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AbsTrACT
Objectives compare the effect of apixaban and 
warfarin on coagulation and primary haemostasis 
biomarkers in atrial fibrillation (aF).
Methods the biomarker substudy from the apixaban 
for reduction in stroke and Other thromboembolic 
events in atrial Fibrillation trial included 4850 patients 
with aF randomised to treatment with apixaban or 
warfarin. sixty per cent of patients used vitamin K 
antagonist (VKa) within 7 days before randomisation. 
Prothrombin fragment 1+2 (F1+2), D-dimer, soluble 
cD40 ligand (scD40l) and von Willebrand factor (vWF) 
antigen were analysed at randomisation and after 
2 months of study treatment.
results in patients not on VKa treatment at 
randomisation, F1+2 and D-dimer levels were decreased 
by 25% and 23%, respectively, with apixaban, and by 
59% and 38%, respectively, with warfarin (p<0.0001 
for treatment differences for both). in patients on VKa 
at randomisation, F1+2 and D-dimer levels increased 
by 41% and 10%, respectively, with apixaban and 
decreased by 37% and 11%, respectively, with warfarin 
(p<0.0001 for treatment differences for both). scD40l 
levels were slightly increased at 2 months, regardless of 
VKa or randomised treatment. apixaban and warfarin 
also both reduced vWF antigen regardless of VKa 
treatment. the efficacy (stroke) and safety (bleeding) 
of apixaban compared with warfarin was similar 
irrespectively of biomarker levels at 2 months.
Conclusions treatment with apixaban compared with 
warfarin for stroke prevention in patients with aF was 
associated with less reduction in thrombin generation 
and fibrin turnover. this effect of apixaban could 
contribute to the clinical results where apixaban was 
superior to warfarin both in stroke prevention and in 
reducing bleeding risk.
Trial registration number nct00412984.

InTrOduCTIOn
Atrial fibrillation (AF) is associated with increased 
risk of thromboembolic events. The reduced flow 
in the left atrial appendage and in the atrium, in 
combination with platelet activation and endothe-
lium dysfunction, increase coagulation activity and 
contribute to the risk of stroke.1 2 The concentra-
tions of prothrombin fragment 1+2 (F1+2), and 
D-dimer, markers for thrombin generation and 
fibrin turnover, are increased in AF and reduced 

by warfarin treatment.3 Higher D-dimer levels are 
also associated with increased risk of future cardio-
vascular events.4 5 CD40 ligand is stored in the 
alpha-granules and expressed at the time of platelet 
activation. Soluble CD40 ligand (sCD40L), a part 
of the CD40L receptor, which is released and shed 
from activated platelets, exhibits elevated concen-
trations in AF.6 Endothelial injury also contributes 
to the activation of primary haemostasis in AF, 
which might be reflected by increased levels of von 
Willebrand factor (vWF).7 Both sCD40L and vWF 
have been described to be associated with future 
cardiovascular events in patients with AF without 
anticoagulant treatment.8 9 

In the Apixaban for Reduction in Stroke and 
Other Thromboembolic Events in Atrial Fibrilla-
tion (ARISTOTLE) trial, the direct factor Xa (FXa) 
inhibitor, apixaban, was superior to warfarin in 
prevention of stroke/systemic embolism (SE) and 
simultaneously reduced the risk of bleeding in 
patients with AF.10 In acute deep venous throm-
bosis and acute coronary syndromes, where there is 
a high level of coagulation activity due to ongoing 
thrombus formation, apixaban has been shown to 
reduce indicators of coagulation activity.11 12 In 
experimental models, apixaban also reduced tissue 
factor-induced platelet aggregation in a dose-de-
pendent manner.13 There is, however, limited 
knowledge of the effects of apixaban on coagula-
tion and platelet biomarkers in AF when the treat-
ment is given as prevention rather than treatment 
of a thrombotic event. The aims of this study were 
to evaluate the effect of apixaban compared with 
warfarin on biomarkers reflecting coagulation 
activity, platelet activation and endothelial injury, 
and to evaluate the efficacy and safety of apixaban 
compared with warfarin in relation to the levels of 
these biomarkers during treatment.

MeThOds
The ArIsTOTLe trial
The details of the ARISTOTLE trial have been 
published previously.10 Briefly, ARISTOTLE was a 
double-blind, double-dummy, randomised clinical 
trial that enrolled patients with AF and at least one 
CHADS2 risk factor for stroke/SE. Patients were 
randomly assigned (1:1) to receive either warfarin 
(target international normalised ratio (INR) 2.0–3.0) 
or apixaban (5 mg twice daily). The trial included 
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18 201 patients and the median follow-up time was 1.8 years. The 
primary efficacy end point was stroke/SE and the primary safety 
outcome was major bleeding according to the International Society 
of Thrombosis and Haemostasis  classification.14

biochemical analyses
All patients participating in the ARISTOTLE trial were invited to 
take part in blood sampling for the biomarkers substudy at base-
line. At selected sites, around 5000 patients were preplanned for 
invitation to participate in the serial blood sampling substudy 
with repeated sampling at the 2-month visit. This population 
constituted the material of the current study. Among the 4850 
patients included in the serial biomarkers substudy, 4847 had 
measurements for vWF antigen, 4849 for F1+2 and sCD40L 
and all 4850 for D-dimer.

Blood samples for core laboratory analyses of prespecified 
serial biomarkers were obtained at randomisation before start 
of study treatment and after 2 months of randomised treat-
ment. After centrifugation at 2000×g for 15 min, plasma was 
stored at −80°C until analysis. Enzyme immunoassays were 
used for the analyses of F1+2 (Enzygnost F1+2, Siemens, 
Germany), D-dimer (Asserachrome, Stago, France), sCD40L 
(Human sCD40L, Bender MedSystems, GmbH) and vWF 
antigen (STA-Liatest vWF, Stago, France) at the Uppsala Clin-
ical Research Center laboratory, Sweden. The reference intervals 
were 69–229 pmol/L for F1+2, <500 µg/L for D-dimer, 0.06–
3.98 µg/L for sCD40L and 0.60–1.60 kIE/L for vWF antigen. 
The interassay precisions were 9%, 11%, 9% and 4% for F1+2, 
D-dimer, sCD40L and vWF antigen, respectively.

