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ABSTRACT
Objective Atrial fibrillation (AF) is a risk factor for
stroke and mortality and the prothrombotic state has
been linked to inflammation. In this study we evaluated
the relationship between inflammatory biomarkers at
baseline and future risk of cardiovascular events in the
Apixaban for Reduction In Stroke and Other
Thromboembolic Events in Atrial Fibrillation (ARISTOTLE)
trial.
Methods The ARISTOTLE trial randomised 18 201
patients with AF to apixaban or warfarin. Interleukin 6
(IL-6) and C reactive protein (CRP) were analysed in
plasma obtained at randomisation from 14 954
participants, and median follow-up was 1.9 years.
Association between quartile groups of IL-6 and CRP
and outcomes were analysed by Cox regression adjusted
for clinical risk factors and other cardiovascular
biomarkers (NT-proBNP, troponin, GDF-15, cystatin C).
Results The IL-6 median level was 2.3 ng/L (IQR 1.5–
3.9), median CRP level was 2.2 mg/L (1.0–4.8). IL-6 and
CRP were significantly associated with all-cause mortality
independent of clinical risk factors and other biomarkers
(HR (95% CI) 1.93 (1.57 to 2.37) and 1.49 (1.24 to
1.79), respectively, Q4 vs Q1). IL-6 was associated with
myocardial infarction, cardiovascular mortality, and major
bleeding beyond clinical risk factors but not in the
presence of cardiovascular biomarkers (NT-proBNP,
troponin, GDF-15, cystatin C). Neither inflammatory
biomarker was associated with stroke/systemic embolism.
Risk prediction for stroke, death and major bleeding was
not improved by IL-6 or CRP when added to clinical risk
factors and the other cardiovascular biomarkers (NT-
proBNP, troponin, GDF-15, cystatin C).
Conclusions In patients with AF on anticoagulation,
after accounting for clinical risk factors and other
biomarkers, biomarkers of inflammation were
significantly associated with an increased risk of
mortality. However, there were no associations with the
risk of stroke or major bleeding.
Trial registration number ClinicalTrials.gov
identifier: NCT00412984 post-results.

INTRODUCTION
Atrial fibrillation (AF) constitutes a major risk
factor for stroke and death.1 2 The potential of bio-
markers to improve the prognostication concerning
stroke and other cardiovascular events in patients

with AF is gaining strength of evidence and clinical
promise. In particular the biomarkers of cardiovas-
cular stress and dysfunction such as cardiac troponin
(cTn), a marker of myocardial cell damage;
N-terminal B-type natriuretic peptide (NT-
proBNP), a marker of cardiac dysfunction; and
growth-differentiation factor-15 (GDF-15), a
marker of inflammation and oxidative stress, have
been shown to be strong independent predictors.3–8

Although inflammatory activation has been linked
to the occurrence of AF and to a prothrombotic
state, the association with subsequent cardiovascu-
lar events during treatment with oral anticoagula-
tion has not been fully established.9–14 Prior studies
evaluating the relation between inflammation and
cardiovascular events in patients with AF have
often been exploratory and did not take into
account the protective effect of oral anticoagula-
tion. In addition the associations with outcomes
have not been fully adjusted for other risk indica-
tors, in particular other cardiovascular biomarkers,
which recently have showed to be independent and
powerful markers of adverse outcomes in patients
with AF.4 In this predefined biomarker study within
the Apixaban for Reduction in Stroke and Other
Thromboembolic Events in Atrial Fibrillation
(ARISTOTLE) trial we assessed the associations
between levels of the inflammatory biomarkers
interleukin 6 (IL-6) and C reactive protein (CRP) at
baseline and clinical outcomes including adjust-
ments for established clinical risk factors and other
previously shown to be prognostically significant
cardiovascular biomarkers in approximately 15 000
patients with AF treated with either warfarin or
apixaban oral anticoagulation.15 16 Further, the
prognostic information gained by the inflammatory
biomarkers in relation to the currently used
CHA2DS2VASc (risk model to assess risk of stroke)
and HAS-BLED (risk model to asses risk of major
bleeding) scores was evaluated, as well as potential
interactions with the effects of apixaban as com-
pared with warfarin on all outcomes.

METHODS
The ARISTOTLE trial
The details of the ARISTOTLE trial have been pub-
lished previously.15 16 Briefly, ARISTOTLE was a
double blind, double-dummy, randomised clinical
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trial that enrolled 18 201 patients with AF and at least one risk
factor for stroke or systemic embolism. Patients were rando-
mised to warfarin (n=9081) or apixaban (n=9120). The
primary end point was stroke or systemic embolism. The
present biomarker cohort consisted of the first included patients
with the inflammatory biomarkers available (IL-6 n=14 954,
CRP n=14 884). The ARISTOTLE trial was event driven, parti-
cipants included in the trial after the extension amendment
were not included in the prespecified biomarker study. The
median length of follow-up was 1.9 years for the participants
with biomarkers available.

End points and clinical risk classification
The end points in this study included stroke or systemic embol-
ism; myocardial infarction; all-cause mortality; cardiovascular
death (excluding bleeding and other non-cardiac causes); and
major bleeding according to the International Society on
Thrombosis and Haemostasis criteria. A blinded clinical events
committee using prespecified criteria adjudicated all end
points.16 CHADS2 and CHA2DS2VASc scores were calculated
for each patient based on the sum of the corresponding risk
factors present at randomisation. Patients were classified by
CHA2DS2-VASc scores according to 0–1, 2, 3, 4 and ≥5, and
major bleeding outcomes were evaluated in relation to the
HAS-BLED score classified by 0–1, 2 or ≥3.

Biochemical methods
Venous blood samples were obtained before start of study treat-
ment. Plasma was frozen in aliquots and stored at −70°C until
analysed centrally at Uppsala Clinical Research Center, an aca-
demic platform for analyses of biomarkers at the Uppsala
University Hospital, Uppsala, Sweden. Plasma concentrations of
highly sensitive IL-6 were analysed using an ELISA technique,
R&D Systems, Minneapolis, USA, and highly sensitive CRP
using a particle enhanced immunoturbidimetric assay, Abbott,
Abbott Park, Illinois, USA. The methodology of the other car-
diovascular biomarkers in the statistical models have been
described in detail previously and were analysed as follows:
cardiac troponin I with high sensitivity assays using the
ARCHITECT i1000SR (Abbott Diagnostics); NT-proBNP with
the Cobas Analytics e601; cystatin C with the ARCHITECT
ci8200; and GDF-15 with a precommercial assay from ROCHE
Diagnostics.5–7 17

Statistical analyses
These analyses included the patients who provided blood
samples for the biomarker study at randomisation and also had
available results of the evaluated biomarkers (IL-6 n=14 954
and CRP n=14 884). Demographics and other baseline
characteristics were summarised using frequencies for categor-
ical variables and median and 25th and 75th centiles for con-
tinuous variables. For tests of differences among groups, the χ2

test was used for categorical variables and Kruskal-Wallis test
was used for continuous variables.

