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Summary. Background: Anemia may predispose to throm-
boembolic events or bleeding in anticoagulated patients
with atrial fibrillation (AF). Objectives: To investigate
whether anemia is associated with thromboembolic events
and bleeding in patients with AF. Patients and methods.

We retrospectively analyzed the RE-LY trial database,
which randomized 18 113 patients with AF and a risk of
stroke to receive dabigatran or warfarin for a median fol-
low-up of 2 years. Cox regression analysis was used to
determine whether anemia predicted cardiovascular events
and bleeding complications in these patients. Results:

Anemia was present in 12% of the population at baseline,
and the presence of anemia was associated with a higher
risk of thromboembolic cardiovascular events, including
the composite endpoint of all-cause mortality or myocar-
dial infarction (adjusted hazard ratio [HR] 1.50, 95%
confidence interval [CI] 1.32-1.71) and the primary
RE-LY outcome of stroke or systemic embolism (adjusted
HR 1.41, 95% CI 1.12-1.78). Anemia was also associated
with a higher risk of major bleeding complications
(adjusted HR 2.14, 95% CI 1.87-2.46) and discontinua-
tion of anticoagulants (adjusted HR 1.40, 95%

CI 1.28-1.79). The association between anemia and
outcome was similar irrespective of cardiovascular comor-
bidities, randomized treatment allocation, or prior use of
warfarin. The incidence of events was lower in patients
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with transient anemia than in patients in whom anemia
was sustained (adjusted HR 0.66, 95% CI 0.49-0.91).
Conclusions: Anemia is associated with an increased risk
of thromboembolic events, bleeding complications and
mortality in anticoagulated patients with AF. These find-
ings suggest that patients with anemia should be moni-
tored closely during all types of anticoagulant treatment.
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Introduction

Atrial fibrillation (AF) is the most prevalent cardiac
arrhythmia, and increases the risk of stroke and death in
affected patients [1,2]. Oral anticoagulants (OACs) reduce
the risk of thromboembolic events in patients with AF, at
the cost of an increased risk of bleeding [3.4]. Balancing
the clinical benefit for stroke prevention with potentially
fatal bleeding events is therefore critical.

Anemia has been identified as a predictor of bleeding
complications in anticoagulated patients with AF. Indeed,
anemia is a component of several algorithms that are
used to determine the individual risk of bleeding in these
patients [5-9]. Anemia therefore appears to identify vul-
nerable patients who may require more close monitoring
during anticoagulant treatment.

In other populations, including heart failure patients
[10], coronary artery disease (CAD) patients [11-14], and
the elderly [14,15], anemia has, instead, been identified as
a predictor of thromboembolic events. Because AF is pre-
valent in these populations as well, the question arises
whether anemic patients with AF are not only susceptible
to bleeding, but to thromboembolic events as well. The
prevalence of anemia and its association with thromboem-
bolic events in patients with AF is not well described [15].
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We hypothesized that anemia is an important comor-
bidity in patients with AF, and that anemia predicts
future cardiovascular events, bleeding complications, and
mortality. To test our hypotheses, we performed a
post hoc analysis of the RE-LY trial database of 18 113
patients with AF [16,17].

Methods

RE-LY trial design

The RE-LY trial design and the results of the main
study have been published previously [16,17]. Briefly, the
primary study objective was to establish the non-inferi-
ority of two doses of dabigatran as compared with
warfarin for stroke prevention in patients with AF. The
RE-LY investigators randomized 18 113 patients with
AF, who had at least one additional risk factor for
stroke, to receive dabigatran 110 mg twice daily, dabiga-
tran 150 mg twice daily or dose-adjusted warfarin (target
International Normalized Ratio of 2.0-3.0) for a median
of 2 years. Patients with a severe heart valve disorder,
recent stroke, increased risk for hemorrhage, creatinine
clearance of < 30 mL min~', active liver disease, hemo-
globin (Hb) levels of <10 g dL™! or thrombocytopenia
(platelet count of < 100 x 10° L") were excluded. All
national regulatory authorities and ethics committees
approved the study. All patients provided written
informed consent before entry into the study. The pri-
mary safety outcome was major bleeding. Several other
safety and efficacy outcomes were documented, includ-
ing: time to first death, myocardial infarction (MI),
cardiovascular hospitalizations, minor bleeding, and
gastrointestinal bleeding.

