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AF Atrial fibrillation 

Apo  Apolipoprotein 

ATC Anatomical therapeutic chemical 

BMI  Body mass index 

CCI Charlson comorbidity index 

CI Confidence interval 

CRP C-reactive protein 

CVD Cardiovascular disease 

DOAC  Direct oral anticoagulants 

eGFR  Estimated glomerular filtration rate 

F  Factor  

IQR Interquartile range 

Gas-6  Growth arrest-specific gene 6 

GHS  Gutenberg Health Study 

HR Hazard ratio 

INR  International Normalized Ratio 

LV Left ventricular 

MGP Matrix Gla Protein 

OAC  Oral anticoagulation 

PAR  Protease-activated receptor 

RR  Rate ratio 

SNP  Single Nucleotide Polymorphism 

TTR Time in therapeutic range  

VKA Vitamin K -Antagonist 
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This dissertation highlights new aspects in the field of oral anticoagulation. Firstly, 

the influence of the long established vitamin K antagonists (VKA) and the alternative 

direct oral anticoagulants (DOAC) on subclinical parameters of cardiovascular 

disease was investigated. Furthermore, the work provides new findings in the field of 

health care research and considers high-risk groups for reduced therapeutic quality 

and clinical outcome. 

Oral anticoagulants are prescribed for primary and secondary prevention of 

thromboembolic diseases. Main indications are atrial fibrillation, venous 

thromboembolism (i.e., pulmonary embolism, deep vein thrombosis) and mechanical 

heart valves. With the introduction of DOAC in 2008, alternatives to the established 

VKA became available. Since not only coagulation factors but also other proteins are 

targets of VKA and DOAC, anticoagulation therapy might exert pleiotropic effects. 

Investigations in this thesis have demonstrated that oral anticoagulation therapy 

affects the development and course of subclinical parameters of cardiovascular 

disease differentially. It was shown for the first time that VKA therapy had a negative 

impact on arterial stiffness, vascular morphology, cardiac structure and function, and 

inflammation. In contrast, DOAC are linked to improved cardiac function and lipid 

metabolism. These results strengthen the notion that oral anticoagulants have an 

impact on the development and progression of cardiovascular disease, which, 

however, notably depends on the substance. These potential effects on the 

cardiovascular system underline the challenging situation regarding high quality oral 

anticoagulation therapy. In addition, clinical factors such as polypharmacy among 

elderly patients with atrial fibrillation contribute to the difficulty of obtaining high quality 

anticoagulation therapy at lowest risk of adverse events. Patients with polypharmacy 

have an increased risk of complications and adverse events, so it is believed that 

they need particular monitoring (e.g., regular control of kidney function and dose 

testing) to avoid over- and under-dosing. The present results are of high clinical 

relevance, as a combination of both, treatment quality and clinical phenotype, are 

important aspects for the development of individualized anticoagulation therapy. 
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Specialized care could facilitate optimal personalized care in both VKA and DOAC 

treated patients as well as in high-risk patient groups. 
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Die vorliegende Dissertation zeigt neue Aspekte der Antikoagulationstherapie auf. 

Zunächst wurde der Einfluss der lang etablierten Vitamin K-Antagonisten (VKA) und 

der alternativen direkten oralen Antikoagulanzien (DOAK) auf subklinische 

Parameter der kardiovaskulären Erkrankung untersucht. Weiterhin liefert die Arbeit 

neue Erkenntnisse im Bereich Versorgungsforschung und betrachtet Risikogruppen 

für reduzierte Therapiequalität und deren klinischem Outcome. 