Clinical end points and risk factor classification
The end points for this study included stroke/SE, death of all 
causes, major bleeding and clinically relevant non-major (CRNM) 
bleeding.15 All clinical events were classified by a blinded clinical 
event committee using prespecified criteria.15 CHA2DS2-VASc and 
HAS-BLED scores were calculated individually for each patient 
based on the sum of risk factors present at randomisation. Patients 
were categorised by CHA2DS2-VASc according to score 0–1, 2, 3, 
4 and ≥5, and by HAS-BLED according to score 0–1, 2 and ≥3.

statistical analyses
Baseline characteristics were reported by treatment arm using 
median and 25th and 75th percentiles for continuous vari-
ables and frequencies and percentages for categorical variables. 
Comparisons of biomarker levels at randomisation and 2 months 
between the apixaban and warfarin groups were stratified by 
randomised treatment and use of vitamin K antagonist (VKA) 
treatment within 7 days before randomisation, using box plots 
showing medians and 25th and 75th percentiles with whiskers 
showing 10th and 90th percentiles. Patients not treated with 
VKA within 7 days before randomisation to study drug were 
defined as the no VKA group. Patients receiving treatment with 
VKA within 7 days before randomisation to study drug make up 
the VKA group. Randomised treatment groups were compared 
by use of VKA treatment at baseline using a linear regression 
model with the logarithm of the 2-month biomarker levels as 
dependent variables and logarithm of the baseline biomarker 
levels and randomised treatment as independent variables. The 
biomarker levels were log-transformed before analysis due to 
skewed distribution. Consequently, model-adjusted estimates 
were presented as geometric means and treatment group differ-
ences as ratios of geometric means.

Primary and secondary efficacy end point analyses of time 
from the 2-month measurement to clinical outcomes or 
censoring included all randomised substudy patients and all 
first events occurring between the 2-month measurement and 
the efficacy cut-off date (31 January 2011). Analyses of bleeding 
outcomes were based on the on-treatment population including 
all randomised patients enrolled in the substudy who received 
at least one dose of the study drug and included all first events 
occurring between the 2-month measurement and 2 days after 
the last dose of the study drug. For patients experiencing events 
within 2 months of randomisation, the first event occurring after 
2 months was counted as the first event.

The relations between clinical outcomes after 2 months, 
study treatment and biomarker levels at 2 months were anal-
ysed using a Cox regression model including treatment group, 
biomarker and the treatment by biomarker interaction as covari-
ates. Biomarker levels were analysed as categorical variables 
(under/above median) and as continuous log transformed vari-
ables, fitted using restricted cubic splines. The median levels of 
biomarkers at 2 months were 75.9 pmol/L, 401 µg/L, 0.62 µg/L 
and 1.23 kIE/L for F1+2, D-dimer, CD40L and vWF antigen, 
respectively. Event rates per 100 patient-years of follow-up were 
reported. The total patient-years of follow-up was 8907.

All analyses were performed using SAS software, V.9.4 (SAS 
Institute, Cary, North Carolina, USA). Results with a two-sided 
p value <0.05 were considered to be statistically significant, and 
as all analyses were considered exploratory there were no adjust-
ments for multiple comparisons.

resuLTs
baseline characteristics
Baseline characteristics in relation to treatment are presented in 
table 1. Mean age of patients was 69.0 (SD 9.4) years, 34.1% 
(n=1654) were women and a majority of patients (83.8%, 
n=4062) had permanent or persistent AF. The distributions of 
risk factors, risk scores and medical treatment were similar to the 
main ARISTOTLE population.10 The no VKA and VKA groups 
included 1946 and 2894 patients, respectively. In the VKA 
group, the mean time in therapeutic range of the international 
normalized ratio (INR) during the study was 64%.

Thrombin generation and fibrin turnover during apixaban or 
warfarin treatment
The baseline levels of F1+2 were higher in the no VKA group 
compared with the VKA group (figure 1A). Patients in the no VKA 
group treated with apixaban for 2 months (no VKA/apixaban group) 
had a mean reduction of 25% in F1+2 levels compared with base-
line, with a ratio of month 2/baseline of 0.75 (95% CI 0.70 to 0.80) 
(figure 1A; table 2). In contrast, patients in the VKA group treated 
with apixaban for 2 months (VKA/apixaban group) had a 41% mean 
increase in F1+2 levels compared with baseline, estimated ratio 
month 2/baseline 1.41 (95% CI 1.34 to 1.48) (figure 1A; table 2). 
Treatment with warfarin for 2 months, reduced F1+2 levels in the 
no VKA and VKA groups by 59%, ratio month 2/baseline 0.41 
(95% CI 0.38 to 0.43) and 37%, ratio month 2/baseline 0.63 (95% 
CI 0.60 to 0.66), respectively (figure 1A; table 2). Accordingly, treat-
ment with warfarin was associated with significantly larger reduc-
tions and lower F1+2 levels than apixaban regardless of VKA use 
at randomisation (p<0.0001). Ratios of geometric means of F1+2 
levels after apixaban versus warfarin treatment were 1.84 (95% CI 
1.67 to 2.02) and 2.24 (95% CI 2.09 to 2.41) for the no VKA and 
VKA groups, respectively.
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The baseline level of D-dimer was higher in the no VKA group 
compared with the VKA group (figure 1B). Apixaban treat-
ment for 2 months was associated with a 23% mean reduction 
in D-dimer levels in the no VKA group compared with base-
line, estimated ratio 0.77 (95% CI 0.74 to 0.80) (figure 1B; 
table 2). In contrast, the VKA/apixaban group had a 10% mean 
increase in D-dimer level, estimated ratio 1.10 (95% CI 1.07 to 
1.12). Warfarin was associated with a 38% mean reduction of 
D-dimer levels in the no VKA group, estimated ratio 2 months/
baseline 0.62 (95% CI 0.60 to 0.64) while the VKA/warfarin 
group exhibited an 11% mean reduction, ratio 2 months/base-
line 0.89 (95% CI 0.86 to 0.91) (figure 1B; table 2). Accordingly, 
treatment with warfarin was associated with significantly larger 
reductions and lower D-dimer levels than apixaban regardless 
of VKA use at randomisation (p<0.0001). Ratios of geometric 
means of D-dimer levels after apixaban versus warfarin treat-
ment were 1.24 (95% CI 1.18 to 1.31) and 1.24 (95% CI 1.20 
to 1.28) for the no VKA and VKA groups, respectively.

