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Searching for clinical extremes to find protective mechanisms 

Cardiovascular and metabolic phenotyping of individuals protected from 
cardiovascular complications in spite of risk factor burden or clinical disease 

Steering group: Anders Gottsäter 1 (PI), Peter M Nilsson 1 (co-PI), Håkan Arheden 1, Anders 
Christensson 1, Gunnar Engström 1, Cecilia Kennbäck 1, Valeriya Lyssenko 1,2, Magnus 
Löndahl 1, Martin Magnusson 1, Olle Melander 1 , at Lund University, Sweden1, and Bergen 
University, Norway 2 

Purpose and Aims 

The purpose is to investigate cardiovascular (CV) and metabolic phenotypes, and their 
genetic and non-genetic determinants, in individuals who seem to escape or substantially 
delay major clinical CV events in spite of a risk factor burden or existing co-morbidities. 

The primary aim of this cross-sectional, observational study is to further examine aspects of 
cardiac function, the vasculature and metabolic control in three target groups (subjects with 
T1DM, MHO, or CKD-5), and relate these data to extensive genetic and biomarker profiling. 
A secondary aim is to prospectively follow study subjects for clinical prognosis after 5 and 
10 years based on local medical records and national register linkages. 

State-of-the-Art 

Besides random variation of disease onset and manifestations in relation to risk factor 
burden and co-morbidities it is likely that protective mechanisms exist to postpone or prevent 
CV event manifestations. Such mechanisms could be influenced by the genetic setup, 
metabolic traits, lifestyle or other unknown factors - to be explored. If true causal protective 
mechanisms can be discovered and mapped (precision medicine), this could contribute to 
finding new drug targets and facilitate the development of new preventive drugs. 

Previous research has reported on clinical models of protection from CV complications in 
spite of a long disease duration or increased risk factor burden, so called “extremes” [1]. One 
example is type 1 diabetes (T1DM), starting most often in childhood, but also with a later 
(adult) onset in some patients. It is characterized by autoimmune processes contributing to 
beta-cell failure, need of daily insulin injections, and slowly developing complications 
(vasculopathy, neuropathy, and nephropathy) in most patients [2]. However, a few patients 
seem to escape macrovascular complications such as CV disease (CVD) events (so called 
“escapers”), and often also signs of microvascular complications. In addition, there are some 
patients surviving complications (“survivors”) or facing delayed complications (“delayers”) [3]. 
Studies have followed patients with T1DM long term; the “Golden Years Cohort” in the UK 
[4], or the “Joslin Medallist Cohort” in the US [5]. In Scandinavia, a similar cohort is 
established since 10 years, the “PROtective genes in diabetic complications and LONGevity” 
(PROLONG) Study, focused on a deeper characterization of the genetic structure and 
metabolic traits of T1DM late progressors or “escapers” [6-8]. Correspondingly, a Swedish 
observational study from the National Diabetes Register (NDR) reported that people with 
T1DM surviving ≥ 50 years without complications are chronologically younger, and have 
lower BMI, HbA1c and triglyceride levels than survivors with early non-fatal complications. 
HbA1c level predicted macrovascular disease independently of diabetes duration [9].  

A remaining question is how the CV system is mechanistically protected from influences of 
long-standing T1DM and the detrimental effects of metabolic aberrations, chronic 
inflammation [10], risk factor burden, and concomitant co-morbidities. Our hypothesis is that 
escapers or delayers are characterised by a specific genetic or metabolic set-up - which will 
be explored together with detailed CV phenotyping.  

Other clinical examples of (unexpected) protection from complications include subjects with:  
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(a) Metabolically Healthy Obesity (MHO) – defined as obese people escaping hospitalisation 
for somatic disease for decades. These individuals do not develop type 2 diabetes (T2DM) 
as expected and have a lower than expected CVD risk [11]. If better understood this clinical 
model can contribute to development of personalised (precision) medicine in obesity [12]. 

