or MS, the papers found are 
focused mainly in primary prevention.  

As in other chronic diseases mentioned in this report, molecular biomarkers, and more 
specifically, genetic biomarkers �t SNPs, GWAS, and PRS �t play a prominent role in the research 
on neurodegenerative diseases. A common approach is the construction of PRS to identify 
those at higher risk of developing any of these pathologies, considering that surveillance in 
this group may be useful to detect prodromal stages of diseases and to assist in early 
diagnosis. In some cases, PRSs are included in multivariate prediction models together with 
lifestyle factors, a combination that often improves on that of the PRS or lifestyle variables 
alone.  

In the period covered by this comprehensive review we observed a number of papers 
looking for genetic biomarkers of risk in Asian populations, mainly from China, probably with 
the aim of increasing knowledge about these subpopulations. In general, people of European 
ancestry are over-represented in the studies, limiting the usefulness of the genetic 
information available for people of other ancestries (146).   

Mendelian randomisation is one of the strategies used in these disease groups to 
evaluate the possible causal role of several lifestyle related factors such as smoking for 
multiple sclerosis (131) �}�Œ�� �W���Œ�l�]�v�•�}�v�[�•�� ���]�•�����•����(147), alcohol consumption for Parkinson�[�• 
disease (147)�U�� ���}�(�(������ �(�}�Œ�� ���o�Ì�Z���]�u���Œ�[�•�� ���]�•�����•����(130) or other dietary factors for Alzheimer�[�• 
disease�U�� �W���Œ�l�]�v�•�}�v�[�•��disease or ALS (125,148,149). The possible protective role of physical 
activity on neurodegenerative diseases, including Alzheimer's disease, ALS, and Parkinson's 
disease has also been explored (128), although, some authors classify it as risk factor for ALS 
(129). BMI (147) and lifelong adiposity (150) have also received attention in this field with a 
mendelian randomisation meta-analysis investigating the causal role of BMI in relation to 
chronic diseases, including ALS, Parkinson's disease, Alzheimer's disease, and multiple 
sclerosis (127). Of note, a recent umbrella review (126) searching for prospective studies on 
the associations of dementia and cognitive impairment with modifiable factors identified 
forty-eight MR studies published between 2015 and 2020, containing 157 causal analyses for 
a number of different exposures, including anthropometric, clinical, biological or social 
factors, such as educational attainment. 

Regarding other molecular biomarkers, as we have mentioned, proteomics is of 
particular importance, mainly in secondary prevention. In contrast, research on cellular 
biomarkers in neurology is rare. 

Among imaging techniques, MRI is the most commonly utilised, and its integration 
with artificial intelligence has increased the number of articles focusing on improving early 
diagnosis. MRI encompasses various imaging modalities, including T1-weighted images, 
diffusion-weighted (DWI) images, and diffusion tensor (DTI) images. Notably, APOE and TAU 
proteins, which are key players in Alzheimer's disease, can be analysed by MRI and PET/SPECT, 
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respectively. While imaging techniques are relevant in both primary and secondary 
prevention, they tend to play a more prominent role in secondary prevention, particularly for 
early diagnosis in the prodromal or preclinical stages of the disease. 

As in other cases, anthropometric and physiological biomarkers have been explored 
mainly as complementary factors included in a more or less complex model, to enhance the 
diagnostic capacity of other biomarkers. Of particular relevance in neurology is the 
electroencephalogram (EEG), a non-invasive and cost-effective method that, according to 
some authors, is superior to other medical techniques such as MRI, PET or SPECT (48). 

With regard to lifestyle factors, sleep is a crucial factor in neurodegenerative diseases.  
Disorders related to the REM phase are primarily associated with Parkinson's disease, but 
sleep disturbances also have links to other dementias like Alzheimer's disease (151). The 
review has also highlighted the importance of education as risk factor in these diseases, but it 
has not been specifically addressed in the data extraction form. However, the significant 
number of articles including this variable in both primary and secondary prevention raises the 
question of whether it should have been included from the beginning (152,153). 

Considering the high quality of evidence from systematic reviews with meta-analyses 
and umbrella reviews, there was a limited number of them across nearly all diseases, with a 
smaller number in secondary prevention, as compared to primary prevention. 

�™ Dementias 

In Alzheimer�[s disease, in primary prevention there is research on biomarkers across 
all high-risk subgroups, whereas in secondary prevention it is limited to the general 
population, biomarkers related to APOE genotype and family history. The only different study 
population that has been found in several articles and that is particularly related to 
neurodegenerative processes due to its inflammatory component is the diabetic population. 
There are common pathophysiological mechanisms between Alzheimer´s disease and type 2 
diabetes mellitus (T2DM), since AD shares many characteristics and signalling pathways with 
T2DM. Moreover, a significant involvement of proteins such as amyloid and tau in both 
diseases is also indicated.  

There are different dementia prevention initiatives, including the FINGER study 
(Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability) study, 
which was referenced in some of the articles reviewed. FINGER showed positive effects of a 
2-year multidomain intervention considering diet, exercise, cognitive training, and vascular 
risk (152,153). Again, the results support the importance of considering cognitive level. There 
is little research on biomarkers used in relation to preventive therapies (vaccines, drugs). 

One of the typical research approaches in Alzheimer's disease is the use of imaging 
biomarkers for early diagnosis or classification in the early stage, enhanced through predictive 
models. The morphology and functionality of the brain are one of the areas of study in this 
disease, specifically using MRI. Many researchers in this field use data from �š�Z�������o�Ì�Z���]�u���Œ�[�•��
Disease Neuroimaging Initiative (ADNI), which is a longitudinal multicentre study designed to 
develop clinical, imaging, genetic, and biochemical biomarkers for the early detection and 
�š�Œ�����l�]�v�P�� �}�(�� ���o�Ì�Z���]�u���Œ�[�•�� ���]�•�����•���� �š�Z���š�� �Á���•�� �o���µ�v���Z������ �u�}�Œ���� �š�Z���v�� ���� �������������� ���P�}��
(https://adni.loni.usc.edu/). ADNI is used as a research database for primary and secondary 
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prevention, either for longitudinal or cross-sectional analyses (154,155); a 2021 systematic 
review outlines the use of neuroimaging biomarkers in Alzheimer's (139). 

���v�}�š�Z���Œ�����}�u�u�}�v���•�š�µ���Ç���]�v�����o�Ì�Z���]�u���Œ�[�•�����]�•�����•�������]�u�•���š�}���(�]�v���������‰�Œ�}�Æ�Ç���(�}�Œ�����u�Ç�o�}�]�����]�v�����o�}�}����
(with different fractions), to avoid using cerebrospinal fluid or amyloid PET, either for early 
diagnosis or to reduce the costs of clinical trials (123). 

The most ideal gene-environment interaction study in dementias is related to 
Alzheimer's disease, examining the interaction between the risk genotype (Rs4147929 at ATP-
binding cassette family A member 7 (ABCA7)) and BMI. It shows a normal BMI protects more 
against Alzheimer's disease in those with this genotype compared to those who do not have 
the genotype (132). Only one additional paper, a randomised controlled trial (RCT), explores 
the interaction between genes and environmental factors using a preventive drug 
(pioglitazone) in individuals with high or low risk for Alzheimer's, as measured by a biomarker 
risk assignment algorithm (using genes and age) (133). In a related context, there are five 
papers addressing the link with cardiovascular risk factors. 

Due to the unique nature of Alzheimer's research, it is common to carry out the studies 
in risk populations, as those with mild cognitive impairment (MCI) and subjective cognitive 
decline (SCD). An interesting study in Alzheimer's disease investigates the use of vision and 
the retina as predictors of disease risk (156). A few studies have examined cytokines and other 
inflammatory factors in the context of neurodegenerative diseases (157). Besides, while 
vitamin D has primarily been associated with multiple sclerosis, one paper has examined the 
relationship between vitamin D polymorphisms and Alzheimer's disease (158). 

Of note, our search strategy was oriented to specific categories of dementia, an 
approach that we considered more adequate for personalisation. However, we might have 
missed some papers focused on unspecified cases. Nevertheless, according to a recent review, 
the diseases included in this report cover the great majority of patients (113). 

�™ Synucleopathies  

In the context of Parkinson's disease, the studies cover a wide range of areas, 
encompassing genetics, imaging, and other relevant aspects. These studies often include 
subgroup analyses involving idiopathic REM sleep behaviour disorder (iRBD). One notable 
meta-analysis (142) explores predictors of the phenotypic conversion from the 
iRBD/prodromal phase to Parkinson's disease (PD). Among the predictors identified, in 
addition to clinical signs, are two biomarkers: putaminal dopamine transporter imaging and 
tonic electromyographic activity. There are also several papers that researched the use of 
quantitative susceptibility mapping and 7T MRI to quantify iron deposition in nigrosome 1 (N1) 
among patients in early stages (159). Furthermore, we identified studies suggesting the 
detection of specific imaging signs that could facilitate early intervention. 

�™ Demyelinising disorders 

In the context of multiple sclerosis (MS), the majority of the studies mentioned are 
primary prevention studies, primarily utilising predictive models without a specific focus on 
early diagnosis. In contrast to other neurodegenerative diseases, the studies on MS appeared 
quite homogeneous, with a predominant focus on genes or on Vitamin D, while imaging 
biomarkers received less emphasis. Only one study was identified that examined 
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asymptomatic imaging syndrome and its conversion to MS. Furthermore, a Mendelian 
randomisation study exploring the relationship between MS and tobacco use was identified 
(131). An interesting observation was the discovery of a study that developed a risk prediction 
model based on a known risk gene, incorporating personal factors such as skin phototype into 
the model (160). 

In ALS, only seven studies were found. One of the most notable studies on gene-
environment interaction in ALS (129), examines through Mendelian randomisation how the 
G4C2-repeat expansion of C9ORF72 and physical activity can reduce the age of onset. This 
relationship is further confirmed in a cohort of individuals selected on the basis of their genetic 
profile. There are other studies also employing Mendelian randomisation focused on 
exploring the role of micronutrients, cerebrospinal fluid biomarkers or new gene discovery 
(149,161). Additionally, an important systematic review investigates the use of MRI 
biomarkers in ALS, which is not commonly observed in other studies on ALS. It is also 
interesting to note the existence of interactions or overlap between frontotemporal dementia 
and ALS, with genes that have been related to both. Indeed, frontotemporal dementia is 
diagnosed in 15% of ALS patients, and 15% of patients with frontotemporal dementia develop 
ALS (162).  

In conclusion, there are notable differences in biomarker research for the prevention 
of these neurodegenerative diseases. Although the number of results in primary and 
secondary prevention is similar, Alzheimer's disease stands out with the highest number of 
articles in both cases. However, in terms of secondary prevention, there is a significant 
decrease in the number of articles focusing on non-Alzheimer's diseases compared to primary 
prevention. It is important to recognise that neurodegenerative diseases still hold a 
considerable level of mystery compared to other fields of pathology where knowledge is more 
extensive. One key finding from our results is that genetics and genomics are at the forefront 
of current scientific research. These areas are experiencing significant advancements and are 
highly explored, particularly in the context of secondary prevention along with imaging 
biomarkers. Regarding artificial intelligence, its application is primarily limited to studies 
utilising imaging techniques.  

However, one notable gap in the scientific community is the lack of emphasis on 
studying gene-environment interactions for true primary prevention within a public health 
framework. This aspect deserves further attention to develop comprehensive strategies for 
preventing neurodegenerative diseases. 
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4 Summary 
What does biomarker research show us? 

The research into biomarkers that could be utilised for primary and secondary 
personalised prevention, in the three disease areas of interest �t cancer, neurological diseases 
and CVD �t is diverse and complex. The reasons for this variation are wide ranging and include 
differences in disease nature, incidence, epidemiology, and physiology. Also, environmental 
and lifestyle factors have different effects on disease risk and prevention strategies. The 
heterogeneity of all these diseases means that their prevention and early detection would 
benefit from tailored and more personalised approaches to prevention and risk stratification, 
and we have identified a relevant body of research.  

How could biomarkers be used in personalised prevention? 

Biomarkers help to identify individuals who have different risks of developing a 
disease, whether they are currently considered as belonging to the general population or a 
high-risk group. Biomarkers can be used in a number of ways to support early detection: 
singly; in combination with other biomarkers; in combination with other biomarkers and/or 
risk factors (e.g. as part of a model); and/or in combination with new digital technologies.  

How do biomarkers contribute to personalised prevention? 

For the scoping reviews presented in this report, we considered that a study could help 
to personalise primary prevention if it attempted to define groups at different risk of a disease 
based on the levels of a biomarker. In secondary prevention, we considered that studies could 
help to personalise the preventive approach to screening/early detection when, by using new 
biomarkers and/or combining new data, they allow new or better stratifications in risk groups 
that can facilitate the design of different follow-up strategies. 

There is sufficient evidence on a number of primary prevention strategies for chronic 
diseases, some of them are quite general, applicable to almost all chronic diseases (e.g. 
maintaining an adequate weight or not smoking) and others are more specific (e.g. HPV 
vaccination for cervical cancer). In all cases, prevention is also closely related to the socio-
demographic environment and the personal environment of the individual. In this context, to 
achieve truly personalised prevention, socio-demographic, lifestyle and behavioural 
information must be integrated with biological �t especially genetic �t information to tailor 
preventive interventions and maximise their impact. Within this framework, the role of 
biomarkers in personalised prevention should not be considered in isolation but integrated 
with existing knowledge. Biomarkers should add to what we already know.   

What types of biomarkers are being found/researched in chronic diseases? 

According to our search, the most prolific field of biomarker research for prevention is 
cancer, followed by CVD (Figure 19). In contrast, in neurodegenerative diseases the number 
of articles is considerably lower, less than a third of those found in cancer, and the vast 
majority of research has focused on Alzheimer's disease. Studies on neurodegenerative 
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disease prevention are less diverse and complex than what we have observed in other 
diseases, such as cancer. 

Figure 19: Number of studies on biomarkers for primary and secondary personalised prevention by 
group of diseases. 

 

Despite the three disease groups comprising a broad range of individual diseases, 
there are a number of similarities in terms of the most commonly researched biomarkers for 
primary and secondary prevention (Figure 20). A key finding from our results is that molecular 
biomarkers are at the forefront of current scientific research. Genetic/genomic biomarkers 
are the most researched in primary prevention, and the second most in secondary prevention. 
Biochemical biomarkers were the second most researched in primary prevention, and the 
most common in secondary prevention.  

Imaging biomarkers are the next most frequently researched biomarkers, apart from 
in cancer where anthropometric measures (in particular BMI) were more commonly explored. 
They are most relevant in secondary prevention, especially in neurodegenerative diseases. 
Cellular biomarkers are mostly restricted to cancer studies; in contrast, physiological 
biomarkers are researched relatively more in secondary prevention for CVD than in the other 
diseases.   
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Figure 20: Percentage of studies by biomarker category in primary and secondary prevention within 
each group of diseases. 

 

Genetic/genomic 

Genetic/genomic research has advanced significantly in recent years and is a focus of 
a large volume of research activity. Among the genetic/genomic biomarkers, there were two 
overarching methods that have been used in the research into personalisation of prevention:  

�™ SNP analysis, which includes individual SNP genotyping as well as genome wide 
association studies (GWAS), that provide broad coverage of the entire genome and aim 
to identify associations between genotypes and phenotypes by testing differences in 
allele frequencies of genetic variants.   

�™ Polygenic risk scores, that combine the information found from several or even 
potentially millions of genomic variants, considering effect sizes and the aggregated 
impact of multiple variants. Polygenic scores were developed mostly for the disease of 
interest (example CAD), clinical features (e.g. hypertension), as well as biomarkers 
themselves (example for cholesterol or vitamin D). There is a wide range of possibilities 
�t more detail on these maybe useful in understanding the research landscape. 
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Large databases such as the UK Biobank, Gene Expression Omnibus (GEO), 
MEGASTROKE (111,112), The Cancer Genome Atlas (TCGA) (107) �}�Œ�� ���o�Ì�Z���]�u���Œ�[�•�� ���]�•�����•����
Neuroimaging Initiative (ADNI) data are being used for the identification of new biomarkers. 
These databases provide extensive information that allow for complex analyses without the 
need for new data gathering. However, relying solely on these resources may perpetuate 
biases if they do not represent the full spectrum �t including demographics and ethnic diversity 
�t of the population. It is crucial to ensure diverse representation in these databases to avoid 
potential biases in biomarker research and to obtain more comprehensive and accurate 
results.  

In our context, the potential for personalisation of genetic information is clear; 
however, in terms of primary prevention, the capacity for intervention that, in many cases, 
these biomarkers provide by themselves is limited, as genetic susceptibility cannot yet be 
modified. Although for some tumours (e.g. breast cancer) chemopreventive treatments in 
high-risk individuals have long been considered, in most cases primary prevention is limited 
to reinforcing healthy lifestyle recommendations and controlling known risk factors. However, 
the possibilities for personalisation of prevention are greatly increased when genetic risk is 
assessed or evaluated in combination with the exposures that subjects have had. In the 
literature found in our searches, there are also two types of gene-based approaches to other 
exposures: Mendelian randomisation, which uses genetic markers as surrogate measures of 
exposures in the framework of causal investigations (163), and studies that have focused on 
studying gene-environment interactions, i.e. incorporating this external information to 
classify individuals into risk groups, which could open the door to making much more tailored 
recommendations or interventions (e.g. nutrigenetics).   

Across the three disease group scoping reviews it was relatively uncommon to see 
studies that specifically explored the interaction between different modifiable factors and 
genetic biomarkers. There were some examples including: the evaluation of physical and 
mental activity as preventive factors for dementia by PRS strata in the UK Biobank (164); the 
study of the genome-wide interaction analysis of body mass index, diabetes and colorectal 
cancer risk (165); the combined effect of genetic variation of a specific SNP and BMI value on 
progression from MCI to Alzheimer�[�•�� ���]�•�����•�� (132); how the high adherence to the 
Mediterranean dietary pattern may counteract the genetic predisposition associated with 
one-carbon metabolism on breast cancer risk in postmenopausal women (91), or the 
modifying role of an oestrogen-related polygenic risk score in the relationship between breast 
cancer and alcohol consumption (90).  