biomarkers for primary haemostasis during apixaban or 
warfarin treatment
The concentrations of sCD40L and vWF antigen were similar in 
the no VKA and VKA groups at baseline (figure 1C,D). Levels 

of sCD40L increased by 9% in the no VKA/apixaban group 
compared with baseline, with a ratio month 2/baseline of 1.09 
(95% CI 1.04 to 1.14), whereas sCD40L levels increased by 5% 
in the VKA/apixaban group (figure 1C; table 2). Similar results 
were found in the group randomised to warfarin treatment 
(figure 1C; table 2). There were no significant differences of 
sCD40L concentrations comparing the apixaban and warfarin 
treatment groups at 2 months (p=0.5), regardless of VKA 
treatment.

Apixaban treatment for 2 months reduced vWF antigen by 
20% in the no VKA group (estimated ratio 0.80 (95% CI 0.77 
to 0.84)) and by 18% in the VKA group (estimated ratio 0.82 
(95% CI 0.79 to 0.84)), respectively (figure 1D; table 2). Similar 
results were found in the no VKA and on VKA groups when 
randomised to warfarin treatment. No significant differences in 
vWF antigen levels at 2 months was found between apixaban/
warfarin groups regardless of VKA treatment.

Clinical outcomes in relation to biomarker concentrations 
during treatment with apixaban or warfarin
From 2 months after study start until the end of follow-up, 
43 patients in the apixaban group (0.96 %/year) experienced 
a stroke/SE compared with 53 patients (1.23 %/year) in the 

Table 1 Baseline characteristics of the biomarkers substudy cohort

Aixaban group
n=2473

Warfarin group
n=2377

Total substudy cohort
n=4850

Age at consent date, median (Q1, Q3) 70.0 (63.0, 76.0) 70.0 (62.0, 76.0) 70.0 (63.0, 76.0)

Sex, female 827 (33.4%) 827 (34.8%) 1654 (34.1%)

Sex, male 1646 (66.6%) 1550 (65.2%) 3196 (65.9%)

AF, paroxysmal 386 (15.6%) 400 (16.8%) 786 (16.2%)

Renal impairment, moderate/severe 364 (14.8%) 355 (15.0%) 719 (14.9%)

Risk factors

  Congestive HF/LVEF ≤40% 872 (35.3%) 873 (36.7%) 1745 (36.0%)

  Age≥75 years 737 (29.8%) 714 (30.0%) 1451 (29.9%)

  Hypertension 2144 (86.7%) 2091 (88.0%) 4235 (87.3%)

  Diabetes mellitus 604 (24.4%) 604 (25.4%) 1208 (24.9%)

  Prior stroke/SE/TIA 431 (17.4%) 462 (19.4%) 893 (18.4%)

  Prior MI 351 (14.2%) 313 (13.2%) 664 (13.7%)

  PAD 119 (4.8%) 110 (4.6%) 229 (4.7%)

CHA2DS2-VASc score

  0–1 237 (9.6%) 192 (8.1%) 429 (8.8%)

  2 535 (21.6%) 496 (20.9%) 1031 (21.3%)

  3 641 (25.9%) 652 (27.4%) 1293 (26.7%)

  4 539 (21.8%) 519 (21.8%) 1058 (21.8%)

  ≥5 521 (21.1%) 518 (21.8%) 1039 (21.4%)

HAS-BLED score

  0–1 1393 (56.3%) 1331 (56.0%) 2724 (56.2%)

  2 776 (31.4%) 748 (31.5%) 1524 (31.4%)

  ≥3 304 (12.3%) 298 (12.5%) 602 (12.4%)

Medical treatment before randomisation

  Aspirin 750 (30.3%) 674 (28.4%) 1424 (29.4%)

  Warfarin 1450 (58.8%) 1444 (60.9%) 2894 (59.8%)

Biomarkers at baseline

  F1+2 (pmol/L), median (Q1, Q3) (n) 90.2 (56.5, 149.0) (2463) 88.9 (55.5, 146.0) (2365) 89.5 (56.1, 148.0) (4828)

  D-dimer (µg/L), median (Q1, Q3) (n) 462.0 (295.5, 752.0) (2464) 452.0 (291.0, 760.0) (2366) 456.0 (294.0, 754.0) (4830)

  sCD40L (µg/L), median (Q1, Q3) (n) 0.56 (0.27, 1.00) (2463) 0.55 (0.28, 1.10) (2366) 0.55 (0.27, 1.10) (4829)

  vWF antigen (kIE/L), median (Q1, Q3) (n) 1.41 (0.99, 1.87) (2461) 1.42 (0.99, 1.88) (2364) 1.42 (0.99, 1.88) (4825)