Efficacy analyses included all randomised patients and
included all events from randomisation until the efficacy cut-off
date (predefined as 30 January 2011). Bleeding analyses were
‘on treatment’ including all randomised patients who received at
least one dose of study drug and included all events from
receipt of the study drug until 2 days after the last dose of the
study drug.

The interaction between treatment and IL-6 or CRP group
was analysed using Cox proportional hazards models including
treatment group, IL-6/CRP (in quartile groups as well as

continuous using restricted cubic splines) and treatment by IL-6/
CRP interaction as covariates. The outcomes in relation to IL-6/
CRP quartiles were evaluated in multivariable Cox proportional
hazards models, sensitivity analyses using continuous variables
were also performed. The multivariable analyses included (A)
established risk factors (age, sex, body mass index, smoking
status, systolic blood pressure, heart rate, AF type (paroxysmal
or persistent/permanent), diabetes, history of symptomatic con-
gestive heart failure, previous stroke/systemic embolism/transient
ischemic attack (TIA), hypertension, previous myocardial infarc-
tion, previous peripheral artery disease/coronary artery bypass
surgery (CABG)/percutaneous coronary intervention (PCI),
treatment at randomisation with aspirin, ACE inhibitors or
angiotensin receptor blockers (ARB), amiodarone, for the major
bleeding end point; history of anaemia and history of spontan-
eous or clinical relevant bleeding were also included), rando-
mised treatment, region, use of warfarin within 7 days before
randomisation, use of statin medication within 30 days before
randomisation. In a second model (B) other cardiovascular bio-
markers were added in continuous natural logarithm form
(cardiac troponin I, NT-proBNP, GDF-15 and cystatin C (a
marker of renal function)). As a sensitivity analysis a third multi-
variable Cox proportional hazards model was used that
excluded GDF-15 from Model 2 above since GDF-15, similar
to IL-6 and CRP, is associated with inflammatory activity. The
HRs and 95% CIs, using the group with the lowest IL-6/CRP
levels as reference, were reported. We performed likelihood
ratio tests to evaluate whether the global model fit improved
after the addition of the biomarkers of inflammation. The
assumption of proportional hazards for the factors included in
the Cox regression analyses was assessed visually using log-
cumulative hazard plots. Sensitivity analysis using the Fine-Gray
competing risks regression analysis showed consistent results.

The increased discriminative value of IL-6 and CRP was
investigated by estimating the C index for survival data18 for
models with established risk factors including the components
of the CHA2DS2VASc score or HAS-BLED score, without and
with biomarker.

Kaplan–Meier estimates of the cumulative risk to the first
occurrence of an event were calculated and plotted. All pre-
sented event rates were reported per 100 patient-years of
follow-up. All statistical tests were two-tailed and performed at
the 0.05 significance level. Since all analyses were exploratory,
there were no adjustments for multiple comparisons. The
Statistics section at Uppsala Clinical Research Center conducted
the statistical analyses.

RESULTS
Baseline characteristics and distribution of biomarkers of
inflammation
The IL-6 median level was 2.3 (25th centile 1.5, 75th centile
3.9) ng/L, and CRP median level was 2.2 (25th centile 1.0, 75th
centile 4.8) ng/L.

Baseline characteristics and medications according to quartiles
of IL-6 and CRP, respectively, are shown in table 1. Several vari-
ables were associated with increasing levels of biomarkers of
inflammation. Increasing IL-6 levels had more pronounced asso-
ciation with older age, persistent or permanent AF, and presence
of diabetes, heart failure and renal dysfunction. Increasing CRP
levels similarly showed a more pronounced association with
presence of diabetes and heart failure, and was in addition
inversely related to statin therapy with a somewhat larger pro-
portion on statin therapy in the lowest quartile group.
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Table 1 Demographics and baseline characteristics for groups (A) IL-6 at baseline (B) CRP at baseline

Q1 (ng/L): ≤1.5
n=3998

Q2 (ng/L): >1.5–2.3
n=3510

Q3 (ng/L): >2.3–3.9
n=3772

Q4 (ng/L): >3.9
n=3674 p Value

(A)
Age (years), median (25,75th centile) 68.0 (61.0, 74.0) 70.0 (63.0, 76.0) 71.0 (64.0, 77.0) 71.0 (64.0, 77.0) <0.0001
Male gender 2602 (65.1%) 2249 (64.1%) 2401 (63.7%) 2378 (64.7%) 0.5597
Systolic blood pressure (mm Hg), median 130.0 (120, 140) 130.0 (120, 140) 130.0 (120, 140) 130.0 (120, 140) 0.0717
Heart rate (bpm), median (25,75th centile) 74.0 (64, 84) 75.0 (65, 84) 76.0 (66, 86) 77.0 (67, 88) <0.0001
Persistent or permanent AF 3134 (78.4%) 2955 (84.2%) 3324 (88.1%) 3275 (89.1%) <0.0001
Current smoker 263 (6.6%) 279 (7.9%) 333 (8.8%) 342 (9.3%) <0.0001
Diabetes mellitus 776 (19.4%) 882 (25.1%) 1039 (27.5%) 997 (27.1%) <0.0001
Coronary artery disease 1279 (32.0%) 1216 (34.6%) 1332 (35.3%) 1229 (33.5%) 0.0116
Hypertension 3464 (86.6%) 3087 (87.9%) 3338 (88.5%) 3200 (87.1%) 0.0634
Prior stroke/systemic embolism/TIA 765 (19.1%) 694 (19.8%) 737 (19.5%) 703 (19.1%) 0.8728
Congestive heart failure 1164 (29.1%) 1208 (34.4%) 1398 (37.1%) 1611 (43.8%) <0.0001
CrCL (mL/min), median (25,75th centile) 76.9 (60.1, 96.6) 74.4 (57.8, 94.4) 73.5 (56.1, 93.7) 71.1 (52.3, 96.0) <0.0001
CHA2DS2-VASc score, median (25,75th centile) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 3.0 (3.0, 5.0) 3.0 (3.0, 5.0) <0.0001
CHA2DS2-VASc class 0–1 550 (13.8%) 291 (8.3%) 223 (5.9%) 240 (6.5%) <0.0001
CHA2DS2-VASc class 2 1026 (25.7%) 707 (20.1%) 710 (18.8%) 666 (18.1%)
CHA2DS2-VASc class 3 1012 (25.3%) 932 (26.6%) 1003 (26.6%) 940 (25.6%)
CHA2DS2-VASc class 4 757 (18.9%) 800 (22.8%) 875 (23.2%) 885 (24.1%)
CHA2DS2-VASc class ≥5 653 (16.3%) 780 (22.2%) 961 (25.5%) 943 (25.7%)
Aspirin 1188 (29.7%) 1074 (30.6%) 1191 (31.6%) 1176 (32.0%) 0.1287
Statin therapy 2668 (43.1%) 711 (44.1%) 700 (45.4%) 644 (43.5%) 0.0070
cTnI-hs (ng/L), median (25,75th centile) 4.1 (2.7, 7.2) 5.0 (3.2, 8.7) 5.9 (3.5, 11.1) 7.4 (4.3, 14.4) <0.0001
NT-proBNP (ng/L), median (25,75th centile) 520.0 (238, 926) 674.0 (354, 1105) 772.0 (422 1314) 984.0 (500, 1741) <0.0001
Cystatin C (mg/L), median (25,75th centile) 0.89 (0.74, 1.05) 0.98 (0.81, 1.17) 1.03 (0.86, 1.24) 1.11 (0.90, 1.36) <0.0001
GDF-15 (ng/L), median (25,75th centile) 1085 (813, 1533) 1300 (956 1864) 1496 (1067, 2158) 1829 (1236, 2744) <0.0001
CRP (mg/L), median (25,75th centile) 1.10 (0.56, 2.00) 1.80 (1.00, 3.40) 2.80 (1.40, 5.10) 5.40 (2.50, 11.00) <0.0001