Biochemistry (biochemical) biomarkers 

Biochemical biomarkers were the next most common researched in primary 
prevention, and the most common in secondary prevention. This last finding is not unexpected 
as there is already manifestation of disease and the biomarkers are primarily being explored 
to detect these changes. Nevertheless, there is an unavoidable overlap between biochemical 
biomarker research with proteomics and metabolomics.  
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Other molecular biomarkers 

For personalised primary prevention, epigenetic markers are one of the growing fields 
in etiological research for chronic diseases. Specific epigenetic changes may be associated 
with and/or caused by specific lifestyle factors or environmental exposures (i.e. toxico-
epigenomics (166)), and may serve as biomarkers to monitor the impact of interventions 
aimed at reducing cancer risk. Surprisingly, our search yielded a very low number of papers 
reporting the use of these biomarkers (6% of the studies in cancer, 1% in CVD and only one in 
neurodegenerative diseases).  

The microbiome is increasingly being studied in research on the origin of the diseases; 
however, the presence of those biomarkers in our search has also been limited. We identified 
a study of the role of gut microbiome in helping to predict Parkinson�[s disease (167), ST-
elevation myocardial infarction in young male patients (168) or cognitive impairment in 
hypertensive patients (169), as well as its possible role as a mediator of diet on colorectal 
cancer risk (170).  

Imaging biomarkers 

Imaging was the second most common group of biomarkers studied for primary 
prevention in CVD and neurological disorders, and the second most common for secondary 
prevention in all three disease groups. In imaging, it is common for studies to attempt to 
discern new patterns in images that support improved stratification of participants, with the 
goal of avoiding unnecessary further testing and to minimise unnecessary harm from 
screening. 

Most of the imaging technologies are commonly available in clinical settings and could 
already be used for the assessment of patients for the disease of interest, therefore the 
research focus is often on novel measurements or more complex analyses. Artificial 
Intelligence is being used to support automated assessment of images in some cases. Imaging 
is relying on the use of new measurement modalities to better understand the risk of disease, 
and to improve early detection.  

Digital technologies with a focus on artificial intelligence 

Regarding artificial intelligence, it is appealing because it makes use of many sources 
�}�(�� �]�v�(�}�Œ�u���š�]�}�v�U�� �Z�}�Á���À���Œ�� �Z�•�]�u�‰�o���Œ�[�� �‰�Œ�����]���š�]�À���� �u�}�����o�•�� �����v�� �•�š�]�o�o�� ������ �µ�•���(�µ�o�X�� �/�šs application is 
primarily limited to studies utilising molecular and imaging techniques (i.e. radiomics). It 
serves as a tool to aid in the analysis of large amounts of data be it genomic, biochemical or 
imaging data, providing support to healthcare professionals who may face challenges in 
manual interpretation. Biochemical data is often stored in electronic health records, so 
evaluation of how AI is being used for these biomarkers might require further analysis. 

Lifestyle factors and family risk 

In primary prevention, for all three diseases, there are lifestyle-related factors �t some 
general and others specific to the disease �t that, similar to family history, clearly influence the 
likelihood of developing the disease. Again, biomarkers should add additional value to what it 
is already known. Our primary prevention sections include a specific table summarising the 
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studies on biomarkers that have considered these factors, either as confounders or as 
interaction terms. Almost half of the papers include data on lifestyle or family risk.  

Populations at risk of disease 

Certain population groups are known to have an increased risk of developing the 
disease under investigation, such as diabetics, who have an increased risk of CVD, or smokers, 
who have an increased risk of lung cancer. In this context, personalisation is about adding 
information to refine the risk stratification in primary and secondary prevention. For example, 
it would be very useful to differentiate which smokers will develop cancer and which will not. 

Thus, in the reviews, we have looked specifically if the authors provided stratified risk 
estimates for the well-known high-risk groups for each disease (Figures 6, 11, and 16). Our 
results show that there is research activity in some of these sub-populations, but not in all. 
Research that is specifically focused on one of the sub-populations is limited despite the fact 
that further personalisation of risk categories within these already at risk populations could 
enhance clinical care. 

How biomarker prevention research is carried out  

Study design has an impact on the research results, and also how to extract the 
information from studies for the purposes of scoping (and other) reviews.   

A relevant issue in research on biomarkers for personalised prevention is external 
validity. Most studies were done in a single country; in many cases, this also implies a 
particular ethnic distribution. Other studies were carried out in a specific hospital, and 
sometimes in specific age/sex subgroups. Whether the results can be extrapolated to other 
populations is, in many cases, still a challenge. Also, the information from studies carried out 
in the general population should be more useful for general prevention strategies; 
nevertheless, the definition of general population is unclear.  

In regard to study designs, biomarkers from classic case-control studies are equivalent 
to those from cross-sectional ones, as the sampling or the measurement is done when the 
disease is already present. This is not the case in case-cohort or nested case-control studies. 
However, we have not distinguished between them.   

The concept of personalisation deserves specific mention, as it is still quite ambiguous 
(171,172). In primary prevention papers, when focused on genetic risk, our assessment was 
unequivocal. This was not the case for other biomarkers. Also, in secondary prevention, 
personalisation was sometimes difficult to assess, so when models included subgroup 
variables or stratified analyses, the studies were included. This may have overestimated the 
number, while avoiding the loss of potentially useful studies.   

On the other hand, it has also not been easy to classify studies into primary and 
secondary prevention. Studies that looked for specific genetic variants associated with a 
disease in particular populations have usually been classified as primary prevention. However, 
the identification of subgroups with different genetic risk is now being incorporated into the 
field of secondary prevention, at least in cancer. Individuals from high-risk genetic families 
already undergo special screening, and for other tumours, such as prostate cancer, 
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researchers are strongly advocating the incorporation of genetic information in determining 
preventive measures. 

Advantages of the rapid scoping review approach 

Our scoping review has allowed us to provide structured quantitative data on 
biomarker research in the field of primary and secondary prevention for the three major 
groups of chronic diseases for the last three years. In total, we have explored 11 different 
tumours, nine cardiovascular diseases and eight neurodegenerative diseases. This range has 
allowed us, on the one hand, to observe the heterogeneity of research attention to these 
diseases and, on the other hand, how the use of biomarkers in prevention is applied in very 
different situations (e.g. general population for breast cancer or people with non-infiltrating 
lung nodules in lung cancer). Furthermore, the use of a common protocol for the three scoping 
reviews ensured consistency in how they were performed. 

In spite of the short time available, we have incorporated quality control procedures 
(i.e. pilot studies) along the whole process, with a collaborative and iterative process of 
developing and refining the protocol. The novelty of the study topic made it difficult to 
establish rigid selection criteria from the outset of the work, something which, had it occurred, 
would also have been limiting in the discovery of the developing science. We tried to minimise 
its impact by defining glossaries; developing reviewer support materials for the more complex 
concepts (personalisation, "omics" sciences, biomarkers, machine learning); producing a 
common question and answer document for the three teams in the UK, Granada and Madrid 
explaining the criteria adjustments; almost daily intra-team coordination and regular inter-
team meetings, direct messaging communication systems and the use of shared documents, 
which facilitated a climate of good collaboration and communication. In addition, at the end 
of the review, a review of the excluded articles was carried out as a quality control of the 
criteria applied. To ensure the transparency of this process, the protocol was also published 
in the Open Science Framework (https://doi.org/10.17605/OSF.IO/WG62B). 

Limitations of this report 

Scoping reviews do not assess the methodological quality or potential biases of the 
included studies. Also, summarising and comparing the results of the different studies is out 
of the scope of this report. In this case, our search retrieved more than 11000 papers in cancer, 
around 5000 in CVD and other 2000 in neurodegenerative diseases. As we intended to provide 
a general overview of what is being done in this area, our search was probably more sensitive 
than specific. As scoping reviews are expected to cover a broad topic, they focus on 
summarising the key characteristics and findings of the literature as we have done. 

Among the limitations of the review, we should highlight the restricted time frame for 
published papers (2020-23) �t this was chosen due to the limited time available to undertake 
the review. Nevertheless, this is a very active field, and our strategy has allowed us to explore 
the most recent research. Time constraints also did not allow us to extend the double-
checking to the whole process, but the proportion of articles assessed by two people was very 
high in the data extraction phase.  
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Our search strategy was carefully constructed, and was submitted to a librarian for 
peer review. Nevertheless, we cannot rule out that there might be some of gaps in our results 
related to the search strategy we implemented. In addition, the review did not include 
editorials and narrative reviews, which might help to get a more general understanding of the 
field.  

Points of consideration �t future scoping reviews 

There are three axes that, in many papers, define study populations and could be used 
for customisation: ethnicity/country of origin, age and sex. It might be convenient to include 
these in the data extraction from the beginning, to provide more detail, for example to 
highlight sex-specific differences (173,174). 

Also, in some papers, models, algorithms, scores, indexes or ratios were used. 
However where biomarkers were being included as part of the research study, we did not 
collect the details of the models, scores and/or algorithms used apart from whether an AI 
model was involved.  

Such models also combine different clinical features, personal information, or 
biomarkers into one calculation to provide a risk assessment and prediction. The addition of 
biomarkers to improve these risk predictions is an area of research that could be further 
explored.  

  



 

 

92 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

5 Conclusion 
The scoping reviews will be complemented by a subsequent report on the scientific 

evidence for the clinical utility of biomarkers. Further details on the specific biomarkers 
identified will be provided, as well as an analysis of the evidence supporting their clinical 
utility. Both reports are part of an overall mapping effort to characterise the current 
knowledge and environment for personalised preventive medicine. In this context, the 
PROPHET project will also map personalised prevention research programs, as well as 
bottlenecks and challenges in the adoption of personalised preventive approaches or in the 
involvement of citizens, patients, health professionals and policy makers in personalised 
prevention. The overall results will contribute to the development of the SRIA concept paper, 
which will inform future priorities for personalised prevention research in the European 
Union. 

As the use of biomarkers in health is mainly focused on treatment, it is crucial to 
undertake further research in the identification, evaluation and validation of different 
biomarkers for personalised primary and secondary prevention in public health settings. 

  



 

 

93 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

 

6 References  
1. Council of European Union. Council conclusions on personalised medicine for patients 

(2015/C 421/03) [Internet]. Brussels: European Union; 2015 Dec. Report No.: (2015/C 
421/03). Available from: https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:52015XG1217(01)&from=FR 

2. PROPHET. Personalized prevention definition. Kick-off meeting. Rome; 2022.  

3. Feigin VL, Vos T, Nichols E, Owolabi MO, Carroll WM, Dichgans M, et al. The global burden 
of neurological disorders: translating evidence into policy. Lancet Neurol. 2020 
Mar;19(3):255�t65.  

4. GBD 2019 Cancer Collaboration, Kocarnik JM, Compton K, Dean FE, Fu W, Gaw BL, et al. 
Cancer Incidence, Mortality, Years of Life Lost, Years Lived With Disability, and Disability-
Adjusted Life Years for 29 Cancer Groups From 2010 to 2019: A Systematic Analysis for 
the Global Burden of Disease Study 2019. JAMA Oncol. 2022 Mar 1;8(3):420.  

5. �'�������î�ì�í�õ�����}�o�o�����}�Œ���š�}�Œ�•�U���E�]���Z�}�o�•�����U���������r���o�o���Z���&�U���������}�o�]�����U�������}�•���š�µ�P�v�������U�������Œ�Z�����t���U�����š�����o�X��
Global mortality from dementia: Application of a new method and results from the Global 
Burden of Disease Study 2019. Alzheimers Dement Transl Res Clin Interv [Internet]. 2021 
Jan [cited 2023 Feb 7];7(1). Available from: 
https://onlinelibrary.wiley.com/doi/10.1002/trc2.12200 

6. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, et al. Global 
Burden of Cardiovascular Diseases and Risk Factors, 1990�t2019. J Am Coll Cardiol. 2020 
Dec;76(25):2982�t3021.  

7. WHO. Fact sheets: Non communicable diseases (GBD 2019) [Internet]. 2022 [cited 2023 
Jun 18]. Available from: https://www.who.int/news-room/fact-
sheets/detail/noncommunicable-diseases 

8. OECD/European Union. Health at a Glance: Europe 2022: State of Health in the EU Cycle 
[Internet]. Paris: OECD Publishing; 2022. Available from: https://www.oecd-
ilibrary.org/social-issues-migration-health/health-at-a-glance-europe-2022_507433b0-
en 

9. Deuschl G, Beghi E, Fazekas F, Varga T, Christoforidi KA, Sipido E, et al. The burden of 
neurological diseases in Europe: an analysis for the Global Burden of Disease Study 2017. 
Lancet Public Health. 2020 Oct;5(10):e551�t67.  

10. Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Bäck M, et al. 2021 ESC 
Guidelines on cardiovascular disease prevention in clinical practice. Eur Heart J. 2021 Sep 
7;42(34):3227�t337.  



 

 

94 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

11. Goetz LH, Schork NJ. Personalized medicine: motivation, challenges, and progress. Fertil 
Steril. 2018 Jun;109(6):952�t63.  

12. FDA-NIH Biomarker Working Group. BEST (Biomarkers, EndpointS, and other Tools) 
Resource [Internet]. Silver Spring (MD): Food and Drug Administration (US); 2016 [cited 
2023 Feb 3]. Available from: http://www.ncbi.nlm.nih.gov/books/NBK326791/ 

13. Porta M, editor. A Dictionary of Epidemiology [Internet]. A Dictionary of Epidemiology. 
Oxford University Press; 2014 [cited 2020 Jun 28]. Available from: 
https://www.oxfordreference.com/view/10.1093/acref/9780195314496.001.0001/acref
-9780195314496 

14. Mentis AFA, Dardiotis E, Efthymiou V, Chrousos GP. Non-genetic risk and protective 
factors and biomarkers for neurological disorders: a meta-umbrella systematic review of 
umbrella reviews. BMC Med. 2021 Jan 13;19(1):6.  

15. Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C. Potential for primary prevention of 
���o�Ì�Z���]�u���Œ�[�•�� ���]�•�����•���W�� ���v�� ���v���o�Ç�•�]�•�� �}�(�� �‰�}�‰�µ�o���š�]�}�v-based data. Lancet Neurol. 2014 
Aug;13(8):788�t94.  

16. World Health Organization. Global action plan on the public health response to dementia 
2017�t2025. Geneva: WHO Document Production Services; 2017. 27 p.  

17. Schüz J, Espina C, Villain P, Herrero R, Leon ME, Minozzi S, et al. European Code against 
Cancer 4th Edition: 12 ways to reduce your cancer risk. Cancer Epidemiol. 2015 Dec;39:S1�t
10.  

18. Tricco AC, Langlois EtienneV, Straus SE, Alliance for Health Policy and Systems Research, 
World Health Organization. Rapid reviews to strengthen health policy and systems: a 
practical guide [Internet]. Geneva: World Health Organization; 2017 [cited 2023 Feb 3]. 
Available from: https://apps.who.int/iris/handle/10665/258698 

19. Campbell F, Tricco AC, Munn Z, Pollock D, Saran A, Sutton A, et al. Mapping reviews, 
scoping reviews, and evidence and gap maps (EGMs): the same but different�v  �š�Z�����^���]�P��
�W�]���š�µ�Œ���_���Œ���À�]���Á���(���u�]�o�Ç�X���^�Ç�•�š���Z���À�X���î�ì�î�ï���D���Œ���í�ñ�V�í�î�~�í�•�W�ð�ñ�X�� 

20. White H, Albers B, Gaarder M, Kornør H, Littell J, Marshall Z, et al. Guidance for producing 
a Campbell evidence and gap map. Campbell Syst Rev [Internet]. 2020 Dec [cited 2023 Feb 
3];16(4). Available from: https://onlinelibrary.wiley.com/doi/10.1002/cl2.1125 

21. �d�Œ�]�����}�������U���>�]�o�o�]�������U���•���Œ�]�v���t�U���K�[���Œ�]���v���<�<�U�����}�o�‹�µ�Z�}�µ�v���,�U���>���À���������U�����š�����o�X���W�Z�/�^�D�������Æ�š���v�•�]�}�v���(�}�Œ��
Scoping Reviews (PRISMA-ScR): Checklist and Explanation. Ann Intern Med. 2018 Oct 
2;169(7):467�t73.  

22. Aromataris E, Munn Z, editors. JBI Manual for Evidence Synthesis. JBI; 2020.  



 

 

95 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

23. Peters MDJ, Marnie C, Tricco AC, Pollock D, Munn Z, Alexander L, et al. Updated 
methodological guidance for the conduct of scoping reviews. JBI Evid Synth. 2020 
Oct;18(10):2119�t26.  

24. OSF. Open Science Framework webpage [Internet]. [cited 2023 Feb 8]. Available from: 
https://osf.io/ 

25. Bergengren O, Pekala KR, Matsoukas K, Fainberg J, Mungovan SF, Bratt O, et al. 2022 
Update on Prostate Cancer Epidemiology and Risk Factors-A Systematic Review. Eur Urol. 
2023 May 16;S0302-2838(23)02786-0.  

26. Hemminki K, Li X, Försti A, Eng C. Are population level familial risks and germline genetics 
meeting each other? Hered Cancer Clin Pract. 2023 Mar 8;21(1):3.  

27. Silverman DT, Schiffman M, Everhart J, Goldstein A, Lillemoe KD, Swanson GM, et al. 
Diabetes mellitus, other medical conditions and familial history of cancer as risk factors 
for pancreatic cancer. Br J Cancer. 1999 Aug;80(11):1830�t7.  