Definitions

Hb levels were determined at multiple time points
throughout the study as part of the laboratory safety
analysis. For the present analysis, we selected patients
with available Hb values at baseline. Anemia was defined
according to the World Health Organization (WHO) cri-
teria (Hb < 13.0 g dL™" in men and Hb < 12.0 g dL™" in
women). To evaluate the association between temporal
changes in Hb and outcome, patients were classified as
having sustained anemia, transient anemia, new-onset
anemia, or no anemia, according to the presence or
absence of anemia at baseline and at 6 months. To deter-
mine whether the association between anemia and out-
come differed in the presence of major comorbidities,
patients were also stratified into mutually exclusive
groups according to a history of congestive heart failure
(CHF), atherothrombotic cardiovascular disease (CVD;
defined as a history of CAD, stroke, or peripheral artery
disease [PAD]), or no CHF or CVD. CHF was defined as
a left ventricular ejection fraction of < 40% or New York

Heart Association class II or higher heart failure symp-
toms within 6 months before screening.

Outcomes

We aimed to determine whether anemia predicts cardio-
vascular events, and therefore focused our analysis on the
outcomes all-cause mortality, MI, and all-cause cardiac
hospitalizations. Hospitalizations for angina, non-fatal
cardiac arrest, arrhythmias, valve surgery, percutaneous
or surgical coronary interventions or hospitalizations for
heart failure were considered to be cardiac. We also eval-
uated the primary RE-LY efficacy outcome of stroke or
systemic embolism, and the subcategories of vascular and
non-vascular death. To assess whether anemia predicts
bleeding complications, we evaluated whether anemia pre-
dicted major or minor bleeding events as defined in the
RE-LY trial. We also analyzed symptomatic bleeding in a
critical area or organ and gastrointestinal bleeding, as
these are definitions of bleeding that are independent of
Hb levels or transfusion requirement. To assess whether
anemia was associated with discontinuation of anticoagu-
lation therapy, we also evaluated whether anemia pre-
dicted temporary or permanent discontinuation of study
medication. The definitions of all of the outcomes
described above have been reported previously [16,17].
Finally, because anemia may be caused by an occult
malignancy, we assessed whether baseline anemia also
predicted new malignancies.

Statistical analysis

The baseline variables were compared according to the
presence of anemia by the use of Student’s r-test, the
Mann-Whitney U-test, the chi-squared test, or the Fisher
exact test, as appropriate. Cumulative event rates accord-
ing to the presence or absence of anemia were calculated
with the Kaplan—Meier method and displayed graphically.
The association between anemia or Hb expressed as a
continuous variable and the incidence rates of the differ-
ent outcomes were estimated as hazard ratios with associ-
ated two-sided 95% confidence intervals from a Cox
proportional hazards regression model that included
treatment group (warfarin vs. dabigatran), sex, age, creat-
inine clearance, prior stroke or transient ischemic attack,
known CAD, prior MI, heart failure, diabetes, hyperten-
sion, PAD, and baseline medication use, including: aspi-
rin, angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers, B-blockers, calcium channel blockers,
amiodarone, diuretics, statins, insulin, and digoxin. First-
line interaction was assessed for age, gender, prior use of
anticoagulants, treatment allocation, and the major com-
orbidity subsets. To assess whether changes in anemia sta-
tus over time predicted long-term outcomes, an additional
Cox proportional hazards regression analysis was per-
formed, in which time to first event was calculated from
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6 months onwards and the categories of sustained, tran-
sient, new-onset and no anemia were used as independent
variables. Patients with a history of cancer were excluded
from the detailed analysis of bleeding complications,
because we expected that they would be more prone to
bleeding. All analyses were performed with sas statistical
software, version 9.1 (SAS Institute, Cary, NC, USA).