Q1 (mg/L): ≤1.0
n=3829

Q2 (mg/L): >1.0–2.2
n=3729

Q3 (mg/L): >2.2–4.8
n=3697

Q4 (mg/L): >4.8
n=3629 p Value

(B)
Age (years), median (25,75th centile) 70.0 (63.0, 76.0) 70.0 (63.0, 76.0) 70.0 (63.0, 76.0) 70.0 (62.0, 76.0) 0.4364
Male gender 2643 (69.0%) 2479 (66.5%) 2338 (63.2%) 2123 (58.5%) 0.4364
Systolic blood pressure (mm Hg), median 130.0 (120, 140) 130.0 (120, 140) 130.0 (120, 141) 130.0 (120, 140) <0.0001
Heart rate (bpm), median (25,75th centile) 74.0 (64, 84) 75.0 (65, 84) 76.0 (66, 86) 76.0 (68, 88) <0.0001
Persistent or permanent AF 3166 (82.7%) 3159 (84.7%) 3151 (85.2%) 3155 (86.9%) <0.0001
Current smoker 262 (6.8%) 294 (7.9%) 289 (7.8%) 366 (10.1%) <0.0001
Diabetes mellitus 897 (23.4%) 842 (22.6%) 921 (24.9%) 1020 (28.1%) <0.0001
Coronary artery disease 1265 (33.0%) 1261 (33.8%) 1235 (33.4%) 1259 (34.7%) 0.4729
Hypertension 3253 (85.0%) 3248 (87.1%) 3295 (89.1%) 3232 (89.1%) <0.0001
Prior stroke/systemic embolism/TIA 787 (20.6%) 732 (19.6%) 685 (18.5%) 684 (18.8%) 0.1173
Congestive heart failure 1193 (31.2%) 1271 (34.1%) 1357 (36.7%) 1518 (41.8%) <0.0001
CrCL (mL/min), median (25,75th centile) 71.6 (55.8, 90.1) 73.6 (57.4, 93.6) 75.9 (58.4, 99.0) 75.2 (56.0, 100.6) <0.0001
CHA2DS2-VASc score, median (25,75th centile 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 3.0 (2.0, 5.0) <0.0001
CHA2DS2-VASc class 0–1 413 (10.8%) 368 (9.9%) 263 (7.1%) 254 (7.0%) <0.0001
CHA2DS2-VASc class 2 868 (22.7%) 787 (21.1%) 765 (20.7%) 677 (18.7%)
CHA2DS2-VASc class 3 935 (24.4%) 975 (26.1%) 1038 (28.1%) 917 (25.3%)
CHA2DS2-VASc class 4 819 (21.4%) 796 (21.3%) 813 (22.0%) 870 (24.0%)

CHA2DS2-VASc class ≥5 794 (20.7%) 803 (21.5%) 818 (22.1%) 911 (25.1%)
Aspirin 1242 (32.4%) 1116 (29.9%) 1112 (30.1%) 1130 (31.1%) 0.0673
Statin therapy 1696 (44.3%) 1536 (41.2%) 1436 (38.8%) 1395 (38.4%) <0.0001
cTnI-hs (ng/L), median (25,75th centile) 4.7 (2.9, 8.3) 5.2 (3.2, 9.7) 5.6 (3.4, 10.6) 6.4 (3.8, 12.3) <0.0001
NT-proBNP (ng/L), median (25,75th centile) 593.0 (290, 1068) 677.0 (350, 1134) 742.0 (382, 1269) 881.0 (445, 1587) <0.0001
Cystatin C (mg/L), median (25,75th centile) 0.89 (0.73, 1.08) 0.97 (0.81, 1.16) 1.02 (0.85, 1.23) 1.10 (0.91, 1.34) <0.0001
GDF-15 (ng/L), median (25,75th centile) 1243 (885, 1836) 1314 (937, 1904) 1396 (1009, 2048) 1629 (1127, 2466) <0.0001
IL-6 (ng/L), median (25,75th centile) 1.50 (1.10, 2.30) 2.00 (1.40, 2.90) 2.60 (1.80, 3.80) 4.30 (2.70, 7.00) <0.0001

AF, atrial fibrillation; CRP, C reactive protein.
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The levels of the cardiovascular biomarkers, cardiac troponin
I, NT-proBNP, GDF-15 and cystatin C, increased significantly
with rising quartile levels of IL-6 and CRP. Generally, there was
a pattern of larger spread of the cardiovascular biomarkers
levels between the lowest and highest quartile groups of IL-6, as
compared with the respective quartile groups of CRP.