28. Zhang Z, Zhang X, Gao Y, Chen Y, Qin L, Wu IX. Risk factors for the development of lung 
cancer among never smokers: A systematic review. Cancer Epidemiol. 2022 Oct 
7;81:102274.  

29. Askling J, Dickman PW, Ekbom A, Karlén P, Broström O, Lapidus A, et al. Family history as 
a risk factor for colorectal cancer in inflammatory bowel disease. Gastroenterology. 2001 
May 1;120(6):1356�t62.  

30. Leon ME, Peruga A, McNeill A, Kralikova E, Guha N, Minozzi S, et al. European Code against 
Cancer, 4th Edition: Tobacco and cancer. Cancer Epidemiol. 2015 Dec 1;39:S20�t33.  

31. Anderson AS, Key TJ, Norat T, Scoccianti C, Cecchini M, Berrino F, et al. European Code 
against Cancer 4th Edition: Obesity, body fatness and cancer. Cancer Epidemiol. 2015 Dec 
1;39:S34�t45.  

32. Barone BB, Yeh HC, Snyder CF, Peairs KS, Stein KB, Derr RL, et al. Postoperative mortality 
in cancer patients with preexisting diabetes: systematic review and meta-analysis. 
Diabetes Care. 2010 Apr;33(4):931�t9.  

33. Barone BB, Yeh HC, Snyder CF, Peairs KS, Stein KB, Derr RL, et al. Long-term All-Cause 
Mortality in Cancer Patients With Preexisting Diabetes Mellitus: A Systematic Review and 
Meta-analysis. JAMA. 2008 Dec 17;300(23):2754�t64.  

34. Noto H, Tsujimoto T, Sasazuki T, Noda M. Significantly increased risk of cancer in patients 
with diabetes mellitus: a systematic review and meta-analysis. Endocr Pract Off J Am Coll 
Endocrinol Am Assoc Clin Endocrinol. 2011;17(4):616�t28.  



 

 

96 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

35. Villain P, Gonzalez P, Almonte M, Franceschi S, Dillner J, Anttila A, et al. European Code 
against Cancer 4th Edition: Infections and Cancer. Cancer Epidemiol. 2015 Dec 1;39:S120�t
38.  

36. Scoccianti C, Cecchini M, Anderson AS, Berrino F, Boutron-Ruault MC, Espina C, et al. 
European Code against Cancer 4th Edition: Alcohol drinking and cancer. Cancer Epidemiol. 
2016 Dec 1;45:181�t8.  

37. El-Serag HB. Epidemiology of Viral Hepatitis and Hepatocellular Carcinoma. 
Gastroenterology. 2012 May;142(6):1264-1273.e1.  

38. Cannon-Albright LA, Foster NL, Schliep K, Farnham JM, Teerlink CC, Kaddas H, et al. 
Relative risk for Alzheimer disease based on complete family history. Neurology. 2019 Apr 
9;92(15):e1745�t53.  

39. Martino R, Candundo H, Lieshout P van, Shin S, Crispo JAG, Barakat-Haddad C. Onset and 
�‰�Œ�}�P�Œ���•�•�]�}�v�� �(�����š�}�Œ�•�� �]�v�� �W���Œ�l�]�v�•�}�v�[�•�� ���]�•�����•���W��A systematic review. NeuroToxicology. 2017 
Jul;61:132�t41.  

40. Talboom JS, Håberg A, De Both MD, Naymik MA, Schrauwen I, Lewis CR, et al. Family 
�Z�]�•�š�}�Œ�Ç�� �}�(�� ���o�Ì�Z���]�u���Œ�[�•�� ���]�•�����•���� ���o�š���Œ�•�� ���}�P�v�]�š�]�}�v�� ���v���� �]�•�� �u�}���]�(�]������ ���Ç�� �u�����]�����o�� ���v���� �P���v���š�]����
factors. eLife. 2019 Jun 18;8:e46179.  

41. Kaur G, Poljak A, Braidy N, Crawford JD, Lo J, Sachdev PS. Fluid Biomarkers and APOE Status 
�}�(�� �����Œ�o�Ç�� �K�v�•���š�� ���o�Ì�Z���]�u���Œ�[�•�� ���]�•�����•���� �s���Œ�]���v�š�•�W�� ���� �^�Ç�•�š���u���š�]���� �Z���À�]���Á�� ���v���� �D���š��-Analysis. J 
Alzheimers Dis. 2020 Jun 2;75(3):827�t43.  

42. Li J, Yi M, Li B, Yin S, Zhang Y, Huang Z, et al. Polymorphism of neurodegeneration-related 
�P���v���•�����•�•�}���]���š�������Á�]�š�Z���W���Œ�l�]�v�•�}�v�[�•�����]�•�����•�����Œ�]�•�l�X���E���µ�Œ�}�o���^���]�X���î�ì�î�î���^���‰�V�ð�ï�~�õ�•�W�ñ�ï�ì�í�t12.  

43. Naseri A, Baghernezhad K, Seyedi-Sahebari S, Alhoseini SA, Gholipour-khalili E, Zafarani F, 
et al. The association of apolipoprotein E (ApoE) genotype and cognitive outcomes in 
multiple sclerosis; a systematic review and meta-analysis. Mult Scler Relat Disord. 2022 
Sep;65:104011.  

44. Sanghvi H, Singh R, Morrin H, Rajkumar AP. Systematic review of genetic association 
studies in people with Lewy body dementia. Int J Geriatr Psychiatry. 2020 May;35(5):436�t
48.  

45. Li XY, Zhang M, Xu W, Li JQ, Cao XP, Yu JT, et al. Midlife Modifiable Risk Factors for 
Dementia: A Systematic Review and Meta-analysis of 34 Prospective Cohort Studies. Curr 
Alzheimer Res. 2020 Jan 28;16(14):1254�t68.  

46. Guo Y, Xu W, Liu FT, Li JQ, Cao XP, Tan L, et al. Modifiable risk factors for cognitive 
�]�u�‰���]�Œ�u���v�š���]�v���W���Œ�l�]�v�•�}�v�[�•�����]�•�����•���W�������•�Ç�•�š���u���š�]�����Œ���À�]���Á�����v�����u���š��-analysis of prospective 
cohort studies. Mov Disord Off J Mov Disord Soc. 2019 Jun;34(6):876�t83.  



 

 

97 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

47. Jiménez-Jiménez FJ, Alonso-Navarro H, García-Martín E, Agúndez JAG. Alcohol 
���}�v�•�µ�u�‰�š�]�}�v�� ���v���� �Œ�]�•�l�� �(�}�Œ�� �W���Œ�l�]�v�•�}�v�[�•�� ���]�•�����•���W�� ���� �•�Ç�•�š���u���š�]���� �Œ���À�]���Á�� ���v���� �u���š��-analysis. J 
Neurol. 2019 Aug;266(8):1821�t34.  

48. Ford E, Greenslade N, Paudyal P, Bremner S, Smith HE, Banerjee S, et al. Predicting 
dementia from primary care records: A systematic review and meta-analysis. Forloni G, 
editor. PLOS ONE. 2018 Mar 29;13(3):e0194735.  

49. Dawes P, Völter C. Do hearing loss interventions prevent dementia? Z Gerontol Geriatr. 
2023 May 4;  

50. Liang Z, Li A, Xu Y, Qian X, Gao X. Hearing Loss and Dementia: A Meta-Analysis of 
Prospective Cohort Studies. Front Aging Neurosci. 2021 Jul 8;13:695117.  

51. Smith JR, Huang AR, Lin FR, Reed NS, Deal JA. The Population Attributable Fraction of 
Dementia From Audiometric Hearing Loss Among a Nationally Representative Sample of 
Community-Dwelling Older Adults. J Gerontol Ser A. 2023 May 4;glad117.  

52. ECIS European Cancer Information System. Data explorer | ECIS. 2023 [cited 2023 Feb 22]. 
Estimates of cancer incidence and mortality in 2020 for all cancer sites. Available from: 
https://ecis.jrc.ec.europa.eu/explorer.php?$0-0$1-AE27$2-All$4-2$3-All$6-0,85$5-
2020,2020$7-7,8$CEstByCancer$X0_8-3$CEstRelativeCanc$X1_8-3$X1_9-
AE27$CEstBySexByCancer$X2_8-3$X2_-1-1 

53. Bacigalupo I, Mayer F, Lacorte E, Di Pucchio A, Marzolini F, Canevelli M, et al. A Systematic 
Review and Meta-Analysis on the Prevalence of Dementia in Europe: Estimates from the 
Highest-Quality Studies Adopting the DSM IV Diagnostic Criteria. Bruni AC, editor. J 
Alzheimers Dis. 2018 Dec 12;66(4):1471�t81.  

54. Barceló MA, Povedano M, Vázquez-Costa JF, Franquet Á, Solans M, Saez M. Estimation of 
the prevalence and incidence of motor neuron diseases in two Spanish regions: Catalonia 
and Valencia. Sci Rep. 2021 Mar 18;11(1):6207.  

55. Clark J, Glasziou P, Del Mar C, Bannach-Brown A, Stehlik P, Scott AM. A full systematic 
review was completed in 2 weeks using automation tools: a case study. J Clin Epidemiol. 
2020 May;121:81�t90.  

56. Clark JM, Sanders S, Carter M, Honeyman D, Cleo G, Auld Y, et al. Improving the translation 
of search strategies using the Polyglot Search Translator: a randomized controlled trial. J 
Med Libr Assoc JMLA. 2020 Apr;108(2):195�t207.  

57. Haddaway NR, Grainger MJ, Gray CT. Citationchaser: A tool for transparent and efficient 
forward and backward citation chasing in systematic searching. Res Synth Methods. 
2022;13(4):533�t45.  



 

 

98 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

58. Haddaway NR, Grainger MJ, Gray CT. citationchaser: An R package and Shiny app for 
forward and backward citations chasing in academic searching [Internet]. Zenodo; 2021 
[cited 2023 Jun 20]. Available from: https://zenodo.org/record/4543513 

59. Grossetta Nardini HK, Wang L. Yale MeSH Analyzer [Internet]. Yale University; 2023. 
Available from: https://mesh.med.yale.edu/ 

60. Covidence systematic review software [Internet]. Melbourne, Australia: Veritas Health 
Innovation; 2023. Available from: www.covidence.org 

61. Prasad K. Current Status of Primary, Secondary, and Tertiary Prevention of Coronary 
Artery Disease. Int J Angiol Off Publ Int Coll Angiol Inc. 2021 Sep;30(3):177�t86.  

62. Sanderson E, Glymour MM, Holmes MV, Kang H, Morrison J, Munafò MR, et al. Mendelian 
randomization. Nat Rev Methods Primer. 2022 Feb 10;2(1):6.  

63. Ferreira JJ, Fernandes CI, Rammal HG, Veiga PM. Wearable technology and consumer 
interaction: A systematic review and research agenda. Comput Hum Behav. 2021 
May;118:106710.  

64. Mintz Y, Brodie R. Introduction to artificial intelligence in medicine. Minim Invasive Ther 
Allied Technol. 2019 Mar 4;28(2):73�t81.  

65. Cabasag CJ, Vignat J, Ferlay J, Arndt V, Lemmens V, Praagman J, et al. The preventability 
of cancer in Europe: A quantitative assessment of avoidable cancer cases across 17 cancer 
sites and 38 countries in 2020. Eur J Cancer Oxf Engl 1990. 2022 Dec;177:15�t24.  

66. WCRF. Diet, nutrition and physical activity and breast cancer risk. [Internet]. WCRF; 2017 
[cited 2023 Jun 30]. Available from: https://www.wcrf.org/diet-activity-and-
cancer/cancer-types/breast-cancer/ 

67. Britt KL, Cuzick J, Phillips KA. Key steps for effective breast cancer prevention. Nat Rev 
Cancer. 2020 Aug;20(8):417�t36.  

68. WCRF. Diet, nutrition and physical activity and prostate cancer risk. [Internet]. WCRF; 
2018 [cited 2023 Jun 30]. Available from: https://www.wcrf.org/wp-
content/uploads/2021/02/prostate-cancer-report.pdf 

69. Lichtenstein P, Holm NV, Verkasalo PK, Iliadou A, Kaprio J, Koskenvuo M, et al. 
Environmental and heritable factors in the causation of cancer--analyses of cohorts of 
twins from Sweden, Denmark, and Finland. N Engl J Med. 2000 Jul 13;343(2):78�t85.  

70. Van Poppel H, Albreht T, Basu P, Hogenhout R, Collen S, Roobol M. Serum PSA-based early 
detection of prostate cancer in Europe and globally: past, present and future. Nat Rev 
Urol. 2022 Sep;19(9):562�t72.  



 

 

99 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

71. Remmers S, Roobol MJ. Personalized strategies in population screening for prostate 
cancer. Int J Cancer. 2020 Dec 1;147(11):2977�t87.  

72. EUnetHTA OTCA28 Authoring Team. Lung cancer screening in risk groups. Collaborative 
assessment [Internet]. Diemen (The Netherlands): EUnetHTA; 2020 Dec [cited 2023 Jul 1] 
p. 252. Available from: https://www.eunethta.eu/wp-content/uploads/2020/12/2020-
12-02_OTCA28_final.pdf 

73. WCRF. Diet, nutrition and physical activity and colorectal cancer. [Internet]. WCRF; 2018 
[cited 2023 Jun 30]. Available from: https://www.wcrf.org/wp-
content/uploads/2021/02/Colorectal-cancer-report.pdf 

74. Lauby-Secretan B, Vilahur N, Bianchini F, Guha N, Straif K. The IARC Perspective on 
Colorectal Cancer Screening. N Engl J Med. 2018 May 3;378(18):1734�t40.  

75. Park JY, Herrero R. Recent progress in gastric cancer prevention. Best Pract Res Clin 
Gastroenterol. 2021 Mar 1;50�t51:101733.  

76. WCRF. Diet, nutrition and physical activity and pancreatic cancer. [Internet]. WCRF; 2018 
[cited 2023 Jun 30]. Available from: https://www.wcrf.org/wp-
content/uploads/2021/02/pancreatic-cancer-report.pdf 

77. IARC. Improving Early Detection and Clinical Management of Bladder Cancer, IARC 
Evidence Summary Brief No. 3 �t IARC [Internet]. 2022 [cited 2023 Jun 30]. Available from: 
https://www.iarc.who.int/wp-
content/uploads/2022/05/IARC_Evidence_Summary_Brief_3.pdf 

78. Usher-Smith J, Simmons RK, Rossi SH, Stewart GD. Current evidence on screening for renal 
cancer. Nat Rev Urol. 2020 Nov 1;17(11):637�t42.  

79. Kim MS, Song M, Kim S, Kim B, Kang W, Kim JY, et al. Causal effect of adiposity on the risk 
of 19 gastrointestinal diseases: a Mendelian randomization study. Obes Silver Spring Md. 
2023 May;31(5):1436�t44.  

80. Yuan S, Kar S, Carter P, Vithayathil M, Mason AM, Burgess S, et al. Is Type 2 Diabetes 
Causally Associated With Cancer Risk? Evidence From a Two-Sample Mendelian 
Randomization Study. Diabetes. 2020 Jul;69(7):1588�t96.  

81. Zhang H, Li D, Liu X, Wan Z, Yu Z, Wang Y, et al. Fasting Insulin and Risk of Overall and 14 
Site-Specific Cancers: Evidence From Genetic Data. Front Oncol. 2022;12:863340.  

82. Zhang X, Theodoratou E, Li X, Farrington SM, Law PJ, Broderick P, et al. Genetically 
predicted physical activity levels are associated with lower colorectal cancer risk: a 
Mendelian randomisation study. Br J Cancer. 2021 Mar;124(7):1330�t8.  



 

 

100 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

83. Dixon-Suen SC, Lewis SJ, Martin RM, English DR, Boyle T, Giles GG, et al. Physical activity, 
sedentary time and breast cancer risk: A Mendelian randomization study. Br J Sports Med. 
2022 Oct;56(20):1157�t70.  

84. Xian W, Shen J, Zhou H, Liu J, Zhang Y, Zhang Z, et al. Mendelian randomization study 
indicates lack of causal relationship between physical activity and lung cancer. J Cancer 
Res Clin Oncol. 2021 Jan;147(1):177�t81.  

85. Carter P, Yuan S, Kar S, Vithayathil M, Mason AM, Burgess S, et al. Coffee consumption 
and cancer risk: a Mendelian randomisation study. Clin Nutr Edinb Scotl. 2022 
Oct;41(10):2113�t23.  

86. Ong JS, Derks EM, Eriksson M, An J, Hwang LD, Easton DF, et al. Evaluating the role of 
alcohol consumption in breast and ovarian cancer susceptibility using population-based 
cohort studies and two-sample Mendelian randomization analyses. Int J Cancer. 2021 Mar 
15;148(6):1338�t50.  

87. Deng Y, Huang J, Wong MCS. Associations of alcohol and coffee with colorectal cancer risk 
in East Asian populations: a Mendelian randomization study. Eur J Nutr. 2023 
Mar;62(2):749�t56.  

88. Park HA, Neumeyer S, Michailidou K, Bolla MK, Wang Q, Dennis J, et al. Mendelian 
randomisation study of smoking exposure in relation to breast cancer risk. Br J Cancer. 
2021 Oct;125(8):1135�t45.  

89. �t���v�P���y�U���'�o�µ���������D�U���K�[�D���Œ�����d���X�����]���š���Œ�Ç���&�����š�}�Œ�•�����v�������vdometrial Cancer Risk: A Mendelian 
Randomization Study. Nutrients. 2023 Jan 24;15(3):603.  

90. Song SS, Kang S, Park S. Association of Estrogen-Related Polygenetic Risk Scores with 
Breast Cancer and Interactions with Alcohol Intake, Early Menarche, and Nulligravida. 
Asian Pac J Cancer Prev APJCP. 2022 Jan 1;23(1):13�t24.  

