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Abstract

Background Experimental data indicate that direct acting oral anticoagulants (DOAC) and vitamin K antagonists (VKA)
may exert differential effects on cardiovascular disease.

Methods Data from the prospective, observational, single-center MyoVasc Study were used to examine associations of
DOAC as compared to VKA with subclinical markers of cardiovascular disease, cardiac function, and humoral biomarkers
in heart failure (HF).

Results Multivariable analysis adjusted for age, sex, traditional cardiovascular risk factors, comorbidities, and medica-
tions with correction for multiple testing demonstrated that DOAC therapy was among all investigated parameters an
independent significant predictor of better diastolic function (E/E": f —0.24 [-0.36/—0.12]; P <0.0001) and higher levels
of ApoAl (#+0.11 g/L [0.036/0.18]; P=0.0038) compared to VKA therapy. In propensity score-weighted analyses, the
most pronounced differences between DOAC and VKA-based therapy were also observed for E/E’ (A —2.36) and ApoAl
(A+0.06 g/L). Sensitivity analyses in more homogeneous subsamples of (i) individuals with AF and (ii) individuals with
asymptomatic HF confirmed the consistency and robustness of these findings. In the comparison of factor Ila and Xa-directed
oral anticoagulation, no differences were observed regarding cardiac function (E/E’ ratio: i, innibitor — 0-22 [—0.36/—0.08] vs.
Pxainnibitor — 0-24 [—0.37/—0.11]) and lipid metabolism (ApoAl: i, inhibitor 0-10 [0.01/0.181 vs. fx, inhibitor 0- 12 [0.04/0.20])
compared to VKA therapy.

Conclusion This study provides the first evidence for differential, non-conventional associations of oral anticoagulants on car-
diac function and lipid metabolism in humans. The potentially beneficial effect of DOACS in the highly vulnerable population
of HF individuals needs to be further elucidated and may have implications for individually tailored anticoagulation therapy.

Keywords Anticoagulation - Direct oral anticoagulants - Vitamin K antagonist - Cardiac function - Lipids and lipid protein
metabolism

Introduction

Anticoagulation therapy with vitamin K antagonist (VKA)

has represented one of the cornerstones of antithrombotic
therapy for decades [1]. The introduction of direct acting
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oral anticoagulants (DOAC) has considerably changed the
landscape and broadened the options for oral anticoagu-
lant therapy in daily clinical routine [2, 3]. Since a wide
therapeutic arsenal to interfere with clot formation is now
available, individualized antithrombotic therapy requires
integrating information on both patient characteristics and
knowledge on the specific effects of anticoagulant agents.
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The activity of thrombin (factor Ila), an enzyme respon-
sible for converting prothrombin to thrombin, or factor
Xa can be directly inhibited by DOAC (e.g., dabigatran,
rivaroxaban, apixaban, and edoxaban). Alternatively, VKA
exert their anticoagulant effect by inhibiting vitamin K
epoxide reductase, thereby limiting the cofactor effect of
vitamin K on the y-carboxylation of the vitamin K-depend-
ent coagulation factors II, VII, IX, and X. In addition to
the hemostatic effects of oral anticoagulants in the pre-
vention and treatment of thrombosis, the previous studies
have indicated the potential for differential non-canonical
effects of anticoagulants through cellular protease-acti-
vated receptors (PARs) in various cell types (e.g., vascular
smooth muscle cell, platelets, fibroblasts, and endothelial
cells) [4]. Pre-clinical and clinical studies investigating
non-coagulant effects of DOACs have indicated potential
effects of these drugs beyond their primary antithrombotic
action including an inhibitory effect on the development
of atherosclerosis and the onset of atrial fibrillation [4, 5].
In the COMPASS trial, the application of low-dose fac-
tor Xa inhibitor rivaroxaban on top of aspirin to patients
with stable cardiovascular disease reduced the incidence
of major adverse cardiovascular and limb events, indicat-
ing a beneficial effect on the course of atherosclerotic
cardiovascular disease [6]. In pre-clinical studies, it has
been demonstrated that the direct inhibition of factor Xa
or thrombin may contribute to anti-inflammatory actions
and an attenuation of atherosclerosis [7—14]. Experimen-
tal studies have reported that direct thrombin inhibition
reduces the formation and lesion size of atherosclerotic
plaques and improves endothelial function in apolipopro-
tein E-deficient mice [9-11, 15]. Direct thrombin inhibi-
tion has also been shown to interfere with lipid metabolism
by reducing levels of apolipoprotein B (ApoB) [16] and
to potentially affect cardiac function and cardiac remod-
eling [13, 17-20]. In contrast to direct inhibitors of factor
Xa and thrombin, VKAs are known to not only affect the
carboxylation of vitamin K-dependent coagulation factors,
but also the action of matrix Gla protein, resulting in cal-
cification of heart valves and vessels leading to arterial
stiffness [21, 22].

Given this body of evidence, which is mostly derived
from experimental studies, we hypothesized that DOAC- and
VKA-based antithrombotic regimes exert differential effects
on cardiovascular structure and function in humans via dif-
ferent mechanistic pathways [23]. Evidence is limited with
regard to pleiotropic effects of DOACs and VKA in humans,
especially for individuals with heart failure who may be par-
ticularly susceptible to these effects due to the contributory
effect of underlying diseases. The aim of the current study
was to compare the effects of DOAC- and VKA-based anti-
coagulation therapy on intermediate phenotypes of cardio-
vascular disease in individuals with heart failure.
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Methods
Study design

The MyoVasc Study is an investigator-initiated, prospec-
tive, single-center cohort study, which is conducted at the
University Medical Center of the Johannes Gutenberg-
University Mainz, Germany. The study is led by an aca-
demic steering committee and was designed according to
the tenets of the revised Helsinki protocol. Approval of the
local ethics committee (medical association Rhine-Hesse,
Germany) and of the local data safety commissioner was
obtained before study initiation. All study participants pro-
vided written informed consent before study enrolment.
Study participants were recruited from a mid-western
population of predominant white European ancestry.