Stroke or systemic embolism
There were a total of 394 stroke or systemic embolism events
during follow-up, cumulative hazard rates according to quartile
groups of IL-6 and CRP levels are shown in figure 1. The yearly
event rates of stroke or systemic embolism ranged from 1.08%
in the first quartile group of IL-6 to 1.54% in the highest quar-
tile group. However Cox analyses adjusted for clinical risk
factors (Model 1) did not show an independent association (HR
1.26, 95% CI 0.93 to 1.69, p=0.1155) (figure 2A), with similar
results for the analyses based on quartile levels of CRP (HR
1.31, 95% CI 0.98 to 1.74, p=0.3347) (figure 2B).

Myocardial infarction
There were 149 myocardial infarctions during follow-up. The
yearly event rates of myocardial infarction were in range from
0.27% to 0.69%, HR 2.20; 95% CI 1.29 to 3.76, p=0.0138
for the association of IL-6 in adjusted Cox proportional-hazards
regression model adjusted for established clinical risk factors
(Model 1). The independent association, however, did not
remain after extending the multivariable adjustment by adding
cardiovascular and renal biomarkers (NT-pro-BNP, cardiac
troponin I, GDF-15 and cystatin C) as covariates to the model
(figure 2A, Model 2).

For CRP the yearly event rates increased from 0.42% in the
lowest quartile group to 0.73% in the highest quartile group,
HR 1.78; 95% CI 1.12 to 2.85, p=0.0545. Adding cardiovas-
cular and renal biomarkers as covariates to the model attenuated
the results further (p=0.4734) (figure 2B).

All-cause mortality
There were a total of 1064 deaths during follow-up. For IL-6,
the yearly event rates increased stepwise from 1.70% in the
lowest quartile to 6.84% in the highest quartile, HR 2.84; 95%
CI 2.33 to 3.47, p<0.0001 for the effects of IL-6 levels in mul-
tivariable analysis adjusted for established clinical risk factors.
The result remained significant even in the presence of cardio-
vascular and renal biomarkers (p<0.0001) (figure 2A).

Similar trends were seen for CRP, the yearly event rates
increased from 2.62% in the lowest quartile to 5.55%, HR
2.13; 95% CI 1.78 to 2.55 in the highest quartile group;
p<0.0001 for the effects of CRP levels after multivariable
adjustment and the association remained significant after adding
cardiovascular and renal biomarkers to the model (p=0.0001)
(figure 2B).

Cardiovascular mortality
During follow-up 541 patients died from cardiovascular cause,
cumulative hazard rates according to quartile groups of IL-6 and
CRP levels are shown in figure 3. The yearly event rates of car-
diovascular death for the quartiles of IL-6 ranged from 0.91%
to 3.21%, HR 2.42; 95% CI 1.83 to 3.19, p<0.0001 for the
effects of IL-6 levels in multivariable analysis. The association
between IL-6 and cardiovascular mortality was attenuated and
did not remain significant after the addition of the cardiovascu-
lar and renal biomarkers to the model (figure 2A).

For CRP, the yearly event rates ranged from 1.49% to 2.61%,
HR 1.71; 95% CI 1.34 to 2.18, p=0.0001 in the multivariable

analysis adjusted for established clinical risk factors. The result
became non-significant after the addition of cardiovascular and
renal biomarkers to the model (figure 3B).

Major bleeding
During follow-up a total of 667 events of major bleeding
occurred. The yearly event rates of major bleeding for the quar-
tiles of IL-6 ranged from 1.88% in the lowest to 3.68% in the
highest quartile, HR 1.58; 95% CI 1.26 to 1.98, p=0.0006 for
the effects of IL-6 levels in multivariable analysis. The associ-
ation became statistically non-significant in the presence of car-
diovascular and renal biomarkers (figure 2A).

For CRP there was no significant association between CRP
levels and major bleeds in the multivariable analysis.

Sensitivity analyses excluding GDF-15
GDF-15 also has associations with the inflammatory response,
as a sensitivity analysis a third Cox regression model excluding
GDF-15 was constructed and used. The sensitivity analyses
included established risk factors and the biomarkers cardiac
troponin I, NT-proBNP and cystatin C. The results remained
similar concerning the associations between the inflammatory
biomarkers and all the above outcomes except for IL-6 and its
relation with major bleeding and cardiovascular death, respect-
ively. The association between IL-6 and major bleeding was of
borderline significance in the absence of GDF-15, HR 1.33;
95% CI 1.05 to 1.68, p=0.087, and non-significant in the full
model including GDF-15 (p=0.3224). The relation between
IL-6 and cardiovascular mortality showed a similar trend (p
value from 0.02 to 0.07 when including GDF-15). The results
also remained similar in analyses using continuous levels of the
inflammatory biomarkers (see online supplementary figure I).

Outcome in relation to study treatment and biomarker
subgroups
There were no relevant interactions between study treatments
with apixaban or warfarin in relation to any of the inflammatory
biomarker levels for the outcomes either by using quartile
groups or continuous levels (see online supplementary figure II
and table).

Biomarkers of inflammation for prediction of cardiovascular
events in AF and comparison with the CHA2DS2-VASc and
HAS-BLED scores
Both biomarkers of inflammation improved the C index for the
prediction of all-cause mortality in the models containing the
established clinical risk factors (IL-6 from 0.72 to 0.74, and
CRP from 0.72 to 0.73, respectively, both p<0.0001). No sig-
nificant improvements were, however, seen when adding either
inflammatory biomarker to the models additionally containing
cardiovascular and renal biomarkers (from 0.77 to 0.77 for
both).

In comparison with the clinically used stroke risk model, the
CHA2DS2VASc score, no improvements were seen by addition
of either biomarker of inflammation for prediction of stroke or
systemic embolism (table 2). IL-6 and CRP improved the
CHA2DS2VASc score for the prediction of all-cause mortality,
however concerning cardiovascular death only IL-6 improved
the C index slightly in the models containing the other biomar-
kers (table 2). In relation to the HAS-BLED score concerning
major bleeding events, only IL-6 improved the prediction,
although not significantly in the model also containing the car-
diovascular and renal biomarkers (table 2).
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DISCUSSION
The major findings from this prespecified study of a large
cohort of patients with AF on oral anticoagulation treatment
were that the inflammatory biomarkers IL-6 and CRP were sig-
nificantly associated with all-cause mortality even after adjust-
ment for clinical factors and the cardiovascular biomarkers
NT-proBNP, cardiac troponin I, GDF-15 and cystatin C. IL-6
also showed associations with myocardial infarction, major
bleeding and cardiovascular mortality, when adjusting for

established risk factors. These associations, however, did not
remain significant in the presence of the other cardiovascular
biomarkers. Neither inflammatory biomarker was associated
with stroke or systemic embolism in patients with AF treated
with oral anticoagulation. Concerning risk prediction in this
setting, the inflammatory biomarkers did not confer improve-
ments to the prognostication of mortality in the presence of
clinical risk factors and other biomarkers. Neither the clinically
used CHA2DS2-VASc nor the HAS-BLED risk score were

Figure 1 (A and B) Cumulative
hazard rates for the primary outcome
(stroke or systemic embolism)
according to quartile groups at
baseline of IL-6 (A) and C reactive
protein (CRP) (B).
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improved by the addition of these specific inflammatory biomar-
kers for the prediction of stroke or major bleeding, in patients
with AF on oral anticoagulation.

