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Aims To investigate the risk of stroke/thromboembolism (TE) and major bleeding associated with anaemia among
patients with atrial fibrillation (AF). Also, to assess the effects of oral anticoagulation (OAC) and time in therapeut-
ic range (TTR) with vitamin K antagonists according to level of haemoglobin (Hb).

Methods Through administrative registry databases, we identified all Danish patients diagnosed with AF from 1997 to 2012.

and results We included 18 734 AF patients with recent available data on Hb. Multiple Cox regression analyses were used to
estimate hazard ratios and to compute standardized absolute 1-year risks of stroke/TE and major bleeding. Among
included patients, 3796 (20%) had mild anaemia (Hb 6.83—7.45 mmol/L for women and Hb 6.83-8.03 mmol/L for
men) and 2562 (14%) had moderate/severe anaemia (Hb <6.83 mmol/L). Moderate/severe anaemia was associated
with increased risk of major bleeding and 9.1% lower median TTR compared with no anaemia. Use of OAC was
associated with reduced risk of stroke/TE among patients without anaemia [standardized absolute 1-year difference
-2.5%, 95% confidence interval (Cl) -3.8 to -1.7%] or with mild anaemia (-2.3%, 95% Cl -2.8 to -1.8%), but not with
moderate/severe anaemia, (0.03%, -1.8 to +2.8%, interaction P = 0.01). Oral anticoagulation was associated with a
5.3% (95% Cl 2.1-8.7%) increased standardized absolute risk of major bleeding among AF patients with moderate/
severe anaemia.

Conclusion Anaemia was common in patients with AF and associated with major bleeding and lower TTR. Oral anticoagulation
was associated with more major bleeding, but no reduction in risk of stroke/TE among AF patients with moderate/
severe anaemia.
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Introduction : of both AF and anaemia increases with age, and both conditions are
*increasing in prevalence due to the aging population.®*

Lifetime risk of atrial fibrillation (AF) after age 55 years is more than  : Atrial fibrillation is associated with five-fold higher risk of stroke/

35%," and anaemia is common in patients with AF. The prevalence : thromboembolism (TE),” and therefore, it is recommended that
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most patients with AF use lifelong oral anticoagulation (OAC) for
stroke prevention.® Compared with placebo, OAC reduces risk of
stroke by 64%, and mortality by 26% among AF patients; however,
OAC also increases risk of major bleeding.’” Patients with moderate
to severe anaemia have been excluded from randomized controlled
clinical trials of OAC in AF,8710 and anaemia has been associated with
a two-fold higher risk of major bleeding among AF patients on
OAC° Uncertainty, therefore, exists about the benefits and risks
of OAC in patients with both AF and anaemia, and very limited data
exist to guide treatment decisions in this population.

We analysed several Danish nationwide registries to investigate
the risks of stroke/TE and major bleeding associated with anaemia in
AF, and to assess whether benefit and harms of OAC vary according
to haemoglobin (Hb) levels.

Methods

Danish residents have a civil registration number which allows individual-
level linkage of administrative registries. We collected data from the fol-
lowing sources: (i) the Danish National Patient Registry,'" in which every
hospital admission is coded according to the International Classification
of Disease (ICD) system, (ii) the Danish National Prescription Registry,”
in which dispensed drugs are coded according to the Anatomical
Therapeutic Chemical Classification (ATC) System, (iii) laboratory data-
bases covering ~20% of the Danish population, (iv) the Danish
Transfusion Database, which records blood transfusions given in
Denmark since 2004, and (v) the Danish Civil Registration System, where
data on vital status are recorded.

Study population

We identified all patients discharged with first-time AF hospitalization in
Denmark between 1997 and 2012. Follow-up was started 14 days after
discharge with AF, because anticoagulation strategy is likely to be changed
during first AF hospitalization. We excluded patients with valvular AF,"
and patients who did not have a measured Hb in the prior 30days.
Patients diagnosed with bleeding in the 180days before entry were
excluded to avoid anaemia caused by recent bleeding. Patients with a
CHA;,DS,-VASc score of <2 were excluded, since these patients do not
have definitive recommendation for OAC therapy according to guide-
lines.® Included patients were divided according to World Health
Organization (WHO) definition of anaemia; no anaemia (Hb
>7.45 mmol/L for women and Hb >8.07 mmol/L for men), mild anaemia
(Hb 6.83—7.45 mmol/L women and Hb 6.83-8.07 mmol/L for men), and
moderate/severe anaemia (Hb <6.83 mmol/L for women and men).™