From January 2013 to January 2016, 2000 individu-
als with stable heart failure were recruited to the Myo-
Vasc study fulfilling the following inclusion criteria: (i)
35-84 years of age; (ii) asymptomatic or symptomatic
cardiac dysfunction; and (iii) absence of acute cardiac
disease (i.e., endocarditis, myocarditis, pericarditis, acute
cardiac decompensation, and acute myocardial infarction)
and of acute infections. For the present analysis, study
participants with an intake of oral anticoagulants (assessed
according to ATC coding at the initial visit in the study
center) were selected.

Data assessment

At the baseline visit in the study center, study participants
underwent a physical examination by a qualified physi-
cian, highly standardized deep clinical phenotyping com-
prising a 5-h clinical investigation (e.g., ECG, 2D-, and
3D-cardiac echocardiography, sonography of the carotid
artery, and assessment of vascular function) and compre-
hensive blood withdrawal for biobanking. For the present
analysis, distinct non-invasively measured intermediate
phenotypes of cardiovascular structure and function were
analyzed comprising stiffness index (measured by Pulse
Trace 2000, Micro Medical Ltd., Rochester, United King-
dom), left ventricular ejection fraction, E/E’ ratio, left ven-
tricular mass, and relative wall thickness (measured during
echocardiography) [24, 25]. Left ventricular dimensions
and wall thickness were determined in parasternal long
axis. Left ventricular mass was calculated from the linear
dimensions in the parasternal long axis view or M-mode.
Left ventricular ejection fraction was calculated using the
Simpson’s method in apical four-chamber view. During
Doppler recording of the mitral inflow, measurement of
peak velocity of early diastolic filling (E) was performed,
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whereas peak longitudinal early diastolic velocity (E") was
measured in pulsed wave tissue Doppler imaging record-
ings at the lateral mitral annulus. All echocardiographic
parameters were assessed by a Philips iE33 ultrasound sys-
tem using an S5-1 sector array transducer (Philips Medical
Systems, The Netherlands) and were performed accord-
ing to current guideline recommendations [25]. During
a computer-assisted personal interview, information on
cardiovascular risk factors, comorbidities, and medication
was assessed. Current medication use including medica-
tion on demand was recorded digitally by scanning the
drug identification bar code from drug packages or alterna-
tively established on the basis of self-reported information
from participants (e.g., prescription plan). History of drug
intake and the type of prescription (self-medication vs.
prescription by a physician) were recorded for the medica-
tion. Central pharmaceutical numbers were translated into
the Anatomical Therapeutic Chemical (ATC) code of the
current pharmaceutical index. All study procedures were
performed according to standard operating procedures. A
central data management performed quality control with
checks of all variables by pre-defined algorithms for com-
pleteness, plausibility, and validity.

Laboratory analyses

Measurements of humoral biomarkers were performed from
blood samples of the study participants at the baseline visit,
which were collected after a fasting period of at least 5 h.
Concentration of humoral N-terminal pro-B-type natriuretic
peptide (NT-proBNP; Elecysys proBNP II assay, ECLIA,
Roche Diagnostics, Mannheim, Germany), cardiac troponin
I (ACHITECT STAT highly sensitive Troponin I immuno-
assay, Abbott Diagnostic, USA, ARCHITECT i2000SR),
C-reactive protein (CRP; Abbott Diagnostic, Wiesbaden,
Germany), Apolipoprotein (Apo) Al, ApoB100 (Immu-
noturbidimetric method, Abbott Architect), and fibrinogen
(Werfen Instrumentation Laboratory) were measured with
commercially available assays directly after blood with-
drawal. The estimated glomerular filtration rate (¢GFR) was
calculated by the MDRD formula [26].

Statistical analysis

Individuals were classified as VKA user or DOAC user
according to ATC drug classification coding. Descriptive
statistics (absolute numbers, frequencies for categorical val-
ues, medians with 25th and 75th percentile and means with
corresponding standard deviation for continuous data) were
generated for all dependent variables to compare treatment
groups. Based on the literature, the following variables were
selected for evaluating the effects of anticoagulant drugs on
the cardiovascular system: cardiac structure (i.e., LV mass/

height?” and relative wall thickness), cardiac function (i.e.,
E/E' ratio and left ventricular ejection fraction), vascu-
lar function (i.e., stiffness index), humoral biomarkers of
inflammation (i.e., fibrinogen and CRP), cardiac damage
(i.e., NT-pro-BNP and troponin I), and lipid metabolism
(i.e., ApoAl and ApoB100). To take differences in clini-
cal characteristics between groups as potential confound-
ers into account, multivariate linear regression models with
adjustment for age, sex, traditional cardiovascular risk fac-
tors, comorbidities, duration of intake of oral anticoagulants,
and heart failure-related co-medication were calculated to
compare the effects of DOAC and VKA (reference group)
on the cardiovascular system. To evaluate a potential time-
dependent effect of oral anticoagulation use on intermediate
phenotypes of cardiovascular disease, the impact of history
of VKA and DOAC treatment length was analyzed sepa-
rately. In addition, propensity score-weighted analysis was
performed to evaluate the robustness of results from regres-
sion analysis.

For a more homogeneous sample with regard to clinical
characteristics, sensitivity analyses were conducted in study
participants with atrial fibrillation and CHA,DS,~VASc
score > 1. Only participants with treatment duration of more
than 3 months who received the diagnosis of atrial fibril-
lation after approval of DOACs by regulatory authorities
(2011 for Germany), assuring that newly initiated antico-
agulation therapy with DOAC was only applied to antico-
agulation naive subjects, were included in the analysis. A
second sensitivity analysis was conducted in the subsample
of subjects with asymptomatic heart failure (i.e., stage A
according to the ACC/AHA heart failure classification) [27].

Statistical testing was performed with paired tests with
post-hoc Bonferroni correction for multiple testing. Statisti-
cal analysis was conducted using the software program R,
version 3.1.1 (http://www.r-project.org).