91. Cao S, Zhu Z, Zhou J, Li W, Dong Y, Qian Y, et al. Associations of one-carbon metabolism-
related gene polymorphisms with breast cancer risk are modulated by diet, being higher 
when adherence to the Mediterranean dietary pattern is low. Breast Cancer Res Treat. 
2021 Jun;187(3):793�t804.  

92. Chen X, Ding J, Li H, Carr PR, Hoffmeister M, Brenner H. The power of a healthy lifestyle 
for cancer prevention: the example of colorectal cancer. Cancer Biol Med. 2022 Dec 
5;19(11):1586�t97.  

93. Choi J, Jia G, Wen W, Shu XO, Zheng W. Healthy lifestyles, genetic modifiers, and colorectal 
cancer risk: a prospective cohort study in the UK Biobank. Am J Clin Nutr. 2021 Apr 
6;113(4):810�t20.  



 

 

101 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

94. Chu H, Xin J, Yuan Q, Wu Y, Du M, Zheng R, et al. A prospective study of the associations 
among fine particulate matter, genetic variants, and the risk of colorectal cancer. Environ 
Int. 2021 Feb;147:106309.  

95. Vilmun BM, Vejborg I, Lynge E, Lillholm M, Nielsen M, Nielsen MB, et al. Impact of adding 
breast density to breast cancer risk models: A systematic review. Eur J Radiol. 2020 
Jun;127:109019.  

96. Niedermaier T, Guo F, Weigl K, Hoffmeister M, Brenner H. Combined Performance of Fecal 
Immunochemical Tests and a Genetic Risk Score for Advanced Neoplasia Detection. 
Cancer Prev Res Phila Pa. 2022 Aug 1;15(8):543�t52.  

97. Niedermaier T, Balavarca Y, Gies A, Weigl K, Guo F, Alwers E, et al. Variation of Positive 
Predictive Values of Fecal Immunochemical Tests by Polygenic Risk Score in a Large 
Screening Cohort. Clin Transl Gastroenterol. 2022 Jan 19;13(3):e00458.  

98. Yousefi B, Akbari H, Maldague XPV. Detecting Vasodilation as Potential Diagnostic 
Biomarker in Breast Cancer Using Deep Learning-Driven Thermomics. Biosensors. 2020 
Oct 31;10(11):164.  

99. Kakileti ST, Madhu HJ, Manjunath G, Wee L, Dekker A, Sampangi S. Personalized risk 
prediction for breast cancer pre-screening using artificial intelligence and thermal 
radiomics. Artif Intell Med. 2020 May;105:101854.  

100. van Keulen KE, Jansen ME, Schrauwen RWM, Kolkman JJ, Siersema PD. Volatile organic 
compounds in breath can serve as a non-invasive diagnostic biomarker for the detection 
of advanced adenomas and colorectal cancer. Aliment Pharmacol Ther. 2020 
Feb;51(3):334�t46.  

101. Bartoletti R, Greco A, Di Vico T, Durante J, Ficarra V, Scilingo EP, et al. Bioelectric 
Impedance Analysis Test Improves the Detection of Prostate Cancer in Biopsy Candidates: 
A Multifeature Decision Support System. Front Oncol. 2021;11:555277.  

102. Ma C, Zhang P, Du S, Li Y, Li S. Construction of Tongue Image-Based Machine Learning 
Model for Screening Patients with Gastric Precancerous Lesions. J Pers Med. 2023 Jan 
31;13(2):271.  

103. Doll R, Peto R. The causes of cancer: quantitative estimates of avoidable risks of cancer 
in the United States today. J NatlCancer Inst. 1981 Jun;66(6):1191�t308.  

104. ���o�}�š�� �t�:�U���d���Œ�}�v���� �Z���X�����}�o�o�� ���v���� �W���š�}�[�•�� �Y�µ���v�š�]�š���š�]�À���� ���•�š�]�u���š���•�� �}�(�� �����v�����Œ�� �Z�]�•�l�•�W�� �,�}�o���]�v�P��
Generally True for 35 Years. JNCI J Natl Cancer Inst. 2015 Apr 1;107(4):djv044.  

105. Qadir J, Majid S, Khan MS, Rashid F, Wani MD, Din I, et al. AT-rich Interaction Domain 
1A Gene Variations: Genetic Associations and Susceptibility to Gastric Cancer Risk. Pathol 
Oncol Res POR. 2020 Oct;26(4):2237�t46.  



 

 

102 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

106. Yang T, Li X, Farrington SM, Dunlop MG, Campbell H, Timofeeva M, et al. A Systematic 
Analysis of Interactions between Environmental Risk Factors and Genetic Variation in 
Susceptibility to Colorectal Cancer. Cancer Epidemiol Biomark Prev Publ Am Assoc Cancer 
Res Cosponsored Am Soc Prev Oncol. 2020 Jun;29(6):1145�t53.  

107. Chen T, Zhang S, Zhou D, Lu P, Mo X, Tamrakar R, et al. Screening of co-pathogenic 
genes of non-alcoholic fatty liver disease and hepatocellular carcinoma. Front Oncol. 
2022;12:911808.  

108. Wilkins E, et al. European Cardiovascular Disease Statistics 2017. Brussels; 2017.  

109. Antoniades C, Antonopoulos AS, Deanfield J. Imaging residual inflammatory 
cardiovascular risk. Eur Heart J. 2020 Feb 1;41(6):748�t58.  

110. Roth GA, Johnson C, Abajobir A, Abd-Allah F, Abera SF, Abyu G, et al. Global, Regional, 
and National Burden of Cardiovascular Diseases for 10 Causes, 1990 to 2015. J Am Coll 
Cardiol. 2017 Jul 4;70(1):1�t25.  

111. Malik R, Chauhan G, Traylor M, Sargurupremraj M, Okada Y, Mishra A, et al. 
Multiancestry genome-wide association study of 520,000 subjects identifies 32 loci 
associated with stroke and stroke subtypes. Nat Genet. 2018 Apr;50(4):524�t37.  

112. Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, et al. UK biobank: an open 
access resource for identifying the causes of a wide range of complex diseases of middle 
and old age. PLoS Med. 2015 Mar;12(3):e1001779.  

113. Garre-�K�o�u�}���:�X���€���‰�]�����u�]�}�o�}�P�Ç���}�(�����o�Ì�Z���]�u���Œ�[�•�����]�•�����•�������v�����}�š�Z���Œ�������u���v�š�]���•�•�X���Z���À���E���µ�Œ�}�o�X��
2018 Jun 1;66(11):377�t86.  

114. Ward DD, Ranson JM, Wallace LMK, Llewellyn DJ, Rockwood K. Frailty, lifestyle, 
genetics and dementia risk. J Neurol Neurosurg Psychiatry. 2022 Apr 1;93(4):343�t50.  

115. �>�]���Z���Œ�� �^�U�� ���Z�u������ �^�U�� �<���Œ���u�µ�i�]��-���}�u�]���� �,�U�� �s�}�}�Œ�š�u���v�� �d�U�� �>�����v�]�v�P�� �D�:�'�U�� �/�l�Œ���u�� �D���U�� ���š�� ���o�X��
Genetic predisposition, modifiable-risk-factor profile and long-term dementia risk in the 
general population. Nat Med. 2019 Sep;25(9):1364�t9.  

116. Lourida I, Hannon E, Littlejohns TJ, Langa KM, Hyppönen E, Kuzma E, et al. Association 
of Lifestyle and Genetic Risk With Incidence of Dementia. JAMA. 2019 Aug 6;322(5):430.  

117. Solomon A, Turunen H, Ngandu T, Peltonen M, Levälahti E, Helisalmi S, et al. Effect of 
the Apolipoprotein E Genotype on Cognitive Change During a Multidomain Lifestyle 
Intervention: A Subgroup Analysis of a Randomized Clinical Trial. JAMA Neurol. 2018 Apr 
1;75(4):462�t70.  



 

 

103 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

118. Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C, Banerjee S, et al. Dementia 
prevention, intervention, and care: 2020 report of the Lancet Commission. Lancet Lond 
Engl. 2020 Aug 8;396(10248):413�t46.  

119. Gill AJ, Schorr EM, Gadani SP, Calabresi PA. Emerging imaging and liquid biomarkers in 
multiple sclerosis. Eur J Immunol. 2023 May 17;e2250228.  

120. Goutman SA, Hardiman O, Al-Chalabi A, Chió A, Savelieff MG, Kiernan MC, et al. Recent 
advances in the diagnosis and prognosis of amyotrophic lateral sclerosis. Lancet Neurol. 
2022 May;21(5):480�t93.  

121. Kang SH, Cheon BK, Kim JS, Jang H, Kim HJ, Park KW, et al. Machine Learning for the 
Prediction of Amyloid Positivity in Amnestic Mild Cognitive Impairment. J Alzheimers Dis 
JAD. 2021;80(1):143�t57.  

122. Calvin CM, de Boer C, Raymont V, Gallacher J, Koychev I, European Prevention of 
���o�Ì�Z���]�u���Œ�[�•�� �����u���v�š�]���� �~���W�����•�� ���}�v�•�}�Œ�š�]�µ�u�X�� �W�Œ�����]���š�]�}�v�� �}�(�� ���o�Ì�Z���]�u���Œ�[�•�� ���]�•�����•���� ���]�}�u���Œ�l���Œ��
�•�š���š�µ�•�������(�]�v���������Ç���š�Z�����Z���d�E���(�Œ���u���Á�}�Œ�l�[�����u�}�v�P�����}�Pnitively healthy individuals: results from 
the EPAD longitudinal cohort study. Alzheimers Res Ther. 2020 Nov 9;12(1):143.  

123. Cianflone A, Coppola L, Mirabelli P, Salvatore M. Predictive Accuracy of Blood-Derived 
Biomarkers for Amyloid-�t�� ���Œ���]�v�� �����‰�}�•�]�š�]�}�v ���o�}�v�P�� �Á�]�š�Z�� �š�Z���� ���o�Ì�Z���]�u���Œ�[�•�� ���]�•�����•����
Continuum: A Systematic Review. J Alzheimers Dis JAD. 2021;84(1):393�t407.  

124. Ni W, Jagust W, Wang D. Multiplex Mass Spectrometry Analysis of Amyloid Proteins in 
�,�µ�u���v�� �W�o���•�u���� �(�}�Œ�� ���o�Ì�Z���]�u���Œ�[�•�� ���]�•�����•���� ���]���P�v�}�•�]�•�X�� �:�� �W�Œ�}�š���}me Res. 2021 Aug 
6;20(8):4106�t12.  

125. Wang X, Sun H, Pan S, Bai X, Zhu Z, Zhang R, et al. Causal Relationships Between 
�Z���o���š�]�À���� �/�v�š���l���� �(�Œ�}�u�� �š�Z���� �D�����Œ�}�v�µ�š�Œ�]���v�š�•�� ���v���� ���o�Ì�Z���]�u���Œ�[�•�� ���]�•�����•���W�� ���� �d�Á�}-Sample 
Mendelian Randomization Study. J Alzheimers Dis JAD. 2022;87(2):665�t73.  

126. Zhang YR, Xu W, Zhang W, Wang HF, Ou YN, Qu Y, et al. Modifiable risk factors for 
incident dementia and cognitive impairment: An umbrella review of evidence. J Affect 
Disord. 2022 Oct 1;314:160�t7.  

127. Larsson SC, Burgess S. Causal role of high body mass index in multiple chronic diseases: 
a systematic review and meta-analysis of Mendelian randomization studies. BMC Med. 
2021 Dec 15;19(1):320.  

128. Wu PF, Lu H, Zhou X, Liang X, Li R, Zhang W, et al. Assessment of causal effects of 
physical activity on neurodegenerative diseases: A Mendelian randomization study. J 
Sport Health Sci. 2021 Jul;10(4):454�t61.  

129. Julian TH, Glascow N, Barry ADF, Moll T, Harvey C, Klimentidis YC, et al. Physical 
exercise is a risk factor for amyotrophic lateral sclerosis: Convergent evidence from 



 

 

104 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

Mendelian randomisation, transcriptomics and risk genotypes. EBioMedicine. 2021 
Jun;68:103397.  

130. Zhang Z, Wang M, Yuan S, Cai H, Zhu SG, Liu X. Genetically Predicted Coffee 
���}�v�•�µ�u�‰�š�]�}�v�� ���v���� �Z�]�•�l�� �}�(�� ���o�Ì�Z���]�u���Œ�[�•�� ���]sease and Stroke. J Alzheimers Dis JAD. 
2021;83(4):1815�t23.  

131. Vandebergh M, Goris A. Smoking and multiple sclerosis risk: a Mendelian 
randomization study. J Neurol. 2020 Oct;267(10):3083�t91.  

132. Xi J, Ding D, Zhao Q, Liang X, Zheng L, Guo Q, et al. Joint Effect of ABCA7 rs4147929 and 
���}���Ç���D���•�•���/�v�����Æ���}�v���W�Œ�}�P�Œ���•�•�]�}�v���(�Œ�}�u���D�]�o�������}�P�v�]�š�]�À�����/�u�‰���]�Œ�u���v�š���š�}�����o�Ì�Z���]�u���Œ�[�•�����]�•�����•���W��
The Shanghai Aging Study. Curr Alzheimer Res. 2020;17(2):185�t95.  

133. Burns DK, Alexander RC, Welsh-���}�Z�u���Œ���<���U�����µ�o�‰���D�U�����Z�]���v�P�����U���K�[�E���]l J, et al. Safety and 
efficacy of pioglitazone for the delay of cognitive impairment in people at risk of 
���o�Ì�Z���]�u���Œ�[�•�� ���]�•�����•���� �~�d�K�D�D�K�Z�Z�K�t�•�W�� ���� �‰�Œ�}�P�v�}�•�š�]���� ���]�}�u���Œ�l���Œ�� �•�š�µ���Ç�� ���v���� ���� �‰�Z���•���� �ï�U��
randomised, double-blind, placebo-controlled trial. Lancet Neurol. 2021 Jul;20(7):537�t47.  

134. Liu Y, Bai H, Gen S, Zhang H, Wang S, Hua L, et al. Interaction between SNCA gene 
�‰�}�o�Ç�u�}�Œ�‰�Z�]�•�u�•�� ���v���� �d�î���D�� �Á�]�š�Z�� �W���Œ�l�]�v�•�}�v�[�•�� ���]�•�����•���X�� �����š���� �E���µ�Œ�}�o�� �^�����v���X�� �î�ì�î�ì��
Nov;142(5):443�t8.  

135. Huang X, Li Y, Fowler C, Doecke JD, Lim YY, Drysdale C, et al. Leukocyte surface 
���]�}�u���Œ�l���Œ�•�� �]�u�‰�o�]�����š���� �����(�]���]�š�•�� �}�(�� �]�v�v���š���� �]�u�u�µ�v�]�š�Ç�� �]�v�� �•�‰�}�Œ�����]���� ���o�Ì�Z���]�u���Œ�[�•�� ���]�•�����•���X��
Alzheimers Dement J Alzheimers Assoc. 2023 May;19(5):2084�t94.  

136. Duchowny KA, Ackley SF, Brenowitz WD, Wang J, Zimmerman SC, Caunca MR, et al. 
Associations Between Handgrip Strength and Dementia Risk, Cognition, and 
Neuroimaging Outcomes in the UK Biobank Cohort Study. JAMA Netw Open. 2022 Jun 
1;5(6):e2218314.  

137. Siddiqui TG, Whitfield T, Praharaju SJ, Sadiq D, Kazmi H, Ben-Joseph A, et al. Magnetic 
�Z���•�}�v���v�������/�u���P�]�v�P���]�v���^�š�����o�����D�]�o�������}�P�v�]�š�]�À�����/�u�‰���]�Œ�u���v�š�U���W�Œ�}���Œ�}�u���o�����o�Ì�Z���]�u���Œ�[�•�����]�•�����•���U��
and Prodromal Dementia with Lewy Bodies. Dement Geriatr Cogn Disord. 2020;49(6):583�t
8.  

138. Chaloulos-Iakovidis P, Wagner F, Weber L, Diem L, Chan A, Salmen A, et al. Predicting 
conversion to multiple sclerosis in patients with radiologically isolated syndrome: a 
retrospective study. Ther Adv Neurol Disord. 2021;14:17562864211030664.  

139. Agarwal D, Marques G, de la Torre-Díez I, Franco Martin MA, García Zapiraín B, Martín 
�Z�}���Œ�_�P�µ���Ì���&�X���d�Œ���v�•�(���Œ���>�����Œ�v�]�v�P���(�}�Œ�����o�Ì�Z���]�u���Œ�[�•�����]�•�����•�����š�Z�Œ�}�µ�P�Z���E���µ�Œ�}�]�u���P�]�v�P�����]�}�u���Œ�l���Œ�•�W��
A Systematic Review. Sensors. 2021 Oct 31;21(21):7259.  



 

 

105 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

140. Hussen DF, Hussein AAF, Monzer MAM, Hammad SA. Combined markers for predicting 
cognitive deficit �]�v���‰���š�]���v�š�•���Á�]�š�Z�����o�Ì�Z���]�u���Œ�[�•�����]�•�����•���X�����P�Ç�‰�š���:���D�������,�µ�u���'���v���š�X���î�ì�î�í���:�µ�o��
1;22(1):63.  

141. Tait L, Tamagnini F, Stothart G, Barvas E, Monaldini C, Frusciante R, et al. EEG 
�u�]���Œ�}�•�š���š�������}�u�‰�o���Æ�]�š�Ç���(�}�Œ�����]���]�v�P�������Œ�o�Ç�����]���P�v�}�•�]�•���}�(�����o�Ì�Z���]�u���Œ�[�•�����]�•�����•���X���^���]���Z���‰�X���î�ì�î�ì��Oct 
19;10(1):17627.  

