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Aims We investigated whether patients with atrial fibrillation (AF) demonstrate detectable changes in biomarkers includ-
ing high-sensitivity troponin T (hsTnT), N-terminal B-type natriuretic peptide (NT-proBNP), and growth differenti-
ation factor-15 (GDF-15) over 12 months and whether such changes from baseline to 12 months are associated
with the subsequent risk of stroke or systemic embolic events (S/SEE) and bleeding.

...................................................................................................................................................................................................
Methods
and results

ENGAGE AF-TIMI 48 was a randomized trial of the oral factor Xa inhibitor edoxaban in patients with AF and a
CHADS2 score of >_2. We performed a nested prospective biomarker study in 6308 patients, analysing hsTnT,
NT-proBNP, and GDF-15 at baseline and 12 months. hsTnT was dynamic in 46.9% (>_2 ng/L change), NT-proBNP
in 51.9% (>_200 pg/mL change), GDF-15 in 45.6% (>_300 pg/mL change) during 12 months. In a Cox regression
model, upward changes in log2-transformed hsTnT and NT-proBNP were associated with increased risk of S/SEE
[adjusted hazard ratio (adj-HR) 1.74; 95% confidence interval (CI) 1.36–2.23 and adj-HR 1.27; 95% CI 1.07–1.50, re-
spectively] and log2-transformed GDF-15 with bleeding (adj-HR 1.40; 95% CI 1.02–1.92). Reassessment of ABC-
stroke (age, prior stroke/transient ischaemic attack, hsTnT, and NT-proBNP) and ABC-bleeding (age, prior bleed-
ing, haemoglobin, hsTnT, and GDF-15) risk scores at 12 months accurately reclassified a significant proportion of
patients compared with their baseline risk [net reclassification improvement (NRI) 0.50; 95% CI 0.36–0.65; NRI
0.42; 95% CI 0.33–0.51, respectively].

...................................................................................................................................................................................................
Conclusion Serial assessment of hsTnT, NT-proBNP, and GDF-15 revealed that a substantial proportion of patients with AF

had dynamic values. Greater increases in these biomarkers measured over 1 year are associated with important
clinical outcomes in anticoagulated patients with AF.
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Introduction

Circulating cardiovascular biomarkers may reflect underlying myo-
cardial injury, hemodynamic stress, and inflammation that contribute
to cardiac electrical and structural remodelling in patients with atrial
fibrillation (AF).1 In the ENGAGE AF-TIMI 48 (Effective
Anticoagulation With Factor Xa Next Generation in Atrial
Fibrillation-TIMI 48) trial, we previously identified that a multimarker
risk score incorporating cardiac troponin, N-terminal B-type
natriuretic peptide (NT-proBNP), and D-dimer enhanced prognostic
accuracy for stroke or systemic embolic events (S/SEE) and death
compared with the CHA2DS2-VASc score.2 Moreover, when
combined with clinical parameters in the ABC-stroke [age, prior
stroke/transient ischaemic attack, high-sensitivity cardiac troponin T
(hsTnT), and NT-proBNP] and ABC-bleeding [age, prior bleeding,
haemoglobin, hsTnT, and growth differentiation factor-15 (GDF-15)]
risk scores, biomarkers improved prediction of stroke and bleeding
risks, respectively, when studied in several trial-based cohorts.3,4 We
previously demonstrated that, assessed at baseline in the ENGAGE
AF-TIMI 48 trial, the ABC-stroke and ABC-bleeding scores were well
calibrated and outperformed the CHA2DS2-VASc and HAS-BLED

scores to predict stroke and bleeding, respectively, in this trial popu-
lation.5 However, few studies have examined the changes of these
biomarkers in patients with AF over time, and the duration of follow-
up in such analyses has been limited.6,7 Thus, little is known about the
change in these three biomarkers in patients with AF over the longer
term and whether the changes in biomarkers are associated with sub-
sequent clinical adverse outcomes.