Results
Clinical characteristics of study participants

Clinical characteristics of the study sample are summarized
in Table 1. The total sample comprised 404 VKA users and
229 DOAC users with a mean age of 68.8 +9.1 years and
68.2 +9.8 years, respectively. Among participants under
DOAC treatment, n =159 subjects received a factor Xa
inhibitor and n="70 a direct thrombin inhibitor. A detailed
description of DOAC substances with corresponding dos-
ages is presented in Table S1 in the Supplemental Mate-
rial. Study participants with current VKA use had a higher
stroke risk indicated by the CHA,DS,—VASc score. The
risk profile of participants on VKA revealed a higher preva-
lence of traditional cardiovascular risk factors and clinical
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Table 1 Clinical characteristics

e Individuals taking VKA Individuals
of study participants (N=404) taking DOAC
(N=229)
Age (years) 68.8+9.1 68.2+9.8
Sex (female), % (n) 24.3 (98) 33.2 (76)
BMI (kg/m?) 28.5 (25.6/31.6) 28.6 (25.4/32.0)
CHA,DS,—VASc score 3.55+1.59 3.36+1.69
eGFR (mL/min/1.73 m?)? 66.1+21.0 72.5+17.6
Traditional cardiovascular risk factors, % (1)
Diabetes mellitus 26.1 (105) 22.0 (50)
Dyslipidemia 62.2 (250) 55.5 (127)
Family history of myocardial infarction/stroke 21.6 (87) 21.4 (49)
Hypertension 81.4 (329) 79.5 (182)
Obesity 37.2 (149) 38.6 (88)
Smoking 10.5 (42) 9.6 (22)
Comorbidities, % (n)
Chronic kidney failure 8.5 (33) 2.7 (6)
Congestive heart failure 64.6 (241) 53.9 (110)
Coronary artery disease 46.5 (186) 31.4 (71)
Deep vein thrombosis 2.0 (8) 6.2 (14)
Myocardial infarction 25.8 (103) 15.9 (36)
Peripheral artery disease 10.9 (43) 5.8(13)
Pulmonary embolism 0.8 (3) 7.2 (16)
Stroke 13.8 (55) 12.3 (28)
Medication, % (n)®
Agents acting on the renin—angiotensin system 35.9 (145) 45.9 (105)
Beta-blocking agents 35.6 (144) 48.5 (111)
Diuretics 28.2 (114) 31.0(71)
Lipid-modifying agents 58.9 (238) 46.3 (106)

Data are expressed as relative and absolute frequencies for binary variables, for continuous variables as

mean with standard deviation

Calculated by MDRD formula [26]

°The following ATC codes were used for identification of concomitant intake of drugs: C09—agents acting
on the renin—angiotensin system; CO7—beta-blockers; C03—diuretics; C10—Ilipid-modifying agents

comorbidities (with the exception of deep vein thrombosis
and pulmonary embolism) compared to DOAC users. The
median international normalized ratio (INR) of the VKA
group was 2.3 (IQR 2.1-2.8). Medical treatment of heart
failure (i.e., agents interfering with the renin—angiotensin
aldosterone system, beta-blockers, and diuretics) was more
frequently applied to DOAC treated participants than to
VKA users. Intake of anticoagulation for more than 1 year
was present in 39.2% of subjects receiving DOAC, whereas
it was recorded for 83.0% of individuals treated with VKA.

Comparison of functional and structural parameters
and humoral biomarkers between VKA and DOAC
therapy

Functional and structural parameters and humoral biomark-
ers of VKA and DOAC users are displayed in Table S2 in

@ Springer

the Supplemental Material. In brief, univariate analysis
revealed a significantly higher ApoA1 concentration, lower
levels of troponin I and NT-pro-BNP, better cardiac func-
tion, and lower LV mass among DOAC users, whereas no
differences were observed for ApoB100 levels and relative
wall thickness.

Linear regression models adjusted for age, sex, cardio-
vascular risk factors, comorbidities, treatment duration,
and co-medication were calculated to analyze the inter-
relation between intake of DOAC and echocardiographic
parameters, stiffness index, and humoral biomarkers
(Table 2). Differential relationships of DOAC compared
to VKA therapy (reference) were found for E/E’ ratio
(#=-0.24 [95% CI —0.36; 0.12], P=0.0001), left ven-
tricular mass (f=-15.3 [95% CI —10; —0.63], P=0.027),
and ApoAl (f=0.11 [95% CI 0.036; 0.18], P =0.0038).
After correction for multiple testing according to
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Table 2 Comparison of intermediate phenotypes of cardiovascular disease in individuals with DOAC and VKA therapy

Crude model Adjusted model®

p-estimate poac vs. vica [95% CI] P value P-estimate poac vs. vica [95% CII P value
HDL-cholesterol (mg/dL) 5.7[3.2/8.1] <0.0001 3.6 [-0.074/7.3] 0.055
ApoAl (g/L) 0.15 [0.098/0.19] <0.0001 0.11 [0.036/0.18] 0.0038
LDL cholesterol (mg/dL) 5.9[-0.57/12.0] 0.074 8.9 [-0.73/19.0] 0.071
ApoB100 (g/L) 0.0037 [—0.039/0.046] 0.87 0.047 [-0.016/0.11] 0.14
CRP (mg/L)° —0.17 [-0.33/-0.001] 0.049 0.11 [-0.15/0.37] 0.42
E/E'-ratio® —0.25[-0.33/-0.18] <0.0001 —0.24 [-0.36/-0.12] 0.0001
Ejection fraction (%) 4.0[2.1/5.9] <0.0001 2.1[-0.67/4.8] 0.14
Fibrinogen (mg/dL) —24[-39/-9.8] 0.001 —2.6 [—23/18] 0.80
LV mass/height>” (g/m*7) —5.1[-8.1/-2.2] <0.0005 —5.3[-10/-0.63] 0.027
NT-pro-BNP (pg/mL)° —0.48 [-0.68/—0.28] <0.0001 3.1[-1.4/7.7] 0.17
Relative wall thickness —0.0008 [-0.02/0.02] 0.94 0.0057 [-0.025/0.036] 0.72
Stiffness index (m/s) —0.55[-1.1/0.004] 0.052 —0.41 [-1.3/0.44] 0.35
Troponin I (pg/mL)° —0.30 [-0.48/—-0.13] <0.0005 0.083 [-0.17/0.34] 0.53

Effect estimates presented are § values for DOAC vs. VKA use derived from general linear models for each intermediate phenotype of cardio-

vascular disease (dependent variable)

