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Prevention of Atherosclerotic Cardiovascular 
Disease (ASCVD) 

Nambi et al. JACC 2017;70:2992-2994 

50% of 1,779 subjects in PESA 

with no conventional risk factor 

had subclinical atherosclerosis 

as detected by US or CAC imaging 

JACC 2017;70:2979-91 

PESA = Progression of Early Subclinical Atherosclerosis 



Systematic Coronary Risk Evaluation (SCORE) 

10 year risk of 
fatal CVD 

• Gender 

• Smoking status 

• Age 

• Systolic blood 
pressure 

• Total cholesterol 

Andorra, Austria,Belgium, Cyprus, Denmark, Finland, France, Germany, 

Greece,Iceland, Ireland, Israel, Italy, Luxembourg, Malta, Monaco, The 

Netherlands, Norway, Portugal, San Marino, Slovenia, Spain, Sweden, 

Switzerland and the UK 
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Low Risk Chart High Risk Chart 

The rest of Europe 
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Conroy R M, et al Eur Heart J 2003; 24: 987-1003 



Calibration Comparing Observed and Predicted Events 

in 40- to 75-Year-Old Individuals in the CGPS 

Mortensen et al. Eur Heart J 2017;38:586-594 CGPS: Copenhagen General Population Study 



Mortensen et al. Eur Heart J 2017;38:586-594 CGPS: Copenhagen General Population Study 

Class I indication:  

42% by ACC/AHA vs 

6% by ESC/EAS 



van den Berg et al. Eur Heart J 2017 (epub ahead of print) 

SMART and REACH registries: 

• VHR criteria: CVD, +/-DM, SMK, HLP, recent CHD event 

• C-statistics: 0.53 in REACH and 0.54 in SMART 

• Clinical criteria like eGFR, PVD, or age > 70 performed as well 

• 2/3 of patients meeting the ACC/AHA VHR criteria  

     had a 10 year risk of recurrent MACE < 30% 



Clinical Applications 

of Cardiovascular Biomarkers 

Morrow et al. Circulation. 2007;115:949-952. 

Early detection of  
subclinical disease 

Diagnosis of acute or  
chronic syndrome 

Risk stratification 
Selection of  

therapy 

Monitoring disease progression  
or response to therapy 

Improved  

Patient Care 

 Blood biomarkers 

 Imaging biomarkers 

 Genetic biomarkers 



The MORGAM Biomarker Study: CHD 

METHODS  

 Prospective evaluation of 30 biomarkers reflecting inflammation, 
oxidative stress, lipid metabolism, renal function, hemodynamic 
stress, metabolic processes, coagulation, vitamins, and markers 
of myocardial necrosis 

 7,915 men and women from FINRISK_97 study w/o Hx of MI or 
stroke at baseline (derivation) and 2551 men in PRIME 
(validation) 

 Follow-up 10 years; 538 incident CV events in FINRISK and 260 
in PRIME. 

 Fully adjusted Cox Proportional Hazards models 

 Endpoint: CVD (MI, UA, CABG/PCI, ischemic stroke) 
Blankenberg et al. Circulation 2010;121:2388-97 



Blankenberg et al.Circulation 2010;121;2388-2397 



Blankenberg et al. Circulation. 2010;121:2388-97 

Contribution of 30 Biomarkers to 10-Year CV Risk in 2 

Population Cohorts: The MORGAM Biomarker Project  

Score: CRP, NT-proBNP, hsTnI 



Predictive Value of Inflammatory Biomarkers Assessed 

by AUC for Incident Coronary Events (1): KORA CCS 

Herder et al. PLoS ONE 2011;6(e19852):1-9 

Biomarker AUC1a ∆AUC1 (95% CI)a AUC2b ∆AUC2 (95% CI)b 

None 0.807 - 0.845 - 

hsCRP 0.809 0.002 (0.001–0.008) 0.845 0.000 (-0.001–0.003) 

IL-6 0.810 0.003 (0.001–0.008) 0.846 0.001 (-0.000-0.004) 

IL-18 0.808 0.001 (0.001–0.005) 0.845 0.000 (-0.001–0.003) 

TGF-β1 0.808 0.001 (0.001–0.005) 0.845 0.000 (-0.001–0.003) 

MIF 0.809 0.002 (0.001–0.008) 0.845 0.000 (-0.001–0.003) 

MCP-1 0.808 0.001 (0.001–0.005) 0.845 0.000 (-0.001–0.002) 

IL-8 0.808 0.001 (0.001–0.003) 0.845 0.000 (-0.000–0.002) 

IP-10 0.808 0.001 (0.000–0.005) 0.845 0.000 (-0.001–0.005) 