Therefore, in a cohort from the ENGAGE AF-TIMI 48 trial, we
investigated whether patients with AF demonstrate detectable
changes in these biomarkers over 12 months and whether such
changes from baseline to 12 months are associated with subsequent
risk of S/SEE and major bleeding.

Methods

Study design and population
The ENGAGE AF-TIMI 48 trial was a multinational randomized double-
blind trial of the once daily, oral factor Xa inhibitor edoxaban vs. warfarin
for the prevention of S/SEE in 21 105 patients with AF and CHADS2

score >_2.8 Patients were randomly allocated to warfarin (adjusted to an

Graphical Abstract

Serial assessment of biomarkers and the risk of stroke or systemic embolism and bleeding in patients with atrial fibrillation. hsTnT, high-sensitivity troponin
T; NT-proBNP, N-terminal pro-brain natriuretic peptide; GDF-15, growth differentiation factor-15; AF, atrial fibrillation; ABC, age, biomarker, and clinical
history.

...................................................................................................................................................................................................

Serial biomarkers in AF patients 1699



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
international normalized ratio of 2.0–3.0), higher-dose edoxaban (60 mg/
day with reduction to 30 mg/day in selected patients), or lower-dose
edoxaban (30 mg/day with reduction to 15 mg/day in selected patients).
The median follow-up was 2.8 years. Participation in a prospective nested
biomarker substudy was offered to all enrolled patients at sites that
elected to participate in the biomarker substudy until �9000 patients
were recruited. The trial, including the biomarker substudy, was
approved by the governing institutional review board/ethics committee
at each site and written informed consent for participation was obtained
from each participant.

Biomarkers
In this prespecified biomarker substudy, blood samples were collected on
the day of randomization, and at 12 months after randomization. Samples
were collected in EDTA anticoagulant tubes and isolated plasma was
stored at -20�C or colder and then shipped frozen to the TIMI Clinical
Trials Laboratory (Boston, MA), where they were stored at -80�C or
colder until thawed and analysed by personnel blinded to treatment allo-
cation and clinical outcomes. hsTnT, NT-proBNP, and GDF-15 concen-
trations were measured with immunoassays on the Cobas e601 (Roche
Diagnostics; see the Biomarker Assay Parameters section in the online-
only Data Supplement). Haemoglobin was measured separately in a com-
mercial core laboratory during the conduct of the trial.

Clinical outcomes
The outcomes of interest for this analysis were the time to the first adju-
dicated stroke (ischaemic and hemorrhagic), or SEE, and adjudicated
major bleeding during treatment, as defined by the International Society
on Thrombosis and Haemostasis.9 Major bleeding included the following
fatal bleeding: bleeding in a critical area or organ such as intracranial, intra-
spinal, intraocular, retroperitoneal, intra-articular, pericardial, or intra-
muscular with compartment syndrome; or bleeding causing a fall in
haemoglobin level of >_2 g/dL (adjusted for transfusion) or leading to
transfusion of >_2 U whole blood or red cells. Based on our previous
work with these biomarkers, the outcome of S/SEE was of primary inter-
est for hsTnT and NT-proBNP, and the outcome of bleeding was of pri-
mary interest for GDF-15 and hsTnT. An independent clinical endpoint
committee blinded to randomized treatment assignment and biomarker
levels adjudicated all events during conduct of trial.

Statistical analysis
On the basis of the skewed distribution of biomarker values and their ab-
solute changes between baseline and 12 months, continuous data were
log2-transformed. Since there are no established thresholds for change in
biomarker concentration in this setting, we evaluated both continuous
relationships as well as several thresholds according to the distribution of
change in biomarker concentration.

