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Coronary artery disease, a global burden

What is facing us, is that due to the aging population and the epidemic 

proportions of obesity and diabetes type II, an increase in coronary artery 

disease is expected.  This means, in the current situation, healthcare is faced 

with spiralling costs, which do not necessarily translate in increases in 

Healthy Life Years. For instance, the Netherlands invest more than 13% of 

GDP in Health Care, 1 but sees a lower than average return of Health Life Years 

compared to other European countries.

Despite numerous effective developments in medicine, cardiovascular 

disease is still a major cause of death in the Western world. 2 Moreover, in 

emerging economies such as China or India, a rapid rise of incidence of 

cardiovascular disease has been predicted. There is consequent growing 

demand for novel tools to detect disease in a very early or even pre-disease 

state before it reaches stages of irreversible injury. 

Atherosclerotic plaques are the net result of a complex interplay between 

vascular cholesterol deposition, inflammatory activity and extracellular 

matrix formation. 3-5 The result is luminal narrowing of arteries, which may 

ultimately lead to compromised blood flow to essential body organs, most 

notoriously to the heart. Most of the cardiovascular events that are caused by 

atherosclerosis, such as acute myocardial infarction or stroke, are the result of 

a transition of so-called stable atherosclerotic plaques to vulnerable plaques 

that are prone to rupture. 4 The direct consequence of atherosclerotic plaque 

disruption and endothelial erosion is exposure of thrombogenic constituents 

to the blood, leading to instant local thrombus formation. 6 The formation of 

this localized thrombus may ultimately result in sudden obstruction of blood 

flow and consequent infarction of tissue distal to the lesion. 7

How to predict risk?

The 10-year risk of myocardial infarction can be estimated based on large 

prospective clinical studies using simple questionnaires and lipid profiles. 

By using relatively straightforward clinical risk profiling methods applied 

to large cohorts, such as the Framingham risk score, Procam or SCORE risk 

scores, patients with a high cardiovascular risk can be identified. 8-10 However, 

clinical risk profiling cannot help predict which individual patient will 

actually be affected by myocardial infarction. In addition, it is not clear when 

exactly the acute myocardial infarction will occur. Diagnostic tests that could 
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accurately predict which patients are at imminent risk could potentially save 

thousands of unnecessary worldwide cardiovascular deaths. However, such 

a technology is currently lacking. The clinical need to identify the patient 

at imminent risk of cardiovascular events has propelled the development of 

detection methods like innovative serum and imaging biomarkers, which are 

currently being tested for their clinical value and relevance. 

Biomarker detection: better prediction?

Increasing involvement of molecular biologists in cardiovascular research has 

helped improve our insights in how to improve prediction of cardiovascular 

events. But despite increasing insights the translation of basic science 

findings into relevant, affordable and widely available clinical diagnostics has 

been lacking to help identify the patient at imminent risk. One of the success 

stories in this translation to clinical practice has been the development 

of high-sensitivity-C-reactive-protein (hs-CRP) to trace patients at instant 

cardiovascular risk.11 The idea is based on the fact that atherosclerotic plaque 

rupture is associated with inflammatory processes in this unstable plaque. 

However, despite this biological association, clinical studies have shown 

that hs-CRP is of limited practical use in predicting acute vascular events. 12-14  

Recently, however, hs-CRP is successfully deployed to discriminate patients 

that could benefit from anti-inflammatory therapy and lower the risk at acute 

coronary events. 3,15

Role of imaging

Another approach to improve cardiovascular risk prediction is the use of 

imaging. Currently available cardiovascular imaging techniques, such as 

cardiac ultrasound, Single photon emission computed tomography (SPECT), 

positron emission tomographic computed tomography 16, invasive coronary 

angiography (CAG) 17, magnetic resonance imaging 18 and cardiac computed 

tomographic angiography (CCTA) 19 are superb imaging modalities which are 

able to assess left ventricular function, visualize the burden of atherosclerosis 

and detect obstructive coronary artery disease and even high risk coronary 

plaques causing acute coronary syndromes.20,21 Despite their clinical 

usefulness for showing anatomy, and their continuous improvement in the 

last years, these imaging tools are less capable to reveal molecular changes in 
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cardiovascular disease.22 As a results we still do not know much when plaque 

destabilize over time and how they behave over time. Vulnerable plaques are 

characterized by a thin fibrous cap, a large necrotic core, positive remodelling, 