N (%) are presented if not stated otherwise. 
AF, atrial fibrillation; HF, heart failure; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PAD, peripheral arterial occlusive disease; SE, systemic embolism; TIA, 
transient ischaemic attack.
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warfarin group. Major/CRNM bleeding occurred in 169 
(4.05%/year) and 210 (5.34%/year) patients in the apixaban and 
warfarin groups, respectively. The efficacy and safety of apix-
aban compared with warfarin as assessed by the clinical end 
points was not significantly different across any of the biomarker 
concentrations at 2 months (figure 2).

dIsCussIOn
The present study showed that in patients with AF, apixaban treat-
ment reduced coagulation activity, as indicated by reduction in 
plasma concentrations of biomarkers reflecting thrombin gener-
ation and fibrin turnover. The reduction in coagulation activity 
with apixaban was less than with warfarin. Both anticoagulant 

Figure 1 The concentrations of fragment 1+2 (F1+2) (A), D-dimer (B), soluble CD40 ligand (sCD40L) (C) and von Willebrand factor (vWF) antigen 
(D) in the apixabanand warfarin treatment groups stratified by warfarin (vitamin K antagonist (VKA)) status at randomisation. Boxes represent the 
25th–75th percentiles with the median marked by a black line. Whiskers represent the 10th and 90th percentiles.

Table 2 Biomarker concentrations at month 2, by baseline vitamin K antagonist treatment group

biomarker

VKA treatment 
before 
randomisation

Apixaban Warfarin

Apixaban vs 
warfarin ratio 
geometric mean 
(95% CI)

Treatment 
difference P 
values

Month 2/baseline 
geometric mean 
(95% CI)

Month 2 concentration 
geometric mean 
(95% CI)

Month 2/baseline 
geometric mean 
(95% CI)

Month 2 
concentration 
geometric mean 
(95% CI)

F1+2 (pmol/L) No (n=1939) 0.75 (0.70 to 0.80) 130.1 (121.8 to 138.9) 0.41 (0.38 to 0.43) 70.8 (66.1 to 75.8) 1.84 (1.67 to 2.02) <0.0001

Yes (n=2879) 1.41 (1.34 to 1.48) 116.1 (110.5 to 122.0) 0.63 (0.60 to 0.66) 51.7 (49.2 to 54.4) 2.24 (2.09 to 2.41) <0.0001

D-dimer (µg/L) No (n=1939) 0.77 (0.74 to 0.80) 488.1 (471.1 to 505.9) 0.62 (0.60 to 0.64) 392.6 (378.2 to 407.5) 1.24 (1.18 to 1.31) <0.0001

Yes (n=2881) 1.10 (1.07 to 1.12) 461.8 (450.5 to 473.3) 0.89 (0.86 to 0.91) 373.0 (363.9 to 382.3) 1.24 (1.20 to 1.28) <0.0001

sCD40L (µg/L) No (n=1939) 1.09 (1.04 to 1.14) 0.63 (0.60 to 0.66) 1.07 (1.02 to 1.12) 0.62 (0.59 to 0.65) 1.02 (0.95 to 1.09) 0.5531

Yes (n=2880) 1.05 (1.01 to 1.09) 0.55 (0.53 to 0.58) 1.07 (1.03 to 1.11) 0.56 (0.54 to 0.59) 0.98 (0.93 to 1.03) 0.4931

vWF antigen 
(kIE/L)

No (n=1938) 0.80 (0.77 to 0.84) 1.01 (0.97 to 1.05) 0.83 (0.80 to 0.87) 1.05 (1.01 to 1.09) 0.96 (0.91 to 1.02) 0.1884

Yes (n=2877) 0.82 (0.79 to 0.84) 1.08 (1.04 to 1.11) 0.85 (0.82 to 0.87) 1.12 (1.09 to 1.15) 0.96 (0.92 to 1.01) 0.0843

Randomised treatment groups were compared by VKA treatment group using a linear regression model with the logarithm of the month 2 biomarker concentration as dependent 
variable and the logarithm of baseline biomarker concentration and randomised treatment as independent variables. Model-adjusted estimates are presented as geometric 
means and treatment group differences as ratios of geometric means.
F1+2, fragment 1+2; sCD40L, soluble CD40 ligand; VKA, vitamin K antagonist; vWF, von Willebrand factor.
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treatments were associated with only minor changes in the levels 
of the platelet activity indicators sCD40L and vWF antigen. In 
the main ARISTOTLE trial, apixaban was superior to warfarin 
in prevention of stroke/SE, and simultaneously reduced the risk 
of bleeding in patients with AF. The less pronounced decrease 
of the coagulation activity during apixaban treatment compared 
with warfarin treatment may contribute to the clinical results.

Apixaban treatment reduced F1+2 levels in this cohort of 
patients with AF, as has previously been described in patients 
with ongoing acute thromboembolism.11 With its selective inhi-
bition of coagulation FXa, the reduction in F1+2 levels was 

moderate compared with warfarin. The F1+2 levels measured 
in this study were in the upper range of the reference interval at 
baseline and the optimal cut-off level for F1+2 for identification 
of patients with AF at low risk of stroke remains to be defined. 
Apixaban reduced F1+2 levels to around the median concen-
tration of the reference interval. Similar results of a moderate 
reduction of F1+2 have recently been described for rivarox-
aban in patients with cardioembolic stroke, where prophylactic 
treatment with dabigatran did not affect F1+2 levels.16 17 Low 
F1+2 concentrations, however, as seen during warfarin therapy, 
might be associated with a decreased ability to protect against 

Figure 2 Efficacy of apixaban relative to warfarin for fragment 1+2 (F1+2) and D-dimer levels at 2 months (A). Efficacy of apixaban relative 
warfarin for soluble CD40 ligand (sCD40L) and von Willebrand factor (vWF) levels at 2 months (B). Cox proportional hazards model with biomarker 
level, treatment and interaction between biomarker level and treatment as covariates. CRNM, clinically relevant non-major; SE, systemic embolism.
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bleeding events and could therefore increase the risk of bleeding 
without substantial association with lower risk of stroke/SE.18 
Elevated F1+2 levels have been described in stroke patients 
with AF, and as F1+2 levels reflect thrombin generation they 
have been suggested as a better marker for stroke prediction 
than biomarkers including fibrin turnover.19 The levels of F1+2 
during oral anticoagulant (OAC) treatment in the present study 
were within the normal reference interval, indicating that a 
moderate decrease by apixaban could be sufficient to protect 
against stroke without limiting the sufficient residual thrombin 
available for clot formation as a protective mechanism against 
bleeding. This hypothesis however needs further evaluation.