142. Wang C, Chen F, Li Y, Liu J. Possible predictors of phenoconversion in isolated REM 
sleep behaviour disorder: a systematic review and meta-analysis. J Neurol Neurosurg 
Psychiatry. 2022 Apr;93(4):395�t403.  

143. Schalkamp AK, Peall KJ, Harrison NA, Sandor C. Wearable devices can identify 
�W���Œ�l�]�v�•�}�v�[�•�����]�•�����•�����µ�‰���š�}���ó���Ç�����Œ�•�������(�}�Œ�������o�]�v�]�����o�����]���P�v�}�•�]�•���€�/�v�š���Œ�v���š�•�X���u�����Z�Æ�]�À�V���î�ì�î�ï���€���]�š������
2023 Jul 3]. p. 2022.11.28.22282809. Available from: 
https://www.medrxiv.org/content/10.1101/2022.11.28.22282809v3 

144. �:�����}���� �D���U�� �K�[���}�v�v���o�o�� ���U�� �^���u�Œ���� �:�U�� �'�}�v�Ì���o���•�� �D�D�U�� �^���š�]�Ì�������o�� ���U�� �W���•���� �D�W�U�� ���š�� ���o�X�� �'�Œ�]�‰��
Strength, Gait Speed and Plasma Markers of Neurodegeneration in Asymptomatic Middle-
aged and Older Adults. J Frailty Aging. 2022;11(3):291�t8.  

145. Xie K, Qin Q, Long Z, Yang Y, Peng C, Xi C, et al. High-Throughput Metabolomics for 
Discovering Potential Biomarkers and Identifying Metabolic Mechanisms in Aging and 
���o�Ì�Z���]�u���Œ�[�•�����]�•�����•���X���&�Œ�}�v�š�������o�o�������À�����]�}�o�X���î�ì�î�í�V�õ�W�ò�ì�î�ô�ô�ó�X�� 

146. Lewis CM, Vassos E. Polygenic risk scores: from research tools to clinical instruments. 
Genome Med. 2020 Dec;12(1):44.  

147. Heilbron K, Jensen MP, Bandres-Ciga S, Fontanillas P, Blauwendraat C, Nalls MA, et al. 
�h�v�Z�����o�š�Z�Ç�������Z���À�]�}�µ�Œ�•�����v�����Z�]�•�l���}�(���W���Œ�l�]�v�•�}�v�[�•�����]�•�����•���W�������D���v�����o�]���v���Z���v���}�u�]�•���š�]�}�v���^�š�µ���Ç. 
J Park Dis. 2021;11(4):1981�t93.  

148. Domenighetti C, Sugier PE, Ashok Kumar Sreelatha A, Schulte C, Grover S, Mohamed 
�K�U�� ���š�� ���o�X�� �����]�Œ�Ç�� �/�v�š���l���� ���v���� �W���Œ�l�]�v�•�}�v�[�•�� ���]�•�����•���W�� ���� �D���v�����o�]���v�� �Z���v���}�u�]�Ì���š�]�}�v�� �^�š�µ���Ç�X���D�}�À��
Disord Off J Mov Disord Soc. 2022 Apr;37(4):857�t64.  

149. Mu C, Zhao Y, Han C, Tian D, Guo N, Zhang C, et al. Genetically Predicted Circulating 
Concentrations of Micronutrients and Risk of Amyotrophic Lateral Sclerosis: A Mendelian 
Randomization Study. Front Genet. 2021;12:811699.  

150. Aziz NA. Life Course Adiposity and Amyotrophic Lateral Sclerosis: A Mendelian 
Randomization Study. Ann Neurol. 2020 Jul;88(1):203.  

151. Galbiati A, Verga L, Giora E, Zucconi M, Ferini-Strambi L. The risk of neurodegeneration 
in REM sleep behavior disorder: A systematic review and meta-analysis of longitudinal 
studies. Sleep Med Rev. 2019 Feb;43:37�t46.  



 

 

106 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

152. Coley N, Giulioli C, Aisen PS, Vellas B, Andrieu S. Randomised controlled trials for the 
prevention of cognitive decline or dementia: A systematic review. Ageing Res Rev. 2022 
Dec;82:101777.  

153. Perneczky R. Dementia treatment versus prevention. Dialogues Clin Neurosci. 2019 
Mar 31;21(1):43�t51.  

154. �����v�������š�� ���>�U�� ���Œ�µ�u�� �t�^�U�� �,���v�•�•�}�v�� �K�U�� ���o�Ì�Z���]�u���Œ�[�•�� ���]�•�����•���� �E���µ�Œ�}�]�u���P�]�v�P�� �/�v�]�š�]���š�]�À���U��
Karikari TK, Zimmer ER, et al. The accuracy and robustness of plasma biomarker models 
for amyloid PET positivity. Alzheimers Res Ther. 2022 Feb 7;14(1):26.  

155. Azevedo T, Bethlehem RAI, Whiteside DJ, Swaddiwudhipong N, Rowe JB, Lió P, et al. 
Identifying healthy individuals with Alzheimer neuroimaging phenotypes in the UK 
Biobank [Internet]. medRxiv; 2022 [cited 2023 Jul 3]. p. 2022.01.05.22268795. Available 
from: https://www.medrxiv.org/content/10.1101/2022.01.05.22268795v1 

156. Mozdbar S, Petersen M, Zhang F, Johnson L, Tolman A, Nyalakonda R, et al. Application 
of Structural Retinal Biomarkers to Detect Cognitive Impairment in a Primary Care Setting. 
J Alzheimers Dis Rep. 2022 Dec 16;6(1):749�t55.  

157. Romero-Sevilla R, López-Espuela F, Fuentes JM, de San Juan BD, Portilla-Cuenca JC, 
Hijon CC, et al. Role of Inflammatory Cytokines in the Conversion of Mild Cognitive 
Impairmentto Dementia: A Prospective Study. Curr Alzheimer Res. 2022 Jan;19(1):68�t75.  

158. Mohammadi A, Azarnezhad A, Khanbabaei H, Izadpanah E, Abdollahzadeh R, Barreto 
GE, et al. Vitamin D receptor genetic polymorphisms and the risk of multiple sclerosis: A 
systematic review and meta-analysis. Steroids. 2020 Jun;158:108615.  

159. Lancione M, Donatelli G, Del Prete E, Campese N, Frosini D, Cencini M, et al. Evaluation 
of iron overload in nigrosome 1 via quantitative susceptibility mapping as a progression 
biomarker in prodromal stages of synucleinopathies. NeuroImage. 2022 Oct;260:119454.  

160. Urbaneja P, Hurtado-Guerrero I, Hernández MÁ, Oliver-Martos B, Oreja-Guevara C, 
Ortega-Pinazo J, et al. Skin Phototype Could Be a Risk Factor for Multiple Sclerosis. J Clin 
Med. 2020 Jul 26;9(8):2384.  

161. Eke CS, Sakr F, Jammeh E, Zhao P, Ifeachor E. A Robust Blood-based Signature of 
�����Œ�����Œ�}�•�‰�]�v���o�� �&�o�µ�]���� ���t��42 Status. In: 2020 42nd Annual International Conference of the 
IEEE Engineering in Medicine & Biology Society (EMBC) [Internet]. Montreal, QC, Canada: 
IEEE; 2020 [cited 2023 Jul 13]. p. 5523�t6. Available from: 
https://ieeexplore.ieee.org/document/9175158/ 

162. Amador MDM, Muratet F, Teyssou E, Boillée S, Millecamps S. New advances in 
Amyotrophic Lateral Sclerosis genetics: Towards gene therapy opportunities for familial 
and young cases. Rev Neurol (Paris). 2021 May;177(5):524�t35.  



 

 

107 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

163. Brennan P, Davey-Smith G. Identifying Novel Causes of Cancers to Enhance Cancer 
Prevention: New Strategies Are Needed. JNCI J Natl Cancer Inst. 2021 Nov 8;114(3):353�t
60.  

164. Zhu J, Ge F, Zeng Y, Qu Y, Chen W, Yang H, et al. Physical and Mental Activity, Disease 
Susceptibility, and Risk of Dementia: A Prospective Cohort Study Based on UK Biobank. 
Neurology. 2022 Aug 23;99(8):e799�t813.  

165. Xia Z, Su YR, Petersen P, Qi L, Kim AE, Figueiredo JC, et al. Functional informed genome-
wide interaction analysis of body mass index, diabetes and colorectal cancer risk. Cancer 
Med. 2020 May;9(10):3563�t73.  

166. Herceg Z, Lambert MP, van Veldhoven K, Demetriou C, Vineis P, Smith MT, et al. 
Towards incorporating epigenetic mechanisms into carcinogen identification and 
evaluation. Carcinogenesis. 2013 Sep;34(9):1955�t67.  

167. Lubomski M, Xu X, Holmes AJ, Muller S, Yang JYH, Davis RL, et al. Nutritional Intake and 
�'�µ�š�� �D�]���Œ�}���]�}�u���� ���}�u�‰�}�•�]�š�]�}�v�� �W�Œ�����]���š�� �W���Œ�l�]�v�•�}�v�[�•�� ���]�•�����•���X�� �&�Œ�}�v�š�� ���P�]�v�P�� �E���µ�Œ�}�•���]�X��
2022;14:881872.  

168. Liu M, Wang M, Peng T, Ma W, Wang Q, Niu X, et al. Gut-microbiome-based predictive 
model for ST-elevation myocardial infarction in young male patients. Front Microbiol. 
2022;13:1031878.  

169. Qu L, Dong Z, Ma S, Liu Y, Zhou W, Wang Z, et al. Gut Microbiome Signatures Are 
Predictive of Cognitive Impairment in Hypertension Patients-A Cohort Study. Front 
Microbiol. 2022;13:841614.  

170. Serrano D, Pozzi C, Guglietta S, Fosso B, Suppa M, Gnagnarella P, et al. Microbiome as 
Mediator of Diet on Colorectal Cancer Risk: The Role of Vitamin D, Markers of 
Inflammation and Adipokines. Nutrients. 2021 Jan 25;13(2):363.  

171. Jaskulski S, Nuszbaum C, Michels KB. Components, prospects and challenges of 
personalized prevention. Front Public Health [Internet]. 2023 [cited 2023 Jul 13];11. 
Available from: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1075076 

172. Bíró K, Dombrádi V, Jani A, Boruzs K, Gray M. Creating a common language: defining 
individualized, personalized and precision prevention in public health. J Public Health. 
2018 Dec 1;40(4):e552�t9.  

173. Zhu F, Arshi B, Leening MJG, Aribas E, Ikram MA, Boersma E, et al. Sex-specific added 
value of cardiac biomarkers for 10-year cardiovascular risk prediction. Eur J Prev Cardiol. 
2022 Aug 22;29(11):1559�t67.  



 

 

108 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

174. Zhu J, Zhuo K, Zhang B, Xie Z, Li W. Sex Differences in Epicardial Adipose Tissue: 
Association With Atrial Fibrillation Ablation Outcomes. Front Cardiovasc Med. 
2022;9:905351.  

175. Piédrola Gil G, Fernández-Crehuet Navajas J. Medicina preventiva y salud pública. 12a 
ed. Barcelona: Elsevier Masson; 2016.  

176. Porta M, Greenland S, Hernán M, Silva I dos S, Last JM, International Epidemiological 
Association, editors. A dictionary of epidemiology. Sixth edition. Oxford: Oxford Univ. 
Press; 2014. 343 p.  

177. World Health Organization. ICD-10. Version 2019 [Internet]. World Health 
Organization; [cited 2023 Feb 16]. Available from: https://icd.who.int/browse10/2019/en 

 

  



 

 

109 

 

 

Rapid scoping reviews on biomarkers for risk prediction and stratification in cancer, cardiovascular and neurodegenerative 
diseases, and their potential integration with digital technologies 

Annex A: Data extraction form  
CODE 

Methods  
Study design  

Umbrella reviews 
Systematic review (With meta-analysis) 
Systematic review (Without meta-analysis) 
RCT  
Cohort study  
Case-control study  
Other design   
N/P (Not Provided)  

Mendelian Randomization Has Mendelian randomization been used in the study? 

Biomarker(s)  

Name  Name of the biomarker(s) in text format  

Molecular 

Genetics/Genomics  
Epigenetics/Epigenomics  
Transcription/Transcriptomics  
Metabolites/Metabolomics  
Proteins/Proteomics  
Microbiomics/Microbiology  
Biochemistry (biochemical) 
Other molecular biomarker 
N/P 

Cellular  

Histology (tissue abnormalities)  
Cytology (cell types)  
Other cellular biomarker 
N/P 

Imaging  

X-Rays  
Ultrasound (echography, etc)  
CT Scan  
PET/SPECT 
Spectrometry 
MRI  
Scintigraphy (Gamma)  
Mammography  
Other image biomarker  
N/P 

Physiological  
 

Blood Pressure 
Ankle-brachial Index 
ECG 
EEG 
Electromyography 
Other physiological biomarker 
N/P 

Anthropometric measures  

BMI 
Body perimeters (circumference) 
Other anthropometric biomarker 
N/P 
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CODE 
Clinical Utility  Does the paper mention the clinical utility of the biomarker? (explicitly)  

AI  
Did they use AI technology or methods related to AI? (Deep learning, machine learning, 
clinical trial simulation, etc.)  

Radiomics  Does the paper mention radiomics?  

Technology  

If they used a new 
technology/wearable to 
measure the biomarker, 
specify which one  

Smart watch  
Pulse oximetry  
Infrared cameras  
Other 

Diseases 

Cancer 

Breast cancer  
Lung cancer  
Prostatic cancer  
Gastric cancer  
Colorectal cancer  
Corpus uteri cancer  
Cervical cancer 
Bladder cancer  
Pancreatic cancer  
Liver cancer  
Kidney cancer  

Cardiovascular diseases 

Ischemic heart disease  
Cardiomyopathy and myocarditis  
Atrial fibrillation and atrial flutter  
Aortic aneurysm  
Nonrheumatic valvular heart disease  
Peripheral artery disease  
Stroke  
Stroke -ischemic stroke  
Stroke - intracerebral haemorrhage  
Stroke - subarachnoid haemorrhage  
Hypertensive heart disease 
MACE 

Neurodegenerative 
diseases 

ALS  
Parkinson  
Alzheimer  
Frontotemporal dementia  
Vascular dementia  
Lewy body disease  
Multiple sclerosis  

Prevention  

Type  
Primary  
Secondary: Screening, early diagnosis, and early detection  
N/P  

If Primary: Lifestyle  

Smoking  
Exercise  (physical activity) 
Diet  
Alcohol  
Air pollution  
Immunization  
Obesity  
Preventive drugs  
Other: Specify which one  
N/P 
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CODE 

Population 
  
Population type 

General: without any other condition or healthy participants. 
(Included in all disease groups)  
Smoking (all)  
Alcohol consumption (all)  
Family history (all) 
Diabetes (included in CVD and cancer)  
Hypertension (included in CVD and neurodegenerative 
diseases)  
Cholesterol/Dyslipidaemia (included in CVD)  
Obesity (included in CVD, cancer, and neurodegenerative 
diseases)  
HIV (included in cancer)  
HPV (included in cancer)  
Helicobacter pylori (included in cancer)  
Kidney Failure/CKD (included in CVD)  
Cirrhosis (included in cancer)  
Hepatitis Virus B/C/D (included in cancer)  
Sleep (included in neurodegenerative diseases) 
Apoe genotype (included in neurodegenerative diseases) 
Hearing impairment (included in neurodegenerative 
diseases) 
N/P 

Observations  Subjective reviewer observations (if needed)  
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Annex B: Biomarkers defining the pre-specified high risk 
subpopulations 

 
Condition Known biomarkers 

Diabetes plasma glucose, fasting plasma glucose, blood sugar levels, glycaemia, 
glycated haemoglobin.  

Obesity BMI, weight.  

Hypertension (high) blood pressure. 

Cholesterol/ 
dyslipidaemia 

high-density lipoprotein (HDL), low-density lipoprotein (LDL), very low-
density lipoprotein (VLDL), Intermediate-density lipoproteins (IDL), 
cholesterol, atherosclerosis, triglycerides 

Smoking Cotinine.  

Alcohol 
consumption 

Blood alcohol level, blood/breath alcohol concentration/content (BAC), 
ethanol level. 

HBV, HCV HBsAg, HBV-DNA, anti-HBV IgG, HCV-RNA, anti-HCV IgG. 

HPV HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68. 

Helicobacter 
pylori 

Helicobacter pylori, CagA, VacA, VacA 8, VacA 9. 

HIV infection HIV infection, immunodeficiency virus, immune deficiency syndrome 
(AIDS), CD4 lymphocyte count, CD4 count, CD4+ count, T4 count, T-helper 
cell count, CD4 percent, HIV viral load. 

Kidney disease Serum Creatinine (SCr), Glomerular Filtration Rate (GFR), Cystatin C (CysC), 
Kidney Injury molecule 1(KIM-1), Neutrophil gelatinase-associated 
lipocalin (NGAL), Liver-type fatty acid�tbinding protein (L-FABP), 
Uromodulin. 

Immunization VHB or HPV Vaccines 

Exercise Metabolic equivalents (METs). 

Air pollution Oxidative stress (GDF-15 and myeloperoxidase), acute inflammation (C-
reactive protein), hemostasis (ADAMTS, D-dimer) 

CVD-specific Troponin 
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Annex C: Glossary of general terms 
- Prevention: reduction of the likelihood of developing a disease, sustaining an injury, 

or experiencing an unfavourable outcome. This study includes both collective (e.g., 
population screening) and individual (e.g., individual risk stratification) preventive 
measures (175). 

- Primary prevention: activities that are carried out before the appearance of a disease 
or pathology (175). 