Although the evidence is persuasive that inflammatory pro-
cesses play a pivotal role in the development and progression of
atherosclerosis and cardiovascular disease, inflammatory biomar-
kers have to date, somewhat surprisingly, only demonstrated a
moderate incremental value concerning risk prediction.19 20 In
AF, inflammatory activity has been associated with the pathogen-
esis of the arrhythmia and the subsequent structural remodelling
as a consequence.9 21 Similar to the findings in the present
study, levels of inflammatory activity have previously been
described to increase in tandem with an accumulation of stroke
risk factors in patients with AF. However, the independent asso-
ciation of biomarkers of inflammatory activity with stroke risk
has so far been inconsistent.10 11 13 Prior studies consisting of
either small cohorts or retrospective data has primarily
described associations with mortality or different thrombo-
embolic composite outcomes. Another important notion is that
the majority of these studies have been in patients on oral antic-
oagulation, and there might be differences between patients
with and without oral anticoagulation. In recent results from

the Randomized Evaluation of Long-Term Anticoagulation
Therapy (RE-LY) biomarker substudy, the inflammatory bio-
marker IL-6 was described to have an independent association
with stroke risk when adjusting for clinical risk factors; it was,
however, significantly attenuated and became non-significant by
addition of cardiac biomarkers (troponin and NT-proBNP) to
the model.22 In the present ARISTOTLE biomarker study on
patients with AF treated with oral anticoagulation, neither IL-6
nor CRP demonstrated an independent association with stroke
risk even in the models solely adjusting for the clinical risk
factors. The discrepancy may be due to some dissimilarities
between the two cohorts such as an older age in the RE-LY
cohort, although probably mainly due to a more extensive
adjustment of risk factors and risk indicators permitted by the
larger numbers of events and total number of participants in the
ARISTOTLE biomarker cohort (IL-6 n=14 954, CRP
n=14 884) as compared with the RE-LY biomarker cohort
(n=6187). Importantly, in the models further adjusting for the
other cardiovascular biomarkers the results were congruent in
the ARISTOTLE and RE-LY biomarker cohorts and did indeed
not show an independent association with stroke or systemic
embolism in patients with AF. Concerning mortality outcomes,

Figure 2 (A) Associations between quartiles of IL-6 at baseline and cardiovascular events in multivariable analyses. (B) Associations between
quartiles of C reactive protein (CRP) at baseline and cardiovascular events in multivariable analyses. *Cox proportional hazards model 1 was
adjusted for clinical risk factors and demographic variables**, randomised treatment, prior warfarin status and use of statin medication within
30 days before randomisation. Model 2 included all covariates in Model 1 and cardiovascular and renal biomarkers (NT-proBNP, cardiac troponin I,
GDF-15 and cystatin C). **Risk factors and demographic variables: age, sex, body mass index (BMI), smoking status, systolic blood pressure (BP),
heart rate, atrial fibrillation (AF), diabetes, heart failure, previous stroke/systemic embolism/TIA, hypertension, previous myocardial infarction (MI),
previous peripheral artery disease/CABG/PCI, treatment at randomisation with aspirin, ACE inhibitors or ARB, amiodarone. For bleeding end points,
history of anaemia, history of spontaneous or clinically relevant bleeding, haematocrit, drug abuse and abnormal liver function were also included.
Sensitivity analyses using continuous variables showed similar results for all outcomes. In a sensitivity analysis for the association between IL-6
(figure 3A) and CRP (figure 3B) and myocardial infarction a reduced set of covariates of clinical risk factors showed similar results (age, sex, BMI,
smoking status, systolic BP, diabetes, heart failure, history of MI, use of statin medication within 30 days before randomisation).
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the association between biomarkers of inflammation and all-
cause mortality has been more consistent in prior publications
and is in alignment with the findings in the present study based
upon the Cox analyses. However, with regards to the added
value of inflammatory biomarkers for risk prediction evaluated
by C index, the knowledge is limited and has previously not

been performed in fully adjusted models and was not significant
in the present study, which therefore adds novel insights. The
association between biomarkers of inflammation and risk of
major bleeding has been less intensively studied. In patients with
acute coronary syndromes, bleeding events have been associated
with increasing levels of IL-6 and CRP.23 In patients with AF in

Figure 2 Continued

Table 2 The additive discriminative value of biomarkers of inflammation to the CHA2DS2-VASc and HAS-BLED risk scores

Outcome
Inflammatory
biomarker Model

C index without
inflammatory
biomarker

C index with
inflammatory
biomarker p Value

Stroke or systemic
embolism

IL-6 CHA2DS2-VASc 0.67 0.67 0.1489
CHA2DS2-VASc+biomarkers 0.70 0.70 0.6873

CRP CHA2DS2-VASc 0.67 0.67 0.1917
CHA2DS2-VASc+biomarkers 0.70 0.70 0.6670

All-cause mortality IL-6 CHA2DS2-VASc 0.63 0.69 <0.0001
CHA2DS2-VASc+biomarkers 0.75 0.76 <0.0001

CRP CHA2DS2-VASc 0.63 0.66 <0.0001
CHA2DS2-VASc+biomarkers 0.75 0.75 <0.0001

Cardiovascular mortality IL-6 CHA2DS2-VASc 0.64 0.68 <0.0001
CHA2DS2-VASc+biomarkers 0.77 0.78 0.0013

CRP CHA2DS2-VASc 0.64 0.65 <0.0001
CHA2DS2-VASc+biomarkers 0.77 0.77 0.2708

Major bleed IL-6 HAS-BLED 0.63 0.65 <0.0001
HAS-BLED+biomarkers 0.68 0.68 0.0689

CRP HAS-BLED 0.63 0.63 0.1439
HAS-BLED+biomarkers 0.68 0.68 0.2819

The first model contains the CHA2DS2-VASc risk score or the HAS-BLED risk score for major bleeding outcomes, in addition to randomised treatment, region, use of warfarin within
7 days before randomisation, use of statin medication within 30 days before randomisation. The second model contains, in addition to the variables in the first model, the
cardiovascular and renal biomarkers (NT-proBNP, Troponin I, GDF-15 and cystatin C).
CRP, C reactive protein.

