
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=iann20

Annals of Medicine

ISSN: 0785-3890 (Print) 1365-2060 (Online) Journal homepage: https://www.tandfonline.com/loi/iann20

Enhancing the ‘real world’ prediction of
cardiovascular events and major bleeding with the
CHA2DS2-VASc and HAS-BLED scores using multiple
biomarkers

Vanessa Roldán, José Miguel Rivera-Caravaca, Alena Shantsila, Amaya
García-Fernández, María Asunción Esteve-Pastor, Juan Antonio Vilchez,
Marta Romera, Mariano Valdés, Vicente Vicente, Francisco Marín & Gregory
Y. H. Lip

To cite this article: Vanessa Roldán, José Miguel Rivera-Caravaca, Alena Shantsila, Amaya
García-Fernández, María Asunción Esteve-Pastor, Juan Antonio Vilchez, Marta Romera,
Mariano Valdés, Vicente Vicente, Francisco Marín & Gregory Y. H. Lip (2018) Enhancing the
‘real world’ prediction of cardiovascular events and major bleeding with the CHA2DS2-VASc
and HAS-BLED scores using multiple biomarkers, Annals of Medicine, 50:1, 26-34, DOI:
10.1080/07853890.2017.1378429

To link to this article:  https://doi.org/10.1080/07853890.2017.1378429

View supplementary material Published online: 18 Sep 2017.

Submit your article to this journal Article views: 825

View related articles View Crossmark data

Citing articles: 6 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=iann20
https://www.tandfonline.com/loi/iann20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/07853890.2017.1378429
https://doi.org/10.1080/07853890.2017.1378429
https://www.tandfonline.com/doi/suppl/10.1080/07853890.2017.1378429
https://www.tandfonline.com/doi/suppl/10.1080/07853890.2017.1378429
https://www.tandfonline.com/action/authorSubmission?journalCode=iann20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=iann20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/07853890.2017.1378429
https://www.tandfonline.com/doi/mlt/10.1080/07853890.2017.1378429
http://crossmark.crossref.org/dialog/?doi=10.1080/07853890.2017.1378429&domain=pdf&date_stamp=18 Sep 2017
http://crossmark.crossref.org/dialog/?doi=10.1080/07853890.2017.1378429&domain=pdf&date_stamp=18 Sep 2017
https://www.tandfonline.com/doi/citedby/10.1080/07853890.2017.1378429#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/07853890.2017.1378429#tabModule


ORIGINAL ARTICLE

Enhancing the ‘real world’ prediction of cardiovascular events and major
bleeding with the CHA2DS2-VASc and HAS-BLED scores using multiple
biomarkers

Vanessa Rold�ana, Jos�e Miguel Rivera-Caravacaa , Alena Shantsilab, Amaya Garc�ıa-Fern�andezc,
Mar�ıa Asunci�on Esteve-Pastord, Juan Antonio Vilcheze, Marta Romeraa, Mariano Vald�esd, Vicente Vicentea,
Francisco Mar�ınd and Gregory Y. H. Lipb,f

aDepartment of Hematology and Clinical Oncology, Hospital General Universitario Morales Meseguer, University of Murcia, Instituto
Murciano de Investigaci�on Biosanitaria (IMIB-Arrixaca), Murcia, Spain; bInstitute of Cardiovascular Sciences, University of Birmingham,
Birmingham, UK; cDepartment of Cardiology, Hospital General Universitario de Alicante, Alicante, Spain; dDepartment of Cardiology,
Hospital Cl�ınico Universitario Virgen de la Arrixaca, University of Murcia, CIBER-CV, IMIB-Arrixaca, Murcia, Spain; eDepartment of
Clinical Analysis, Hospital General Universitario Santa Luc�ıa, IMIB-Arrixaca, Murcia, Spain; fAalborg Thrombosis Research Unit,
Department of Clinical Medicine, Faculty of Health, Aalborg University, Aalborg, Denmark