D-dimer was also effectively reduced after 2 months of 
apixaban treatment. Only a small proportion of patients had 
D-dimer concentrations above the reference interval during 
OAC treatment. The effect of apixaban on D-dimer concentra-
tions in this AF cohort, without an acute thromboembolic event, 
was similar to results described in studies of venous thromboem-
bolism.11 Treatment with rivaroxaban has been found to reduce 
D-dimer levels similar to the results found for apixaban in the 
present study.20 In contrast, 150 mg of dabigatran was found 
to have a more pronounced effect on D-dimer compared with 
warfarin in the Randomized Evaluation of Long-Term Antico-
agulation Theraphy (RELY) trial.21 High D-dimer levels before 
start of OAC treatment have been used for successful identifi-
cation of patients at increased risk of stroke/SE and bleeding.4 
D-dimer is a marker for thrombin generation and a marker for 
endogenous fibrin turnover, and levels are influenced by age, 
sex, underlying vascular disease and inflammation; factors asso-
ciated with patient frailty.22 Why high D-dimer is associated with 
increased risk of bleeding is not fully explored, but fibrinogen 
formation is important when bleeding occurs and an enhanced 
fibrin turnover, resulting in increased D-dimer levels, might thus 
be disadvantageous.23

Patients that had been exposed to warfarin/VKA before rando-
misation and then received warfarin as study drug exhibited 
further reduced levels of F1+2 and D-dimer. Patients receiving 
warfarin were regularly monitored during the trial, which could 
have improved the time in therapeutic range of -INR, which is 
associated with D-dimer levels and with risk of stroke in patients 
with AF.3 24

Although thrombus formation mechanisms in AF are not fully 
elucidated, the endothelium of the left atrial appendage is acti-
vated and responds to stimuli to a higher degree than in the right 
appendage.1 The rhythm and the low flow in the appendage 
increase platelet activity and formation of microparticles, which 
also contribute to an increased coagulation potential in AF.2 19 In 
this study, the platelet activity marker sCD40L was not reduced 
after 2 months of apixaban or warfarin treatment. In contrast, 
concentrations were slightly increased compared with base-
line in both treatment groups, regardless of VKA treatment at 
randomisation. The concentration of sCD40L was in the refer-
ence interval in the majority of the patients and there might 
be a need for a more potent activation of platelets, including 
thrombin formation, to observe an effect on sCD40L by OAC 
treatment. Limited data exist regarding the effect of direct FXa 
inhibitors on platelet activity and how the activity should be 
evaluated. Edoxaban inhibits platelet aggregation in vitro to a 
higher degree compared with fondaparinux.25 To further eval-
uate the effect of apixaban on platelet activity in AF, investi-
gations of other platelet markers are needed.26 In contrast to 
sCD40L, vWF antigen levels were elevated in a proportion of 
patients independent of VKA status before randomisation. These 
findings are in accordance with previous results from a small 

study where warfarin for 6 weeks did not change vWF antigen 
levels.27 However, apixaban treatment for 2 months reduced the 
vWF antigen by 20% and similar results were found for warfarin 
study treatment. vWF antigen is associated with increased risk of 
stroke and venous thrombosis and whether FXa inhibition could 
modulate the dysregulation of vWF antigen found in thrombo-
embolic diseases has to be determined.

The risk of intracerebral bleeding is lower with all non-vitamin 
K oral anticoagulants compared with warfarin.10 28–30 The mech-
anism behind this might be that the available amount of FVIIa is 
enough to form thrombin on injury. The rapid initiation of coag-
ulation by the tissue factor/FVIIa complex forming thrombin is 
indeed of high importance in organs such as the brain. In the 
RELY trial, the direct thrombin inhibitor dabigatran induced 
only a minor reduction of FVIIa concentrations compared with 
warfarin.21 Similar results with only minor reduction of FVIIa 
can also be expected by treatment with inhibitors that are selec-
tively targeting FXa. FVIIa concentrations might thus constitute 
a valuable future biomarker for predicting intracerebral bleeding 
during OAC treatment.

Limitations of the present study include that the values for 
time in therapeutic range of INR before randomisation were not 
known and that the prespecified end point stroke included both 
ischaemic and haemorrhagic stroke. Due to few events we did 
not categorise the end point further. As the ARISTOTLE trial 
contained exclusion criteria such as severe renal dysfunction, not 
all patients with AF were eligible for participation. The study 
population may therefore not be representative for unselected 
patients with AF. This might have influenced the concentra-
tions of the coagulation activity markers in the present study 
and the concentrations might be different in patients with AF in 
everyday clinical practice.

In conclusion, apixaban reduced the coagulation activity as 
measured by F1+2 and D-dimer, to a lesser degree than warfarin. 
Apixaban and warfarin treatment both reduced vWF antigen as a 

Key messages

What is already known on this subject?
 ► Atrial fibrillation is associated with a prothrombotic state 
including the endothelium, platelets and plasma coagulation.

 ► In acute situations such as deep venous thrombosis or acute 
coronary syndrome with an increased coagulation activity, 
apixaban has been shown to reduce indicators for plasma 
coagulation.