514 Hijazi Z, et al. Heart 2016;102:508–517. doi:10.1136/heartjnl-2015-308887

Arrhythmias and sudden death
 on M

ay 22, 2023 by guest. P
rotected by copyright.

http://heart.bm
j.com

/
H

eart: first published as 10.1136/heartjnl-2015-308887 on 2 F
ebruary 2016. D

ow
nloaded from

 

http://heart.bmj.com/


the RE-LY trial an independent association between IL-6 levels
and major bleeding, however not for CRP, was showed.22 The
results from the present study demonstrated IL-6 to be a risk
marker of major bleeding independent of clinical risk factors,
however, contrary to the finding from RE-LY, not when
further adjusting for the other biomarkers. Apart from a
more extensive adjustment of risk factors and indicators for
bleeding in the model used in the present study, as compared
with the model in the RE-LY substudy, there are also key

differences in the cardiovascular biomarkers used between the
models. In the present study GDF-15, a marker of inflamma-
tion and oxidative stress, was included in the biomarker
adjusted model which recently has been shown to be a power-
ful independent risk marker for major bleeding in patients
with AF.7 The effect of GDF-15 on the association between
IL-6 and major bleeding was also evident in the performed
sensitivity analyses, in which GDF-15 clearly diminished the
significance of IL-6 when added to the model.

Figure 3 (A and B) Cumulative
hazard rates for cardiovascular
mortality according to quartile groups
at baseline of IL-6 (A) and C reactive
protein (CRP) (B).
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Based on the results from this large, high quality prospect-
ive randomised trial data set of almost 15 000 patients
treated with oral anticoagulation, the usefulness of IL-6 or
CRP for improved prognostication in patients with AF seems
limited. The indications of inflammatory activity as a compo-
nent of the AF disease and its associations to a prothrombo-
tic state and potential relation to worse outcomes has made
inflammatory activity an interesting area of investigation and
prospective treatment target.24–27 However, unspecific indi-
cators of inflammatory activity such as CRP or IL-6 do not
seem to be useful to include as routine biomarkers to
improve risk stratification in patients with AF as neither of
these two biomarkers improved the prediction of stroke nor
major bleedings when added to the clinically used scores.
Although the addition of IL-6 to the HAS-BLED score sig-
nificantly improved the prediction of major bleeding, the
improvement became non-significant when added to a model
consisting of the HAS-BLED score together with more
widely available cardiovascular and renal biomarkers. The
inflammatory biomarkers, in particular IL-6, may however
potentially be useful in the prognostication of mortality in
patients with AF. Although the exact mechanism is not clear,
the results suggests that systemic inflammatory activity in
patients with AF play a role in fatal outcomes and most
likely reflect an overall burden of disease, similar to findings
from other patient populations.28

Apixaban has previously demonstrated superior efficacy and
safety in comparison with warfarin concerning risk of stroke or
systemic embolism, all-cause mortality and major bleeding,
respectively.15 No relevant interactions were however seen
between study treatment with apixaban or warfarin in relation
to IL-6 or CRP levels for any of the outcomes.

Strengths and limitations
This study has some strengths and limitations that merit men-
tioning. The data are from a clinical trial cohort of patients with
AF and at least one risk factor for stroke and the results may
therefore not be completely generalisable to the general AF
population. Further, the associations between the biomarkers of
inflammation and outcome events, in particular stroke, may be
influenced by all participants receiving oral anticoagulation. The
study is, however, based on results from the largest cohort till
date of patients with AF and biomarkers which were closely
monitored, with all outcomes rigorously adjudicated, in a pro-
spective randomised trial with a prespecified comprehensive
analysis encompassing several other important cardiovascular
biomarkers in the evaluation which together adds robustness to
the presented analyses.

CONCLUSIONS
In patients with AF on anticoagulation, baseline levels of IL-6
and CRP were independently associated with an increased risk
of mortality; however, no significant association was observed
for the risk of stroke. IL-6 was also found to be related to the
risk of major bleeding and myocardial infarction, although not
independent of other cardiovascular biomarkers such as cardiac
troponin, NT-proBNP and GDF-15. In patients on oral anticoa-
gulation neither inflammatory biomarker improved risk predic-
tion significantly on top of established clinical risk factors and
other cardiovascular biomarkers. There was no interaction
between the risk stratification by inflammatory level and the
superior efficacy and safety of apixaban as compared with
warfarin.

Key messages

What is already known on this subject?
Inflammatory activity is associated with the pathogenesis of
atrial fibrillation (AF) and the inflammatory levels increase in
tandem with an accumulation of stroke risk factors. The
independent association of inflammatory biomarkers with stroke
and other cardiovascular events has, however, so far been
inconsistent in the AF population.

What might this study add?
This biomarker study within the Apixaban for Reduction In
Stroke and Other Thromboembolic Events in Atrial Fibrillation
(ARISTOTLE) trial adds unique information of the prognostic
value of inflammatory biomarkers in patients with AF on oral
anticoagulation. This was achieved by prespecified
comprehensive analyses in the largest cohort till date of almost
15 000 patients from a prospective randomised trial and by
including several other important cardiovascular biomarkers in
the evaluation.

How might this impact on clinical practice?
In patients with AF on anticoagulation, biomarkers of
inflammation were associated with an increased risk of
mortality beyond clinical risk factors and other biomarkers.
However, there were no independent associations with the risk
of stroke or major bleeding. The prognostic value of
inflammatory biomarkers in patients with AF on oral
anticoagulation therefore seems limited.

Author affiliations
1Uppsala Clinical Research Center, Uppsala University, Uppsala, Sweden
2Department of Medical Sciences, Cardiology, Uppsala University, Uppsala, Sweden
3Duke University Medical Center, Durham, North Carolina, USA
4Mayo Clinic College of Medicine, Rochester, Minnesota, USA
5Bristol-Myers Squibb, Princeton, New Jersey, USA
6Cardiology Department, University of Adelaide, Adelaide, South Australia, Australia
7Boston University Medical Center, Boston, Massachusetts, USA
8Department of Medical Sciences, Clinical Chemistry, University Hospital, Uppsala,
Sweden

Contributors Members of the Executive ( JHA, BG, CBG, MH, JH, EMH and LW),
Steering ( JH), Clinical Events ( JHA, EMH and RDL) and Biomarker Substudy (BG,
CBG, MH, JH, EMH, AS and LW) committees designed the ARISTOTLE trial and the
Biomarker Substudy programme and supervised the conduct as previously published.
All coauthors were involved in the planning and data interpretation of the analyses
for this substudy. The statistical analyses in this substudy were performed at Uppsala
Clinical Research Center, Uppsala University, Sweden (UA) using R V.3. All authors
had full access to the data in the study and take responsibility for the integrity of
the data and the accuracy of the data analysis. The first draft of the manuscript was
written by the corresponding author (ZH), which thereafter was revised by all
coauthors until agreement to submit was reached.