P values passing the Bonferroni-corrected threshold of statistical significance (i.e., P <0.004) are indicated in bold print

ApoAl apolipoprotein Al, ApoB100 apolipoprotein B, CRP C-reactive protein, LV left ventricular, NT-pro-BNP N-terminal pro-B-type natriu-

retic peptide

#Adjusted for hypertension, diabetes, smoking, obesity, dyslipidemia, family history of myocardial infarction/stroke, history of myocardial
infarction, coronary artery disease, asymptomatic cardiac dysfunction, symptomatic heart failure, peripheral artery disease, stroke, venous
thromboembolism, eGFR, duration of treatment with oral anticoagulation therapy, lipid-lowering drugs, agents acting on the renin—angiotensin

system, diuretics and beta-blocker

Values were log transformed for regression analysis

Bonferroni’s method, DOAC therapy was an independ-
ent significant predictor of better diastolic function (as
indicated by the E/E' ratio) and higher concentrations of
ApoA1l compared to VKA therapy. Additional adjustment
of DOAC dosages (low vs. high) did not change results
(data not shown),

Propensity score-weighted analysis

Propensity score analysis with weighting for age, sex,
cardiovascular risk factors, comorbidities, and intake of
co-medication was undertaken to investigate the robust-
ness of study results. After weighting, the two groups had
well-balanced baseline characteristics (Table S3). Figure 1
and Table S4 display the absolute and relative median dif-
ference in the propensity score-weighted analysis between
VKA and DOAC users regarding functional and structural
cardiovascular parameters and humoral biomarkers. The
largest relative difference between DOAC and VKA treated
subjects was detected for E/E' ratio (DOAC: 8.88 [6.62;
11.93] vs. VKA: 11.24 [8.19; 15.65]), followed by stiffness
index (DOAC: 8.97 [7.31; 9.97] vs. VKA: 9.46 [7.92; 11.29]
m/s), and ApoAl concentration (DOAC: 1.63 [1.44; 1.80]
vs. VKA: 1.57 [1.39; 1.84] g/L).

Sensitivity analyses

Sensitivity analyses were conducted to further evaluate
the robustness of the previous findings (Table 3): the
first sensitivity analysis was limited to participants with
atrial fibrillation, a CHA,DS,-VASc score > 1, diagno-
sis of atrial fibrillation in DOAC users after year 2011
and duration of oral anticoagulation treatment > 3 months
(Table S5). In multivariable linear regression analysis
adjusted for potential confounders, the intake of DOACs
was independently related to lower E/E' ratio (f=—0.24
[95% CI —0.40; — 0.068], P=0.0064), lower level of NT-
pro-BNP (=-0.50 [95% CI —0.86; —0.14], P=0.0078),
increased HDL-cholesterol (f=6.6 [95% CI 1.4; 12.0],
P=0.014) and higher level of ApoAl (#=0.18 [95% CI
0.081; 0.28], P=0.00052) compared to the intake of VKA.
No differences were detected for surrogate markers of arte-
rial stiffness and systemic inflammation. In the second
sensitivity, analysis of the subsample of individuals with
asymptomatic heart failure (see Table S6 for clinical char-
acteristics), linear regression analysis, yielded comparable
results: in the fully adjusted regression models, DOAC
use was related to a better diastolic function (E/E’ ratio:
p=-0.25195% CI —0.39; —0.11], P=0.00046), higher
ApoAl (#=0.095 [95% CI 0.0011; 0.19], P=0.049). In
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relative median difference of DOAC versus VKA ¢terence

Fig.1 Comparison of the profile of subclinical phenotypes of car-
diovascular disease and inflammatory biomarkers in individuals with
VKA and DOAC by propensity score-weighted analysis. Data are
expressed as the relative median difference to the range between 5th
and 95th percentiles. Variables are arranged in descending order of
relative mean difference among the treatment groups. Variables con-
sidered for the propensity score model: sex, age, hypertension, dia-
betes, smoking, obesity, dyslipidemia, family history of myocardial

addition, DOAC therapy was also linked to lower left ven-
tricular mass (f=—38.9 [95% CI — 15; —2.5], P=0.0069)
and a better left ventricular ejection fraction (#=4.8 [95%
CI 1.4; 8.3], P=0.0070).

Relevance of history of oral anticoagulation
treatment length

Since differences in the duration of treatment were
observed between the DOAC and VKA sample, the dura-
tion of anticoagulation therapy was further analyzed. In
regression analysis adjusted for age, sex, cardiovascular
risk factors, comorbidities, and medication for heart fail-
ure, longer duration of VKA therapy was a predictor for
worse diastolic function (E/E": #=0.092 [95% CI 0.055;
0.13], P <0.0001), whereas longer DOAC treatment dura-
tion was not (f=—0.034 [95% CI —0.11; 0.042], P=0.38).
A similar result was found with regard to the levels of
ApoAlL: ﬁVKA treatment duration — — 0.034 [95% CI —0.056;
- 0012] (P = 00032) and ﬂDOAC treatment duration — 0.0097
[95% CI —0.038; 0.057] (P =0.69).

@ Springer

infarction/stroke, history of myocardial infarction, stroke, asympto-
matic cardiac dysfunction, symptomatic heart failure, coronary artery
disease, peripheral artery disease, venous thromboembolism, eGFR,
lipid-modifying drugs, diuretics, beta-blocker, and agents acting on
the renin—angiotensin system. ApoAl apolipoprotein Al, ApoB100
apolipoprotein B, CRP C-reactive protein, LV left ventricular, NT-
pro-BNP N-terminal pro-B-type natriuretic peptide

Differences of lla and Xa inhibition in comparison
with VKA therapy

Finally, the traits E/E’' and ApoAl, which showed the
strongest differences between anticoagulation groups, were
exploratively investigated with regard to different target
coagulation proteases of DOAC therapy. Figure 2 shows the
regression estimates adjusted for age, sex, cardiovascular
risk factors, comorbidities, treatment duration, and medica-
tion for the treatment of heart failure for E/E’ ratio and con-
centration of ApoAl stratified by direct inhibition of factor
Xa and Ila in comparison with VKA therapy. In comparison
with VKA, Xa and Ila inhibitors showed no significant or
clinically relevant difference in effects on E/E’ and ApoAl.