Event rates were estimated and displayed as annualized event rates.
Univariable analyses of the relationship between each biomarker and the
relevant outcome(s) are presented. For analyses using the 12-month bio-
marker concentration or change in biomarker concentration, landmark
analyses of S/SEE and bleeding outcomes starting at 12 months were per-
formed. Adjusted estimates of the association between individual bio-
markers and their changes over time with S/SEE were calculated using a
Cox proportional hazards model with the biomarker as an independent
variable, along with estimated glomerular filtration rate (eGFR) and each
of the elements of the CHA2DS2-VASc score [age, sex, history of heart
failure, history of hypertension, vascular disease (prior myocardial infarc-
tion, peripheral arterial disease or aortic plaque), diabetes mellitus, and
history of stroke or transient ischaemic attack]. Similarly, adjusted esti-
mates of the association between individual biomarkers and major

bleeding were calculated from a Cox proportional hazards model with
the biomarker as an independent variable, along with eGFR and elements
of the HAS-BLED score (age, history of hypertension, history of abnor-
mal renal or liver function, history of stroke or transient ischaemic attack,
history of major bleeding, medication use predisposing to bleeding, and
alcohol use). International normalized ratio lability (a component of the
HAS-BLED score) was not included because there were no available
international normalized ratio data before randomization and 40% of
patients enrolled in the trial were naive to vitamin K antagonists.

In addition to the analysis of the biomarkers individually, we evaluated
the biomarkers in the context of established biomarker-based clinical risk
scores. The ABC-stroke and ABC-bleeding risk score factors were ana-
lysed using a Cox model with coefficients from ENGAGE AF-TIMI 48.
Annualized S/SEE event rates were stratified according to categorical sub-
groups (<1%, 1–2%, >2%) defined using 1-year S/SEE risk probabilities pre-
dicted by the ABC-stroke scores at baseline and 12 months with
biomarkers at baseline and 12 months, respectively. Similarly, annualized
major bleeding event rates were stratified according to categorical sub-
groups (<2%, 2–4%, >4%) defined using 1-year major bleeding risk proba-
bilities predicted by the ABC-bleeding score at baseline and 12 months
with biomarkers and haemoglobin at baseline and 12 months, respectively.

The prognostic discriminatory performance of the biomarkers,
CHA2DS2-VASc, and HAS-BLED scores for clinical outcomes after
12 months were assessed using Harrell’s c-index.2,5 The ability of change
in biomarkers during 12 months, CHA2DS2-VASc, and HAS-BLED scores
reassessed at 12 months to enhance discrimination and correctly reclas-
sify patients were additionally evaluated with the integrated discrimin-
ation improvement and the net reclassification improvement (NRI).2,5 All
analyses were performed with SAS software version 9.4 (SAS Institute
Inc, Cary, NC, USA). Unless otherwise stated, all tests are 2-sided, and a
P-value of <0.05 was considered statistically significant. No adjustment
for multiplicity was performed.

Results

Analysis population
For this analysis, collected samples were available for 6806 patients at
12 months after trial enrolment and for 6308 patients both at baseline
(trial enrolment) and 12 months. The characteristics of this analysis co-
hort were similar to the overall population enrolled in the ENGAGE
AF-TIMI 48 trial (Supplementary material online, Table S1).

Changes in biomarkers
The concentration distributions of each biomarker at baseline and at
12 months and their changes are shown in Supplementary material
online, Table S2. On average, the changes in biomarker concentration
between baseline and 12 months were qualitatively very small [me-
dian (25th percentile to 75th percentile)]: 0.5 ng/L (-1.2 toþ2.4 ng/L)
for hsTnT, -1.9 pg/mL (-217 to þ216 pg/mL) for NT-proBNP, and
89 pg/mL (-145 to þ385 pg/mL) for GDF-15. However, examination
of the distribution of absolute changes (Figure 1) reveals that hsTnT
was dynamic in 46.9% (>_2 ng/L change), NT-proBNP in 51.9%
(>_200 pg/mL change), and GDF-15 in 45.6% (>_300 pg/mL change).
Quantitatively larger changes (>_6 ng/L for hsTnT, >_600 pg/mL for
NT-proBNP, and >_600 pg/mL for GDF-15) were evident in 15.2%,
22.0%, and 25.0% of the population, respectively. The distribution
of relative (%) changes is reported in Supplementary material
online, Figure S1. Framed categorically, 7.7% shifted from low hsTnT
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(<14 ng/L) to high hsTnT (>_14 ng/L), 9.4% from low NT-proBNP
(<900 pg/mL) to high (>_900 pg/mL), and 10.6% from low GDF-15
(<1800 pg/mL) to high (>_1800 pg/mL) over 12 months.