(b) Chronic Kidney Disease group 5 (CKD-5) with End-stage Renal Disease (ESRD) on 
dialysis - but with no CVD manifestations [13], or normal arteries. For example 16% in one 
biopsy-based study in Sweden showed no vascular manifestations in the kidneys [14]. The 
renal ageing process is very heterogeneous in general and some individuals have preserved 
renal function, or even improved estimated glomerular filtration rate (eGFR), in spite of 
ageing when also sex differences apply [15]. 

(c) Familiar Hypercholesterolemia (FH) – a well-known risk condition, but some people with 
the genetic markers (LDL-C) of FH will still be able to enjoy a long life without CVD [16, 17].  

(d) Supernormal Vascular Aging (SUPERNOVA) – with normal aortic pulse wave velocity 
(aPWV), as a marker of arterial stiffness (arteriosclerosis), in spite of a cardiovascular risk 
factor burden, see figures below from Hypertension 2020 [18] indicating lower prospective 
CVD risk during long-term follow-up in such subjects from a Malmö cohort. 

 

CV = cardiovascular, EVA = Early vascular aging, VA = vascular aging. 

Still there are no studies reporting on deeper cardiovascular and metabolic phenotyping or 
genetic mapping of such clinical “extremes”, even if such attempts have been planned [19]. 
In clinical research the focus is on disease risk, progress and treatment, but our opposite 
perspective - protection from clinical complications in spite of risk - is a novel approach. 

Significance and scientific novelty 

The prevention of CVD in general is still far from optimal, in spite of benefits from 
antihypertensive and lipid-lowering drugs in risk patients, and newer anti-diabetes drugs for 
treatment of T2DM. Thus, there is a need to find novel pathways and drug targets to be used 
for development of new drugs as complements to traditional treatment, aiming for improved 
prognosis and better outcomes (precision medicine). One opportunity to look for protection is 
the loss-of-function (LoF) genetic model of risk reduction when risk genes are “turned off” 
due to mutations. This model has been successful in establishing the new PCSK-9 inhibitors 
as an injectable drug based on monoclonal antibodies to lower LDL cholesterol [20]. Similar 
attempts have been made to find LoF genetic variants of importance to risk of T2DM [21, 22], 
or for lipid dysregulation in coronary heart disease [23]. 

Our novel approach is to use clinical “extremes” (escapers) to find models of protection from 
CVD manifestations in spite of increased risk factor burden or long disease duration [1]. If 
such cases (“extremes”) can be found based on medical data and invited for cardiovascular 
and metabolic phenotyping combined with genotyping this might reveal either genetic 
explanations (LoF, protective genes) or other clinical or lifestyle characteristics associated 
with this manifestation of CV protection. 

  



Vetenskapsrådet Projektansökan 2022 
Anders Gottsäter 

3 
 

Preliminary and previous results 

We have published on subjects with T1DM escaping complications [6-8], as well as on MHO 
[11, 12], and the SUPERNOVA model (see table below for CV risk estimates) [18], but still 
need a more extensive combined phenotypic and genetic mapping of such “escaper” 
subjects, especially concerning the CV system. We have access to data from population-
based cohorts, as well as defined groups of risk patients enabling us to find and examine 
such “escapers” by our highly competent multidisciplinary and well equipped research team.  

 

CV = cardiovascular, EVA = Early vascular aging, HR =hazard ratio, VA = vascular aging.  

In the PROLONG/DIALONG study (n= 456), genetic mapping is ongoing to find genetic 
markers associated with long-term T1DM with few or no complications (V Lyssenko) [6-8], 
and in the SUPERNOVA subjects (n= 494) of the Malmö Diet Cancer Cardiovascular Arm 
study [18] genetic mapping suggests a signal on Chromosome 12 in the COLA2A1 locus to 
be associated with the SUPERNOVA phenotype after adjustment for age and sex (C Fava et 
al., personal communication).  