RANTES 0.808 0.001 (0.001–0.006) 0.845 0.000 (-0.000–0.003) 

Adiponectin 0.808 0.001 (0.000–0.007) 0.845 0.000 (-0.000–0.005) 

*CPHM 



Herder et al. PLoS ONE 2011;6(e19852):1-9 

Biomarker AUC1a ∆AUC1 (95% CI)a AUC2b ∆AUC2 (95% CI)b 

Leptin 0.811 0.004 (0.001–0.010) 0.845 0.000 (-0.000–0.004) 

sE-selectin 0.817 0.010 (0.004–0.018) 0.847 0.002 (-0.000–0.009) 

sICAM-1 0.817 0.010 (0.005–0.021) 0.848 0.003 (0.000–0.011) 

With all 13 biomarkers 0.825 0.018 (0.013–0.038) 0.851 0.006 (0.003–0.021) 

With IL-18, adiponectin, 

sE-selectin, sICAM-1c 

0.819 0.012 (0.006–0.024) 0.849 0.004 (0.001–0.012) 

Bold print denotes statistical significance for DAUC (P,0.05). ‘‘20.000’’ denotes values between 20.0005 and 0.0000. 
aAdjusted for age, sex and survey (model 1). 
bAdjusted for age, sex, survey, BMI, systolic blood pressure, ratio of total cholesterol/HDL cholesterol, smoking, alcohol, physical activity, parental myocardial  

Infarction and prevalent diabetes (model 2). 
cWith biomarkers that were significantly associated with incident coronary events in multivariable-adjusted models (IL-6, sICAM-1). 

DAUC denotes the differences between the model with the respective inflammation-related biomarker and the model without any inflammation-related biomarker. 

DAUC for the difference between the model adjusted for age, sex, survey and cardiometabolic risk factors (model c) and the basic model adjusted for age, sex  

And survey (model a) was 0.038 [95% CI 0.026–0.055]. 

Predictive Value of Inflammatory Biomarkers Assessed 

by AUC for Incident Coronary Events (2): KORA CCS 



The Conceptual Relationship of the Genome, 

Transcriptome, Proteome and Metabolome 

Gerszten et al. Nature 2008;451:949-952 

After genomics and transcriptomics, 

proteomics is the next step in the study  

of biological systems. 



Definition:  

Proteomics is the large scale study of proteins. The 

proteome („portmanteau of protein and genome“) represents 

the entire set of proteins that are produced by an organism 

or system, varying with time and from cell to cell. 

 

Methods:  

1. Immunoassays (e.g. ELISA), Western blot 

2. 2-D gel electrophoresis 

3. High-throughput proteomic technologies (MALDI-

TOF/mass spectometry) 

4. Protein microarrays (protein chips) 



Doehner W. Eur Heart J 2012;33:2249–2251 



Vascular Proteomics, a Translational Approach: 

From Traditional to Novel Proteomic Techniques 

Blanco-Colio et al. Expert Rev Proteomics 2009;6:461-464 



Yin et al. ATVB 2014;34:939-945 

• Discovery MS (LC-MS/MS) to determine 861 proteins in a nested case-

control study from the Framingham Heart Study(135 MI/135 non-MI) 

• Validation MS (MRM) with 59 most promising markers by targeted MS in 

336 ASCVD case-control pairs 

• Single and multi-marker analyses adj. for established CVRF 

• 12 single markers from discovery MS were associated with MI incidence 

• 7 proteins in aggregate were highly associated with MI and improved 

prediction compared to a clinical RF base model (AUC 0.71 vs 0.84) 

• Through targeted MS 12 single proteins were predictors of ASCVD 

• In multi-marker analyses 4 proteins in combination predicted ASCVD  

     and moderately improved C-statistics (AUC 0.69-0.73) 



Protein Biomarkers of ACVD and MI: Multiple-Marker 

Analyses From MRM and Depletion MRM MS 

Yin et al. ATVB 2014;34:939-945 



Ganz et al. JAMA 2016; 

315:2532-2541 

938 patients with stable CAD followed for 5.6 years 



Sample and Statistical Process for Evaluation of 
the 9-Protein Model 

Ganz et al. JAMA 2016;315:2532-2541 

Aptamer-based proteomic profiling: 

Single stranded DNA aptamers  

(Oligos of appr. 50 base pairs in length 

selected to bind proteins with high 

specificity and affinity) and measure > 

1100 proteins in a single blood sample 

9 proteins identified (p< 10-16): 
• ANGPT2 (HR 1.67 

• MMP12 (HR 1.65) 

• CCL18 (HR 1.47) 

• Complement 7 (HR 1.47)    

• SERPINA3 (HR 1.39) 

• ANGPTL4 (HR 1.27) 