Discussion

This is the first comprehensive study in man to illustrate
differential profiles for oral anticoagulants regarding car-
diac structure and function as well as humoral biomarkers
as intermediate phenotypes of cardiovascular disease. The
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Table 3 Sensitivity analyses in pre-defined subgroups

Individuals with atrial fibrillation® (N=373) Individuals with asymptomatic heart failure®

(N=331)

P-estimate poac vs. via [99% CIJ P value P-estimate poac vs. via [95% CII P value
HDL-cholesterol (mg/dL) 6.6 [1.4/12.0] 0.014 4.0 [-0.71/8.6] 0.098
ApoAl (g/L) 0.18 [0.081/0.28] 0.00052 0.095 [0.0011/0.19] 0.049
LDL cholesterol (mg/dL) 8.0 [-5.6/22] 0.25 -0.57 [-13/12] 0.93
ApoB100 (g/L) 0.040 [-0.046/0.13] 0.36 —0.014 [-0.095/0.066] 0.73
CRP (mg/L)° 0.021 [-0.33/0.37] 0.91 0.16 [-0.18/0.51] 0.35
E/E'-ratio® —0.24 [-0.40/-0.068] 0.0064 —0.25[-0.39/-0.11] 0.00046
Ejection fraction (%) 3.8 [-0.22/7.9] 0.066 4.8 [1.4/8.3] 0.0070
Fibrinogen (mg/dL) —1.5[-31/28] 0.92 —2.8[—22/28] 0.82
LV mass/height>” (g/m>7) —4.6[-11/1.7] 0.15 —8.9[-15/-2.5] 0.0069
NT-pro-BNP (pg/mL)° —0.50 [-0.86/—0.14] 0.0078 —0.32 [-0.67/-0.036] 0.080
Relative wall thickness 0.016 [-0.025/0.058] 0.44 0.057 [-0.033/0.044] 0.77
Stiffness index (m/s) —0.43 [-1.8/0.90] 0.53 —0.28 [-1.4/0.84] 0.62
Troponin I (pg/mL)* 0.14 [-0.22/0.50] 0.46 —0.18 [-0.52/0.15] 0.27

Effect estimates presented are  values for DOAC vs. VKA use derived from general linear models for each intermediate phenotype of cardio-
vascular disease (dependent variable)

Adjusted for hypertension, diabetes, smoking, obesity, dyslipidemia, family history of myocardial infarction/stroke, history of myocardial infarc-
tion, coronary artery disease, asymptomatic cardiac dysfunction, symptomatic heart failure, peripheral artery disease, stroke, venous thrombo-
embolism, eGFR, duration of treatment with oral anticoagulation therapy, lipid-lowering drugs, agents acting on the renin—angiotensin system,
diuretics, and beta-blocker

P values passing the Bonferroni-corrected threshold of statistical significance (i.e., P <0.004) are indicated in bold print

ApoAl apolipoprotein Al, ApoB100 apolipoprotein B, CRP C-reactive protein, LV left ventricular, NT-pro-BNP N-terminal pro-B-type natriu-
retic peptide

aThe sample was restricted to individuals with self-reported atrial fibrillation, CHA,DS,—VASc score > 1, diagnosis of atrial fibrillation after
year 2011 for DOAC users (excluding VKA-based anticoagulation therapy of AF prior to DOAC treatment) and a minimal duration of OAC

treatment of 3 months

® Asymptomatic heart failure comprises individuals with stage A heart failure according to the ACC/AHA heart failure classification scheme

“Values were log transformed for regression analysis due to skewed distribution

empirical findings support evidence that specific anticoagu-
lant agents interact with the development of cardiovascular
disease in humans. DOAC-based anticoagulation therapy
was an independent predictor of better cardiac diastolic
function in comparison with VKA therapy. In addition,
intake of DOAC was also related to higher concentration of
ApoAl providing novel insights into the interaction between
anticoagulation therapy and lipid metabolism.

To date, experimental animal studies have linked the
direct inhibition of factor Xa or thrombin by DOACs to
attenuation of cardiac remodeling and improved cardiac
function [13, 17-20, 28-30]. Azuma et al. have investigated
the effect of rivaroxaban on atrial and ventricular remod-
eling in a sleep apnea mouse model presenting an attenua-
tion of systolic function (ejection fraction: 51.8% vs. 55.8%)
and diastolic function (E/E'": 29.4 vs. 24.6) [18]. Dong et al.
showed a significantly improved myocardial function in
dabigatran treated mice [13]. In line with these findings,
the present results show differential effects of oral antico-
agulants on myocardial function and structure in humans.

A possible mechanism involves DOAC attenuated effects of
factor Xa-induced activation of PAR-2 and PAR-1, or throm-
bin-induced activation of PAR-1, shown to induce hypertro-
phy of cultured cardiomyocytes and proliferation of cardiac
fibroblasts [23, 31]. The role of these PAR-mediated effects
was further demonstrated in cardiomyocyte-specific PAR-2
overexpressing transgenic mice, which had more exten-
sive cardiac hypertrophy, fibrosis, inflammation, and heart
failure, while PAR-2 deficiency attenuated cardiac remod-
eling and improved heart function after induced myocardial
infarction [32]. Moreover, over-expression of PAR-1 on car-
diomyocytes induced hypertrophy and dilated cardiomyopa-
thy [33]. Although the use of VKA obviously also reduces
levels of factor Xa and thrombin, potentially also diminish-
ing PAR-mediated cellular effects, VKA inflict additional
effects on the cardiovascular system. In part, these effects
may be due to residual PAR activating properties of the so-
called PIVKAs that may to some extend bind and activate
PAR-1 or -2 [23, 34]. Furthermore, it is known that VKA
inactivates Matrix Gla protein (MGP), a tissue calcification
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Fig.2 Comparison of effect estimates of Ila and Xa-directed antico-
agulation therapy compared to VKA therapy. The plots indicate the
estimates Ila- and Xa-directed oral anticoagulation therapy on E/E’
ratio and ApoAl in comparison with VKA therapy. The effect esti-
mates poac vs. vka are adjusted for age, sex, cardiovascular risk fac-
tors, comorbidities, treatment duration, and medication for the treat-
ment of heart failure. ApoAl apolipoprotein Al, VKA vitamin K
antagonist

inhibitor, through its incomplete y-carboxylation [21]. Evi-
dence supporting effects of VKA on the development of
aortic valve degeneration and calcification of soft tissues
including aortic valve leaflets is found in the literature [35,
36]. These effects may also contribute to an impairment of
cardiac function, although supporting evidence from human
studies is still lacking.