and the presence of inflammatory cells. 4,5,23 Furthermore, coronary artery 

plaque erosions are responsible for thrombotic coronary events 24 and seem 

to be associated with positive coronary plaque remodelling. 25 Due to the 

incapability to detect such molecular and cellular changes, the predictive 

value of current imaging technologies is limited in the prediction of plaque 

rupture. For example, CCTA and CAG are excellent tools to visualize lumen 

reduction and plaque characteristics.20,21,26 However, which of the detected 

atherosclerotic plaques have the characteristics of a vulnerable plaque and 

are prone to rupture cannot be inferred.27

Better integration of care

A neglected factor in optimizing care and better identification in patients 

at risk for coronary events is to improve integration of care. In the previous 

sections, we discussed the development of novel biomarkers and imaging 

tools to better define the patient at risk of coronary artery events. This can 

be classified as biological or technological improvements. However seamless 

connection off the different layers in healthcare may be as important as 

technological advances.

As stated previously in the introduction, our healthcare system will be 

faced by spiralling costs due to the aging population and unhealthy lifestyle. 

Better alignment and integration of public health and healthcare may be of 

help to address these challenges.  A critical factor in health care quality and 

delivery is the disconnection between traditional health care institutions and 

public health. In addition, there is insufficient collaboration between primary 

and secondary health care institutions, resulting in suboptimal patient care 

and value. 

In the Netherlands we have started to address these challenges, with the 

aim to connect different layers of health care and aspire full integration of 

cardiovascular care. For this purpose, we designed CRISP, for Cardiovascular 

Research Innovation and Sustainability Platform. CRISP started as a joint 

project between Cardiology Centre Utrecht and a foundation of 13 general 

practitioners (GP) delivering primary care to 35.000 citizens in the city of 

Utrecht (“Utrecht Oost Gezond”). CRISP restructures and integrates 

cardiovascular care to avoid unnecessary use of expensive health care to low 
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risk individuals and identifies high risk individuals and provides them with 

timely measures to prevent cardiac disaster. A schematic representation is 

given below.

Figure 1. The colours red, orange and green represent the patients at respectively high, 
intermediate and low risk for coronary disease. The percentages are estimated.

First step: online heart risk and lifestyle test. CRISP starts with an on-line 

heart risk and lifestyle test which is provided through the GP’s website, offered 

to all inhabitants of Utrecht-Oost. 28 Either healthy lifestyle information to 

maintain a low risk given (in case of a green outcome meaning low heart risk), 

or an advice to visit the GP’s office for further evaluation (in case of orange 

intermediate or red high risk). A critical factor within CRISP is that the GP 

nurse also receives the online test outcome thereby establishing an essential 

connection between public health and health care.
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Second step: GP nurse. Next, a GP nurse will refine risk profiling using 

lipid profile, blood pressure and glucose measurements in orange and red 

cases. Low risk cases are send home with healthy lifestyle advice (exercise, 

stress reduction and diet). 

Third step: GP. Individuals with a persistent orange or red outcome will 

visit the GP once. The GP will initiate appropriate medical care and lifestyle 

advice to treat blood pressure, high cholesterol levels or diabetes with follow 

up of the GP nurse. 

Fourth step: Cardiology Centre. In case of cardiac complaints or very high 

risk, the GP will refer the patient to the Cardiology Centre within one day. 

If the outcome of exercise testing, echocardiogram and carotid imaging is 

negative, the patient will be referred back to the GP.

Fifth step: CT imaging. In positive cases medical treatment is initiated, and 

the patient may be referred for step wise CT coronary imaging 29 starting with 

a Ca scan and followed by contrast CT only if Calciumscore 30 is higher than 

0. In case of a critical CT outcome, the patient is referred for percutaneous 

intervention.

Sustainable care at low cost. The implementation of the doctor led initiative 

CRISP aims to reduces “waste”, and to optimize timely delivery of care. In 

addition, CRISP links public health and general health care, which results in 

better alignment of resources and improved patient value. The CRISP project 

has resulted in better alignment of care and integration of cardiovascular care 

at the GP level and Cardiology Centra Nederland. However, in different parts 

of the CRISP cycle added value through better diagnostics and risk prediction 

should be possible. For instance, in the public health domain awareness and 

education could be optimised in close collaboration with GP delivery care. In 

addition, a better prediction of coronary atherosclerosis through detection of 

serum biomarkers would help to avoid unnecessary imaging studies in some 

patients, while it would help to expedite care in high risk patients.