ABSTRACT
Background: Atrial fibrillation (AF)-European guidelines suggest the use of biomarkers to stratify
patients for stroke and bleeding risks. We investigated if a multibiomarker strategy improved the
predictive performance of CHA2DS2-VASc and HAS-BLED in anticoagulated AF patients.
Methods: We included consecutive patients stabilized for six months on vitamin K antagonists
(INRs 2.0–3.0). High sensitivity troponin T, NT-proBNP, interleukin-6, von Willebrand factor con-
centrations and glomerular filtration rate (eGFR; using MDRD-4 formula) were quantified at base-
line. Time in therapeutic range (TTR) was recorded at six months after inclusion. Patients were
follow-up during a median of 2375 (IQR 1564–2887) days and all adverse events were recorded.
Results: In 1361 patients, adding four blood biomarkers, TTR and MDRD-eGFR, the predictive value
of CHA2DS2-VASc increased significantly by c-index (0.63 vs. 0.65; p¼ .030) and IDI (0.85%; p< .001),
but not by NRI (�2.82%; p< .001). The predictive value of HAS-BLED increased up to 1.34% by IDI
(p< .001). Nevertheless, the overall predictive value remains modest (c-indexes approximately 0.65)
and decision curve analyses found lower net benefit comparedwith the originals scores.
Conclusions: Addition of biomarkers enhanced the predictive value of CHA2DS2-VASc and
HAS-BLED, although the overall improvement was modest and the added predictive advantage
over original scores was marginal.

KEY MESSAGES
� Recent atrial fibrillation (AF)-European guidelines for the first time suggest the use of bio-
markers to stratify patients for stroke and bleeding risks, but their usefulness in real world for
risk stratification is still questionable.

� In this cohort study involving 1361AF patients optimally anticoagulated with vitamin K antag-
onists, adding high sensitivity troponin T, N-terminal pro-B-type natriuretic peptide, interleu-
kin 6, von Willebrand factor, glomerular filtration rate (by the MDRD-4 formula) and time in
therapeutic range, increased the predictive value of CHA2DS2-VASc for cardiovascular events,
but not the predictive value of HAS-BLED for major bleeding. Reclassification analyses did not
show improvement adding multiple biomarkers.

� Despite the improvement observed, the added predictive advantage is marginal and the clin-
ical usefulness and net benefit over current clinical scores is lower.
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Introduction

Atrial fibrillation (AF) is associated with high morbidity
and mortality, with an increased risk of stroke and
thromboembolism [1]. Oral anticoagulation (OAC) is

highly effective reducing the risk of stroke/systemic
embolism (by 64%) and all-cause mortality (by 26%),
compared to placebo/control [2].

To aid decision-making for thromboprophylaxis,
several clinical risk stratification schemes have been
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developed. Currently, the CHA2DS2-VASc (congestive
heart failure, hypertension, age �75 years [doubled],
diabetes, stroke [doubled] vascular disease, age 65–74
years and sex category [female]) emphasizes a risk fac-
tor-based approach [3], and has been proposed by
guidelines to aid decision-making for OAC [4,5].
Currently used clinical risk scores have only modest
capability in predicting those at “high risk” for
thromboembolic events [6]. Hence, there has been
interest into the incorporation of biomarkers to
improve the prediction power of these clinical risk
scores, thus refining risk stratification [7–9]. Indeed, we
have previously demonstrated how different (single)
biomarkers could predict adverse events and may pro-
vide complementary prognostic information to an
established clinical risk score [9].

Although guidelines recommend the use of the
CHA2DS2-VASc score [4,5], its value in predicting
thromboembolism after initiating anticoagulation is
controversial. Importantly, adverse thromboembolic
events in anticoagulated AF patients still remain
high [5].

Apart from the reduction in thromboembolism,
OAC increases the risk of bleeding. The HAS-BLED
score incorporates the more common bleeding risk
factors in AF patients, and particularly draws attention
to the reversible bleeding risk factors (e.g. uncon-
trolled hypertension (H), labile INRs (L), concomitant
use of NSAIDs, bleeding predisposition or excess alco-
hol (D), etc.) to be addressed by the responsible clin-
ician during the follow-up [10]. A “high risk” HAS-BLED
score (i.e. �3) is not a reason to withhold OAC, but
such patients should be “flagged-up” for more careful
review and follow-up [11]. Nonetheless, stroke and
bleeding risks closely track each other [12].