The present study was the first to report differential links
of DOAC and VKA with ApoA1 concentrations. In contrast,
Jospeh et al. detected only small, non-significant changes
in ApoAl level among individuals on treatment with dabi-
gatran. However, they reported a significant reduction of
ApoB concentrations under treatment with dabigatran
(—0.057 g/L for 110 mg dabigatran and —0.065 g/L for
150 mg dabigatran, respectively) [16]. It merits considera-
tion that the current investigation was nested within a cohort
study which was not limited to patients with atrial fibril-
lation (such as the RE-LY trial), but focused on individu-
als with heart failure, which might explain the findings. A
possible mechanism for the altered lipoprotein metabolism
might be the conversion of the prodrug dabigatran etexilate
to dabigatran by microsomal carboxylesterase, which also
regulates lipoprotein metabolism. The competing activity
might also result in changes in ApoAl concentrations [37,
38]. Alternatively, the observed differences of ApoAl levels
between DOAC and VKA therapy might also be—at least in
part—attributable to potential negative effects of VKA on
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lipid metabolism. However, no experimental data are avail-
able that suggest an interplay between the effects of VKA
therapy and lipid metabolism.

The current study adds to the raising body of literature
that oral anticoagulants exhibit pleiotropic effects on the
cardiovascular system, with potential impact on incident or
prevalent cardiovascular disease; this is especially important
when considering the widespread use of these drugs. The
results are convincing, since interrelations remained robust
in various subgroups analyses. DOACs were administered
up to a maximum of 4 years in the present study sample,
which is likely to underestimate the true effect of long-term
therapy with these drugs as compared to VKA use. This is
relevant for the interpretation of results, since parameters
such as E/E', LV ejection fraction, and NT-pro-BNP are of
dynamic nature (and prone to early changes even after short
time of exposure), whereas changes in structural parameters
(e.g., left ventricular mass or relative wall thickness) are not
comparably sensitive to short-term effects. In this context, it
also merits consideration that a rather small effect size does
not necessarily translate into small clinical relevance. For
example, there is evidence available in the literature that
an increase of ApoA-1 by 0.14 g/L (from 1.35 to 1.49 g/L)
translates into a decreased odds ratio for stroke emphasiz-
ing a potential clinical relevance of such a small difference
[39]. The differential findings on cardiac function raise the
question whether this should affect clinical decision mak-
ing regarding the choice of oral anticoagulants. Although
adequately powered studies are needed to evaluate whether
rather small differences in E/E’ ratio between DOAC and
VKA therapy translate into relevant differences in clinical
outcome, the present study adds to the growing body of evi-
dence that DOAC may exert beneficial effects on the onset
and progression cardiovascular disease. Based on the limited
evidence available at the moment, the clinical implications
of the present study merit critical evaluation and call for
future studies unraveling the mechanisms involved.

Strength and limitations

This is the first study in men, to comprehensively compare
associations of DOAC and VKA therapy on intermediate
phenotypes of cardiovascular disease and a laboratory panel
of cardiovascular biomarkers. The key strengths of this study
are the sample size and the detailed phenotyping in a highly
standardized study setting (exceeding the setting of a clinical
study). The evaluation of surrogate markers of intermediate
disease phenotypes instead of clinical endpoints offers the
opportunity to gain pathomechanistic insights in a biological
continuum. Advanced statistical methods (i.e., multivariate
regression analysis and propensity score weighting) and spe-
cific subgroup analyses were applied to address confounding
and to confirm robustness and validity of results. However,
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when interpreting the results, important limitations merit
consideration: The findings of this study were derived in a
study sample of individuals with heart failure and transla-
tion to other patient groups needs still to be demonstrated by
future studies. The cross-sectional study design warrants for
caution when interpreting the results with regard to causal
inference. Due to the observational nature of the study, expo-
sure has not been allocated randomly and limitations for ret-
rospective studies might take effect. Although a large panel of
potential confounders was used for adjustment in regression
analysis, unmeasured confounders may still contribute to the
observed differences. Information on genetic polymorphisms
relevant for metabolism of oral anticoagulants (e.g., CYP2C9,
VKORC1, and CES1) as well as the concentration of MGP
and Gas-6 was not available for analysis in the present study.
Finally, the study sample was not adequately powered to
detect differences with regard to markers of subclinical car-
diovascular disease between direct inhibitors of factor Xa and
thrombin, respectively, in a head-to-head comparison.

Conclusion

The current study demonstrated that the modulation of the
coagulation system by oral anticoagulants is differently linked
to cardiac function as well as lipid metabolism. This supports
the concept that specific oral anticoagulants exert distinct
effects beyond their intended target of preventing the forma-
tion of clots. This novel and clinically manifest cross-link
between anticoagulation therapy and cardiovascular disease
merits critical attention, since it may have clinically relevant
implications for individually tailored antithrombotic therapy.

Acknowledgements We gratefully thank all study participants and co-
workers of the MyoVasc Study for their support and commitment. This
work was supported by the German Center for Cardiovascular Research
(DZHK) and the Center for Translational Vascular Biology (CTVB) of
the University Medical Center of the Johannes Gutenberg-University
Mainz. The sponsoring bodies played no role in the planning, conduct
or analysis of the study.

Author contributions PSW had full access of the data in the study and
takes responsibility for the integrity of the data and the accuracy of
the data analysis. Conception and study design: LE, JHP, and PSW.
Substantial contribution to acquisition, analysis, or interpretation of
data: all authors. Data management and statistical analysis: AS, LE,
JHP, and PSW. Drafting the manuscript: LE, JHP, and PSW. Revising
manuscript critically for important intellectual content: all authors.
Final approval of the version to be published: all authors.