Scope of this thesis

In the current thesis, we aimed to optimize several steps in the CRISP circle. 

We sought to improve the several elements of the total integrated care cycle 

rather than focus on only one particular subset of the circle.

In Chapter 2, the effect of low cost, fast and simple mass screening with 

a big role of digital communication, in a long-term 10-year follow-up study, 

is examined in voluntary participants. The study is part of the Heart Attack 
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Prevention Program for You (HAPPY). The parameters needed to calculate 

the Procam score were filled in online and the participants visited a “health 

fair” to measure their weight, length, waist-circumference and draw blood 

for lipid levels measurement. The personal Procam score was calculated and 

communicated by e-mail. Monthly computer tailored advise was given by 

e-mail for 3 months. After 3 months, the measurements were repeated and 

compared to the index measurements. Lastly, 10 years after the screening, 

participants are asked by mail whether they suffered myocardial infarction 

or not to test the Procam accuracy. This program was executed in close 

collaboration with general practitioners.

Is a low cost, fast and simple mass screening using digital communication 

feasible? What are the effects of the digital communication on the risks 

scores 3 months after the first screening?

In chapter 3 and 4, the potential impact of the next generation of high 

sensitivity troponine T (hs-TnT) reagents is studied. Troponin is part of the 

sarcomere. In resting state, tropomyosin covers the myosin-binding sites 

which are present on actin filaments. Troponins are crucial in positioning 

tropomyosin. 31 When calcium binds to troponin, these binding sites are 

uncovered enabling myosin to bind to the actin binding sites. Subsequently, 

ATP-hydrolysis, the actin is pulled by the myosin filament and the contraction 

of the cardiomyocyte is effected. 32 Cardiac troponin is highly specific for the 

cardiomyocyte. With the former 4th generation of assays, troponin T was not 

measurable in normal conditions (no myocardial infarction) in the peripheral 

blood outside the cardiomyocytes. 33 The 5th generation hs-TnT assays is able 

to measure very low levels of troponin. 34,35 The relation between the extent 

of coronary disease and prognostic value of hs-TnT is investigated in chapter 

3 and 4.

Is troponin an independent biomarker of stable and instable coronary 

disease?

In chapter 5 the role of promising inflammation biomarkers in coronary 

artery disease and the prediction of cardiac events are presented in a 9-year 

follow-up study. Inflammation is an important mediator in the progression of 

coronary atherosclerosis and the transition to vulnerable plaque phenotype. 
15,36,37 We studied the association between inflammation biomarkers and both 

coronary plaque burden and cardiac events.

Are Annexin A5, Elastase and Myeloperoxidase useful biomarkers in clinical 

detection of coronary disease and future coronary events?

Chapter 6 handles the relation between vitamin K antagonist use and 

coronary plaque formation in both animal models as in patients. Growing 
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evidence shows progression of coronary calcium in vitamin K antagonist 

use. 38 Matrix Gla-protein is a vitamin K -dependent protein and inhibits 

calcification in cartilage and arteries. 39 We investigated the role and 

mechanism of vitamin K antagonists in the calcium metabolism and the 

effect on coronary atherosclerosis.

Is vitamin K antagonists use correlated to acceleration of coronary 

calcification?

Chapter 7 reviews several advanced non-invasive imaging techniques for 

detection of the patient, vulnerable to myocardial infarction. The need to 

identify the vulnerable plaque might be met by development of specific 

probes and these advanced imaging tools in the future. 

What can molecular imaging bring us now and in the future in the detection 

of coronary disease?

Finally, the findings of the original research papers are summarized and 

discussed in Chapter 8.

The figure (2) below represents an overview of the thesis, each element 

corresponds to a chapter of the thesis.

Figure 2. The colours red, orange and green represent the patients at respectively high, 
intermediate and low risk for coronary disease.