Orale Antikoagulanzien werden zur Primär- und Sekundärprävention 

thromboembolischer Erkrankungen eingesetzt. Eine Indikation besteht vorwiegend 

bei Vorhofflimmern, venösen Thromboembolien (Lungenembolie und tiefe 

Venenthrombose)  und nach Herzklappenersatz. Mit der Einführung von DOAK im 

Jahr 2008 stehen Alternativen zu den klassischen VKA zur Verfügung. Da nicht nur 

Gerinnungsfaktoren, sondern auch andere Proteine Angriffspunkte der VKA und 

DOAK sind, können orale Antikoagulanzien pleiotrope Effekte vermitteln. Die Arbeit 

legte näher, dass orale Antikoagulanzien die Entwicklung und den Verlauf 

(sub)klinischer kardiovaskulärer Erkrankungen unterschiedlich beeinflusst. Zum 

ersten Mal wurde gezeigt, dass die VKA-Therapie im negativen Zusammenhang mit 

arterieller Steifigkeit, Gefäßmorphologie, Herzstruktur- und funktion sowie 

Inflammation steht. Im Gegensatz hierzu sind DOAK mit einer verbesserten 

Herzfunktion und besseren Fettstoffwechsel assoziiert. Diese Ergebnisse verstärkt 

die Annahme, dass orale Antikoagulanzien einen Einfluss auf die Entwicklung und 

das Fortschreiten kardiovaskulärer Erkrankungen haben, die jedoch insbesondere 

abhängig von der Art der Substanz sind. Diese Ergebnisse unterstreichen das 

anspruchsvolle Ziel einer qualitativ hochwertigen Antikoagulationstherapie. Darüber 

hinaus tragen klinische Faktoren wie Polypharmazie bei älteren Patienten mit 

Vorhofflimmern zu der Schwierigkeit bei, eine qualitativ hochwertige 

Antikoagulationstherapie mit dem geringsten Risiko unerwünschte Ereignisse zu 
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erzielen. Patienten mit Polypharmazie zeigten ein erhöhtes Risiko für Komplikationen 

und negative Ereignisse. Daher lässt sich annehmen, dass diese Patientengruppe 

eine besondere Überwachung benötigt (z. B. regelmäßige Kontrolle der 

Nierenfunktion und Medikation), um Über- und Unterdosierungen zu vermeiden. Die 

vorliegenden Ergebnisse sind von hoher klinischer Relevanz, da die Kombination aus 

Behandlungsqualität und dem klinischen Phänotyp einen wichtigen Aspekt in der 

individualisierten Antikoagulationstherapie darstellt. Eine spezialisierte 

Versorgungsform könnte eine optimale personalisierte Versorgung sowohl von VKA- 

und DOAK-Patienten als auch Hochrisikogruppen ermöglichen. 
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Oral anticoagulation therapy is used for prevention and treatment of venous 

thrombosis and prevention of stroke associated with atrial fibrillation, mechanical 

heart valves and peripheral vascular surgery (1). Vitamin K antagonists (VKA) have 

been used for many decades for oral anticoagulation therapy. These compounds act 

by inhibiting the enzyme vitamin K-epoxide reductase (VKOR) involved in hepatic 

synthesis of the vitamin K-dependent plasma coagulation factors (F) II, VII, IX, and 

X, as well as the natural anticoagulants protein C and protein S (2). In 2008 direct 

oral anticoagulants (DOAC; formerly ónovelô oral anticoagulants) became available. 

They specifically inhibit factor IIa (dabigatran etexilate) or factor Xa (rivaroxaban, 

apixaban, edoxaban) (3, 4). DOAC offer potential advantages over VKA, such as 

rapid onset and offset of action, fewer drug and food interactions and a predictable 

anticoagulant effect that obviates the need for routine coagulation monitoring. The 

introduction of DOAC caused a paradigm shift in antithrombotic therapy, as clinical 

practice guidelines on antithrombotic therapy and prevention of thrombosis now 

express a preference for DOAC over VKA for patients with non-valvular atrial 

fibrillation, especially if newly initiated (5, 6).  