Results

Prevalence of anemia and associated clinical factors

Of the 18 133 subjects randomized in the RE-LY trial,
Hb values were available at randomization for 17 796
(98.1%). At that time point, 2125 (11.9%) subjects were
anemic according to the WHO criteria. During the course
of the study, average Hb levels gradually decreased and
the proportion of patients with anemia increased accord-
ingly (Fig. 1). Baseline demographics according to the
presence or absence of anemia at randomization are
shown in Table 1. Clinical factors associated with anemia
at randomization were age, diabetes, chronic heart failure,
cancer, PAD, systolic blood pressure, serum creatinine,
and the use of aspirin, amiodarone, digoxin, and diuretics
(Table S1). In patients taking warfarin at randomization,
the time in therapeutic range was not associated with the
presence of anemia. During the course of the study,
patients with anemia spent more time below the therapeu-
tic range than those without anemia (26% vs. 22%,
P <0.0001), whereas the times above the therapeutic
range were comparable.

Anemia and cardiovascular events

The presence of anemia was associated with a marked
(51%) increase in the incidence of all-cause mortality, i.e.
both vascular and non-vascular causes of death (Table 2).
Anemia was also associated with a 50% increase in the
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increase in the incidence of all-cause mortality, MI or all-
cause cardiac hospitalizations (Table 2; Fig. 2A). These
composite outcomes appeared to be primarily driven by
all-cause mortality, as the association between anemia
and cardiac hospitalizations was modest, and the associa-
tion between anemia and MI was non-significant. Anemia
was also associated with a 41% increase in the incidence
of the primary RE-LY efficacy outcome of stroke or sys-
temic embolism (Table 2). Anemia remained a predictor
of bleeding complications, even after adjustment for the
CHA,DS,-VASc score (data not shown). When Hb was
considered as a continuous variable, lower Hb levels were
associated with higher incidence rates of all of the exam-
ined cardiovascular endpoints, including MI (Table 2).
When Hb was stratified per 1 mg dL™', the relationship
between Hb and cardiovascular events appeared to be
J-shaped (Fig. 2B). Indeed, there was a statistically
significant curvilinear association between Hb and the
composite outcome death or MI (P = 0.0105).

Interaction analysis revealed a significant interaction
with age for the endpoints death and death or MI.
Although anemia predicted these outcomes in both age
groups, the strength of the association was consistently
higher in younger patients (Table S3). The association
between anemia or Hb and the different cardiovascular
endpoints did not differ according to gender, major com-
orbidity subsets, treatment allocation, estimated glomeru-
lar filtration rate (eGFR), aspirin use, or prior use
of warfarin (P-value for interaction of > 0.05; Tables
S5-S7).

Anemia and bleeding events

The presence of anemia at baseline was associated with
a 2.2-fold increase in the incidence of major bleeding
and a more modest increase in minor bleeding (Table 3).
Anemia was also associated with a two-fold increase in
symptomatic major bleeding in a critical area or organ

composite endpoint all-cause mortality or MI and a 34% and a 2.5-fold increase in gastrointestinal bleeding
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Fig. 1. Changes in hemoglobin (Hb) levels and percentage of anemia during follow-up. Longitudinal changes in Hb levels and percentage of
patients with anemia are shown. Hb levels were determined at discrete time points in all patients as part of the laboratory safety analysis, and
anemia was defined according to the World Health Organization (Hb < 13.0 g dL™' in men and Hb < 12.0 g dL™' in women).
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Table 1 Baseline characteristics in anemic and non-anemic patients

Characteristics Non-anemic Anemic P

N (%) 15 573 (87) 2223 (13)

Demographics
Age (years) (SD) 71.1 (8.6) 73.8 (8.5) < 0.001
Male, no. (%) 9837 (63.2) 1486 (66.8) < 0.001
Assigned to warfarin, no. (%) 5186 (33.3) 733 (33.0) 0.75
Current smoker, no. (%) 7880 (50.6) 1137 (51.1) 0.63