Intervention

Novel biomarkers

Traditional biomarkers

Mass risk-profiling
and mass intervention

Cardiovascular Risk in General
population

Effect of Mass screening
and mass intervention, 

Chapter 2

Predictive value of hs-TnT,
Chapter 3 & 4

Predictive value of 
Novel biomarkers,

Chapter 5

Effect of Vit K antagonists on 
coronary calcium,

Chapter 6

Molecular imaging
In cardiovascular medicine

Chapter 7



17

C
h

ap
ter 1 | G

en
eral In

tro
d

u
ctio

n
 A

n
d

 O
u

tlin
e O

f T
h

is T
h

esis

References:

1. Zorg uitgaven, kerncijfers CBS; http://statline.cbs.nl/Statweb/publication/?VW=T&DM=SLNL&PA=83037
NED&D1=a&D2=a&HD=170512-1503&HDR=G1&STB=T, consulted april 2018.

2. Institute for Health Metrics and Evaluation (IHME). GBD Compare Data Visualization. Seattle, WA: 
IHME, University of Washington, 2016. Available from http:// vizhub.healthdata.org/gbd-compare. 
(Accessed [2018]).

3. Libby, P. Interleukin-1 Beta as a Target for Atherosclerosis  Therapy: Biological Basis of 
CANTOS and Beyond. J. Am. Coll. Cardiol. 70, 2278–2289 (2017).

4. Virmani, R., Burke, A. P., Farb, A. & Kolodgie, F. D. Pathology of the Vulnerable Plaque. J. Am. Coll. Cardiol. 
47, C13–C18 (2006).

5. Virmani, R., Kolodgie, F. D., Burke, A. P., Farb, A. & Schwartz, S. M. Lessons from sudden coronary death: 
a comprehensive morphological classification scheme for atherosclerotic lesions. Arterioscler. Thromb. 
Vasc. Biol. 20, 1262–1275 (2000).

6. Herrick, J. B. Landmark article (JAMA 1912). Clinical features of sudden obstruction of the coronary arteries. 
By James B. Herrick. JAMA 250, 1757–1765 (1983).

7. Rittersma, S. Z. H. et al. Plaque instability frequently occurs days or weeks before occlusive coronary 
thrombosis: a pathological thrombectomy study in primary percutaneous coronary intervention. 
Circulation 111, 1160–1165 (2005).

8. Assmann, G. Simple Scoring Scheme for Calculating the Risk of Acute Coronary Events Based on the 
10-Year Follow-Up of the Prospective Cardiovascular Munster (PROCAM) Study. Circulation 105, 310–315 
(2002).

9. D’Agostino, R. B. et al. General cardiovascular risk profile for use in primary care: the Framingham Heart 
Study. Circulation 117, 743–753 (2008).

10. Conroy, R. M. et al. Estimation of ten-year risk of fatal cardiovascular disease in Europe: the SCORE 
project. European Heart Journal 24, 987–1003 (2003).

11. Ridker, P. M., Cushman, M., Stampfer, M. J., Tracy, R. P. & Hennekens, C. H. Inflammation, aspirin, and 
the risk of cardiovascular disease in apparently healthy men. N. Engl. J. Med. 336, 973–979 (1997).

12. Blaha, M. J. et al. Associations between C-reactive protein, coronary artery calcium, and cardiovascular 
events: implications for the JUPITER population from MESA, a population-based cohort study. The 
Lancet 378, 684–692 (2011).

13. Heart Protection Study Collaborative Group et al. C-reactive protein concentration and the vascular 
benefits of statin therapy: an analysis of 20,536 patients in the Heart Protection Study. Lancet 377, 
469–476 (2011).

14. C-reactive protein concentration and risk of coronary heart disease, stroke, and mortality: an individual 
participant meta-analysis. The Lancet 375, 132–140 (2010).

15. Ridker, P. M. et al. Antiinflammatory Therapy with Canakinumab for Atherosclerotic Disease. N. Engl. J. 
Med. NEJMoa1707914–13 (2017). doi:10.1056/NEJMoa1707914

16. Jaarsma, C. et al. Diagnostic Performance of Noninvasive Myocardial Perfusion Imaging Using Single-
Photon Emission Computed Tomography, Cardiac Magnetic Resonance, and Positron Emission 
Tomography Imaging for the Detection of Obstructive Coronary Artery Disease. J. Am. Coll. Cardiol. 59, 
1719–1728 (2012).

17. Proudfit, W. L., Shirey, E. K. & Sones, F. M. Selective cine coronary arteriography. Correlation with 
clinical findings in 1,000 patients. Circulation 33, 901–910 (1966).

18. Kim, R. J. et al. Relationship of MRI delayed contrast enhancement to irreversible injury, infarct age, and 
contractile function. Circulation 100, 1992–2002 (1999).