What might this study add?
 ► In a situation without an acute increased coagulation activity 
such as in atrial fibrillation, apixaban reduces coagulation 
markers D-dimer and fragment 1+2 (F1+2) to a lower degree 
compared with warfarin, which seems enough to protect 
against stroke without increasing risk for bleeding.

 ► Apixaban and warfarin treatment in atrial fibrillation did 
not change CD40L and von Willebrand factor as markers for 
platelet and endothelial activation.

how might this impact on clinical practice?
 ► Further broaden the understanding of how apixaban 
compared with warfarin influences coagulation activity in 
atrial fibrillation and that the more moderate reduction of 
D-dimer and F1+2 may be preferable to balance the risk-
benefit of oral anticoagulant treatment.
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measurement of endothelial injury but had no effect on sCD40L. 
The effect of apixaban compared with warfarin for the risk of 
future thromboembolic and bleeding events was consistent at all 
biomarker levels.

Author affiliations
1Department of Medical sciences, cardiology, Uppsala University, Uppsala, sweden
2Uppsala clinical research center (Ucr), Uppsala University, Uppsala, sweden
3Medical Duke clinical research institute, Duke University, Medical center, Durham, 
north carolina, Usa
4Working group on cardiovascular research, Utrecht, the netherlands
5gabriele d’annunzio University, chieti, and gabriele Monasterio Foundation, Pisa, 
italy
6Mayo clinic college of Medicine, rochester, Minnesota, Usa
7Department of cardiology B, Oslo University hospital and University of Oslo, Oslo, 
norway
8Bristol-Myers squibb, Princeton, new Jersey, Usa
93rd Department of Medicine, cardiology and intensive care Medicine, Wilhelminen 
hospital, and sigmund Freud University, Medical school, Vienna, austria
10Boston University Medical center, Boston, Massachusetts, Usa
11seoul national University hospital, seoul, Korea
12Department of Medical sciences, clinical chemistry, Uppsala University, Uppsala, 
sweden

Correction notice since this paper was first published online it has been made 
open access.

Acknowledgements the authors would like to thank ebba Bergman, PhD, and 
Vendela roos, PhD, at Uppsala clinical research center (Ucr), Uppsala University, 
Uppsala, sweden for providing editorial assistance. 

Contributors cc, lW and as contributed substantially to the design of the present 
biomarker substudy in the aristOtle trial. cc, lW, as, Jha, cBg, Mh, BJg, rDl and 
eMh contributed to the design of the aristOtle biomarker substudy as members 
of the aristOle biomarker substudy committee. cc, Kh, rDc, Ma, B-hO and sh 
contributed to the acquisition of data as aristOtle investigators. as was responsible 
for the plasma measurements of F1+2, D-dimer, scD40 ligand, and vWF at the 
Ucr laboratory. Ua performed the statistical analyses. cc and as provided the first 
draft of the manuscript. all coauthors participated in the interpretation of data and 
critically revised the manuscript. all authors have approved the final version of the 
manuscript. the first (cc) and senior (as) authors and the statistician (Jha) had full 
access to the database and take responsibility for the integrity and of the data and 
the data analyses.

Funding the aristOtle trial was funded by Bristol-Myers squibb, Princeton, 
new Jersey and Pfizer, new York, new York, and coordinated by the Duke clinical 
research institute (Dcri), Usa, and by Uppsala clinical research center (Ucr), 
Uppsala, sweden. 

Competing interests cc: lecture fees from Boehringer ingelheim, Bristol-Myers 
squibb, csl Behring, novartis. lW: institutional research grants from astraZeneca, 
Boehringer ingelheim, Bristol-Myers squibb/Pfizer, glaxosmithKline, Merck & 
co, roche Diagnostics; holds two patents involving gDF-15. Ua: institutional 
research grant from Bristol-Myers squibb/Pfizer. Jha: research grants from 
Boehringer ingelheim, Bristol-Myers squibb, csl Behring, FDa, nih, cryolife, 
tenax therapeutics, VoluMetrix; honoraria from Bristol-Myers squibb, csl 
Behring, Janssen Pharmaceuticals, Merck, novonordisk Pharmaceuticals, Pfizer, 
Va cooperative studies Program, Zafgen; consultancy/advisory board fees from 
abbVie, Bristol-Myers squibb, csl Behring, Janssen Pharmaceuticals, Merck, 
novonordisk Pharmaceuticals, Pfizer, Portola Pharmaceuticals, Va cooperative 
studies Program, Zafgen. Ma: speaker’s bureau from Pfizer; honoraria from Pfizer; 
consultant/advisory board from Bristol-Myers squibb, Daiichi sankyo, Bayer, 
Boehringer ingelheim, Pfizer. rDc: research grants from Bayer, Bristol-Myers 
squibb/Pfizer, Daiichi sankyo; speaker’s bureau from Daiichi sankyo, Bristol-Myers 
squibb/Pfizer; honoraria from Daiichi sankyo, Bayer, Bristol-Myers squibb/Pfizer; 
consultant/advisory board from Bayer, Daiichi sankyo. BJg: data safety monitoring 
board from Boston scientific, cardiovascular research Foundation, Duke clinical 
research institute, Duke University, icahn school of Medicine at Mount sinai, 
Janssen research & Development, Kowa research institute, Medtronic, Mount 
sinai st lukes, teva Pharmaceutical industries, Myokardia; consultancy fees from 
coretherapix slU, Janssen scientific affairs, sirtex Medical. cBg: research grants 
from armetheon, astraZeneca, Bayer, Boehringer ingelheim, Bristol-Myers squibb, 
Daiichi sankyo; Duke clinical research institute, FDa, glaxosmithKline, Janssen 
Pharmaceuticals, Medtronic Foundation, novartis, Pfizer; consultancy/advisory board 
fees from abbVie, armetheon, astraZeneca, Bayer, Boehringer ingelheim, Boston 
scientific, Bristol-Myers squibb, Daiichi sankyo, gilead sciences, glaxosmithKline, 
Janssen Pharmaceuticals, Medscape, Medtronic, Merck, nih, novartis, Pfizer, rho 
Pharmaceuticals, sirtex, Verseon. sh: honoraria from astraZeneca, Bayer, Boehringer 