COL2A1 (collagen type II alpha 1 chain) is associated with extracellular matrix structural 
constituent conferring tensile strength, and involved in collagen fibril organization, skeletal 
system development, cartilage condensation, endochondral ossification, and chondrocyte 
differentiation. Mutations in this gene are associated with achondrogenesis, 
chondrodysplasia, early onset familial osteoarthritis, and other rare disorders. In addition, 
defects in processing chondrocalcin, a calcium binding protein that is the C-propeptide of this 
collagen molecule, are also associated with chondrodysplasia. We still do not know how this 
links with vascular ageing and arterial stiffness, characterized by elastin depletion, collagen 
cross-linkage, and changes in the extracellular matrix of the aortic media [24]. 

We have also demonstrated that differences in GFR between small and middle molecules 
associate with increased risk for CV disease independent of eGFR level [25]. The basis for 
this difference is a common pathway for cardiorenal diseases as the vasculature of both 
organs are affected in many patients. Early vascular damage to the glomerular small vessels 
and the small vessels of the heart can be detected by measuring GFR of molecules with 
different molecular masses. This marker signals early vascular changes and has not 
previously been evaluated in “escapers”, for example in the clinical models of protection that 
we aim to investigate.  

Project description 

Theory and method 

We want to use established clinical methods for extensive combined CV and metabolic 
pheno- and genotyping based on the theory that mechanisms of protection exist and are 
possible to map and evaluate based on the combination of sophisticated methods.  
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Time-plan 

The project was ethically approved in 2021 (Nr. 2021-01809) and will commence in 2022 
with a pilot study, and have a duration of three years for the screening phase followed by one 
year of data cleansing, analyses, and writing of scientific reports. 

Project organization, steering group 

A Gottsäter, (PI) Professor of Medicine, has a long experience in different aspects of 
vascular medicine. He is responsible for the project and will spend 25% of his time for 
coordination and follow-up, fund raising, supervision, and clinical management. 

PM Nilsson, (co-PI) Professor of Clinical Cardiovascular Research with 20 years´ experience 
of population-based screening studies and clinical investigations with > 10 years of financial 
support from the Research Council of Sweden. He will devote 10% of his time to the project. 

H Arheden, Professor of Clinical Physiology responsible for the Magnetic Resonance 
Imaging (MRI) of the heart and aorta. 

A Christensson, Professor of Nephrology, is very well experienced in epidemiological and 
vascular aspects of renal disorders and biomarkers of the cardio-renal syndrome, kidney 
function measurements, different aspects of chronic kidney disease, and its organ 
complications. He will recruit study patients in group 3. 

G Engström, Professor of Medical Epidemiology, is very experienced in epidemiological 
analyses with complex data and also the local investigator for SCAPIS-Malmö (n= 6000) [26]. 

C Kennbäck, Head of the Clinical Research Unit (CRU), with experienced research nurses 
and biomedical analysts (BMA) for advanced technical investigations. The CRU has during 
30 years delivered data for many outstanding research projects, including phenotyping and 
mechanistic studies focusing on CV disease, vascular imaging, and metabolism.  

V Lyssenko, Professor of Medicine, has a very long experience in analysing the genetic 
mapping of T2DM with its related mechanisms and complications. Since 10 years, she is the 
PI of the PROLONG study in T1DM (n= 411) based on a Scandinavian collaboration.  

M Löndahl, Associate Professor and experienced senior clinical diabetologist responsible for 
the recruitment of patients in group 1. 

M Magnusson, Professor of Cardiology and Wallenberg Molecular Centre research fellow at 
BMC in Lund. He has a wide experience in all cardiac aspects of diabetes and ventriculo-
aortic coupling, but also in metabolomics and proteomics of CVD. 

O Melander, Professor of Medicine, with an international reputation as expert in CV genetics 
and applications of omics in population-based studies. Recipient of the ERC Starting Grant 
(2011) and ERC Advanced Grant (2020). 