Comorbidities, no. (%)
Diabetes 3402 (21.8) 749 (33.7) < 0.001
Hypertension 12 271 (78.8) 1754 (78.9) 0.91
Coronary artery disease 4081 (26.2) 859 (38.6) < 0.001
Myocardial infarction 2464 (15.8) 483 (21.7) < 0.001
Chronic heart failure 4828 (31.0) 863 (38.8) < 0.001
Prior stroke/TIA 3107 (20.0) 442 (19.9) 0.94
Peripheral artery disease 536 (3.4) 128 (5.8) < 0.001
Cancer 1560 (10.0) 296 (13.3) < 0.001

Hemodynamic parameters, no. (SD)
SBP 131 (17) 129 (18) < 0.001
DBP 76 (10) 74 (11) < 0.001
Heart rate 74 (15) 73 (15) 0.0323

Medication, no. (%)
Warfarin-naive 7801 (50.1) 1033 (46.5) < 0.001
Aspirin 6067 (39.0) 975 (43.9) < 0.001
ACEI/ARB 10 220 (65.6) 1555 (70.0) < 0.001
B-blocker 9819 (63.1) 1395 (62.8) 0.79
Calcium antagonist 2966 (19.0) 442 (19.9) 0.35
Amiodarone 1613 (10.4) 333 (15.0) < 0.001
Digoxin 7755 (49.8) 1324 (59.6) < 0.001
Diuretics 7755 (49.8) 1324 (59.6) < 0.001

Biochemistry (SD)
Hemoglobin (g dL™") 14.6 (1.3) 11.8 (0.9) -
TTR (%) 8737 (56.1) 1325 (59.6) < 0.001
White blood count (x 10° mL™) 7.1 (1.9) 6.8 (2.4) <0.001
Platelet count (x 10° mL™") 229.0 (62.8) 240.0 (85.2) < 0.001
Creatinine clearance (mL min~") 74.0 (27.4) 64.0 (25.6) < 0.001

ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; DBP, diastolic blood pressure; SBD, systolic blood pressure;
SD, standard deviation; TIA, transient ischemic attack; TTR, time in therapeutic range.

(Table 3). Anemia remained a predictor of bleeding
complications, even after adjustment for the HAS-BLED
score (data not shown). Anemia at baseline also pre-
dicted temporary and permanent discontinuation of the
RE-LY study medication (Table 3). Finally, anemia
also predicted hospitalizations for new malignancies
(Table 3).

Interaction analysis revealed a significant interaction
for age and bleeding complications. Although anemia
predicted bleeding complications in both age groups,
the strength of the association was consistently higher
in younger patients (Table S4). The association between
anemia and major bleeding was strongest in patients
randomized to dabigatran 150 mg (Table S7). The asso-
ciation between baseline anemia and bleeding events
was comparable among warfarin-experienced and warfa-
rin-naive patients, and did not differ according to gen-
der, major comorbidity subsets, eGFR, aspirin use, or
prior use of warfarin (P-value for interaction of > 0.05;
Tables S2, S5, and S6). Anemia did not predict

hospitalizations for new malignancies in warfarin-naive
patients (Table S2). The association between anemia
and discontinuation of study medication or hospitaliza-
tions for cancer did not differ according to age, gender,
or major comorbidity subsets (P-value for interaction of
> 0.05).