In addition to the hemostatic effects of oral anticoagulants through interference with 

the coagulation system, previous experimental and clinical studies have indicated the 

potential for differential non-canonical effects of anticoagulants (7). It has been 

demonstrated that VKA result in a decreased activity of the vitamin Kïdependent 

proteins matrix GIa protein (MGP) and growth arrestïspecific gene 6 (Gas-6) by 

inhibiting the ɔ-carboxylation process (8). The deficiency of active MGP and Gas-6 

provokes cell death, decreased contractility of vascular smooth muscle cells, and 

accelerated vascular calcification (9, 10). First pre-clinical investigations showed that 

VKA treatment resulted in medial vascular calcification (11), which was followed by 

the evaluation of VKA on vascular  and valvular calcification in a clinical setting (12-
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18). In contrast, accumulating evidence suggests that thrombin and FXa are 

important modulators in cellular mechanisms through the activation of protease-

activated receptor (PAR)-mediated signaling (19). A total of four PARs (PAR1, PAR2, 

PAR3, and PAR4) have been identified, and their expression has been shown on a 

variety of cells (e.g., platelets, vascular smooth muscle cells, endothelial cells, 

fibroblasts, and leukocytes), which are involved in the pathophysiology of 

atherosclerosis and cardiovascular disease (20). In mice, inhibition of FXa and 

thrombin revealed inhibitory effects on the development of atherosclerosis 

compounded by the stabilization of atherosclerotic plaques through inhibition of lipid 

deposition and decreased atherogenesis and inflammation (21-27). Associations 

between the administration of the FXa-inhibitor rivaroxaban and improved cardiac 

function have also been shown in experimental studies (28, 29). Given the important 

role of vascular calcification and atherosclerosis in the pathophysiology of vascular 

stiffness and the correlation with increased inflammation and incident cardiovascular 

disease, oral anticoagulants may exert clinically relevant non-coagulant effects (30). 

To date, the clinical translation from experimental animal models to man regarding 

possible pleiotropic effects of anticoagulation therapy has not been implemented, but 

is urgently needed.  

The introduction of DOAC in addition to the established VKA, has not only 

raised new questions with regard to additional effects beyond anticoagulation, but 

also increased the complexity of treatment options for the physician in charge. 

Several studies have indicated that quality of anticoagulation therapy and 

subsequent clinical outcome depends on the physician´s treatment, patient 

education, and are better if patients are followed in a specialized anticoagulation 

management system (31-33). Oral anticoagulation therapy always presents a trade-

off between efficacy (i.e., thromboprophylaxis and thrombus resolution) and safety 

(i.e., risk of bleeding) leaving the physicians with challenges in daily clinical practice. 

Therefore, it is of great interest to assess the current perception of physicians 

regarding oral anticoagulation therapy, and evaluate possibly still unknown 

management oversights leading to reduced treatment quality and worse clinical 

outcome. One high-risk group which requires particular monitoring are elderly, 

multimorbid patients on multiple medications, a condition known as polypharmacy 

(34-36). The prevalence of polypharmacy in subjects with atrial fibrillation is high 

ranging from 40 to 95 percent (37, 38). It was shown that polypharmacy among VKA 

users is associated with higher risk of adverse drug reactions, poor adherence to 
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medical treatment, higher frequency of hospitalizations, bleeding and all-cause 

mortality (39, 40). Although the mechanism of possible drug interactions and clinical 

outcome in patients receiving short-acting anticoagulants like warfarin is established, 

evidence on the relevance for the clinical outcome of anticoagulated patients on long-

acting phenprocoumon, the by far most commonly prescribed VKA in Germany, and 

polypharmacy is currently limited and might vary from recent reports on warfarin. 

There is a growing need for better understanding non-canonical effects of 

anticoagulants to develop the concept of an individualized anticoagulation therapy. 

The current thesis aimed at comparing effects of both direct and indirect oral 

anticoagulant regimes on intermediate phenotypes of cardiovascular structure and 

functions in humans, and put the results into context of the development and 

progression of atherosclerosis and cardiovascular disease. Furthermore, it was 

deemed of great importance to evaluate the impact of polypharmacy on the quality 

of anticoagulation therapy and subsequent clinical outcome in patients receiving the 

VKA phenprocoumon. The findings of this latter study may be useful for the 

optimization of the management of VKA therapy in the high-risk situation of 

polypharmacy.
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