- Secondary prevention: Individual and community measures to reduce the prevalence 
of diseases through early detection and prompt intervention, focusing on individuals 
with the disease in its preclinical phase, with manifestations that are not apparent but 
that allow its detection (175,176).  

o Population screening: it is the practice of early detection of the disease that is 
actively offered to defined population groups susceptible to presenting the 
disease that do not have symptoms and have not sought medical care (176). 

o Early clinical detection: aimed at people who go to health services for various 
reasons, including symptoms that could be related to the disease being 
detected or even expressly demand the practice of the detection test. It 
reinforces population screening and diagnoses cases that the screening 
indicates as suspicious (176). 

- Risk: Probability of a negative or positive event occurring in a specified population 
during a particular period of time. It is commonly measured in epidemiology and 
clinical research by the cumulative incidence and incidence ratio (176).  

- Stratification: The process of or result of dividing a sample population into subsamples 
according to specified criteria, such as age groups, socioeconomic status, risk groups, 
etc. (176). 

- Cancer diseases: Conditions where abnormal cells, in a specific part of the body, divide 
without control and can invade nearby tissues and produce distant metastases. 
Included in the C00-C97 codes of the ICD-10 classification (177).  

- Cardiovascular diseases: A type of disease that affects the heart or blood vessels of 
which only some pathologies will be selected based on their magnitude and severity.  
Intermedite outcomes prior to disease onset of the included pathologies may also be 
considered as proxies for the latter. 

- Neurodegenerative diseases: Disorders that affect the brain as well as the nerves 
found throughout the human body and the spinal cord included in codes G00-G99 of 
the ICD-10 classification (177). Intermediate outcomes prior to disease onset of the 
included pathologies will also be considered as proxies for the latter 
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Annex D: Search strategies for the different databases and 
repositories  

The PCC framework was considered to develop the search strategy, and the following topics were obtained for 
the search: biomarkers, diseases (CVD, neurodegenerative diseases, and cancer), prevention and personalised. 
�&�}�Œ���������Z���}�(���š�Z���u�U���š�Z�������}�Œ�Œ���•�‰�}�v���]�v�P���]�v�����Æ���������v�����(�Œ�������š���Œ�u�•���Á���Œ�����]�v���o�µ�������X�����^���o�}���ls�_���}�(���š���Œ�u�•���Á���Œ�������}�u���]�v������
following this general strategy: 

#1 biomarkers   
#2 diseases 
#3 prevention 
#4 personalised, precision, prediction or predictive 
#5 #1 AND #2 AND #3 AND #4 
#6 #5 Filters: from 2020-2023 

 
Legend:  

�„   Disease specific terms 
�„   Common terms 

 

CANCER 
OVID MEDLINE  

BIOMARKERS 
(exp Biological factors/ or ("biological factor*" or biomarker* or "bio* marker*").ti,ab,kw,kf.) 

(exp *carbohydrates/ or exp *lipids/ or exp *amino acids/ or exp *proteins/ or exp *vitamins/ or exp 
*steroids/ or exp *Hormones/ or exp *Enzymes/) 

(exp genetic markers/ or exp genotype/ or exp genetics/ or exp genomics or ("genetic marker*" or 
"genotype" or "germline biomarker*" or "genetic*" or "genomic*" or "epigen*" or "epigenetic 
mark*").ti,ab,kw,kf.) 

(exp Microchip Analytical Procedures/) or (Microarray*).ti,ab,kw,kf. 

(exp Metabolomics/ or exp Proteomics/ or ("metabolomic*" or "proteomic*" or "lipidomic*" or 
"immunomic*" or "nutriomic*" or "transcriptomic*" or "radiomic*").ti,ab,kw,kf.) 

(exp Carcinogens / or exp Oncogenes/ or ("carcinogen*" or "oncogen*" or "tumor initiator*" or 
"tumor promoter" or "tumour initiator*" or "tumour promoter*").ti,ab,kw,kf.) 

(exp *"Diagnostic Imaging"/ or (imag*).ti,ab,kw,kf.) 

  

DISEASES 
(exp Breast Neoplasms / or ("breast cancer*" or "breast neoplasm*" or "breast carcinoma*" or 
"breast tumo?r*").ti,ab,kw,kf.) 

(exp Lung Neoplasms / or ("lung cancer*" or "lung carcinoma*" or "lung neoplasm*" or "lung 
tumo?r*").ti,ab,kw,kf.) 

(exp Prostatic Neoplasms / or ("prostatic neoplasm*" or "prostatic cancer*" or "prostate cancer*" or 
"prostate tumo?r*").ti,ab,kw,kf.) 

(exp Stomach Neoplasms / or ("stomach neoplasm*" or "gastric cancer*" or "stomach cancer*" or 
"gastric carcinoma*" or "stomach tumo?r*" or "gastric tumo?r*").ti,ab,kw,kf.) 
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(exp Colorectal neoplasms/ or ("colorectal neoplasm*" or "colorectal cancer*" or "colorectal 
tumo?r*" or "colon neoplasm*" or "colon tumo?r*" or "colon cancer*" or "rectal neoplasm*" or 
"rectal tumo?r*" or "rectal cancer*").ti,ab,kw,kf.) 

(exp Uterine Neoplasms / or ("uterine cancer*" or "uterine neoplasm*" or "uterus cancer*" or 
"uterine tumo?r*").ti,ab,kw,kf.) 

(exp Uterine Cervical Neoplasms / or ("cervical cancer*" or "uterine cervical neoplasm*" or "uterine 
cervix cancer*" or "uterine cervical tumo?r*").ti,ab,kw,kf.) 

(exp Urinary Bladder Neoplasms/ or ("bladder cancer*" or "Urothelial carcinoma*" or "Transitional 
cell carcinoma*" or "urinary bladder neoplasm*" or "urinary bladder tumo?r*").ti,ab,kw,kf.) 

(exp Pancreatic Neoplasms/ or ("pancreatic cancer*" or "pancreatic neoplasm*" or "pancreas 
cancer*" or "pancreas tumo?r*").ti,ab,kw,kf.) 

(exp Kidney Neoplasms/ or ("kidney cancer*" or "kidney neoplasm*" or "kidney 
tumo?r*"").ti,ab,kw,kf.) 

�~���Æ�‰�� �>�]�À���Œ�� �E���}�‰�o���•�u�•�l�� �}�Œ�� �~�^�o�]�À���Œ�� �����v�����Œ�Ž�_�� �}�Œ�� �^�Z���‰���š�]���� �����v�����Œ�Ž�_�� �}�Œ�� �^�o�]�À���Œ�� �š�µ�u�}�M�Œ�Ž�_�� �}�Œ�� �^�o�]�À���Œ��
�v���}�‰�o���•�u�Ž�_�•�X�š�]�U�����U�l�Á�U�l�(�X�• 

  

PREVENTION 
(exp Primary Health Care/ or ("public health service*" or "primary health care" or "primary 
care").ti,ab,kw,kf.) 

(exp Primary prevention/ or ("primary disease prevent*" or "preventable disease*").ti,ab,kw,kf.) 

(exp Preventive Medicine/ or ("preventive medicine*" or "medical prevent*").ti,ab,kw,kf.) 

("protective factor*".ti,ab,kw,kf.) 

(susceptibil*.ti,ab,kw,kf.) 

(exp *smoking/) 

(exp *exercise/ or exp *sedentary behavior/) 

(exp *"Diet, food, and nutrition"/ or exp *Overweight/) 

(exp *Alcohol Drinking/) 

(exp *Type 2 Diabetes Mellitus/) 

(exp *HIV/) 

(exp*Human Papillomavirus Viruses/) 

(exp *Helicobacter pylori/) 

(exp *air pollution/) 

(exp *Immunization /) 

("cancer prevent*" or "cancer vaccin*" or "cancer immuniz*".ti,ab,kw,kf.) 

(exp Chemoprevention / or ("chemoprevent*" or "chemoprophylax*").ti,ab,kw,kf.) 

(exp Prophylactic Surgical Procedures / or ("surgical prevent*").ti,ab,kw,kf.) 
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(exp *Community Health Planning/ or ("community setting*" or "health care plan*" or "community 
health plan*").ti,ab,kw,kf.) 

(exp *Preventive health service/ or "preventive health service*".ti,ab,kw,kf.) 

(exp *Community Health Center/ or ("community health center*" or "community health centre*" or 
"community care").ti,ab,kw,kf.) 

(exp *Health Education/ or ("health educat*" or "health promot*").ti,ab,kw,kf.) 

(exp Mass Screening/ or exp Secondary Prevention/ or ("secondary prevent*" or 
"screening*").ti,ab,kw,kf.) 

(exp Population Surveillance/ or ("population surveillance*" or "population screening*").ti,ab,kw,kf.) 

(exp Early Diagnosis/ or ("early diagnos*").ti,ab,kw,kf.) 

  

PERSONALISED 
(exp Precision medicine/ or ("personalised medicine*" or "precision medicine*" or "predict*" or 
"individualized medicine*" or "personalised medicine*" or "individualised medicine*").ti,ab,kw,kf.) 

(exp Risk assessment/ or exp Risk adjustment/ or ("risk stratifi*" or "risk scor*" or "risk assess*" or 
"risk adjust*").ti,ab,kw,kf.) 

(exp Machine learning/) 

 

CANCER 
OVID EMBASE EMTREE 

BIOMARKERS 
(exp marker/ or ('biological factor*' or 'bio* marker*').ti,ab.) 
(exp *'carbohydrate'/ or exp *'lipid'/ or exp *'amino acid'/ or exp *'protein'/ or exp *'vitamin'/ or 
exp *'steroid'/ or exp *'hormone'/ or exp *'enzyme'/) 
(exp 'genetic marker'/ or exp 'genotype'/ or exp 'genetics'/ or exp 'genomics'/ or ('genotype' or 
'genetic*' or 'genomic*' or 'epigenetic mark*' or 'germline biomarker*' or 'epigen*' or 'genetic 
marker*').ti,ab.) 
(exp 'microchip analysis'/ or exp 'microarray analysis'/ or ('microarray*').ti,ab.) 
(exp metabolomics/ or exp proteomics/ or exp lipidomics/ or exp nutriomics/ or exp transcriptomics/ 
or exp immunomics/ or exp radiomics/ or (proteomic* or lipidomic* or nutriomic* or metabolomic* 
or transcriptomic* or immunomic* or radiomic*).ti,ab.) 

(exp 'carcinogen'/ or exp 'oncogene'/ or exp 'tumor promoter'/ or ( 'carcinogen*' or 'oncogene*' or 
'tumor initiator*' or 'tumor promoter*' or 'tumour initiator*' or 'tumour promoter*').ti,ab.) 
(exp *'Diagnostic Imaging'/ or (imag*).ti,ab.) 

 

DISEASES 

(exp 'breast cancer'/ or ('breast cancer*' or 'breast neoplasm*' or 'breast carcinoma*').ti,ab.) 
(exp 'lung cancer'/ or ('lung cancer*' or 'lung carcinoma*' or 'lung neoplasm*').ti,ab.) 

(exp 'prostate cancer'/ or ('prostatic neoplasm*' or 'prostatic cancer*' or 'prostate cancer*').ti,ab.) 
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(exp 'stomach cancer'/ or ('stomach neoplasm*' or 'gastric cancer*' or 'gastric carcinoma*' or 
'stomach cancer*').ti,ab.) 
(exp 'colorectal cancer'/ or ('colorectal neoplasm*' or 'colorectal cancer*').ti,ab.) 
(exp 'uterus cancer'/ or ('uterine cancer*' or 'uterine neoplasm*' or 'uterus cancer*').ti,ab.) 
(exp 'uterine cervix cancer'/ or ('uterine cervix cancer*' or 'cervical cancer*' or 'uterine cervical 
neoplasm*').ti,ab.) 
(exp 'bladder cancer'/ or ('bladder cancer*' or 'urothelial carcinoma*' or 'transitional cell 
carcinoma*' or 'urinary bladder neoplasm*').ti,ab.) 
(exp 'pancreas cancer'/ or ('pancreas cancer*' or 'pancreatic cancer*' or 'pancreatic 
neoplasm*').ti,ab.) 
(exp 'kidney cancer'/ or ('kidney cancer*' or 'kidney neoplasm*').ti,ab) 

 
PREVENTION 

(exp 'primary health care'/ or exp 'public health service'/ or ('primary health care' or 'primary care' 
or "public health service*" ).ti,ab) 
(exp 'primary prevention'/ or ('primary disease prevent*' or 'preventable disease*').ti,ab.) 
(exp 'preventive medicine'/ or ('medical prevent*' or 'preventive medicine*').ti,ab.) 
('protective factor*'.ti,ab.) 
(susceptibil*.ti,ab.) 
(exp *smoking/) 
(exp *exercise/ or exp *'sedentary lifestyle'/) 
(exp *nutrition/ or exp *obesity/) 
(exp *'drinking behavior'/ or exp *'alcohol consumption'/) 
(exp *'non insulin dependent diabetes mellitus'/) 
(exp *'Human immunodeficiency virus'/) 
(exp *Papillomavirus infection/) 
(exp *Helicobacter pylori/) 
(exp *'immunization'/) 
(exp 'cancer prevention'/ or exp 'cancer vaccine'/ or exp 'cancer immunization'/ or ('cancer prevent*' 
or 'cancer vaccin*' or 'cancer immuniz*').ti,ab.) 
(exp 'chemoprophylaxis'/ or ('chemoprevent*' or 'chemoprophylax*').ti,ab.) 
(exp 'prophylactic surgical procedure'/ or ('surgical prevent*').ti,ab.) 
(exp *'air pollution'/) 
('health care plan*' or 'community setting*' or 'community health plan*').ti,ab. 
(exp *'preventive health service'/ or ("preventive health service*").ti,ab.) 
 (exp community care/ or ('community health center*' or 'community health centre*' or 'community 
care').ti,ab.) 

(exp *'health education'/ or exp *'health promotion'/ or ('health educat*' or 'health promot*').ti,ab.) 
(exp 'mass screening'/ or exp 'secondary prevention'/ or ('screening*' or 'secondary 
prevent*').ti,ab.) 

(exp 'population surveillance'/ or ('population surveillance*' or 'population screening*').ti,ab.) 
(exp Early Diagnosis/ or ("early diagnos*").ti,ab.) 
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PERSONALISED 

(exp 'personalized medicine'/ or ('precision medicine*' or 'predict*' or 'personalized medicine*' or 
'individualized medicine*' or 'personalised medicine*' or 'individualised medicine*').ti,ab.) 
(exp 'risk assessment'/ or ('risk stratif*' or 'risk scor*' or 'risk adjust*' or 'risk assess*').ti,ab.) 
(exp 'Machine learning'/) 

 

CARDIOVASCULAR DISEASES 
OVID MEDLINE MESH 

BIOMARKERS 
(exp Biological factors/ or ("biological factor*" or biomarker* or "bio* marker*").ti,ab,kw,kf.) 

(exp *carbohydrates/ or exp *lipids/ or exp *amino acids/ or exp *proteins/ or exp *vitamins/ or 
exp *steroids/ or exp *Hormones/ or exp *Enzymes/) 

(exp genetic markers/ or exp genotype/ or exp genetics/ or exp genomics or ("genetic marker*" or 
"genotype" or "germline biomarker*" or "genetic*" or "genomic*" or "epigen*" or "epigenetic 
mark*").ti,ab,kw,kf.) 

(exp Microchip Analytical Procedures/) or (Microarray*).ti,ab,kw,kf. 

(exp Metabolomics/ or exp Proteomics/ or ("metabolomic*" or "proteomic*" or "lipidomic*" or 
"immunomic*" or "nutriomic*" or "transcriptomic*" or "radiomic*").ti,ab,kw,kf.) 

(exp *Diagnostic Imaging/ or imag*.ti,ab,kw,kf.) 

 
DISEASES 

(exp *atrial fibrillation/ or exp *atrial flutter/ or 'atrial fibrillation'.ti,ab,kw,kf.) 

(exp *cardiomyopathies/ or exp *myocarditis/ or 'cardiomyopath*'.ti,ab,kw,kf. Or 
'myocarditis'.ti,ab.) 

exp *myocardial ischemia/ or exp *myocardial infarction/ or 'ischemic heart disease'.ti,ab,kw,kf. or 
'ischaemic heart disease'.ti,ab,kw,kf. Or 'heart attack'.ti,ab,kw,kf. 

exp *heart valve diseases/ OR ("Nonrheumatic valvular heart" OR "calcific aortic valve" OR 
"degenerative mitral valve" OR "Nonrheumatic heart").ti,ab,kw,kf. 

exp *Peripheral Arterial Disease/ or 'Peripheral Arterial Disease'.ti,ab,kw,kf. 

exp *Aortic Aneurysm/ OR "'aortic aneurysm".ti,ab,kw,kf. 

exp *stroke/ or exp *brain infarction/ or exp *hemorrhagic stroke/ or exp *ischemic stroke/ or 
'stroke'.ti,ab,kw,kf. OR exp *Cerebral Hemorrhage/ OR exp *Subarachnoid Hemorrhage/ 

 
PREVENTION 

(exp Primary Health Care/ or ("public health service*" or "primary health care" or "primary 
care").ti,ab,kw,kf.) 

(exp Primary prevention/ or ("primary disease prevent*" or "preventable disease*").ti,ab,kw,kf.) 

(exp Preventive Medicine/ or ("preventive medicine*" or "medical prevent*").ti,ab,kw,kf.) 

("protective factor*".ti,ab,kw,kf.) 
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(susceptibil*.ti,ab,kw,kf.) 

(exp *smoking/) 

(exp *exercise/ or exp *sedentary behavior/) 

(exp *"Diet, food, and nutrition"/ or exp *Overweight/) 

(exp *Alcohol Drinking/) 

(exp *Type 2 Diabetes Mellitus/) 

exp *renal insufficiency, chronic/ or exp *kidney failure, chronic/ 

(exp *air pollution/) 

((exp *blood pressure/ or exp *hypertension/) or ("blood pressure" or "hypertension" or "high blood 
pressure").ti,ab,kw,kf.) 