Although current guidelines encourage the use of
clinical scores for stroke and bleeding risk prediction,
their predictive value is modest. Prior studies examin-
ing the impact of biomarkers in enhancing stroke and
bleeding risk prediction have been performed in
highly selected anticoagulated trial cohorts. Based on
these studies, the recently published European guide-
lines on the management of AF recommended that
the use of (multiple) biomarkers for assessing throm-
botic and haemorrhagic risk may be considered (Grade
IIb, level of evidence B) [5].

Enhancement of stroke and bleeding risk prediction
using multiple biomarkers requires additional studies
in “real world” cohorts. In the present study, we tested
a multi-biomarker strategy, exploring different facets
of underlying pathophysiological mechanisms related
to AF (stroke and systemic embolism), bleeding and all
cause death in a cohort of anticoagulated AF patients.

Methods

Subjects, clinical data collection and follow-up

From 1 May 2007 to 1 December 2007, consecutive
patients with permanent or paroxysmal AF who were
taking vitamin K antagonist (VKA) were recruited
from our outpatient anticoagulation clinic in the
Universitary Hospital Morales Meseguer (Murcia, south-
east of Spain). In order to homogenize the study sam-
ple, all patients had good anticoagulation control and
consistently achieved an INR between 2.0 and 3.0 dur-
ing at least the previous six months of clinic visits
(thus, time in therapeutic range [TTR] of 100%). All
were anticoagulated with acenocoumarol. Apart from
baseline homogeneity, the six preceding months of
good anticoagulation control would ensure that the
impact of the biomarkers could not be related to poor
anticoagulation control, enabling us to investigate the
“real” effect of biomarkers.

Patients with prosthetic heart valves, rheumatic AF,
acute coronary syndrome, stroke (ischaemic or
embolic), potentially unstable chest pain or any
haemodynamic instability, as well as patients who had
hospital admission or surgical intervention in the pre-
ceding six months were excluded from the study. On
entering the study, a complete medical history was
recorded for each patient.

The CHA2DS2-VASc stroke risk score was recorded
at baseline. Similarly, the HAS-BLED bleeding risk score
was calculated as a measure of baseline bleeding risk,
as the result of adding 1 point to hypertension, abnor-
mal renal and liver function (1 point each), stroke,
bleeding history or predisposition, labile INR, old age
(�65 years) and use of drugs and alcohol con-
comitantly (1 point for each). The TTR at 6 months
after entry was calculated using the method of
Rosendaal [13].

The median follow-up was 2375 (IQR 1566-2887)
days and the information was obtained from visits to
the anticoagulation clinic, the hospital electronic med-
ical records system or, when unavailable, by telephone
interview. The last follow-up visit was carried out on
26 January 2016 and no patient was lost.

The primary endpoints were adverse cardiovascular
events (the composite of stroke/systemic embolism,
acute coronary syndrome, acute heart failure and car-
diovascular death), major bleeding events and all-
cause deaths. Stroke was also analysed separately as
primary endpoint. For composite of cardiovascular
events, cardiovascular death was defined as a death
caused by sudden death, progressive congestive heart
failure, fatal MI or procedure-related. Major bleeding
events were assessed by the 2005 International Society
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on Thrombosis and Haemostasis criteria [14]. The defi-
nitions were as follows: fatal or symptomatic bleeding
in a critical area or organ, such as intracranial, intraspi-
nal, intraocular, retroperitoneal, intra-articular or pericar-
dial, or intramuscular with compartment syndrome or
bleeding causing a fall in haemoglobin level of �20 g/L
(1.24mmol/L) or leading to transfusion of �2 units of
whole blood or red cells. All adverse events were identi-
fied, confirmed and recorded by the investigators.

The study protocol was approved by the Ethics
Committee from University Hospital Morales Meseguer
and was performed in accordance with the ethical
standards laid down in the 1964 Declaration of
Helsinki and its later amendments. Patients gave
informed consent to participation in the study.