There was no effect of randomized anticoagulant therapy on the
change in biomarker concentration (P > 0.05, for each).

Individual biomarkers at 12 months and
subsequent clinical outcomes
First, examining the biomarker value at a fixed timepoint of
12 months revealed a graded relationship between biomarker
concentrations and outcomes (Figure 2). After adjustment for
each element of the CHA2DS2-VASc score and eGFR, hsTnT
and NT-proBNP at 12 months were each independently associ-
ated with a more than two-fold higher rate of subsequent S/SEE
in a comparison of the highest and lowest biomarker categories
for each biomarker (P < 0.001 for each; Figure 2A). After adjust-
ment for the elements of the HAS-BLED score and eGFR,
GDF-15 was independently associated with a 1.76-fold higher
rate of subsequent major bleeding (P < 0.001), whereas the asso-
ciation with hsTnT was no longer significant after adjustment
(Figure 2B).

Changes in biomarkers and subsequent
clinical outcomes
When the changes in biomarker concentrations between baseline
and 12 months were analysed as a continuous variable, after adjust-
ment for their baseline value, eGFR, and each element of the
CHA2DS2-VASc score, changes upward or downward in log2-trans-
formed hsTnT and NT-proBNP were both independently associated
with the risk of subsequent S/SEE (Figure 3A and Supplementary ma-
terial online, Figure S2A). For example, patients with a two-fold in-
crease in hsTnT or NT-proBNP from baseline to 12 months had 74%
and 27% higher risks for S/SEE, respectively [adjusted hazard ratio
(adj-HR) 1.74; 95% confidence interval (CI) 1.36–2.23; P < 0.001; adj-
HR 1.27; 95% CI 1.07–1.50; P = 0.007]. Similarly, after adjustment for
baseline value, eGFR, and elements of the HAS-BLED score, the
change in log2-transformed GDF-15 was associated with the risk of
subsequent major bleeding, whereas the change in log2-transformed
hsTnT was not (Figure 3B and Supplementary material online, Figure
S2B). For example, patients with a two-fold increase in GDF-15 dur-
ing 12 months had a 40% higher risk for major bleeding (adj-HR 1.40;
95% CI 1.02–1.92; P = 0.037). After adding the interaction between
treatment and changes in log2-transformed biomarker values in the
Cox model for the risk of subsequent S/SEE or bleeding, the interac-
tions were all not significant.

When analysed in a categorical manner, defining patients as moving
between low and high values, compared with patients with stably low
biomarker values, patients with values of hsTnT that were either per-
sistently elevated or that increased from baseline to 12 months and
those with values of NT-proBNP that were persistently elevated had
a significantly higher incidence of subsequent S/SEE (Supplementary
material online, Figure S3). Similarly, compared with patients with sta-
bly low values of biomarkers, patients with persistently elevated
hsTnT or GDF-15 at baseline and 12 months had a higher incidence
of subsequent major bleeding (Supplementary material online, Figure
S3). Analyses categorized by absolute change (compared with the
group with no change as reference) also identified patients with larger
increases in hsTnT, NT-proBNP, and GDF-15 from baseline to
12 months as being at significantly higher risk of subsequent S/SEE (P-
trend < 0.001 for hsTnT; P-trend = 0.048 for NT-proBNP), and major
bleeding (P-trend = 0.001 for GDF-15; Supplementary material on-
line, Figure S4). Event rates for S/SEE and bleeding stratified by

Figure 1 Distribution of patients by the absolute change in bio-
marker concentrations between baseline and 12 months. One per-
centage of observations is truncated from each side for illustrative
purposes only in this figure. GDF-15, growth differentiation factor-
15; hsTnT, high-sensitivity troponin T; NT-proBNP, N-terminal
pro-B-type natriuretic peptide.
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..baseline concentration of the biomarker and categorized by absolute
change are shown in Supplementary material online, Figures S5 and
S6.