Subjects and methods 

We will invite subjects from the three target groups below to attend a health examination and 
extensive cardiovascular and metabolic pheno- and genotyping as outlined below:  

Group 1. Patients from the Malmö-Lund catchment area with T1DM of long duration (>40 
yrs.) but with no major complications (CV or renal) participating in the PROLONG study [6-
8]. Controls with complications will be selected (1:1), matched for age and sex. (Responsible: 
Magnus Löndahl, Valeriya Lyssenko. Collaborator: Ola Ekström, PhD student). 

Group 2. Participants recruited within the Malmö branch of the national SCAPIS study [26] 
examined with echocardiography and carotid-femoral PWV for arterial stiffness. We will 
select obese subjects (>30 kg/m2) with normal cardiac function (with normal ejection fraction 
and no left ventricular hypertrophy, asymptomatic diastolic dysfunction is accepted) for 



Vetenskapsrådet Projektansökan 2022 
Anders Gottsäter 

5 
 

further examination. Controls with expected changes on echocardiography will be selected 
(1:1), matched for age and sex. (Responsible: Gunnar Engström, Martin Magnusson. 
Collaborators: Amra Jujic, Hannes Holm, post-docs). 

Group 3. Patients with CKD-5 evaluated for kidney renal transplantation (RTx) with no or 
minimal atherosclerotic calcifications on routine pre-operative CT scan of the abdominal 
aorta and pelvic arteries. (Responsible: Anders Christensson. Collaborator: Agne Laucyte, 
post-doc researcher and Alireza Biglarnia, assoc professor). 

Ad 1. T1DM late progressors or “escapers” will be compared to (a) age- and sex-matched 
controls with T1DM from PROLONG and early non-fatal vascular complications, as well as 
with (b) age- and sex-matched non-diabetic controls from our population-based cohorts 
(https://www.malmo-kohorter.lu.se/english). The T1DM “escapers” will be recruited from the 
ongoing PROLONG study at the Departments of Endocrinology in Lund and Malmö and 
defined based on absence of major macrovascular complications (coronary heart disease, 
cerebrovascular disease, aortic aneurysm, and peripheral arterial disease) or diabetic 
nephropathy in medical history. However, microalbuminuria or simplex retinopathy (minor 
complications) will not represent exclusion criteria, as opposite to the presence of 
macroalbuminuria or more advanced retinopathy more closely linked to major CVD 
complications. 

Ad 2. In the Malmö branch of SCAPIS so far echocardiography data is available in 2500 
subjects, still unexplored. We would like to find the individuals with obesity but with normal 
cardiac function as defined by normal ejection fraction and normal measures of the left 
ventricle. Even if these are few, they are of great interest to characterise according to our 
research protocol. These subjects can be compared with obese participants showing 
expected cardiac changes from SCAPIS [26] and the Malmö Offspring Study (MOS) [27]. 

Ad 3. In Malmö every year about 70 patients with CKD-5 are evaluated for renal 
transplantation (RTx). An abdominal CT visualizing lower abdominal and iliac arteries is 
performed pre-operatively to detect areas of calcification or atherosclerotic lesions of 
importance for planning the surgical intervention. The prevalence of pre-RTx patients with 
normal arteries is reported as 15% [14], and among 56 pre-RTx patients from Malmö 7 (13%) 
did not show calcifications or atherosclerotic lesions in the lower abdominal aorta or iliac 
arteries. We therefore estimate to find about 10 such patients per year in Malmö to be 
compared with corresponding pre-RTx patients with CT manifestations of arterial changes.  

Methods, investigations 

We will perform fasting blood sampling, and examine cardiac function, the macrovascular, 
and the microvascular systems as part of a health examination at the Clinical Research Unit 
(CRU), Dept. Internal Medicine, Skåne University Hospital, Malmö, and the Dept. Clinical 
Physiology, Skåne University Hospital, Lund, Sweden, to an extent depending on the amount 
of funding available.  