Renal function, liver function and alcohol use

At study entry, serum creatinine levels were recorded
and estimated glomerular filtration rate (eGFR)
was calculated using the simplified Modification
of Diet in Renal Disease (MDRD)-4 equation: eGFR
(ml/min/1.73 m2)¼ 186� [serum creatinine
(mg/dl)]�1.154� (age)�0.203� (0.742 if female)� (1.21 if
black) [15,16]. Thus, renal impairment was defined as
a glomerular filtration rate below 60ml/min/1.73 m2.
Liver function was defined as abnormal when the
presence of cirrhosis or bilirubin more than double
over the normal range with AST/ALT/AP more than
triple over the normal range was documented in the
hospital electronic medical records or detected in the
daily practice blood samples. Alcohol use was defined
as excessive if eight or more alcohol drinks (units)
were ingested a week.

Blood samples and laboratory analysis

Blood samples were drawn at baseline atraumatically
and without stasis into syringes preloaded with triso-
dium citrate (0.011 M). Platelet-poor plasma fractions
were obtained by centrifugation at 4 �C for 20min at
2200� g. Aliquots were stored at �80 �C to allow
batch analysis.

Von Willebrand factor (vWF) levels were assessed in
an automated coagulometer ACL top 3G, Hemosil von
Willebrand factor, (IL instruments, Milan, Italy). The
inter- and intra- assay variation coefficient was 1.4%
and the lower limit of detection was 2.2 UI/dl. High
sensitivity troponin T (hsTnT), high sensitivity interleu-
kin-6 (hsIL6) and N-terminal fragment B-type natriuretic
peptide (NT-proBNP) levels were assessed by electro-
chemiluminescence in an automated analyser (Cobas e
601, Roche Diagnostica, Mannheim, Germany). The

intra-assay coefficient of variation was 5.6% and the
lower limits of detection of these assays were 3.0 pg/ml
for hsTnT, 1.5 pg/ml for hsIL6 and 5.0 pg/ml for
NT-proBNP.

Statistical analysis

Continuous variables are presented as a mean± SD
or median (interquartile range, IQR), as appropriate
and categorical variables as a percentage. Area
under the curve (AUC, a measure of the c-index)
analyses were generated to test the predictive dis-
crimination of each biomarker to identify association
with adverse events during follow-up. The value
with the best sensitivity and specificity for each
adverse event was chosen as cut-off point and if
the AUC did not result in a significant point, we use
the 4th quartile value.

To relate the entire panel of biomarkers to the inci-
dence of each clinical event, we used a multivariable
Cox regression model adjusted for CHA2DS2-VASc or
HAS-BLED scores. We included in multivariate analysis
those biomarkers that showed a p value <.150 in the
univariate analysis.

We also estimated the AUC for multivariable models
incorporating biomarkers plus CHA2DS2-VASc or HAS-
BLED scores and compared them with the original
models including only the CHA2DS2-VASc or HAS-BLED
scores by the method of DeLong [17]. Net reclassifica-
tion improvement (NRI) and integrated discriminatory
improvement (IDI) were performed according to the
methods described by Pencina et al [18]. NRI and IDI
were designed to assess the risk refinement (enhanced
risk differentiation) provided by one or more new
markers. IDI represents the average improvement of a
new model in relation to the prediction of true events,
discounting any worsening by the prediction of
false events. NRI has two components, subjects
without events and subjects with events. If subjects
without events are correctly reclassified into lower-risk
category, NRI demonstrate positive reclassification. If
subjects with events are correctly reclassified into
higher risk category, NRI also demonstrates positive re-
classification. Conversely, if subjects with events are
incorrectly reclassified into lower risk category, NRI dem-
onstrate negative re-classification; likewise, if subjects
without events are incorrectly reclassified into higher-
risk category, the NRI demonstrate negative re-
classification.

Goodness-of-fit of the new models were evaluated
using the Hosmer–Lemeshow test.