Adding the change in biomarker concentration from baseline to
12 months to the baseline value of biomarker appropriately reclassi-
fied the risk of S/SEE using NT-proBNP (NRI 0.24; 95% CI 0.10–
0.38), but not significantly for hsTnT. Bleeding risk was also appropri-
ately reclassified by adding the change in hsTnT or GDF-15 to the
baseline value of those biomarkers (NRI 0.29; 95% CI 0.17–0.42; NRI
0.22; 95% CI 0.10–0.34, respectively) (Supplementary material online,
Table S3).

Serial assessment by the ABC-stroke and
ABC-bleeding scores
The ABC-stroke and ABC-bleeding risk scores at 12 months were
well calibrated with the observed incidence rates of subsequent S/
SEE and major bleeding within each category of risk matching the 1-
year risks predicted by the ABC-stroke and ABC-bleeding scores
(Supplementary material online, Figure S7). Moreover, reassessment
of the ABC-stroke and ABC-bleeding risk scores at 12 months accur-
ately reclassified a significant proportion of patients compared with
their baseline risk (NRI 0.50; 95% CI 0.36–0.65; NRI 0.42; 95% CI
0.33–0.51, respectively; Figure 4 and Supplementary material online,
Table S3). For example, patients with moderate risk (1–2% per each
year) for S/SEE at baseline who have a higher ABC-stroke score at

12 months would be appropriately reclassified into a higher-risk cat-
egory after 12 months. Moreover, patients with moderate risk (2–4%
per each year) for bleeding at baseline who had a higher ABC-
bleeding score at 12 months were appropriately reclassified towards
higher risk after 12 months.

Discussion

In this nested prospective biomarker study from the ENGAGE AF-
TIMI 48 trial, we found that a substantial proportion of patients with
AF had dynamic values in hsTnT, NT-proBNP, and GDF-15 between
baseline and 12 months. Furthermore, we demonstrated that patients
with greater increases in hsTnT or NT-proBNP over 1 year had a sig-
nificantly higher risk of subsequent S/SEE and those with a larger in-
crease in GDF-15 had a significantly higher risk of subsequent major
bleeding. Repeated assessment of the ABC risk scores at 12 months
appropriately reclassified a substantial proportion of patients com-
pared with their baseline risk (Graphical Abstract). Our findings sug-
gest that serial biomarker-based risk assessment may allow clinicians
to accurately monitor changes in risk in patients with AF over time,
which is in line with recommendation for serial assessment with clin-
ical risk scores in the 2020 European Society of Cardiology guidelines
for the management of AF.10 With further investigation, these find-
ings might translate into a strategy that would inform decision-making
regarding the timing of initiation of anticoagulant therapy in otherwise

Figure 2 Biomarker values at 12 months and annualized subsequent event rates after 12 months. CI, confidence interval; ; GDF-15, growth differ-
entiation factor-15; HR, hazard ratio; hsTnT, high-sensitivity troponin T; NT-proBNP, N-terminal pro-B-type natriuretic peptide.
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..clinically low-risk patients or more intensive monitoring on the basis
of changes in bleeding risk over time to mitigate bleeding.