Funding The trial was funded by Bristol-Myers Squibb, Princeton, New Jersey, USA
and Pfizer, New York, USA and coordinated by the Duke Clinical Research Institute,
Durham, North Carolina, USA and Uppsala Clinical Research Center, Uppsala,
Sweden. Roche Diagnostics, Rotkreuz, Switzerland, provided the precommercial
assay of GDF-15 free of charge.

Competing interests ZH: Institutional research grant and lecture fees from
Boehringer Ingelheim; institutional research grant from Bristol-Myers Squibb/Pfizer.
JA: Institutional research grant from Boehringer-Ingelheim, Bristol-Myers Squibb/
Pfizer. UA: Institutional research grant from Bristol-Myers Squibb/Pfizer. JHA:
Institutional research grant, consulting fees and honoraria from Bristol-Myers Squibb;
consulting fees and honoraria from Portola Pharmaceuticals, Sohmalution;
institutional research grants from Boehringer Ingelheim, CSL Behring, National
Institutes of Health, Regado Biosciences, Sanofi, Tenax Therapeutics, Vivus
Pharmaceuticals. BG: Consultant/advisory board fees from Medtronic, Baxter

516 Hijazi Z, et al. Heart 2016;102:508–517. doi:10.1136/heartjnl-2015-308887

Arrhythmias and sudden death
 on M

ay 22, 2023 by guest. P
rotected by copyright.

http://heart.bm
j.com

/
H

eart: first published as 10.1136/heartjnl-2015-308887 on 2 F
ebruary 2016. D

ow
nloaded from

 

http://heart.bmj.com/


Healthcare Corporation, Cardiovascular Research Foundation, St Jude Medical,
Ortho-McNeil-Janssen Scientific Affairs, Teva Pharmaceuticals, Boston Scientific,
Pfizer Limited. CBG: grants and personal fees from GlaxoSmithKline, Boehringer
Ingelheim, Bristol-Myers Squibb, Pfizer, Sanofi-Aventis, Takeda, The Medicines
Company, Janssen, Bayer; grants from Medtronics Foundation, Merck & Co,
Armetheon; personal fees from Hoffmann-La Roche, Lilly, AstraZeneca, Daiichi
Sankyo, Ross Medical Corporation, Salix Pharmaceuticals, Gilead. MH: Employee of
and has stock ownership in Bristol-Myers Squibb. JH: Nothing to disclose. EMH:
Advisory board member and symposium lecture fees from Bayer, Boehringer
Ingelheim, Bristol-Myers Squibb; advisory board member for Daiichi Sankyo, Janssen,
Medtronic, Pfizer. RDL: Institutional grant support and consulting fees from
Bristol-Myers Squibb; institutional grant support from GlaxoSmithKline; consulting
fees from Bayer, Boehringer Ingleheim, Pfizer. AS: Institutional research grants from
Bristol-Myers Squibb/Pfizer, AstraZeneca, Boehringer-Ingelheim, GlaxoSmithKline.
LW: institutional research grants, consultancy fees, travel support and lecture fees
from AstraZeneca, Bristol-Myers Squibb/Pfizer, GlaxoSmithKline; institutional research
grants, consultancy fees, and lecture fees from Boehringer Ingelheim; institutional
research grants from Merck & Co, Roche; consultancy fees from Abbott; honoraria
from GlaxoSmithKline; holds two patents involving GDF-15.

Patient consent Obtained.

Ethics approval The Ethics Committees at all sites.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1 Benjamin EJ, Wolf PA, D’Agostino RB, et al. Impact of atrial fibrillation on the risk

of death: the Framingham Heart Study. Circulation 1998;98:946–52.
2 Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor for

stroke: the Framingham Study. Stroke 1991;22:983–8.
3 Hijazi Z, Oldgren J, Andersson U, et al. Cardiac biomarkers are associated with an

increased risk of stroke and death in patients with atrial fibrillation: a Randomized
Evaluation of Long-term Anticoagulation Therapy (RE-LY) Substudy. Circulation
2012;125:1605–16.

4 Hijazi Z, Oldgren J, Siegbahn A, et al. Biomarkers in atrial fibrillation: a clinical
review. Eur Heart J 2013;34:1475–80.

5 Hijazi Z, Siegbahn A, Andersson U, et al. High-sensitivity troponin I for risk
assessment in patients with atrial fibrillation: insights from the Apixaban for
Reduction in Stroke and other Thromboembolic Events in Atrial Fibrillation
(ARISTOTLE) trial. Circulation 2014;129:625–34.

6 Hijazi Z, Wallentin L, Siegbahn A, et al. N-terminal pro-B-type natriuretic peptide for
risk assessment in patients with atrial fibrillation: insights from the ARISTOTLE Trial
(Apixaban for the Prevention of Stroke in Subjects with Atrial Fibrillation). J Am Coll
Cardiol 2013;61:2274–84.

7 Wallentin L, Hijazi Z, Andersson U, et al. Growth differentiation factor 15, a marker
of oxidative stress and inflammation, for risk assessment in patients with atrial
fibrillation: insights from the Apixaban for Reduction in Stroke and Other
Thromboembolic Events in Atrial Fibrillation (ARISTOTLE) trial. Circulation
2014;130:1847–58.

8 Hijazi Z, Oldgren J, Andersson U, et al. Importance of persistent elevation of cardiac
biomarkers in atrial fibrillation: a RE-LY substudy. Heart 2014;100:1193–200.

9 Aviles RJ, Martin DO, Apperson-Hansen C, et al. Inflammation as a risk factor for
atrial fibrillation. Circulation 2003;108:3006–10.

10 Conway DS, Buggins P, Hughes E, et al. Prognostic significance of raised plasma
levels of interleukin-6 and C-reactive protein in atrial fibrillation. Am Heart J
2004;148:462–6.

11 Hermida J, Lopez FL, Montes R, et al. Usefulness of high-sensitivity C-reactive
protein to predict mortality in patients with atrial fibrillation (from the
Atherosclerosis Risk In Communities [ARIC] Study). Am J Cardiol 2012;109:95–9.