Changes in anemia status and outcome

Of the 15 488 patients who met the eligibility criteria for
analysis of the association between changes in anemia sta-
tus and outcome, 1844 (12%) had anemia at baseline and
2457 (16%) had anemia at 6 months. In 1203 (65%)
patients, anemia was sustained for 6 months, whereas it
resolved during that period in 641 (35%). Furthermore,
1254 (10%) of the non-anemic patients developed new-
onset anemia during the first 6 months. As compared
with an absence of anemia, new-onset and sustained ane-
mia were associated with a 2.5-fold increase in the inci-
dence of all-cause mortality or MI, and transient anemia

© 2015 International Society on Thrombosis and Haemostasis
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Table 2 Association between baseline anemia or hemoglobin values and clinical outcomes

Hemoglobin
Non-anemic Anemic Anemic vs. non-anemic Adjusted

Outcomes

Endpoints N % [year N % [year Adjusted HR 95% CI Adjusted HR 95% CI
Death 1050 33 301 7.1 1.51 1.33-1.73 0.87 0.84-0.90
Vascular death 678 2.1 189 4.4 1.43 1.21-1.70 0.87 0.83-0.91
Non-vascular death 372 1.2 112 2.6 1.68 1.35-2.09 0.87 0.81-0.92
Cardiac hospitalizations 1712 5.5 294 6.9 1.14 1.01-1.30 0.94 0.91-0.97
MI 190 0.6 49 1.1 1.36 0.98-1.88 0.93 0.85-1.01
Death or MI 1181 3.8 332 7.8 1.51 1.33-1.71 0.88 0.85-0.91
Death, MI, or cardiac hospitalization 2653 8.5 569 13.5 1.34 1.22-1.47 0.91 0.89-0.93
Death or cardiac hospitalization 2609 8.4 549 13.0 1.31 1.19-1.45 0.91 0.89-0.93
MI or cardiac hospitalization 1791 5.7 325 7.7 1.20 1.06-1.35 0.94 0.91-0.96
Stroke or systemic embolism 409 1.3 95 2.2 1.41 1.12-1.78 0.99 0.93-1.05

CI, confidence interval; HR, hazard ratio, MI, myocardial infarction. Cox regression analysis was adjusted for demographics, treatment alloca-
tion, history of heart failure, creatinine clearance, cardiovascular disease, diabetes, cancer, and cardiovascular medications.
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Fig. 2. Association between anemia and all-cause mortality or myocardial infarction. (A) Kaplan—-Meier analysis of the cumulative incidence of
all-cause mortality or myocardial infarction according to the presence or absence of anemia at baseline. (B) Point estimates (squares) and haz-
ard ratios (lines) for death or myocardial infarction, stratified per 1 g dL~" of hemoglobin (Hb). Hb levels of 14 g dL ™' were used as the refer-
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medications. *P < 0.05 vs. the reference group of 14 mg dL™'. Ref., reference group.

was associated with a 1.7-fold increase in this endpoint
(Fig. 3; Table 4). Accordingly, the incidence of all-cause
mortality or MI was significantly lower in patients with
transient anemia than in patients with sustained or new-
onset anemia (Fig. 3; Table 4). These differences persisted
after adjustment for age and gender or bleeding complica-
tions that occurred during the first 6 months. Anemia
was slightly more common in patients randomized to da-
bigatran 150 mg than in those randomized to dabigatran
110 mg, or warfarin (percentages of anemia of 8.92%,
7.98%, and 7.38%, respectively; P = 0.02). In an on-treat-
ment analysis of patients without interruptions of study
treatment in the first 6 months, these rates were very simi-
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lar (percentages of anemia of 8.45%, 7.46%, and 7.08%,
respectively; P = 0.03). This difference persisted after
adjustment for potential confounders (data not shown).
Moreover, when warfarin-naive patients were considered
separately, the incidence of new-onset anemia was compa-
rable among patients randomized to dabigatran 150 mg,
dabigatran 110 mg, or warfarin (data not shown).