Clinical usefulness and net benefit of the modified
CHA2DS2-VASc and HAS-BLED scores were estimated
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according with decision curve analyses (DCAs) [19,20],
in order to identify patients who will have any of the
adverse events evaluated, based on the predictions of
the modified risks scores when are compared with the
originals. The DCA shows the clinical usefulness of
each new model based on a continuum of potential
thresholds for adverse events (x axis) and the net
benefit of using the model to stratify patients at risk (y
axis) relative to assuming that no patient will have an
adverse event. The basic interpretation of DCA is that
the strategy with the highest net benefit at a particu-
lar threshold probability has the highest clinical value.
In this study, the prediction models are represented
by dashed green lines (original scores) and red lines
(modified scores). Those models that are the farthest
away from the slanted dashed grey line (i.e. assume all
adverse events) and the horizontal black line (i.e.
assume none adverse event) demonstrate the higher
net clinical benefit.

A p value <.05 was accepted as statistically signifi-
cant. Statistical analyses were performed using SPSS
21.0 (SPSS, Inc., Chicago, IL), MedCalc v. 16.4.3
(MedCalc Software bvba, Ostend, Belgium) and STATA
v. 12.0 (Stata Corp., College Station, TX) for Windows.

Results

We studied 1361 patients (49% male; median age 76
years [IQR 71-81]) whose clinical characteristics are
summarised in Table 1. This accounted for approxi-
mately 14% of the total number of patients anticoagu-
lated in our unit, and the 33% of all patients with AF
from the clinic. The median CHA2DS2-VASc score was 4
(3–5) and 94% had a CHA2DS2-VASc score �2. Median
follow-up was 2375 (1566-2887) days, and during this
period, 274 patients (3.10%/year) had an adverse car-
diovascular event, 130 (1.47%/year) patients had an
ischaemic stroke, 250 (2.83%/year) suffered from a major
haemorrhagic episode and 551 (6.23%/year) died.

Cox regression analyses for the composite of
adverse cardiovascular events, major bleeding and
death are summarized in Supplementary Tables I, II, III
and IV. For stroke, only vWF remained significant
(Supplementary Table II); while for mortality, all bio-
markers were significant after adjusting for CHA2DS2-
VASc score (Supplementary Table III). After adjusting
for HAS-BLED score, only vWF and MDRD-4 remained
significantly associated with bleeding (Supplementary
Table IV).

Table 2 shows the predictive value of clinical risk
scores for all endpoints and the incremental predictive
value after adding the analysed biomarkers.
Prediction of the composite cardiovascular events

showed an improvement in c-indexes after adding all
described biomarkers, for both CHA2DS2-VASc and
HAS-BLED scores (0.63 vs. 0.65 and 0.60 vs. 0.64,
respectively, both p< .05). The prediction of mortality
was improved after adding the four biomarker panel,
eGFR MDRD-4 and TTR values respectively to
CHA2DS2-VASc and HAS-BLED.

The IDI demonstrated a modest gain in sensitivity
(less than 1.5%) of the new CHA2DS2-VASc model (i.e.
with biomarkers added) for predicting all events
(p< .05). For predicting mortality, the improvement
was higher (3.62%, p< .001). For HAS-BLED, there was
an increment in predictive value for all events, includ-
ing bleeding (1.34%) and mortality (5.0%) (both
p< .001).

Using the NRI for the composite of adverse cardio-
vascular events and stroke, higher proportion of
patients were incorrectly reclassified into risk

Table 1. Patients characteristics.
N¼ 1361

Demographic and clinical characteristics
Age, median (IQR), years 76 (71–81)
Male 665 (49%)
Hypertension 1118 (82%)
Diabetes mellitus 363 (27%)
History of stroke or TIA 256 (19%)
Coronary artery disease 254 (19%)
Heart failure 429 (31%)
Peripheral artery disease 100 (7%)
Renal impairment 143 (10%)
Hypercholesterolemia 443 (33%)
Previous bleeding episode 113 (8%)
Alcohol abuse 49 (4%)
Hepatic disease 18 (1%)
Cancer 105 (8%)
Current smoker 209 (15%)
MDRD-4, median (IQR), ml/min/1,73 m2 71 (56–85)
TTR, median (IQR), % 80 (66–100)
Antiplatelet therapy 243 (18%)