• Troponin I (HR 1.27) 

• GDF8/11) (HR 0.72) 

• α2-antiplasmin (HR 0.64) 



Risk Prediction Models for Primary End Point of 
Myocardial Infarction, Stroke, HF, and Death 

Ganz et al. JAMA 2016;315:2532-2541 



Event-Free Survival for MI, Stroke, HF, and Death, 
Stratified by Deciles of the 9-Protein 4-Year Risk Score 

Ganz et al. JAMA 2016;315:2532-2541 

In the derivation and validation cohorts, 

participants had 4 year cumulative  

event rates of 60% to 80% in top deciles  



Metrics in Derivation/Validation Cohorts for Refit FRS, 9-Protein 
Model, and Their Comb. Predicting MI, Stroke, HF, and Death 

Ganz et al. JAMA 2016;315:2532-2541 



Observed vs Predicted 4-Year Incidence of MI, Stroke, 
HF, and Death With the 9-Protein Model (Derivation) 

Ganz et al. JAMA 2016;315:2532-2541 



Observed vs Predicted 4-Year Incidence of MI, Stroke, 
HF, and Death With the 9-Protein Model (Validation) 

Ganz et al. JAMA 2016;315:2532-2541 



Changes in Risk Scores of MI, Stroke, HF, and 
Death in Paired Samples 4.8 Years Apart 

Ganz et al. JAMA 2016;315:2532-2541 

A 

139 pts with an event had a median 9 protein risk 

of 24.6% at baseline and 34% at 4.8 years, while  

median refit FR was 28.7% and 33.8%, respectively 



Ganz et al. JAMA 2016;315:2532 

Conclusions: Among patients with stable CHD, a risk score  

based on 9 proteins  performed better than the refit FRS  

(for secondary events) in predicting CV events, but still 

 provided only modest discriminative accuracy. 

Other promising approaches:   

96-Plex Proximity Extension (Immuno)assay (PEA) by OLINK® 

with the main advantage: to relieve the shortcomings of antibodies 

 and their inherent cross-reactivity in multiplex protein quantification applications.  

Assarsson et al. PLoS ONE; 2014;9(4) e95192  

 



Tomas et al. EHJ 2018;0:1-10 

• 159 carotid plaques from patients undergoing TEA  

• Metabolites and cytokines by MS, enzymatic assays,  

     PEA and Luminex assay as well as RNA sequencing 

• PCA revealed a separation between cluster 1 and 2  

     according to 2 metabolite signatures (histologically 

     evaluated vulnerability and inflammatory markers  

     as well as symptoms; high risk vs stable plaque) 

• Altered metabolic signature: increased glycolysis,  

     elevated amino acids and decreased fatty acid oxidation 



A Distinct Metabolite Profile is Associated with 
Symptomatic and Vulnerable Plaques 

Tomas et al. EHJ 2018;0:1-10 

A: PCA score plot of cluster 1, 2 and 3 

B: Number of asymptomatic and symptomatic  

plaques assigned to cluster 1 and 2 

C: PCA score plot with symptomatic and  

asymptomatic plaques  

D: Number of plaques with a high and low  

vulnerability index assigned to cluster 1 and 2 

E: PCA score plot showing plaques with a  

high or low vulnerability index 

F: Kaplan Meier curves for CV event-free  

survival for cluster 1 and 2 



High Risk vs Stable Carotid Plaques:  
Patient Characteristics 

Tomas et al. EHJ 2018;0:1-10 



Several Pro-Inflammatory Mediators are Elevated 
in Cluster 2 Carotid Plaques 

Tomas et al. EHJ 2018;0:1-10 



Overview Highlighting the Differences in the Metabolic 
Profiles Between High-Risk and Stable Carotid Plaques 

Tomas et al. EHJ 2018;0:1-10 



Potential and Caveats of Lipidomics (or 
Proteomics) for Cardiovascular Disease 

After Pechlaner et al. Circulation 2016;134:1651-1654 



Artificial Intelligence  

in Precision Cardiovascular Medicine 

Krittanawong et al. JACC 2017;69:2657-2664 



Summary and Conclusions 

 Proteomics offers the opportunity to assess in an 
unbiased way all proteins in the human body 

 The proteome is highly dynamic  

 Cross validation of results needed for various methods 

 Large prospective, well-controlled studies in various 
populations are needed to determine the value of broad 
protein profiling to improve risk prediction above and 
beyond presently applied scores 

 Proteomics may identify new targets for therapy 

 

 



 …still…true personalized 
medicine is   

A LONG WAY TO GO  



Thank You for Your Attention! 

 

Prof. Wolfgang Koenig 

koenig@dhm.mhn.de 