A. Cardiac function 

- Echocardiography (GE Vingmed Vivid 7, Horten, Norway) with 1-4 MHz transducer (M3S).  

- Ergospirometry and cardiac magnetic resonance imaging (MRI) (Dept. Clinical Physiology, 
SUS, Lund. MRI with contrast medium in groups 1-2 (and without in group 3) for information 
on ventricular diameters and thickness, ejection fraction, myocardial tissue characterisation, 
and interactions between myocardial contractile function and the load opposed by the arterial 
circulation (ventricular aortic coupling). (Responsible: Håkan Arheden. Collaborators: Erik 
Hedström; Leena Lehti, post-doc researcher.) 

- 24h Holter ECG (Cardiospy ®) 

 

https://www.malmo-kohorter.lu.se/english
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B. Macrovascular system 

- Ultrasound of the common, internal, and external carotid, and femoral arteries bilaterally, for 
evaluation of intima media thickness, number and structure of atherosclerotic plaques, as 
well as lumen narrowing (Logiq E9, GE Healthcare; Siemens Acuson S2000).  

- Application of a SphygmoCor EXCEL® (AtCor, Australia) device for evaluation of carotid-
femoral pulse wave velocity (c-f PWV) as a marker of aortic stiffness. At the same time 
Augmentation Index (Aix) and central hemodynamic (cSBP, cDBP, cPP, cMAP) are 
registered via pulse wave analyses (PWA) at the radial artery with the same device. 

- Evaluation of 24-h ambulatory blood pressure (APBM, (Omron ®, SpaceLab ®, or 
equivalents), as well as 24-h aortic stiffness by indirect methods (24-h Arteriograph 
Tensiomed ®, Mobil-O-Graph ®, or similar validated devices). 

- Ankle-brachial index (ABI) (Hadeco Bidop ES 100V3) as a marker of impaired arterial 
circulation in the lower extremities, peripheral atherosclerosis.  

- MRI of the aorta (Dept. Clinical Physiology, SUS, Lund) without and with contrast medium 
for information on aortic atherosclerotic burden, diameter, stiffness, pulse wave velocity, and 
distensibility, and ventricular aortic coupling. (Responsible: Håkan Arheden. Collaborators 
Erik Hedström; Leena Lehti, post-doc researcher.) 

- Surgical biopsies of the inferior epigastric artery, the common iliac artery, and the internal 
iliac artery during the subsequent RTx procedure in group 3. (Responsible: Anders 
Christensson. Collaborator: Agne Laucyte, post-doc researcher and Alireza Biglarnia, assoc 
professor). 

C. Microvascular system 

- Application of EndoPat ® (Itamar Ltd, Israel) for evaluation of endothelial function (reactive 
hyperaemia index: RHI) in the distal index finger. 

- Retinal photography for evaluation of the retinal fundus and its vasculature, if available. 

Besides the technical investigation there should also be a simple physical examination 
(weight, height, office blood pressure, heart rate, 12-lead ECG) and a questionnaire on family 
history, medical history, life style, social factors, and ongoing drug treatment. 

D. Laboratory variables  

- Metabolism: HbA1c, fasting plasma glucose, full lipid profile (lipoproteins), skin auto 
fluorescence AGE, AgeReader (DiagnOptics, Groningen, the Netherlands). Oral glucose 
tolerance test (OGTT), with 75 g glucose with evaluation of 1- and 2-hour values of glucose 
and insulin, only in the subgroup of obese (MHO) subjects.  

- Biomarkers: C-reactive protein (hsCRP), NT-pro-BNP, Troponin-T. 

- Renal: Serum creatinine and cystatin-C for eGFR based on CKD-EPI and Malmö 
algorithms (LMrev and CAPA formulas). Differences in eGFR ratios will be calculated for 
molecules with different molecular masses to find those with shrunken pore syndrome 
indicating early vascular pathology.  