12 Lip GY, Patel JV, Hughes E, et al. High-sensitivity C-reactive protein and soluble
CD40 ligand as indices of inflammation and platelet activation in 880 patients with
nonvalvular atrial fibrillation: relationship to stroke risk factors, stroke risk
stratification schema, and prognosis. Stroke 2007;38:1229–37.

13 Roldán V, Marín F, Díaz J, et al. High sensitivity cardiac troponin T and interleukin-6
predict adverse cardiovascular events and mortality in anticoagulated patients with
atrial fibrillation. J Thromb Haemos 2012;10:1500–7.

14 Pinto A, Tuttolomondo A, Casuccio A, et al. Immuno-inflammatory predictors of
stroke at follow-up in patients with chronic non-valvular atrial fibrillation (NVAF).
Clin Sci 2009;116:781–9.

15 Granger CB, Alexander JH, McMurray JJ, et al. Apixaban versus warfarin in patients
with atrial fibrillation. N Engl J Med 2011;365:981–92.

16 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.

17 Hohnloser SH, Hijazi Z, Thomas L, et al. Efficacy of apixaban when compared with
warfarin in relation to renal function in patients with atrial fibrillation: insights from
the ARISTOTLE trial. Eur Heart J 2012;33:2821–30.

18 Harrell FE Jr, Lee KL, Mark DB. Multivariable prognostic models: issues in
developing models, evaluating assumptions and adequacy, and measuring and
reducing errors. Stat Med 1996;15:361–87.

19 Emerging Risk Factors CollaborationKaptoge S, Di Angelantonio E, et al. C-reactive
protein concentration and risk of coronary heart disease, stroke, and mortality: an
individual participant meta-analysis. Lancet 2010;375:132–40.

20 Yousuf O, Mohanty BD, Martin SS, et al. High-sensitivity C-reactive protein and
cardiovascular disease: a resolute belief or an elusive link? J Am Coll Cardiol
2013;62:397–408.

21 Frustaci A, Chimenti C, Bellocci F, et al. Histological substrate of atrial biopsies in
patients with lone atrial fibrillation. Circulation 1997;96:1180–4.

22 Aulin J, Siegbahn A, Hijazi Z, et al. Interleukin-6 and C-reactive protein and risk for
death and cardiovascular events in patients with atrial fibrillation. Am Heart J
2015;170:1151–60.

23 Campbell CL, Steinhubl SR, Hooper WC, et al. Bleeding events are associated with
an increase in markers of inflammation in acute coronary syndromes: an ACUITY
trial substudy. J Thromb Thrombolysis 2011;31:139–45.

24 Cermak J, Key NS, Bach RR, et al. C-reactive protein induces human peripheral
blood monocytes to synthesize tissue factor. Blood 1993;82:513–20.

25 Conway DS, Buggins P, Hughes E, et al. Relation of interleukin-6, C-reactive
protein, and the prothrombotic state to transesophageal echocardiographic findings
in atrial fibrillation. Am J Cardiol 2004;93:1368–73.

26 Issac TT, Dokainish H, Lakkis NM. Role of inflammation in initiation and
perpetuation of atrial fibrillation: a systematic review of the published data. J Am
Coll Cardiol 2007;50:2021–8.

27 Guo Y, Lip GY, Apostolakis S. Inflammation in atrial fibrillation. J Am Coll Cardiol
2012;60:2263–70.

28 Wang TJ, Gona P, Larson MG, et al. Multiple biomarkers for the prediction of first
major cardiovascular events and death. N Engl J Med 2006;355:2631–9.

Hijazi Z, et al. Heart 2016;102:508–517. doi:10.1136/heartjnl-2015-308887 517

Arrhythmias and sudden death
 on M

ay 22, 2023 by guest. P
rotected by copyright.

http://heart.bm
j.com

/
H

eart: first published as 10.1136/heartjnl-2015-308887 on 2 F
ebruary 2016. D

ow
nloaded from

 

http://dx.doi.org/10.1161/01.CIR.98.10.946
http://dx.doi.org/10.1161/01.STR.22.8.983
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.038729
http://dx.doi.org/10.1093/eurheartj/eht024
http://dx.doi.org/10.1161/CIRCULATIONAHA.113.006286
http://dx.doi.org/10.1016/j.jacc.2012.11.082
http://dx.doi.org/10.1016/j.jacc.2012.11.082
http://dx.doi.org/10.1161/CIRCULATIONAHA.114.011204
http://dx.doi.org/10.1136/heartjnl-2013-304872
http://dx.doi.org/10.1161/01.CIR.0000103131.70301.4F
http://dx.doi.org/10.1016/j.ahj.2004.01.026
http://dx.doi.org/10.1016/j.amjcard.2011.08.010
http://dx.doi.org/10.1161/01.STR.0000260090.90508.3e
http://dx.doi.org/10.1111/j.1538-7836.2012.04812.x
http://dx.doi.org/10.1042/CS20080372
http://dx.doi.org/10.1056/NEJMoa1107039
http://dx.doi.org/10.1016/j.ahj.2009.07.035
http://dx.doi.org/10.1093/eurheartj/ehs274
http://dx.doi.org/10.1002/(SICI)1097-0258(19960229)15:4<361::AID-SIM168>3.0.CO;2-4
http://dx.doi.org/10.1016/S0140-6736(09)61717-7
http://dx.doi.org/10.1016/j.jacc.2013.05.016
http://dx.doi.org/10.1161/01.CIR.96.4.1180
http://dx.doi.org/10.1016/j.ahj.2015.09.018
http://dx.doi.org/10.1007/s11239-010-0513-1
http://dx.doi.org/10.1016/j.amjcard.2004.02.032
http://dx.doi.org/10.1016/j.jacc.2007.06.054
http://dx.doi.org/10.1016/j.jacc.2007.06.054
http://dx.doi.org/10.1016/j.jacc.2012.04.063
http://dx.doi.org/10.1056/NEJMoa055373
http://heart.bmj.com/

	Biomarkers of inflammation and risk of cardiovascular events in anticoagulated patients with atrial fibrillation
	Abstract
	Introduction
	Methods
	The ARISTOTLE trial
	End points and clinical risk classification
	Biochemical methods
	Statistical analyses

	Results
	Baseline characteristics and distribution of biomarkers of inflammation
	Stroke or systemic embolism
	Myocardial infarction
	All-cause mortality
	Cardiovascular mortality
	Major bleeding
	Sensitivity analyses excluding GDF-15
	Outcome in relation to study treatment and biomarker subgroups
	Biomarkers of inflammation for prediction of cardiovascular events in AF and comparison with the CHA2DS2-VASc and HAS-BLED scores

	Discussion
	Strengths and limitations

	Conclusions
	References