ingelheim, Pfizer, Bristol-Myers squibb, Merck, sanofi. Mh: former employee of and 
has stock ownership in Bristol-Myers squibb. Kh: speaker’s bureau from Daiichi 
sankyo. eMh: research grants from Janssen Pharmaceuticals; honoraria from Bristol-
Myers squibb/Pfizer, Boehringer ingelheim; consultancy/advisory board fees from 
Bayer, Boehringer ingelheim, Bristol-Myers squibb/Pfizer, Medtronic, Portola. rDl: 
research grants from amgen, Bristol-Myers squibb/Pfizer, glaxosmithKline, Medtronic 
Plc, sanofi-aventis; consultant/advisory board fees from Bristol-Myers squibb/
Pfizer, Bayer, Boehringer ingelheim. B-hO: grant and personal fees from novartis. as: 
institutional research grants from astraZeneca, Boehringer ingelheim, Bristol-Myers 
squibb/Pfizer, roche Diagnostics, glaxosmithKline; consultancy fees from Olink 
Proteomics.

Patient consent not required.

ethics approval approval by the appropriate ethics committees was obtained at 
all sites.

Provenance and peer review not commissioned; externally peer reviewed.

Open access this is an open access article distributed in accordance with the 
creative commons attribution non commercial (cc BY-nc 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. see: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

reFerenCes
 1 Breitenstein a, glanzmann M, Falk V, et al. increased prothrombotic profile in the left 

atrial appendage of atrial fibrillation patients. Int J Cardiol 2015;185:250–5.
 2 sohara h, amitani s, Kurose M, et al. atrial fibrillation activates platelets and 

coagulation in a time-dependent manner: a study in patients with paroxysmal atrial 
fibrillation. J Am Coll Cardiol 1997;29:106–12.

 3 lip gY, lowe gD, rumley a, et al. increased markers of thrombogenesis in chronic 
atrial fibrillation: effects of warfarin treatment. Br Heart J 1995;73:527–33.

 4 christersson c, Wallentin l, andersson U, et al. D-dimer and risk of thromboembolic 
and bleeding events in patients with atrial fibrillation–observations from the 
aristOtle trial. J Thromb Haemost 2014;12:1401–12.

 5 sadanaga t, sadanaga M, Ogawa s. evidence that D-dimer levels predict subsequent 
thromboembolic and cardiovascular events in patients with atrial fibrillation during 
oral anticoagulant therapy. J Am Coll Cardiol 2010;55:2225–31.

 6 choudhury a, chung i, Panja n, et al. soluble cD40 ligand, platelet surface cD40 
ligand, and total platelet cD40 ligand in atrial fibrillation: relationship to soluble 
P-selectin, stroke risk factors, and risk factor intervention. Chest 2008;134:574–81.

 7 conway Ds, Pearce la, chin Bs, et al. Prognostic value of plasma von Willebrand 
factor and soluble P-selectin as indices of endothelial damage and platelet activation 
in 994 patients with nonvalvular atrial fibrillation. Circulation 2003;107:3141–5.

 8 choi Jh, cha JK, huh Jt. adenosine diphosphate-induced platelet aggregation might 
contribute to poor outcomes in atrial fibrillation-related ischemic stroke. J Stroke 
Cerebrovasc Dis 2014;23:e215–20.

 9 Krishnamoorthy s, Khoo cW, lim hs, et al. Prognostic role of plasma von Willebrand 
factor and soluble e-selectin levels for future cardiovascular events in a ’real-
world’ community cohort of patients with atrial fibrillation. Eur J Clin Invest 
2013;43:1032–8.

 10 granger cB, alexander Jh, McMurray JJ, et al. apixaban versus warfarin in patients 
with atrial fibrillation. N Engl J Med 2011;365:981–92.

 11 Barrett Yc, Wang J, Knabb r, et al. apixaban decreases coagulation activity in patients 
with acute deep-vein thrombosis. Thromb Haemost 2011;105:181–9.

 12 Becker rc, alexander Jh, newby lK, et al. effect of apixaban, an oral and direct factor 
Xa inhibitor, on coagulation activity biomarkers following acute coronary syndrome. 
Thromb Haemost 2010;104:976–83.

 13 Wong Pc, Jiang X. apixaban, a direct factor Xa inhibitor, inhibits tissue-factor induced 
human platelet aggregation in vitro: comparison with direct inhibitors of factor Viia, 
Xia and thrombin. Thromb Haemost 2010;104:302–10.

 14 schulman s, Kearon c. subcommittee on control of anticoagulation of the scientific 
and standardization committee of the international society on thrombosis and 
haemostasis. Definition of major bleeding in clinical investigations of antihemostatic 
medicinal products in non-surgical patients. J Thromb Haemost 2005;3:692–4.

 15 lopes rD, alexander Jh, al-Khatib sM, et al. apixaban for reduction in stroke and 
other thromboembolic events in atrial fibrillation (aristOtle) trial: design and 
rationale. Am Heart J 2010;159:331–9.

 16 hagii J, tomita h, Metoki n, et al. effect of rivaroxaban on prothrombin fragment 1+2 
compared with warfarin in patients with acute cardioembolic stroke: insight from its 
serial measurement. Thromb Res 2016;148:9–14.

 17 green l, lawrie as, Patel r, et al. the effect of total hip/knee replacement surgery and 
prophylactic dabigatran on thrombin generation and coagulation parameters. Thromb 
Res 2012;130:775–9.