Compliance with ethical standards

Conflict of interest P.S.W., M.P.N., and J.H.P. are funded by the Fed-
eral Ministry of Education and Research (BMBF 01EO1503). P.S.W.
has received research funding from Boehringer Ingelheim; PHILIPS
Medical Systems; Sanofi-Aventis; Bayer Vital; Daiichi Sankyo Eu-

rope; Federal Institute for Occupational Safety and Health (BAuA);
Initiative ‘Health Economy’, Ministry of Health and Ministry of Eco-
nomics, Rhineland-Palatinate; Federal Ministry of Education and Re-
search; Federal Ministry of Health, Rhineland-Palatinate (MSAGD);
Mainz Heart Foundation; EU Grant agreement no. 278913, 278397
and received honoraria for lectures or consulting from Boehringer In-
gelheim, Bayer HealthCare, Evonik, AstraZenca and Sanofi-Aventis.

References

1. Ruff CT, Giugliano RP, Braunwald E et al (2014) Comparison of
the efficacy and safety of new oral anticoagulants with warfarin
in patients with atrial fibrillation: a meta-analysis of randomised
trials. Lancet 383(9921):955-962

2. Yeh CH, Hogg K, Weitz JI (2015) Overview of the new oral anti-
coagulants: opportunities and challenges. Arterioscler Thromb
Vasc Biol 35(5):1056-1065

3. Hohnloser SH, Basic E, Nabauer M (2017) Comparative risk of
major bleeding with new oral anticoagulants (NOACs) and phen-
procoumon in patients with atrial fibrillation: a post-marketing
surveillance study. Clin Res Cardiol 106(8):618-628

4. Borissoff JI, Spronk HM, ten Cate H (2011) The hemo-
static system as a modulator of atherosclerosis. N Engl J Med
364(18):1746-1760

5. Schurgers LJ, Spronk HM (2014) Differential cellular effects of
old and new oral anticoagulants: consequences to the genesis and
progression of atherosclerosis. Thromb Haemost 112(5):909-917

6. Eikelboom JW, Connolly SJ, Bosch J et al (2017) Rivaroxaban
with or without aspirin in stable cardiovascular disease. N Engl J
Med 377(14):1319-1330

7. Zhou Q, Bea F, Preusch M et al (2011) Evaluation of plaque
stability of advanced atherosclerotic lesions in apo E-deficient
mice after treatment with the oral factor Xa inhibitor rivaroxaban.
Mediat Inflamm 2011:432080

8. Hara T, Fukuda D, Tanaka K et al (2015) Rivaroxaban, a novel
oral anticoagulant, attenuates atherosclerotic plaque progres-
sion and destabilization in ApoE-deficient mice. Atherosclerosis
242(2):639-646

9. Kadoglou NP, Moustardas P, Katsimpoulas M et al (2012) The
beneficial effects of a direct thrombin inhibitor, dabigatran etex-
ilate, on the development and stability of atherosclerotic lesions
in apolipoprotein E-deficient mice: dabigatran etexilate and ath-
erosclerosis. Cardiovasc Drugs Ther 26(5):367-374

10. Lee IO, Kratz MT, Schirmer SH, Baumhakel M, Bohm M (2012)
The effects of direct thrombin inhibition with dabigatran on plaque
formation and endothelial function in apolipoprotein E-deficient
mice. J Pharmacol Exp Ther 343(2):253-257

11. Pingel S, Tiyerili V, Mueller J et al (2014) Thrombin inhibition
by dabigatran attenuates atherosclerosis in ApoE deficient mice.
Arch Med Sci 10(1):154-160

12. Katoh H, Nozue T, Michishita I (2017) Anti-inflammatory effect
of factor-Xa inhibitors in Japanese patients with atrial fibrillation.
Heart Vessels 32(9):1130-1136

13. Dong A, Mueller P, Yang F et al (2017) Direct thrombin inhibi-
tion with dabigatran attenuates pressure overload-induced cardiac
fibrosis and dysfunction in mice. Thromb Res 159:58—-64

14. Nakase T, Moroi J, Ishikawa T (2018) Anti-inflammatory and anti-
platelet effects of non-vitamin K antagonist oral anticoagulants in
acute phase of ischemic stroke patients. Clin Transl Med 7(1):2

15. Borissoff JI, Otten J, Heeneman S et al (2013) Genetic and phar-
macological modifications of thrombin formation in apolipo-
protein E-deficient mice determine atherosclerosis severity and
atherothrombosis onset in a neutrophil-dependent manner. PLoS
One 8(2):e55784

@ Springer



796

Clinical Research in Cardiology (2019) 108:787-796

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Joseph P, Pare G, Wallentin L et al (2016) Dabigatran etexilate
and reduction in serum apolipoprotein B. Heart 102(1):57-62

. Goto M, Miura SI, Suematsu Y et al (2016) Rivaroxaban, a factor

Xa inhibitor, induces the secondary prevention of cardiovascular
events after myocardial ischemia reperfusion injury in mice. Int J
Cardiol 220:602-607

Azuma M, Yoshimuraa F, Tanikawaa S et al (2016) Factor Xa
inhibition by Rivaroxaban attenates cardiac remodeling due to
hypoxic stress via PAR-2/ERK/NF-kB signaling pathway. ] Am
Coll Cardiol 67(13_S):2238

Yoshimura F, Tanikawa S, Hosako S, Kato R (2015) Factor Xa
inhibition prevents cardiac remodeling induced by intermittent
hypoxia in sleep apnea model mice. Circulation 132:A13846
Malz R, Weithauser A, Tschope C, Schultheiss HP, Rauch U (2014)
Inhibition of coagulation factor Xa improves myocardial function
during CVB3-induced myocarditis. Cardiovasc Ther 32(3):113-119
Koos R, Krueger T, Westenfeld R et al (2009) Relation of circulat-
ing Matrix Gla-Protein and anticoagulation status in patients with
aortic valve calcification. Thromb Haemost 101(4):706-713
Mac-Way F, Poulin A, Utescu MS et al (2014) The impact of
warfarin on the rate of progression of aortic stiffness in hemo-
dialysis patients: a longitudinal study. Nephrol Dial Transplant
29(11):2113-2120