(exp *hypercholesterolemia/ OR exp lipid metabolism disorders/ or exp dyslipidemias/ or 
"dyslipedemia*".ti,ab. OR "dyslipidaemia*".ti,ab,kw,kf. OR "high cholesterol".ti,ab,kw,kf.) 

exp hyperglycemia/ or exp *Blood Glucose/ or "high blood glucose".ti,ab,kw,kf. 

(exp *Community Health Planning/ or ("community setting*" or "health care plan*" or "community 
health plan*").ti,ab,kw,kf.) 

(exp *Preventive health service/ or "preventive health service*".ti,ab,kw,kf.) 

(exp *Community Health Center/ or ("community health center*" or "community health centre*" 
or "community care").ti,ab,kw,kf.) 

(exp *Health Education/ or ("health educat*" or "health promot*").ti,ab,kw,kf.) 

(exp Mass Screening/ or exp Secondary Prevention/ or ("secondary prevent*" or 
"screening*").ti,ab,kw,kf.) 

(exp Population Surveillance/ or ("population surveillance*" or "population 
screening*").ti,ab,kw,kf.) 

(exp Early Diagnosis/ or ("early diagnos*").ti,ab,kw,kf.) 

 
PERSONALISED 

(exp Precision medicine/ or ("personalised medicine*" or "precision medicine*" or "predict*" or 
"individualized medicine*" or "personalised medicine*" or "individualised medicine*").ti,ab,kw,kf.) 

(exp Risk assessment/ or exp Risk adjustment/ or ("risk stratifi*" or "risk scor*" or "risk assess*" or 
"risk adjust*").ti,ab,kw,kf.) 

(exp Machine learning/) 

 

CARDIOVASCULAR DISEASES 
OVID EMBASE EMTREE 

BIOMARKERS 
(exp marker/ or ('biological factor*' or 'bio* marker*').ti,ab.) 
(exp *'carbohydrate'/ or exp *'lipid'/ or exp *'amino acid'/ or exp *'protein'/ or exp *'vitamin'/ or 
exp *'steroid'/ or exp *'hormone'/ or exp *'enzyme'/) 
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(exp 'genetic marker'/ or exp 'genotype'/ or exp 'genetics'/ or exp 'genomics'/ or ('genotype' or 
'genetic*' or 'genomic*' or 'epigenetic mark*' or 'germline biomarker*' or 'epigen*' or 'genetic 
marker*').ti,ab.) 
(exp 'microchip analysis'/ or exp 'microarray analysis'/ or ('microarray*').ti,ab.) 
(exp metabolomics/ or exp proteomics/ or exp lipidomics/ or exp nutriomics/ or exp 
transcriptomics/ or exp immunomics/ or exp radiomics/ or (proteomic* or lipidomic* or nutriomic* 
or metabolomic* or transcriptomic* or immunomic* or radiomic*).ti,ab.) 
(exp *'Diagnostic Imaging'/ or (imag*).ti,ab.) 

 
DISEASES 

exp *atrial fibrillation/ or exp *heart atrium flutter/ or 'atrial fibrillation'.ti,ab. 
exp *cardiomyopathy/ or exp *myocarditis/ or 'cardiomyopath*'.ti,ab. or 'myocarditis'.ti,ab. 
exp *heart muscle ischemia/ or exp *heart infarction/ or 'ischemic heart disease'.ti,ab. or 'ischaemic 
heart disease'.ti,ab. 
exp *aortic valve disease/ or exp *mitral valve disease/ or "nonrheumatic heart".ti,ab. 
exp *peripheral occlusive artery disease/ OR 'Peripheral Arterial Disease'.ti,ab. 
exp aortic aneurysm/ OR "aortic aneurysm".ti,ab. 
exp *cerebrovascular accident/ or exp *ischemic stroke/ OR exp *brain hemorrhage/ OR exp 
*subarachnoid hemorrhage/ OR 'Stroke'.ti,ab. 

 
PREVENTION 

(exp 'primary health care'/ or exp 'public health service'/ or ('primary health care' or 'primary care' 
or "public health service*" ).ti,ab) 
(exp 'primary prevention'/ or ('primary disease prevent*' or 'preventable disease*').ti,ab.) 
(exp 'preventive medicine'/ or ('medical prevent*' or 'preventive medicine*').ti,ab.) 
('protective factor*'.ti,ab.) 
(susceptibil*.ti,ab.) 
(exp *smoking/) 
(exp *exercise/ or exp *'sedentary lifestyle'/) 
(exp *nutrition/ or exp *obesity/) 
(exp *'drinking behavior'/ or exp *'alcohol consumption'/) 
(exp *'non insulin dependent diabetes mellitus'/) 
(exp *hypercholesterolemia/ OR exp dyslipidemia/ or "dyslipidemia*".ti,ab. OR 
"dyslipidaemia*".ti,ab. OR "high cholesterol".ti,ab.) 
(exp *'blood pressure'/ or exp *'hypertension'/ or ('blood pressure' or 'high blood pressure' or 
'hypertension').ti,ab.) 
exp hyperglycemia/ OR exp glucose blood level/ or "high blood glucose".ti,ab. 
exp *kidney failure/ or exp *chronic kidney failure/ 
exp heart infarction prevention/ 
(exp *'air pollution'/) 
('health care plan*' or 'community setting*' or 'community health plan*').ti,ab. 
(exp *'preventive health service'/ or ("preventive health service*").ti,ab.) 
(exp community care/ or ('community health center*' or 'community health centre*' or 'community 
care').ti,ab.) 
(exp *'health education'/ or exp *'health promotion'/ or ('health educat*' or 'health 
promot*').ti,ab.) 
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(exp 'mass screening'/ or exp 'secondary prevention'/ or ('screening*' or 'secondary 
prevent*').ti,ab.) 
(exp 'population surveillance'/ or ('population surveillance*' or 'population screening*').ti,ab.) 
(exp Early Diagnosis/ or ("early diagnos*").ti,ab.) 

 
PERSONALISED 

(exp 'personalized medicine'/ or ('precision medicine*' or 'predict*' or 'personalized medicine*' or 
'individualized medicine*' or 'personalised medicine*' or 'individualised medicine*').ti,ab.) 
(exp 'risk assessment'/ or ('risk stratif*' or 'risk scor*' or 'risk adjust*' or 'risk assess*').ti,ab.) 
(exp 'Machine learning'/) 

 

NEURODEGENERATIVE DISEASES 
OVID MEDLINE 
BIOMARKERS 

(exp Biological factors/ or ("biological factor*" or biomarker* or "bio* marker*").ti,ab,kw,kf.) 

(exp *carbohydrates/ or exp *lipids/ or exp *amino acids/ or exp *proteins/ or exp *vitamins/ or exp 
*steroids/ or exp *Hormones/ or exp *Enzymes/) 

(exp genetic markers/ or exp genotype/ or exp genetics/ or exp genomics or ("genetic marker*" or 
"genotype" or "germline biomarker*" or "genetic*" or "genomic*" or "epigen*" or "epigenetic 
mark*").ti,ab,kw,kf.) 

(exp Microchip Analytical Procedures/ or (Microarray*).ti,ab,kw,kf.) 

(exp Metabolomics/ or exp Proteomics/ or ("metabolomic*" or "proteomic*" or "lipidomic*" or 
"immunomic*" or "nutriomic*" or "transcriptomic*" or "radiomic*").ti,ab,kw,kf.) 

((exp neuroglia/ or exp microbiota/) or ("neuroglia" or "microbiota" or "microbiome" or "gut 
microbiota").ti,ab,kw,kf.) 

(exp *"Diagnostic Imaging"/ or (imag*).ti,ab,kw,kf.) 

  
DISEASES 

(exp amyotrophic lateral sclerosis/ or ("amyotrophic lateral sclerosis" or "gehrig disease" or "lou 
gehrig disease").ti,ab,kw,kf.) 

(exp parkinson disease/ or ("parkinson" or "secondary parkinson disease" or "secondary 
parkinsonism").ti,ab,kw,kf.) 

(exp alzheimer disease/ or ("Alzheimer disease" or "Alzheimer´s disease" or "alzheimer" or 
"alzheimer dementia").ti,ab,kw,kf.) 

(exp Frontotemporal dementia/ or ("Frontotemporal dementia" or "Wilhelmsen-Lynch disease" or 
"Frontotemporal Lobe Dementia").ti,ab,kw,kf.) 

(exp Lewy body disease/ or ("Dementia with lewy body" or "Diffuse Lewy Body Disease" or "Lewy 
Body Dementia").ti,ab,kw,kf.) 

((exp Multiple sclerosis/) or ("Multiple sclerosis").ti,ab,kw,kf.) 

((exp Vascular dementia/) or ("Vascular dementia").ti,ab,kw,kf.) 
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PREVENTION 
(exp Primary Health Care/ or ("public health service*" or "primary health care" or "primary 
care").ti,ab,kw,kf.) 

(exp Primary prevention/ or ("primary disease prevent*" or "preventable disease*").ti,ab,kw,kf.) 

(exp Preventive Medicine/ or ("preventive medicine*" or "medical prevent*").ti,ab,kw,kf.) 

(("protective factor*").ti,ab,kw,kf.) 

(susceptibil*.ti,ab,kw,kf.) 

(exp *smoking/) 

(exp *exercise/ or exp *sedentary behavior/) 

(exp *Diet, food, and nutrition/ or exp *Overweight/) 

(exp *Alcohol Drinking/) 

((exp *blood pressure/ or exp *hypertension/) or ("blood pressure" or "hypertension" or "high blood 
pressure").ti,ab,kw,kf.) 

(exp *hypercholesterolemia/) 

(exp *Type 2 Diabetes Mellitus/) 

(exp Early Diagnosis/ or ("early diagnos*").ti,ab,kw,kf.) 

(exp Mass Screening/ or exp Secondary Prevention/ or ("secondary prevent*" or 
"screening*").ti,ab,kw,kf.) 

(exp Population Surveillance/ or ("population surveillance*" or "population screening*").ti,ab,kw,kf.) 

(exp *Community Health Planning / or ("community setting*" or "health care plan*" or "community 
health plan*").ti,ab,kw,kf.) 

(exp *Preventive health service/ or ("Preventive health service*").ti,ab,kw,kf.) 

(exp *Community Health Center/ or ("community health center*" or "community health centre*" or 
"community care").ti,ab,kw,kf.) 

(exp *Health Education / or ("health educat*" or "health promot*").ti,ab,kw,kf.) 

  
PERSONALISED 

(exp Precision medicine/ or ("personalised medicine*" or "precision medicine*" or "predict*" or 
"individualized medicine*" or "personalised medicine*" or "individualised medicine*").ti,ab,kw,kf.) 

(exp Risk assessment / or exp Risk adjustment / or ("risk stratif" or "risk scor*" or "risk assess*" or 
"risk adjust*").ti,ab,kw,kf.) 

(exp Machine learning/) 

 

NEURODEGENERATIVE DISEASES 
OVID EMBASE EMTREE 

BIOMARKERS 
(exp marker/ or ('biological factor*' or 'bio* marker*').ti,ab.) 
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(exp *'carbohydrate'/ or exp *'lipid'/ or exp *'amino acid'/ or exp *'protein'/ or exp *'vitamin'/ or 
exp *'steroid'/ or exp *'hormone'/ or exp *'enzyme'/) 
(exp 'genetic marker'/ or exp 'genotype'/ or exp 'genetics'/ or exp 'genomics'/ or ('genotype' or 
'genetic*' or 'genomic*' or 'epigenetic mark*' or 'germline biomarker*' or 'epigen*' or 'genetic 
marker*').ti,ab.) 
(exp 'microchip analysis'/ or exp 'microarray analysis'/ or ('microarray*').ti,ab.) 
(exp metabolomics/ or exp proteomics/ or exp lipidomics/ or exp nutriomics/ or exp transcriptomics/ 
or exp immunomics/ or exp radiomics/ or (proteomic* or lipidomic* or nutriomic* or metabolomic* 
or transcriptomic* or immunomic* or radiomic*).ti,ab.) 
(exp 'glia'/ or exp 'microflora'/ or exp 'immunomics'/ or exp *'neurotransmitter'/ or ('microbiota' or 
'microglia' or 'microbiome').ti,ab.) 
(exp *'Diagnostic Imaging'/ or (imag*).ti,ab.) 

 
DISEASES 

(exp 'Amyotrophic lateral sclerosis'/ or ('amyotrophic lateral sclerosis' or 'Gehrig Disease' or 'Lou 
Gehrig Disease').ti,ab.) 
(exp 'Parkinson disease'/ or ('Parkinson' or 'Secondary Parkinson Disease' or 'Secondary 
Parkinsonism').ti,ab.) 
(exp 'Alzheimer disease'/ or ('Alzheimer' or 'Alzheimer disease' or 'Alzheimer's disease' or 'Alzheimer 
Dementia').ti,ab.) 
(exp 'Frontotemporal dementia'/ or ('Wilhelmsen-Lynch disease' or 'Frontotemporal Lobe 
Dementia').ti,ab.) 
(exp 'Lewy body disease'/ or ('Dementia with Lewy body' or 'Diffuse Lewy body disease' or 'Lewy 
body dementia').ti,ab.) 
(exp 'Multiple sclerosis'/ or 'Multiple sclerosis'.ti,ab.) 
(exp 'multiinfarct dementia'/ or ('multiinfarct dementia' or 'vascular dementia').ti,ab.) 

 

PREVENTION 
(exp 'primary health care'/ or exp 'public health service'/ or ('primary health care' or 'primary care' 
or "public health service*" ).ti,ab) 
(exp 'primary prevention'/ or ('primary disease prevent*' or 'preventable disease*').ti,ab.) 
(exp 'preventive medicine'/ or ('medical prevent*' or 'preventive medicine*').ti,ab.) 
('protective factor*'.ti,ab.) 
(susceptibil*.ti,ab.) 
(exp *smoking/) 
(exp *exercise/ or exp *'sedentary lifestyle'/) 
(exp *nutrition/ or exp *obesity/) 
(exp *'drinking behavior'/ or exp *'alcohol consumption'/) 
(exp *'non insulin dependent diabetes mellitus'/) 
(exp *hypercholesterolemia/ OR exp dyslipidemia/ or "dyslipidemia*".ti,ab. OR 
"dyslipidaemia*".ti,ab. OR "high cholesterol".ti,ab.) 
(exp *'blood pressure'/ or exp *'hypertension'/ or ('blood pressure' or 'high blood pressure' or 
'hypertension').ti,ab.) 
('health care plan*' or 'community setting*' or 'community health plan*').ti,ab. 
(exp *'preventive health service'/ or ("preventive health service*").ti,ab.) 
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(exp community care/ or ('community health center*' or 'community health centre*' or 'community 
care').ti,ab.) 

(exp *'health education'/ or exp *'health promotion'/ or ('health educat*' or 'health promot*').ti,ab.) 
(exp 'mass screening'/ or exp 'secondary prevention'/ or ('screening*' or 'secondary prevent*').ti,ab.) 

(exp 'population surveillance'/ or ('population surveillance*' or 'population screening*').ti,ab.) 
(exp Early Diagnosis/ or ("early diagnos*").ti,ab.) 

 
PERSONALISED 

(exp 'personalized medicine'/ or ('precision medicine*' or 'predict*' or 'personalized medicine*' or 
'individualized medicine*' or 'personalised medicine*' or 'individualised medicine*').ti,ab.) 
(exp 'risk assessment'/ or ('risk stratif*' or 'risk scor*' or 'risk adjust*' or 'risk assess*').ti,ab.) 
(exp 'Machine learning'/) 
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Annex E: Additional tables 

Cancer 
Primary prevention 

 

 

 

 

Supplementary table 1 Number of studies for primary prevention on cancer according to study design 

Supplementary table 2 Number of studies identified for primary prevention of cancer where lifestyle 
factors were considered 
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Secondary prevention 

 

Supplementary table 3 Number of studies identified for primary prevention of cancer for each 
population type 

Supplementary table 4 Number of studies for secondary prevention on cancer according to study 
design 
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Supplementary table 5 Number of studies identified for secondary prevention of cancer for each 
population type 

 

Cardiovascular diseases 
Primary prevention 

Supplementary table 6 Number of studies for primary prevention on cardiovascular diseases according 
to study design 

 
 

Supplementary table 7 Number of studies identified for primary prevention of cardiovascular diseases 
where lifestyle factors were considered 
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Supplementary table 8  Number of studies identified for primary prevention of cardiovascular diseases 
for each population type 

 
Secondary prevention 

 

Supplementary table 9 Number of studies for secondary prevention on cardiovascular diseases 
according to study design 

 
Supplementary table 10 Number of studies identified for secondary prevention of cardiovascular 
diseases for each population type 
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Neurodegenerative diseases 
 
Primary prevention 

 

 

 

 

Supplementary table 11 Number of studies for primary prevention on neurodegenerative diseases 
according to study design 

Supplementary table 12 Number of studies identified for primary prevention of neurodegenerative 
diseases where lifestyle factors were considered 
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Secondary prevention 

 

  

Supplementary table 13 Number of studies identified for primary prevention of neurodegenerative 
diseases for each population type 

Supplementary table 14 Number of studies for secondary prevention on neurodegenerative diseases 
according to study design 
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Supplementary table 15 Number of studies identified for secondary prevention of neurodegenerative 
diseases for each population type 
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Table of Acronyms 
ACS Acute coronary syndrome 

AD Alzheimer's disease 

AF Atrial fibrillation and atrial flutter 

AI Artificial Intelligence 

ALS Amyotrophic Lateral Sclerosis 

ANN Artificial Neural Network 

ApoE  Apolipoprotein E 

BM Biomarker 

BMI Body Mass Index 

CAD Coronary artery disease 

CDC Centre for Disease Control and Prevention 

CKD Chronic Kidney Disease 

CNN Convolutional Neural Network 

CNS Central Nervous System 

CT Computed Tomography 

CVD cardiovascular diseases 

CVE Cardiovascular Events 

DL Deep Learning 

DMT Disease-Modifying Therapy 

DTI Diffusion Tensor Images 

DWI Diffusion-Weighted Images 

ECG Electrocardiogram 

EEG Electroencephalogram 

GEO Gene Expression Omnibus 

GWAS Genome/wide association study 

HBV Hepatitis B Virus 

HCV Hepatitis C Virus 

HDV Hepatitis D Virus 

HIV Human Immunodeficiency Virus 

HPV Human Papilloma Virus 

IARC International Agency for Research on Cancer 

IHD Ischemic heart disease 

JBI  Joanna Briggs Institute 

LDCT Low-Dose Computed Tomography 

MACCE Major Adverse Cardiac and Cerebrovascular Events 

MACE Major Adverse Cardiac Events 

MCI Mild Cognitive Impairment 

ML Machine Learning 
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MR Mendelian Randomization 

MRI Magnetic Resonance Imaging 

MS Multiple Sclerosis 

NCD non/communicable diseases 

NFL Neurofilaments 

NRVHD Nonrheumatic valvular heart disease 

PAD Peripheral Artery Disease 

PET Positron Emission Tomography 

PCC Population, Concept and Context 

PRECeDI Personalised medicine for disease prevention 

PRISMA Preferred Reporting Items for Systematic Reviews and Meta/Analyses 

PROPHET PeRsOnalised Prevention roadmap for the future HEalThcare 

PRS Polygenic Risk Score 

PSA Prostate-Specific Antigen 

RCT Randomized Controlled Trial 

SCD Subjective Cognitive Decline 

SNP Single Nucleotide Polymorphism 

SPECT Single-Photon Emission Computed Tomography 

SRIA Strategy Research and Innovation Agenda 

T2DM Type 2 Diabetes Mellitus 

TCGA The Cancer Genome Atlas  
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evidence gap maps. 