Discussion

Anemia has emerged as a predictor of bleeding complica-
tions in anticoagulated patients with AF, and is now
included in several bleeding risk algorithms [5-9]. It is
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Table 3 Association between anemia and bleeding complications

Anemic vs. non-anemic

Non-anemic Anemic
Endpoints N % [year N % year Adjusted HR 95% CI P-value
Total 14 013 1927
Bleeding
Major bleeding 710 2.5 264 7.2 2.20 1.90-3.42 < 0.001
Minor bleeding 3864 13.9 613 16.7 1.14 1.04-1.35 0.004
Symptomatic major bleeding 498 1.7 173 4.7 2.00 1.67-3.25 < 0.001
Gastrointestinal bleeding 306 1.1 143 3.9 2.52 2.05-4.46 < 0.001
Discontinuation of study medication
Permanent 2778 10.0 568 15.5 1.40 1.28-1.79 < 0.001
Temporary 5873 21.1 959 26.2 1.22 1.14-1.42 < 0.001
Permanent or temporary 7217 259 1205 32.9 1.30 1.22-1.51 < 0.001
Hospitalizations for cancer 242 0.8 52 1.4 1.41 1.03-2.24 0.030

CI, confidence interval; HR, hazard ratio. Cox regression analysis was adjusted for demographics, treatment allocation, creatinine clearance,
history of heart failure, cardiovascular disease, diabetes, cancer, and cardiovascular medications. Patients with a history of cancer at baseline
were excluded from this analysis. Symptomatic major bleeding: symptomatic bleeding in a critical area or organ. Hospitalization for cancer:

hospitalization for a newly diagnosed malignancy.

possible that, in anemic patients, more intense monitoring
of anticoagulation is appropriate. In the current analysis
of a large population of anticoagulated patients with AF,
we have confirmed that anemia is a predictor of bleeding
events. Anemia also predicted discontinuation of OACs,
and patients on warfarin with anemia spent more time
below the therapeutic range, suggesting suboptimal anti-
coagulation in anemic patients. However, anemia was
also a strong predictor of thromboembolic events, includ-
ing stroke, cardiovascular hospitalizations, and all-cause
mortality. Anemia thus appears to identify patients at
increased risk of thromboembolic events who could bene-
fit most from treatment with OACs, but who are also
more susceptible to bleeding complications. Together,
these findings suggest that, in anemic patients, close mon-
itoring of anticoagulants is needed, rather than dose
adjustment or discontinuation.

The duality of predicting both thromboembolic events
and bleeding complications is shared by other risk factors
for ischemic stroke. Indeed, multiple components of the
CHA,DS,-VASc score that is used to predict stroke in
patients with AF also predict bleeding complications
[9,18,19]. The presence of anemia may have resulted in a
more conservative approach to anticoagulation in patients
with anemia. In fact, the increased incidence of thrombo-
embolic events observed in anemic patients could partially
reflect the increased rates of discontinuation of OACs or
suboptimal warfarin dosing in these patients. Multiple
studies have shown that OACs produce a net clinical ben-
efit in AF patients at risk of stroke, irrespective of their
risk of bleeding [19-22]. In addition, suboptimal dosing
or (temporary) discontinuation of OACs is associated
with significantly increased stroke rates [23,24]. Contem-
porary guidelines therefore stress that OACs are indicated
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Fig. 3. Kaplan—Meier analysis of the cumulative incidence of death
or myocardial infarction in patients with sustained, transient, new-
onset or no anemia. A Kaplan—-Meier graph of a landmark analysis
at 6 months is shown, depicting the cumulative incidence of all-cause
mortality or myocardial infarction according to changes in anemic
status during the first 6 months.

in all AF patients at risk of stroke, even if they are prone
to bleeding [25].

Another interesting observation in our study was the
fact that the association between anemia and thromboem-
bolic events or bleeding complications differed according
to age. The association between anemia and these out-
comes was stronger in younger than in older patients.
Because of the nature of our analysis, we are unable to
determine the etiology of this interaction, but it might be
speculated that anemia is more physiologic in older
patients [26-28]. Alternatively, anemia might inadver-
tently be interpreted as a side effect of OACs in younger
patients, potentially prolonging the severity and duration
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Table 4 Association between changes in anemia and outcome
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Primary endpoint: all-cause mortality or myocardial infarction

Subgroup comparisons

Adjusted 1
HR (95% CI)

Adjusted 2
HR (95% CI)

Adjusted 3
HR (95% CI)

Sustained vs. no anemia
Sustained vs. transient
Sustained vs. new onset
Transient vs. no anemia
Transient vs. new onset
New onset vs. no anemia