 18 nozawa t, inoue h, iwasa a, et al. effects of anticoagulation intensity on hemostatic 
markers in patients with non-valvular atrial fibrillation. Circ J 2004;68:29–34.

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2018-313351 on 12 S

eptem
ber 2018. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/j.ijcard.2015.03.092
http://dx.doi.org/10.1016/S0735-1097(96)00427-5
http://dx.doi.org/10.1136/hrt.73.6.527
http://dx.doi.org/10.1111/jth.12638
http://dx.doi.org/10.1016/j.jacc.2009.12.049
http://dx.doi.org/10.1378/chest.07-2745
http://dx.doi.org/10.1161/01.CIR.0000077912.12202.FC
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2013.10.011
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2013.10.011
http://dx.doi.org/10.1111/eci.12140
http://dx.doi.org/10.1056/NEJMoa1107039
http://dx.doi.org/10.1160/TH10-06-0393
http://dx.doi.org/10.1160/TH10-04-0247
http://dx.doi.org/10.1160/TH10-02-0097
http://dx.doi.org/10.1111/j.1538-7836.2005.01204.x
http://dx.doi.org/10.1016/j.ahj.2009.07.035
http://dx.doi.org/10.1016/j.thromres.2016.10.011
http://dx.doi.org/10.1016/j.thromres.2011.12.023
http://dx.doi.org/10.1016/j.thromres.2011.12.023
http://dx.doi.org/10.1253/circj.68.29
http://heart.bmj.com/


8 christersson c, et al. Heart 2018;0:1–8. doi:10.1136/heartjnl-2018-313351

Arrhythmias and sudden death

 19 lim hs, Willoughby sr, schultz c, et al. effect of atrial fibrillation on atrial 
thrombogenesis in humans: impact of rate and rhythm. J Am Coll Cardiol 
2013;61:852–60.

 20 Kitagawa F, ishii J, hiramitsu s, et al. assessment of trough rivaroxaban concentrations 
on markers of coagulation activation in nonvalvular atrial fibrillation population. Heart 
Vessels 2017;32:609–17.

 21 siegbahn a, Oldgren J, andersson U, et al. D-dimer and factor Viia in atrial fibrillation 
- prognostic values for cardiovascular events and effects of anticoagulation therapy. a 
re-lY substudy. Thromb Haemost 2016;115:921–30.

 22 Kleinegris Mc, ten cate h, ten cate-hoek aJ. D-dimer as a marker for cardiovascular 
and arterial thrombotic events in patients with peripheral arterial disease. a 
systematic review. Thromb Haemost 2013;110:233–43.

 23 lind M, Boman K, Johansson l, et al. D-dimer predicts major bleeding, cardiovascular 
events and all-cause mortality during warfarin treatment. Clin Biochem 
2014;47:570–3.

 24 Björck F, renlund h, lip gY, et al. Outcomes in a warfarin-treated population with 
atrial fibrillation. JAMA Cardiol 2016;1:172–80.

 25 honda Y, Kamisato c, Morishima Y. edoxaban, a direct factor Xa inhibitor, suppresses 
tissue-factor induced human platelet aggregation and clot-bound factor Xa in vitro: 
comparison with an antithrombin-dependent factor Xa inhibitor, fondaparinux. 
Thromb Res 2016;141:17–21.

 26 Pfluecke c, tarnowski D, Plichta l, et al. Monocyte-platelet aggregates and cD11b 
expression as markers for thrombogenicity in atrial fibrillation. Clin Res Cardiol 
2016;105:314–22.

 27 li-saw-hee Fl, Blann aD, lip gY. effects of fixed low-dose warfarin, aspirin-warfarin 
combination therapy, and dose-adjusted warfarin on thrombogenesis in chronic atrial 
fibrillation. Stroke 2000;31:828–33.

 28 connolly sJ, ezekowitz MD, Yusuf s, et al. Dabigatran versus warfarin in patients with 
atrial fibrillation. N Engl J Med 2009;361:1139–51.

 29 giugliano rP, ruff ct, Braunwald e, et al. edoxaban versus warfarin in patients with 
atrial fibrillation. N Engl J Med 2013;369:2093–104.

 30 Patel Mr, Mahaffey KW, garg J, et al. rivaroxaban versus warfarin in nonvalvular 
atrial fibrillation. N Engl J Med 2011;365:883–91.

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2018-313351 on 12 S

eptem
ber 2018. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.jacc.2012.11.046
http://dx.doi.org/10.1007/s00380-016-0912-0
http://dx.doi.org/10.1007/s00380-016-0912-0
http://dx.doi.org/10.1160/TH15-07-0529
http://dx.doi.org/10.1160/TH13-01-0032
http://dx.doi.org/10.1016/j.clinbiochem.2014.03.003
http://dx.doi.org/10.1001/jamacardio.2016.0199
http://dx.doi.org/10.1016/j.thromres.2016.02.028
http://dx.doi.org/10.1007/s00392-015-0922-4
http://dx.doi.org/10.1161/01.STR.31.4.828
http://dx.doi.org/10.1056/NEJMoa0905561
http://dx.doi.org/10.1056/NEJMoa1310907
http://dx.doi.org/10.1056/NEJMoa1009638
http://heart.bmj.com/

	Effect of apixaban compared with warfarin on coagulation markers in atrial fibrillation
	Abstract
	Introduction
	Methods
	The ARISTOTLE trial
	Biochemical analyses
	Clinical end points and risk factor classification
	Statistical analyses

	Results
	Baseline characteristics
	Thrombin generation and fibrin turnover during apixaban or warfarin treatment
	Biomarkers for primary haemostasis during apixaban or warfarin treatment
	Clinical outcomes in relation to biomarker concentrations during treatment with apixaban or warfarin

	Discussion
	References