- Urinary albuminuria and urinary creatinine for the album-creatinine ratio (ACR), and 
evaluation of small urinary molecules of interest. 

- Additional lab samples for OLINK panels (proteomics), metabolomics (Metabolom Inc.) and 
DNA (genetic mapping) to be stored at -80 o C at the Region Skåne/Kärlsjukdomar Biobank 
(136/BD29), Malmö, as part of Biobank Sweden.  
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- DNA extraction for polygenetic risk scores (PRS) for coronary artery disease (CAD) and 
T2DM. 

Follow-up for clinical prognosis is planned after 5 and 10 years based on local medical 
records and national register linkages (National Board of Health and Welfare, Statistics 
Sweden). We will study incidence rates for total and CV mortality, major atherosclerotic 
cardiac events (MACE), acute myocardial infarction (AMI), stroke, and diabetes. 

Ethical and gender aspects 

The project was ethically approved in June 2021 (Dnr. 2021-01809). This application was 
partly based on previous ethical approvals for PROLONG (Dnr. 2009/777, EPN Lund), 
SCAPIS (Dnr 2010-228-31M with additions EPN Umeå; Questionnaire with Dnr 2013-365-
32M, EPN Umeå), and the Malmö Offspring Study, MOS (Dnr. 2013/761, EPN Lund). A 
supplementary ethics application has been submitted to allow ergospirometry, OGTT in 
group 2, and collection of epigastric artery biopsies during RTx in group 3. 

We want to study if biological sex (genetics, hormones) or gender-related aspects (social 
roles, lifestyle, or drug- and treatment compliance) contribute to explain clinical protection 
from complications and the putative protective mechanisms in “escapers”. 

Data analysis and statistics 

We will compare data from the questionnaire with CV and metabolic phenotyping, lifestyle 
and other unknown factors, as well as with the distribution of PRS for CAD and T2DM 
between the “protected” groups and the respective control groups either with T1DM, or from 
MOS [27] and SCAPIS [26] in order to test whether these factors contribute to protection. 
The PRS are based on adding up number of alleles (genome-wide, based on GWAS data) 
each SNP weighted by the beta-coefficient derived from the largest available CAD and DM 
GWAS meta-analyses [28-30]. There is a strong and graded relationship between the PRS 
for CAD and DM, respectively, and CAD/DM clinical development, why the idea is that a low 
genetic burden for these diseases will be part of the “protection” that we search for. The 
respective PRS will be introduced as continuous variable and as quintiles (based on the 
thresholds of the population-based distribution) and be related to “status outcome” 
(protection group, early complication group, and population-based group) in age- and sex- 
and multivariate logistic regression models.  

Two control cohorts will be used for group 3 (RTx). One presumably “healthy” group with 
deceased donors without CV manifestations, and a second control group consisting of all 
other renal transplant recipients. Specific ethical applications will be sent for both groups.   

Power calculations are difficult to make as these “escapers” are rare.   

Equipment 

At the Clinical Research Unit, Malmö, we have equipment for echocardiography (GE 
Vingmed), arterial stiffness and central dynamics (SphygmoCor ®), carotid ultrasound (Logiq 
E9, GE Healthcare; Siemens Acuson S200), microvascular function (EndoPat ®), 24-h Holter 
ECG, ambulatory blood pressure (Cardiospy ®), and Actigraph for accelerometer studies as a 
measure of physical activity. We will need funding for expensive investigations such as MRI 
of the heart and aorta and ergospirometry at the Department of Clinical Physiology, SUS, 
Lund, retinal fundography, etc. 