Substantial epidemiological evidence now supports a potential
role for biomarkers for clinical risk assessment in patients with AF.1

The RE-LY (Randomized Evaluation of Long-Term Anticoagulant
Therapy) investigators first demonstrated that cardiac troponin
measured at baseline was independently associated with risk of
stroke or major bleeding events, and NT-proBNP with that of
stroke.7 Subsequent studies validated this finding and additionally
showed that GDF-15 is strongly associated with the risk of bleeding
in anticoagulated patients with AF.11 The ABC-stroke and ABC-
bleeding scores, incorporating hsTnT, NT-proBNP, or GDF-15,
were developed and validated for risk stratification for stroke and
bleeding, respectively, in patients with AF and have offered superior

prognostic performance to the CHA2DS2-VASc and HAS-BLED
scores in several populations.3,5

AF is perpetuated by progressive remodelling marked by myocar-
dial ischaemia, volume and pressure overload, changes in microvascu-
lar blood flow, and atrial dysfunction.12 This natural progression
engenders a need for iterative assessment of clinical status over time.
For example, repeated assessment of CHA2DS2-VASc has showed
that most patients with AF develop >_1 new clinical risk factor in the
CHA2DS2-VASc score before presentation with a future ischaemic
stroke, and that the change of CHA2DS2-VASc score is a predictor
for ischaemic stroke.13 Serial assessment of clinical risk scores for
identifying high-risk AF patients for adverse clinical outcomes is a
new recommendation in the 2020 European Society of Cardiology
guideline for the management of AF.10 However, few studies have

Figure 3 Changes in biomarkers from baseline to 12 months as a continuous variable and subsequent risks of clinical events. Example patients in
panel A indicate specific changes in high-sensitivity troponin T; #1 with 8 ng/L at baseline and 16 ng/L at 12 months, #2 with 31 ng/L at baseline and 45
ng/L at 12 months, #3 with 33 ng/L at baseline and 23 ng/L at 12 months, and #4 with 17 ng/L at baseline and 8 ng/L at 12 months. ; GDF-15, growth
differentiation factor-15; hsTnT, high-sensitivity troponin T; NT-proBNP, N-terminal pro-B-type natriuretic peptide.
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examined the changes of troponins and NT-proBNP for S/SEE over
time in patients with AF, and the duration of follow-up in these analy-
ses has been limited.6,7 In 2514 stable patients with AF, serial meas-
urement of cardiac troponin I (cTnI) with qualitative testing and NT-
proBNP revealed that patients with persistently detectable cTnI at
baseline and 3 months had substantially higher rates of S/SEE during a
median follow-up of 2 years compared with those with an undetect-
able value at either time point.7 In contrast, in a study of 4796 patients
with AF, repeated measurement of hsTnI, hsTnT, and NT-proBNP at

baseline and 2 months did not provide any incremental prognostic
value for stroke during a median follow-up of 1.8 years.6 Moreover,
serial measurement using troponins and GDF-15 for major bleeding
had not yet been explored.

In the present study, we quantitatively assessed hsTnT and NT-
proBNP, as well as GDF-15, over a longer period of time (1 year) and
in a larger population of patients with a median follow-up of 2.8 years.
hsTnT and NT-proBNP at 12 months were independently associated
with the risk of subsequent S/SEE and GDF-15 with the risk of