Blood biomarkers, median (interquartile range)
vWF, IU/dl 190 (132–234)
hsIL6, pg/ml 3.7 (2.2–6.0)
hsTnT, pg/ml 11.9 (7.8–18.0)
NT-proBNP, pg/ml 614 (319–1039)

Risk stratification, median (interquartile range)
CHA2DS2-VASc score 4 (3–5)
HAS-BLED score 2 (2–3)

Outcomes
Follow-up, median (IQR), days 2375 (1566–2887)
Composite of adverse cardiovascular events (%/year) 274 (3.10%/year)
Stroke (%/year) 130 (1.47%/year)
Major bleeding (%/year) 250 (2.83%/year)
Death (%/year) 551 (6.23%/year)

CHA2DS2-VASc: congestive heart failure, hypertension, age �75 years
[doubled], diabetes, stroke [doubled]-vascular disease, age 65–74 years
and sex category [female]; HAS-BLED: hypertension, abnormal renal and
liver function (1 point each), stroke, bleeding history or predisposition,
labile INR, old age (�65 years), and use of drugs and alcohol concomi-
tantly (1 point each); hsIL6: high sensitivity interleukin-6; hsTnT: high sen-
sitivity troponin T; MDRD: modification of diet in renal disease equation
for the estimation of glomerular filtration rate; NT-proBNP: N-terminal
fragment B-type natriuretic peptide; TTR: time in therapeutic range; vWF:
von Willebrand factor.
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categories by the new CHA2DS2-VASc model (i.e. with
biomarkers added). Thus, there was a significant nega-
tive reclassification (�2.82% and �2.56%, respectively,
both p< .05) with the modified CHA2DS2-VASc com-
pared with the original CHA2DS2-VASc. Despite the
small improvement of sensitivity, there was also a
non-significant negative reclassification for all events
with the new HAS-BLED model (i.e. with biomarkers
added) when compared with the original clinical score
(Table 2). Given the p values in the
Hosmer–Lemeshow test, the new predictive models
were properly calibrated (Supplementary Table V).

DCA graphically demonstrates a lower net benefit
and clinical usefulness of the modified CHA2DS2-VASc
and HAS-BLED scores (i.e. with biomarkers added; red
lines) compared with the original CHA2DS2-VASc and
HAS-BLED clinical scores (dashed green lines), since
none of the modified models are farthest away from
the slanted dashed grey line and the horizontal black
line in comparison with the original models (Figure 1).

Discussion

In this study, we show how a multi-biomarker strategy
enhances the predictive value of CHA2DS2-VASc and
HAS-BLED scores in stable AF patients well controlled
by VKA treatment, although overall predictive value
remained modest (c-indexes approximately 0.65) and
the added predictive advantage over clinical risk
scores was marginal. Indeed, our DCA found a lower
net benefit of the modified scores (i.e. with biomarkers
added) compared with the original CHA2DS2-VASc and
HAS-BLED clinical scores.

The use of biomarkers for improving prognostics
tools in different cardiovascular diseases has gained
much interest in the last decade. In the biomarker sub-
studies to recent large phase-III stroke prevention trials
in AF, several biomarkers (e.g. troponins or NT-proBNP)

were significantly predictive for adverse events
[21–23]. Nonetheless, the study of prothrombotic bio-
markers in AF patients, especially in patients taking oral
anticoagulation, have reported conflicting results [24].

Currently used clinical risk scores have modest pre-
dictive capability for thromboembolic events and mor-
tality [25]. In the present “real world” study, we have
clearly shown how different biomarkers, when
assessed individually can significantly improve the pre-
dictive value of the guideline-recommended clinical
risk scores, CHA2DS2-VASc and HAS-BLED, over a long
follow-up period, similar to the reported biomarker
substudies of the randomized trials.