2.22 (1.85-2.67)
1.40 (1.02-1.92)
1.02 (0.81-1.29)
1.62 (1.22-2.13)
0.68 (0.50-0.93)
2.26 (1.88-2.71)

2.39 (1.99-2.88)
1.41 (1.03-1.93)
1.04 (0.83-1.32)
1.66 (1.26-2.20)
0.72 (0.53-0.99)
2.32 (1.93-2.79)

1.59 (1.31-1.93)
1.25 (0.91-1.73)
0.98 (0.77-1.23)
1.32 (0.99-1.75)
0.71 (0.52-0.98)
1.79 (1.48-2.16)

CI, confidence interval; HR, hazard ratio. Adjusted 1: adjusted for age and gender. Adjusted 2: adjusted for the occurrence of major or minor
bleeding within the first 6 months of the trial. Adjusted 3: adjusted for the occurrence of major or minor bleeding within the first 6 months of
the trial, demographics, treatment allocation, creatinine clearance, history of heart failure, cardiovascular disease, diabetes, cancer, and cardio-
vascular medications. Unadjusted HRs were comparable with the values after adjustment 1 and adjustment 2.

of anemia. In addition, the association between anemia
and thromboembolic events was J-shaped. Similar U-
shaped or J-shaped relationships between anemia and
outcomes have been observed in other populations
[12,28-30]. The reason for this phenomenon is unclear.
Several comorbidities, such as chronic pulmonary disease,
are associated with higher Hb levels, and the association
between high Hb levels and outcome could reflect
confounding by these factors. Because detailed informa-
tion on the severity of these comorbidities was not
available in the RE-LY trial database, we are unable to
explore this phenomenon further. Future studies are
required to address the etiology of both of these observa-
tions.

Several clinical implications may be derived from our
analysis. Instead of discontinuation of OACs, the occur-
rence of anemia should prompt a detailed diagnostic
assessment of the etiology of anemia and the correction
of other precipitating causes of bleeding, such as concom-
itant antiplatelet or anti-inflammatory drugs, alcohol
intake, or uncontrolled hypertension [25]. In our analysis,
anemia predicted gastrointestinal bleeding and hospital-
izations for new malignancies, suggesting that anemia
could indicate a potentially lethal disease at an early
stage.

A more reassuring finding was that resolution of ane-
mia was associated with partial normalization of progno-
sis. Similar findings have been reported in patients with
heart failure [31] and MI [32], anemia being transient in
> 40% of these patients. Anemia therefore might be a
modifiable risk factor, which suggests that prevention or
treatment of anemia could improve the prognosis
in patients with AF. However, anemia in this study
population was generally mild, and aggressive treatment
of mild anemia has been associated with neutral or worse
outcomes in patients with heart failure and kidney dys-
function [33,34]. Anemia might thus merely be a marker
for the vulnerable patient. Future studies are required to
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determine whether anemia is, indeed, a modifiable risk
factor in patients with AF.

The strengths of the current analysis are the novelty of
the population studied, the large dataset, and the careful
adjustment for potential confounders. The limitations are
that this retrospective analysis of prospectively collected
data is necessarily an observational analysis, and that the
potential for confounding can never be fully eliminated.
It should thus be regarded as hypothesis-generating.
Patients with Hb levels of < 10 g dL™' were excluded
from the RE-LY trial. Furthermore, patients included in
clinical trials represent a selected population. The actual
incidence, severity and prognostic significance of anemia
may be different between ethnicities and individuals in
the community. The current analysis was also not
designed to determine the etiology of anemia. Therefore,
we cannot draw definitive conclusions about the etiology
of anemia, and nor can we conclusively establish or dis-
miss a causative association between anemia and the use
of OACs.

Conclusions

Anemia is associated with an increased risk of thrombo-
embolic events, bleeding complications and mortality in
patients with AF. These findings suggest that patients
with anemia should be monitored closely during all types
of anticoagulant treatment.
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