Figure 4 Annualized subsequent event rates stratified by age, biomarker, and clinical history score at baseline and 12 months for stroke or systemic
embolism (A) and major bleeding (B). ABC, age, biomarker, and clinical history.
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.
subsequent major bleeding. Moreover, we found that larger increases
in biomarkers over 12 months were associated with higher risks of
subsequent S/SEE (hsTnT), and major bleeding (GDF-15).
Furthermore, in a framework that may support clinical implementa-
tion, we found that reassessment of the ABC risk scores at
12 months accurately reclassified a significant proportion of patients
compared with their baseline risk pointing towards a possible new
direction for monitoring patients with AF and a dynamic risk of future
events. This insight establishes a conceptual basis from which future
strategies for tailoring preventive therapy in patients with AF might
emerge and would need to be prospectiveliy studied. For example,
recognition of increasing bleeding risk may allow clinicians to appro-
priately reconsider the therapeutic agent or dosing, such as switching
from warfarin to a direct oral anticoagulant with a more favourable
bleeding profile, or using lower-dose non-vitamin K antagonist oral
anticoagulants (NOACs), where approved; although these possible
strategies would need to be confirmed in clinical trials.8,14 Very-low-
dose edoxaban 15 mg vs. placebo has recently shown to reduce S/
SEE but not to increase major bleeding among AF patients >_80 years
of age that are high-risk population for bleeding.15 In similar fashion,
lower-dose NOACs might be considered using biomarker-based risk
stratification to detect high-risk patients for bleeding. Moreover, this
finding forms a basis for future investigation of strategies in which ser-
ial assessment of biomarkers might inform decision-making regarding
when to initiate oral anticoagulant therapy in patients with AF and a
CHA2DS2-VASc score of 0–1. An ongoing trial (ABC-AF,
ClinicalTrials.gov NCT03753490) that is prospectively testing use of
the ABC risk scores to guide decision-making in patients with new or
established AF will provide additional insight regarding the usefulness
of such a framework. Our findings suggest that serial biomarker-
based risk assessment has the potential to contribute towards preci-
sion medicine in patients with AF with the goal of optimizing net clin-
ical outcome from stroke and bleeding.

Study limitations
Several limitations of this analysis should be acknowledged. First,
ENGAGE AF-TIMI 48 was a clinical trial that enrolled higher-risk
patients with a larger burden of comorbid diseases compared with
the clinical trial patients in which the ABC scores were derived.3,4,8

While the performance of the ABC risk scores has been robust and
outperformed the CHA2DS2-VASc and HAS-BLED scores in several
trial populations, the prognostic performance of a modified ABC-
bleeding score (excluding GDF-15) was not significantly better than
the HAS-BLED risk score in a smaller non-clinical trial cohort from
the Murcia Atrial Fibrillation Project (n = 1120),16 raising the possibil-
ity that the performance of the ABC scores may be diminished in
populations with a higher prevalence of non-AF comorbidities.
Although our data demonstrate consistency across multiple trial pop-
ulations and timeframes, additional well-powered studies in non-
clinical trial cohorts would be helpful. Second, because all patients in
the trial were anticoagulated and had at least two risk factors for
stroke, application of our findings in patients with AF who are not
anticoagulated and those at low risk for stroke would require pro-
spective investigation. Third, by necessary exclusion of the first 1 year
of events, our power was diminished in the landmark analyses per-
formed starting at 12 months. Fourth, because blood samples were
available for the biomarker substudy only at baseline and 12 months,

our analyses could not assess prognostic performance at intermedi-
ate time periods (e.g. 3–6 months). Finally, it is important to note that
these biomarkers or the ABC scores using them are not specific to
cardioembolic events or bleeding in AF. As such, the ABC score risk
score may identify patients with overall poor prognosis. For example,
GDF-15 is predictive of mortality in patients with a variety of other
inflammatory and cardiovascular conditions, including heart fail-
ure.17–19 Moreover, in the Murcia Atrial Fibrillation Project, the ABC
scores had similar associations with other outcomes, including myo-
cardial infarction, acute heart failure, and all-cause death.20 The appli-
cation of biomarkers to supplement clinical risk assessment in AF
ought also weigh issues of cost and practicality, as well as recognize
that biomarkers may be subject to laboratory variability, inter-assay
differences, and diurnal variation and may change in individual patients
depending on changes in other risk factors and treatments over
time.21

Conclusions

In an analysis of patients with AF treated with anticoagulation from
the ENGAGE AF-TIMI 48 trial, serial assessment of hsTnT, NT-
proBNP, and GDF-15 revealed a substantial proportion of patients
with AF had dynamic values. Greater increases in these three bio-
markers measured over 1 year are associated with important clinical
outcomes in anticoagulated patients with AF.

Supplementary material

Supplementary material is available at European Heart Journal online.

Data availability
We encourage parties interested in collaboration and data sharing to
contact the corresponding author directly for further discussions.
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