In clinical trials, patients are often carefully selected,
whereas AF patients in “real life” clinical practice tend
to be older, with associated comorbidities and poly-
pharmacy [26]. These patient-centred factors that may
make accurate estimation of stroke and bleeding risk
more difficult. While we have previously shown the
prognostic value of each biomarkers separately, we
have now investigated in a large “real world” cohort of
anticoagulated AF patients that vWF (an established
biomarker of endothelial damage/dysfunction) was an
independent predictor for thrombotic, bleeding events
and death; also, both hsTnT and hsIL6 levels provided
complementary prognostic information to the clinical
risk scores for the prediction of long-term cardiovascu-
lar events and death; and NT-proBNP also improved
the prediction of stroke/systemic embolism and mor-
tality. All these biomarkers have been assessed indi-
vidually, so the implementation of a multimarker
strategy would clearly improve risk stratification.

What about the long term follow-up?

In the present study, we have reanalysed the role of
vWF in prognosis, after more than six years of fol-
low-up. Indeed, vWF is a simple prognostic biomarker

Table 2. Additive value of adding von Willebrand factor, high sensitivity troponin T, N-terminal fragment B-type natriuretic pep-
tide, high sensitivity interleukin-6, time in therapeutic range and modification of diet in renal disease equation for prognosis in
AF (n¼ 1361).

AUC (95% CI) without AUC (95% CI) with p value IDI (%) p value NRI (%) p value

CHA2DS2-VASc score
Cardiovascular eventsa 0.63 (0.59-0.66) 0.65 (0.61-0.69) .030 0.85 <.001 �2.82 <.001
Stroke 0.61 (0.56–0.66) 0.62 (0.58–0.67) .370 0.40 <.001 �2.56 .005
Major bleeding 0.55 (0.51–0.58) 0.56 (0.53–0.60) .130 1.21 .034 �0.26 .830
All-cause mortality 0.67 (0.64–0.69) 0.70 (0.67–0.73) .003 3.62 <.001 �1.56 .091

HAS-BLED score
Cardiovascular eventsa 0.60 (0.56–0.63) 0.64 (0.61-0.68) .003 1.00 <.001 �5.60 .201
Stroke 0.61 (0.57–0.66) 0.63 (0.58–0.68) .430 0.11 <.001 �7.19 .200
Major bleeding 0.60 (0.56–0.63) 0.60 (0.56–0.64) .840 1.34 <.001 �6.62 .133
All-cause mortality 0.61 (0.57–0.63) 0.67 (0.64–0.69) <.001 5.00 <.001 0.65 .858

AUC: area under the curve; CI: confidence interval; IDI: integrated discrimination improvement; NRI: net reclassification improvement.
aThis represents the composite of adverse cardiovascular events (i.e. stroke/systemic embolism, acute coronary syndrome, acute heart failure and cardiac
death).
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Figure 1. Decision curve analyses for the original and modified CHA2DS2-VASc and HAS-BLED risk scores (adding von Willebrand
factor, high sensitivity troponin, N-terminal fragment B-type natriuretic peptide, high sensitivity interleukin-6, time in therapeutic
range and Modification of Diet in Renal Disease equation for the estimation of glomerular filtration rate). (a) Composite of adverse
cardiovascular events. (b) Stroke. (c) All-cause mortality. (d) Major bleeding.
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in anticoagulated AF patients and, while the addition
of vWF levels to the CHA2DS2-VASc and the HAS-BLED
scores statistically improved prediction for some end-
points, the absolute changes and clinical value or
impact on decision-making was minimal [27]. Indeed,
vWF was the only biomarker independently associated
with all adverse events, whereas the rest of biomarkers
were only predictive for death, with the exception of
hsTnT, which was also predictive for the composite
cardiovascular events endpoint. Indeed, many bio-
markers can be simultaneously predictive of thrombo-
embolism, bleeding, heart failure, myocardial infarction
and death, which may cause some confusion to clini-
cians over which endpoint to focus on, when deciding
on interventions such as OAC. This is unfortunately
also true for several risk factors in the atrial fibrillation
risk scores, and not only a concern for biomarkers.
Thus, for example, age, hypertension or previous stroke
are both, risk factors for stroke and bleeding [3,10].

The recent published European guidelines for the
management of AF [5] suggested that (multiple) bio-
markers may be considered for the prediction of
stroke and bleeding adverse events in anticoagulated
AF patients, based on data collected from highly
selected clinical trial patients. However, this approach
has never been previously validated in “real world”
patients. Also, the possibility of risk stratification in
“relatively low risk” patients (CHA2DS2-VASc: 0-1) has
not been evaluated.