Spronk HM, de Jong AM, Crijns HJ et al (2014) Pleiotropic effects
of factor Xa and thrombin: what to expect from novel anticoagu-
lants. Cardiovasc Res 101(3):344-351

Schnabel RB, Schulz A, Wild PS et al (2011) Noninvasive vascular
function measurement in the community: cross-sectional relations
and comparison of methods. Circ Cardiovasc Imaging 4(4):371-380
Lang RM, Bierig M, Devereux RB et al (2006) Recommendations
for chamber quantification. Eur J Echocardiogr 7(2):79-108
Levey AS, Bosch JP, Lewis JB et al (1999) A more accurate
method to estimate glomerular filtration rate from serum creati-
nine: a new prediction equation. Modification of Diet in Renal
Disease Study Group. Ann Intern Med 130(6):461-470

Yancy CW, Jessup M, Bozkurt B et al (2013) 2013 ACCF/AHA
guideline for the management of heart failure: a report of the
American College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines. ] Am Coll Cardiol
62(16):e147-e239

Affiliations

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

Jumeau C, Rupin A, Chieng-Yane P et al (2016) Direct thrombin
inhibitors prevent left atrial remodeling associated with heart fail-
ure in rats. JACC Basic Transl Sci 1(5):328-339

Hashikata T, Yamaoka-Tojo M, Namba S et al (2015) Rivaroxaban
inhibits angiotensin II-induced activation in cultured mouse car-
diac fibroblasts through the modulation of NF-kappaB pathway.
Int Heart J 56(5):544-550

Gul Utku O, Akbay Karatay E, Erdal H et al (2015) Rivaroxaban
induces mucosal healing in a rat model of trinitrobenzene sulfonic
acid-induced colitis. Med Princ Pract 24(5):470-476

Sabri A, Short J, Guo J, Steinberg SF (2002) Protease-activated
receptor-1-mediated DNA synthesis in cardiac fibroblast is via
epidermal growth factor receptor transactivation: distinct PAR-1
signaling pathways in cardiac fibroblasts and cardiomyocytes. Circ
Res 91(6):532-539

Antoniak S, Sparkenbaugh EM, Tencati M et al (2013) Pro-
tease activated receptor-2 contributes to heart failure. PLoS One
8(11):e81733

Pawlinski R, Tencati M, Hampton CR et al (2007) Protease-acti-
vated receptor-1 contributes to cardiac remodeling and hypertro-
phy. Circulation 116(20):2298-2306

Kremers BMM, Ten Cate H, Spronk HMH (2018) Pleiotropic
effects of the hemostatic system. J Thromb Haemost. https://doi.
org/10.1111/jth.14161

Yamamoto K, Koretsune Y, Akasaka T et al (2017) Effects of
vitamin K antagonist on aortic valve degeneration in non-valvular
atrial fibrillation patients: Prospective 4-year observational study.
Thromb Res 160:69-75

Weijs B, Blaauw Y, Rennenberg RJ et al (2011) Patients using
vitamin K antagonists show increased levels of coronary calcifica-
tion: an observational study in low-risk atrial fibrillation patients.
Eur Heart J 32(20):2555-2562

Ten Cate H (2016) Dabigatran apolipoprotein B. Heart 102(1):5-6
Bodde MC, Hermans MPJ, Jukema JW et al (2018) Apolipopro-
teins Al, B, and apoB/apoAl ratio are associated with first ST-
segment elevation myocardial infarction but not with recurrent
events during long-term follow-up. Clin Res Cardiol. https://doi.
org/10.1007/s00392-018-1381-5

Walldius G, Aastveit AH, Jungner I (2006) Stroke mortality and
the apoB/apoA-I ratio: results of the AMORIS prospective study.
J Intern Med 259(3):259-266

Lisa Eggebrecht’2. Jiirgen H. Prochaska'?3* . Sven-Oliver Trobs®>> . Séren Schwuchow-Thonke?3® .

Sebastian Gébel*3? - Simon Diestelmeier?>> - Andreas Schulz'? - Natalie Arnold’ - Marina Panova-Noeva

234,

Thomas Koeck' - Steffen Rapp'~® - Tommaso Gori** - Karl J. Lackner®® - Hugo ten Cate*” - Thomas Miinzel>3*> .
Philipp Sebastian Wild"%3*

Preventive Cardiology and Preventive Medicine, Center
for Cardiology, University Medical Center of the Johannes
Gutenberg University Mainz, Langenbeckstr. 1,

55131 Mainz, Germany

Center for Translational Vascular Biology (CTVB),
University Medical Center Mainz, Johannes
Gutenberg-University Mainz, Mainz, Germany

German Center for Cardiovascular Research (DZHK),
Partner Site Rhine Main, Mainz, Germany

Center for Thrombosis and Hemostasis, University Medical
Center of the Johannes Gutenberg-University Mainz, Mainz,
Germany

@ Springer

Center for Cardiology-Cardiology I, University Medical
Center of the Johannes Gutenberg-University Mainz, Mainz,
Germany

Institute of Clinical Chemistry and Laboratory
Medicine, University Medical Center Mainz, Johannes
Gutenberg-University, Mainz, Germany

Thrombosis Expertise Center Maastricht, Cardiovascular
Research Institute Maastricht, Maastricht University Medical
Center, 6200 Maastricht, The Netherlands


https://doi.org/10.1111/jth.14161
https://doi.org/10.1111/jth.14161
https://doi.org/10.1007/s00392-018-1381-5
https://doi.org/10.1007/s00392-018-1381-5

	Direct oral anticoagulants and vitamin K antagonists are linked to differential profiles of cardiac function and lipid metabolism
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design
	Data assessment
	Laboratory analyses
	Statistical analysis

	Results
	Clinical characteristics of study participants
	Comparison of functional and structural parameters and humoral biomarkers between VKA and DOAC therapy
	Propensity score-weighted analysis
	Sensitivity analyses
	Relevance of history of oral anticoagulation treatment length
	Differences of IIa and Xa inhibition in comparison with VKA therapy

	Discussion
	Strength and limitations

	Conclusion
	Acknowledgements 
	References