Need for research infrastructure 

We need data management within the local research infrastructure “Malmö Population-based 
Cohorts”, already established and supported by user fees as well as funding from the Vice 
Chancellor of Lund University (https://www.malmo-kohorter.lu.se/). In addition we will work 
with Biobank Sweden (for storage of samples at 136/BD29, Malmö) and SciLife lab, a 

https://www.malmo-kohorter.lu.se/
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national core facility with its close collaboration with OLINK Proteomics AB. We will store 
project meta-data within the SND platform, as is already the case for our cohorts. 

International and national collaboration 

The PROLONG/DIALONG project is coordinated by researchers at the University in Bergen, 
Norway (V Lyssenko). An ongoing collaboration within the SUPERNOVA project exists with 
a research group in Paris (S Laurent, P Boutouyrie, RM Bruno) working on definitions and 
risk prediction, and another one for the genetic analyses in Verona, Italy (C Fava, A 
Giontella). Finally, aspects of SUPERNOVA have been developed within the EU-financed 
VascAgeNet consortium (http://vascagenet.eu/) where co-PI (PMN) is engaged. This 
network involves >250 young researchers across Europe interested in research projects on 
vascular ageing. Such young researchers can be invited to join the project and to analyse 
selected data sets as PhD students. 

We have developed contacts with the research group in nephrology of Professor P 
Stenvinkel, Karolinska Institute, Huddinge Hospital, to characterize patients with CKD-5 on 
dialysis escaping CVD, or having normal arteries. He already published on early vascular 
ageing in CKD [31], the opposite to what we are looking for now. However, his clinical 
material also includes patients escaping arterial changes (atherosclerosis, arteriosclerosis) 
[14] - to be further explored. For the echocardiography part of SCAPIS [26] we collaborate 
with Professor CJ Östgren responsible for a similar material at Linköping University. 

The project is supported by the Novartis Foundation, and data mining in the Malmö Diet 
Cancer Study for the SUPERNOVA research project was previously funded by the Research 
Council of Sweden (Grant K2011-65X-20752-04-6) to co-PI PMN. A similar application like 
this will be submitted to the Heart- and Lung Foundation (HLF) of Sweden. 

Independent line of research 

The main applicant is Professor of Medicine at Lund University, with a long experience in 
research and treatment in atherosclerotic and aneurysmal arterial disease. The co-PI first 
developed the concept of Early Vascular Ageing (EVA) [32] and the SUPERNOVA concept 
[18] together with colleagues in France (S Laurent, P Boutouyrie). 

Clinical significance 

If protective mechanisms for CVD in subjects with high expected risk can be defined, 
mapped, and characterized in detail (by use of omics and biomarkers together with 
questionnaire data, CV and metabolic phenotyping) this can become the starting point to 
identify potential new drug targets associated with CV protection. We recently contributed to 
genomic and drug target evaluation of 90 CV proteins in 30,931 individuals [33] to forward 
precision medicine [34]. To find and explore CV protection is one new variant of this. 

Protective biological mechanisms (potential drug targets) can be further studied in animals at 
the Wallenberg Research Centre in Lund (Martin Magnusson, Anja Meissner, post-doc) 
before suggesting candidates for pharmacological development and future interventions. 
Hereafter, contacts can be developed with biotech companies for drug development, and 
pharmacological experts approached for advice and further planning of translational research 
and drug molecule definitions. In the end the clinical benefit (significance) to patients at 
increased CV risk is obvious if new drugs based on new protective mechanisms can act as 
complement to, or in synergy with, the already established drug classes available today to 
reduce risk (anti-hypertensive, lipid-lowering) and used according to guidelines. 

In summary, learning from the rare extreme pheno- and genotypes of “escapers” without 
major clinical CV manifestations and with normal CV functions in spite of high risk, we may 
benefit a much larger group of risk patients. This requires that true causal mechanisms of CV 
protection can be found, mapped, and turned into new drug targets for precision treatment 

http://vascagenet.eu/
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[34]. The combination of exploratory studies to find protective genes (or LoF genetic variants) 
and deep CV and metabolic phenotyping offers unique possibilities to fulfil this bold ambition. 
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