Methods: EPPI-Mapper is an open-access web application that enables the creation of an interactive 
Evidence Gap Map (EGMs). Using the data obtained from the scoping reviews, the interactive EGMs 
were created using EPPI-Mapper for each of the disease groups. The evidence gap maps take into 
account biomarker type, group of diseases and type of prevention.  

Results:  For each group of diseases (cancer, cardiovascular diseases and neurodegenerative diseases) 
three gap maps were developed, one with information about biomarkers and lifestyles in primary 
prevention, and two detailing the biomarkers and diseases by population group studied, one each for 
primary and secondary prevention. 
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Introduction 
�d�Z�����^�W���Œ�•�}�v���o�]�•�������W�Œ���À���v�š�]�}�v���Œ�}�����u���‰���(�}�Œ���š�Z�����(�µ�š�µ�Œ�����,�����o�d�Z�����Œ���_���~�W�Z�K�W�,���d�•���‰�Œ�}�i�����š�U���(�µ�v��������

by the ���µ�Œ�}�‰�����v���h�v�]�}�v�[�•���,�}�Œ�]�Ì�}�v�����µ�Œ�}�‰�����Œ���•�����Œ���Z�����v�����]�v�v�}�À���š�]�}�v���‰�Œ�}�P�Œ���u, aims to develop a Strategic 
Research and Innovation Agenda (SRIA) for the European Union in personalised prevention. For this 
purpose, �W�Z�K�W�,���d�[�•�� �t�}�Œ�l�� �W�����l���P���� �î includes mapping exercises of the current situation from 
different perspectives to inform the SRIA. 

The first of task, T2.1.1, Mapping available biomarkers -including genetics, for risk prediction 
and stratification in cancer, cardiovascular and neurodegenerative diseases, and their potential 
integration with digital technologies, intends to show the current landscape of biomarkers �v in use 
or under development�v  for personalised prevention in the general adult population, as well as their 
integration with digital technologies, and to highlight gaps in this area of research, focusing on primary 
and secondary prevention for three main disease groups: cancer, cardiovascular and 
neurodegenerative diseases.    

To achieve this aim, taking into account this broad scope, and given the  time constraints, the 
recommended methodological approach is a rapid scoping review (1). Scoping reviews are 
transparent, rigorous, and systematic approaches to identify, describe, and catalogue evidence and 
evidence gaps relating to any question of interest (2). In the field, some authors differentiate a specific 
subtype, mapping reviews, particularly for broad topic areas, in which descriptive information about 
the studies is collected with predefined codes to provide visual summary maps that can allow readers 
and researchers to have a quick overview of their main results (2). Evidence maps classify the evidence 
which relates to a particular sector or issue, including some reporting of the features (but not content) 
of the evidence. Usually they do not include a critical appraisal of primary studies on the grounds that 
it would be too time consuming given the time frame in which maps are usually produced (3).  

We used a common protocol to carry out three separate rapid scoping reviews, one per group 
of diseases addressed in this work (cancer, cardiovascular and neurodegenerative diseases). The main 
results and conclusions have been detailed in the report that corresponds to deliverable D.2.1. The full 
protocol has been uploaded to the Open Science Framework for public consultation, with registration 
DOI https://doi.org/10.17605/OSF.IO/7JRWD.  

The present document complements the report, presenting, as an extra deliverable, a 
collection of interactive evidence gap maps (2,4) that allow access, explore and download the 
bibliographic information retrieved in the scoping reviews, taking into account biomarker type, disease 
group of diseases and type of prevention.   

Methods 
The graphical representation of the Evidence Gap Map (EGM) has been created using EPPI-

Mapper (5), an open-access web application that enables the creation of interactive EGMs. Developed 
in 2018 by the Evidence for Policy and Practice Information and Coordinating Centre (EPPI-Centre) and 
Digital Solution Foundry, in partnership with the Campbell Collaboration, EPPI-Mapper has become 
the standard software for producing visual evidence gap maps. 

In this project, the screening, and data extraction from the three scoping reviews were carried 
out in  Covidence, a software designed to aid in the management of systematic reviews.  After selecting 
those papers that met inclusion criteria (Annex A), the reviewers completed the data extraction form 
(Annex B). Afterwards, all this information was exported to an Excel file. We utilized R Studio to clean 
and prepare this database for its use in EPPI-Mapper by generating two new Excel files: one containing 
the EGM structure (i.e. what will be the columns and rows of the visual table) and coding sets, and 
another containing the bibliographic references and their codes that reviewers had added. Finally, we 
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used a Python script to produce a file in JSON format, making it ready for importation into EPPI-
Reviewer. 

The EPPI-Centre provides an example of the minimum requirements for the JSON file. The file 
includes two key elements: "CodeSets," which define the structure of the EGM and its different layers 
of information (diseases, biomarkers, type of study as segmenting attribute, and filters); and 
"References" which contain the metadata of the included studies, along with their respective coding 
and filters defined during the mapping process. Subsequently, the JSON file is uploaded to EPPI-
Mapper webtool, where the user selects the relevant elements for the map structure, display options, 
and customization. Upon completion, the web application generates an HTML file that showcases the 
graphical, interactive representation of the produced EGM, and that can also be customized. Columns 
and rows in the map may have an additional subdivision, which can be collapsed or expanded by the 
user.   

Results 
The maps are matrixes with biomarkers categories/subcategories serving as rows and diseases 

serving as columns. Each cell is divided into small squares, showing the number of papers included in 
it. Each coloured square represents a scientific paper, and the code of colours reflects the study design, 
as explained at the bottom of the page.  

Figure 1. Colour code in the PROPHET scoping review interactive gap maps. 

 

To view the articles in a particular cell, the user has to move the mouse pointer over it. This 
will display the total number of articles that correspond to this specific cell, broken down by study 
design. If the user clicks in the cell, a menu will appear on the right-hand side of the screen showing 
the article titles, as well as the abstract and main bibliographic information of each paper, which can 
be downloaded in RIS format. 

In addition, the map has additional filters, to allow the selection of the type of study, the use of artificial 
intelligence or whether the paper used mendelian randomization. 

Figure 2. Additional filters in the PROPHET scoping review interactive gap maps. 
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For each group of diseases (cancer, cardiovascular and neurodegenerative diseases) we have 
designed three gap maps, one including the information collected about biomarkers and 
lifestyles in primary prevention, and two detailing the information of biomarkers and diseases 
by population group studied in primary and secondary prevention. The links to each can be 
found on the OSF website https://osf.io/48g5p/files/osfstorage and include the EGMS for:  
 
Cancer 

�x Biomarkers in personalised primary prevention of cancer and lifestyle-related 
factors/family risk  

o https://osf.io/nwd2v 
�x Biomarkers in personalised primary prevention of cancer by study population 

o https://osf.io/exq5r 
�x Biomarkers in personalised secondary prevention of cancer by study population 

o https://osf.io/k7hr8 
 
Cardiovascular diseases 

�x Biomarkers in personalised primary prevention of cardiovascular disease and lifestyle-
related factors/family risk  

o https://osf.io/xvnwd 
�x Biomarkers in personalised primary prevention of cardiovascular disease by study 

population 
o https://osf.io/5ydsw 

�x Biomarkers in personalised secondary prevention of cardiovascular disease by study 
population 

o https://osf.io/wrx7h 
 

Neurodegenerative diseases 

�x Biomarkers in personalised primary prevention of neurodegenerative diseases and 
lifestyle-related factors/family risk  

o https://osf.io/m3c5u 
�x Biomarkers in personalised primary prevention of neurodegenerative diseases by 

study population 
o https://osf.io/kebg7 

�x Biomarkers in personalised secondary prevention of neurodegenerative diseases by 
study population 

o https://osf.io/n7vgd 
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Conclusion 
Three scoping reviews investigating biomarkers for primary and secondary personalised prevention in 
cancer, cardiovascular and neurodegenerative diseases were completed. A report covering the results 
of these scoping reviews has been produced. In addition, we have developed evidence gap maps as an 
additional deliverable to enable the interactive exploration of the findings from the scoping reviews. 
These maps allow for the results to be explored and make them accessible for further investigation 
into the findings. 
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Annex A. Eligibility criteria 
  Inclusion  Exclusion  

Population
  

�7 Adult general population (�H��18 years).  
�7 Specific high-risk adult population subgroups:  

                     
For all: Smoking, alcohol consumption, diabetes, obesity, family history 

o For cancer: HPV, liver cirrhosis, hepatitis virus (HVB, HVC, HVD), 
Helicobacter pylori, HIV infection. 

o For CVD: arterial hypertension, hypercholesterolemia or 
dyslipidemia, chronic kidney disease. 

o For neurodegenerative diseases: hypertension, 
hypercholesterolemia or dyslipidaemia, APOE genotype, 
hearing impairment. 

�7  Any country of origin.   

× Pregnancy. 

Concept  �7 Studies with a focus on molecular, cellular, physiological, 
anthropometric, and imaging biomarkers* used for individualised 
primary or secondary prevention of the following diseases**:  

o Cancer:  breast, lung, prostate, colon, bladder, kidney, rectum, 
pancreas, liver, stomach, corpus uteri, and cervix uteri. 

o CVD: ischemic heart disease, stroke, cardiomyopathy and 
myocarditis, atrial fibrillation and atrial flutter, aortic aneurysm, 
nonrheumatic valvular heart disease (calcific aortic valve disease, 
degenerative mitral valve disease), peripheral artery disease.  

o Neurodegenerative diseases:  amyotrophic lateral sclerosis, 
�W���Œ�l�]�v�•�}�v�[�•�� ���]�•�����•���U�� ���o�Ì�Z���]�u���Œ�[�•�� ���]�•�����•���U�� �(�Œ�}�v�š�}�š���u�‰�}�Œ���o��
dementia, vascular dementia, Lewy body disease and multiple 
sclerosis. 

�7 In primary prevention: 
Biomarkers should stratify individuals into groups. 

�7 In secondary prevention: 
Biomarkers should improve the screening or early detection: 
o stratifying different risk groups. 
o improving the sensitivity, specificity, and time of diagnosis for new 

subgroups of individuals.  

× Studies with a focus on 
diagnostic biomarkers not 
used for secondary 
prevention.  

× Studies with a focus on 
biomarkers used for 
prognosis. 

× Any infectious aetiology for 
the cardiovascular diseases 
included in this scoping 
review. 

× Studies focusing only on 
well-established biomarkers 
used for the diagnosis of any 
of the diseases, infections, 
and conditions in the specific 
high-risk population groups. 

 
 

Context  �7 Clinical or Public Health settings.   
�7 English language only.  
�7 Any geographical setting.  

× Studies published before 
2020.  

Type of 
evidence  

�7 Reviews: 
Umbrella review, systematic review, meta-analysis, scoping review. 

�7 Experimental and quasi-experimental study designs: 
Randomised controlled trials, non-randomized controlled trials, before 
and after studies, interrupted time-series studies.  

�7 Analytical observational study designs: 
Prospective and retrospective cohort studies, case-control studies, and 
analytical cross-sectional studies.  

�7 Descriptive observational study designs:  
Descriptive cross-sectional studies. 

× Editorials and opinion 
pieces.  

× Narrative reviews.  
× Protocols.  
× Qualitative study designs. 

Delphi studies. 
× Conference abstracts, 

conference reports. 
× Clinical practice guidelines. 
× Basic research (i.e., 

laboratory research in 
animals, human tissues, and 
cell lines). 

× Case reports and case series. 

Sources �7 MEDLINE via Ovid.  
�7 Embase via Ovid.  
�7 Embase preprints via Ovid. 

 

* Those biomarkers used to define the specific high-risk groups (i.e. glucose levels for diabetes, lipid levels for hypercholesterolemia, BMI for obesity) will not be 
considered alone, unless they are complemented by new biomarkers or personal information (see Annex B). Imaging tests will be considered as a biomarker. 
** Research on intermediary disease outcomes (e.g., cognitive decline stands for dementia, lung nodule stands for lung cancer ) will also be included if there is 
clear association with the outcomes of interest and the paper explicitly declares such association from previous evidence.  
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Annex B. Data extraction form 
CODE 

Methods  
Study design  

Umbrella reviews 
Systematic review (With meta-analysis) 
Systematic review (Without meta-analysis) 
RCT  
Cohort study  
Case-control study  
Other design   
N/P (Not Provided)  

Mendelian Randomization Has Mendelian randomization been used in the study? 

Biomarker(s)  

Name  Name of the biomarker(s) in text format  

Molecular 

Genetics/Genomics  
Epigenetics/Epigenomics  
Transcription/Transcriptomics  
Metabolites/Metabolomics  
Proteins/Proteomics  
Microbiomics/Microbiology  
Biochemistry  
Other molecular biomarker 
N/P 

Cellular  

Histology (tissue abnormalities)  
Cytology (cell types)  
Other cellular biomarker 
N/P 

Imaging  

X-Rays  
Ultrasound (echography, etc)  
CT Scan  
PET/SPECT 
Spectrometry 
MRI  
Scintigraphy (Gamma)  
Mammography  
Other image biomarker  
N/P 

Physiological  
 

Blood Pressure 
Ankle-brachial Index 
ECG 
EEG 
Electromyography 
Other physiological biomarker 
N/P 

Anthropometric measures  

BMI 
Body perimeters 
Other anthropometric biomarker 
N/P 
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CODE 

Clinical Utility  Does the paper mention the clinical utility of the biomarker? (explicitly)  

AI  
Did they use AI technology or methods related to AI? (Deep learning, machine learning, 
clinical trial simulation, etc.)  

Radiomics  Does the paper mention radiomics?  

Technology  

If they used a new 
technology/wearable to 
measure the biomarker, 
specify which one  

Smart watch  
Pulse oximetry  
Infrared cameras  
Other 

Diseases 

Cancer 

Breast cancer  
Lung cancer  
Prostatic cancer  
Gastric cancer  
Colorectal cancer  
Corpus uteri cancer  
Cervical cancer 
Bladder cancer  
Pancreatic cancer  
Liver cancer  
Kidney cancer  

Cardiovascular diseases 

Ischemic heart disease  
Cardiomyopathy and myocarditis  
Atrial fibrillation and atrial flutter  
Aortic aneurysm  
Nonrheumatic valvular heart disease  
Peripheral artery disease  
Stroke  
Stroke -ischemic stroke  
Stroke - intracerebral haemorrhage  
Stroke - subarachnoid haemorrhage  
Hypertensive heart disease 
MACE 

Neurodegenerative 
diseases 

ALS  
Parkinson  
Alzheimer  
Frontotemporal dementia  
Vascular dementia  
Lewy body disease  
Multiple sclerosis  

Prevention  

Type  
Primary  
Secondary: Screening, early diagnosis, and early detection  
N/P  

If Primary: Lifestyle  

Smoking  
Exercise  
Diet  
Alcohol  
Air pollution  
Immunization  
Obesity  
Preventive drugs  
Other:_____Specify which one  
N/P 
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CODE 

Population 
  
Population type 

General: without any other condition or healthy participants. 
(Included in all disease groups)  
Smoking (all)  
Alcohol consumption (all)  
Family history (all) 
Diabetes (included in CVD and cancer)  
Hypertension (included in CVD and neurodegenerative 
diseases)  
Cholesterol/Dyslipidaemia (included in CVD)  
Obesity (included in CVD, cancer, and neurodegenerative 
diseases)  
HIV (included in cancer)  
HPV (included in cancer)  
Helicobacter pylori (included in cancer)  
Kidney Failure/CKD (included in CVD)  
Cirrhosis (included in cancer)  
Hepatitis Virus B/C/D (included in cancer)  
Sleep (included in neurodegenerative diseases) 
Apoe genotype (included in neurodegenerative diseases) 
Hearing impairment (included in neurodegenerative 
diseases) 
N/P 

Observations  Subjective reviewer observations (if needed)  

 