19. Andreini, D. et al. A Long-Term Prognostic Value of Coronary CT Angiography in Suspected Coronary 
Artery Disease. JACC: Cardiovascular Imaging 5, 690–701 (2012).

20. Motoyama, S. et al. Computed Tomographic Angiography Characteristics of Atherosclerotic Plaques 
Subsequently Resulting in Acute Coronary Syndrome. J. Am. Coll. Cardiol. 54, 49–57 (2009).

21. Motoyama, S. et al. Plaque Characterization by Coronary Computed Tomography Angiography and the 
Likelihood of Acute Coronary Events in Mid-Term Follow-Up. J. Am. Coll. Cardiol. 66, 337–346 (2015).

22. Jaffer, F. A. & Weissleder, R. Molecular imaging in the clinical arena. JAMA 293, 855–862 (2005).
23. Libby, P. & Theroux, P. Pathophysiology of coronary artery disease. Circulation 111, 3481–3488 (2005).



18

24. Sugiyama, T. et al. Nonculprit Plaque Characteristics in Patients With Acute Coronary Syndrome Caused 
by Plaque Erosion vs Plaque Rupture: A 3-Vessel Optical Coherence Tomography Study. JAMA Cardiol 
(2018). doi:10.1001/jamacardio.2017.5234

25. Rathore, S. et al. Association of coronary plaque composition and arterial remodelling: a optical 
coherence tomography study. Atherosclerosis 221, 405–415 (2012).

26. Hamon, M. et al. Diagnostic performance of 16- and 64-section spiral CT for coronary artery bypass graft 
assessment: meta-analysis. Radiology 247, 679–686 (2008).

27. Davies, J. R., Rudd, J. H. F., Weissberg, P. L. & Narula, J. Radionuclide imaging for the detection of 
inflammation in vulnerable plaques. J. Am. Coll. Cardiol. 47, C57–68 (2006).

28. https://www.utrechtoostgezond.nl/crossroads 2018.
29. Task Force Members et al. 2013 ESC guidelines on the management of stable coronary artery disease: the 

Task Force on the management of stable coronary artery disease of the European Society of Cardiology. 
European Heart Journal 34, 2949–3003 (2013).

30. Agatston, A. S. et al. Quantification of coronary artery calcium using ultrafast computed tomography. J. 
Am. Coll. Cardiol. 15, 827–832 (1990).

31. Potter, J. D. & Gergely, J. Troponin, tropomyosin, and actin interactions in the Ca2+ regulation of muscle 
contraction. Biochemistry 13, 2697–2703 (1974).

32. de Tombe, P. P. Cardiac myofilaments: mechanics and regulation. Journal of Biomechanics 36, 721–730 
(2003).

33. Thygesen, K., Alpert, J. S., White, H. D.Joint ESC/ACCF/AHA/WHF Task Force for the Redefinition of 
Myocardial Infarction. Universal definition of myocardial infarction. in 50, 2173–2195 (2007).

34. Sabatine, M. S. et al. Prognostic significance of the Centers for Disease Control/American Heart 
Association high-sensitivity C-reactive protein cut points for cardiovascular and other outcomes in 
patients with stable coronary artery disease. Circulation 115, 1528–1536 (2007).

35. Sabatine, M. S., Morrow, D. A., de Lemos, J. A., Jarolim, P. & Braunwald, E. Detection of acute changes 
in circulating troponin in the setting of transient stress test-induced myocardial ischaemia using an 
ultrasensitive assay: results from TIMI 35. European Heart Journal 30, 162–169 (2009).

36. Libby, P. Inflammation in atherosclerosis. Nature 420, 868–874 (2002).
37. Libby, P. Inflammation in atherosclerosis. Arterioscler. Thromb. Vasc. Biol. 32, 2045–2051 (2012).
38. MD, T. J. P. & MD, S. Z. G. Warfarin and Vascular Calcification. The American Journal of Medicine 129, 635.

e1–635.e4 (2016).
39. Luo, G. et al. Spontaneous calcification of arteries and cartilage in mice lacking matrix GLA protein. 

Nature 386, 78–81 (1997).



19

C
h

ap
ter 1 | G

en
eral In

tro
d

u
ctio

n
 A

n
d

 O
u

tlin
e O

f T
h

is T
h

esis