While it is clear from our study is that biomarkers,
single or multiple, may be helpful to refine assessment
of AF risk, at least statistically, but it remains uncertain
if these biomarkers bring new, different pathophysio-
logical factors into risk prediction in AF patients or
whether they simply are a measure of disease severity
(or “disease burden”). AF clinical risk factors are indica-
tors of a biological process that relates to AF, while
measured “biomarkers” (whether blood tests, urine
markers, imaging, etc.) are related to an AF-causing
process (or consequence), but do not necessarily con-
tribute by themselves to the biology of AF [28].
Indeed, AF may well be a surrogate marker of vascular
damage and subsequently atherothrombosis. Of note,
we have observed in a “real world” cohort of anticoa-
gulated outpatients with AF, a high incidence of car-
diovascular events and mortality [25].

Adding multiple biomarkers may help improve pre-
diction of “high risk” patients, since, for example, von
Willebrand factor, IL-6, troponin T and NT-proBNP
could show increased levels. All these biomarkers
could also be elevated in haemodynamically unstable
AF patients. However, the approach we present in this
study included patients haemodynamically stable, with

the absence of adverse events in the previous six
months, and with excellent anticoagulation control
(TTR 100%). Although many AF patients would not
necessarily be under the same conditions, this
approach gives us the opportunity of assessing the
real impact of common biomarkers on prognosis,
excluding major confounding from biomarker changes
in relation to recent adverse events or poor anticoagu-
lation control. Thus, future studies investigating
improvements in risk prediction using multiple bio-
markers including both stable and non-stable patients
may enhance the generalizability, but the cost-effect-
iveness of routinely checking biomarkers in AF patients
is limited and questionable for everyday practice, add-
ing substantial complexity, expense and lack of practi-
cality for everyday decision-making [29].

Limitations

Some selection bias cannot be excluded as our
patients were clinically stable at entry, and thus
unstable AF patients who are more prone to have
adverse events were excluded. Similarly, we selected
“anticoagulation experienced” patients with good anti-
coagulation control during the six preceding months
before study entry (i.e. INR 2.0–3.0 during the previous
six months), to ensure that the impact of the bio-
markers could not be related to suboptimal anticoagu-
lation control or recent adverse events. As we
emphasized, the inclusion of such “non-stable”
patients could potentially lead to even greater biases
and confounding, and misleading results when inter-
preting the impact of biomarkers on risk scores, which
was our principal study objective.

Nevertheless, the long follow-up period and the
standard care received makes our “real world” popula-
tion different from selected clinical trial cohorts where
biomarkers have been investigated. Unfortunately, we
do not have data on TTR during follow-up, which
could have some influence on prognosis [30]. We also
selected biomarkers on the basis of our previous stud-
ies, and we acknowledge that numerous other bio-
markers that were not tested, which might have (or
have not) provided additional information.
Cardiovascular mortality was only recorded if we were
sure of cause of death, and this could be lead to an
underestimation of this adverse event. Of note, our
study was performed in an outpatient anticoagulation
clinic, where all patients were derived from other clini-
cians to start or manage anticoagulation. Therefore,
we do not have data on non-OAC patients, nor their
CHA2DS2-VASc score. Also, most of our patients ful-
filled criteria for OAC (i.e. CHA2DS2-VASc�2) and only
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6% of our cohort had CHA2DS2-VASc 0 or 1. Thus, we
did not perform a particular analysis on low stroke risk
patients. Finally, our study was performed with
patients taking VKA and not direct oral anticoagulants,
thus our results cannot be translated so such a
population.

In conclusion, addition of multiple biomarkers sig-
nificantly enhanced the predictive value of CHA2DS2-
VASc and HAS-BLED scores in well anticoagulated and
stable AF patients. However, the overall predictive
value remained modest and the added predictive
advantage over current clinical scores was marginal.
This marginal improvement has to be balanced against
the loss of simplicity and practicality, for “quick” every-
day clinical use given that decision-making would
require availability of laboratory results.
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