Baseline comedication and comorbidity

As in prior studies,"'® baseline medications were defined by ATC codes
for prescriptions claimed during the 180days prior to inclusion, and
comorbidity was defined with ICD codes from hospital contacts during
the last 5years before inclusion. Estimated glomerular filtration rate
(eGFR) was calculated using the Chronic Kidney Disease Epidemiology
Collaboration formula.'”” The ATC and ICD codes used to define the
study population are listed in Supplementary material online, Table S7.

Time in therapeutic range

Time in therapeutic range (TTR) was calculated for patients on vitamin K
antagonist (VKA) who had at least three available international normal-
ized ratio (INR) values during follow-up. Time in therapeutic range was

calculated using the Rosendaal Method,'® excluding INRs taken during
hospitalization and excluding INRs taken in periods off anticoagulation, as
in previous studies."”

Outcomes

Outcomes were (i) stroke/TE, defined using diagnosis codes for hospital-
ization with ischaemic stroke, transient ischaemic attack, or systemic em-
bolism?® and (i) major bleeding defined using diagnosis codes for
hospitalization with intracranial, gastrointestinal, airway, or urogenital
bleeding.”'

Statistics

Continuous covariates are presented as means with standard deviation
or medians with interquartile range. Categorical covariates are presented
as frequencies with percentages. Comparisons of baseline characteristics
were performed using the ¥ test for categorical covariates and the
Kruskal-Wallis test or the Student’s t-test for continuous covariates.
Patients were followed from 14 days after discharge with first-time AF
until the first occurrence of stroke, TE, major bleeding, discontinuation or
initiation of OAC, death, emigration, or 1 year of follow-up. Hazard ratios
(HRs) with 95% confidence intervals (Cls) were calculated using Cox re-
gression models. Subgroups of patients defined by anaemia were analysed
separately to estimate the effect of OAC on the hazard rates, and sub-
groups of OAC status were analysed separately to estimate the effect of
anaemia on the hazard rates. The Cox models with stroke/TE as out-
come were adjusted for age, cancer, sex, congestive heart failure, hyper-
tension, diabetes, vascular disease, previous stroke, reduced eGFR below
60 or 30 mL/min/1.73 m?, and use of acetylsalicylic acid and adenosine di-
phosphate (ADP) receptor blockers. The Cox models with major bleed-
ing as outcome were adjusted for age, sex, previous bleeding, previous
stroke, hypertension, chronic liver disease, alcohol abuse, reduced eGFR
below 60 and below 30 mL/min/1.73m? and use of acetylsalicylic acid,
ADP-receptor blockers, and non-steroid anti-inflammatory drugs. Cox
models with restricted cubic splines were used to examine the associ-
ation between Hb as a continuous variable and the rates of stroke and
bleeding. Standardized absolute risks of stroke and bleeding were com-
puted by combining the cause-specific Cox models of the competing
events in order to average the predicted absolute risks of each subject.?
Death without event was considered a competing risk for the calculation
of absolute 1-year risks. The absolute risks were standardized using all
included patients as the reference population (g-formula). Reported
were standardized absolute 1-year risks for each treatment group and
risk differences with 95% CI computed using the percentile bootstrap
method with 2000 replicates. We performed several sensitivity analyses.
First, we repeated analyses of HR of stroke/TE and major bleeding
associated with OAC when not censoring at initiation/discontinuation
of OAC. Second, we recalculated HR of stroke/TE and major bleeding
according to anaemia when reclassifying patients with recent red
blood cell transfusion, and we calculated absolute risk of blood trans-
fusion during follow-up according to anaemia status at baseline. Third,
we analysed HR of stroke/TE and major bleeding associated with an-
aemia and OAC when changing the 30-day cut-off for available Hb to
20 and 60 days. Fourth, we assessed HR of stroke/TE and major bleed-
ing associated with anaemia when excluding all patients with prior
cancer or prior bleeding. All analyses were performed with SAS ver-
sion 9.4, and R version 3.4.1.%

Ethics

Registry-based studies do not require ethical approval in Denmark, and
data were anonymized with no possibility for identification of individual
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AF patients with available HgB
(n=58,626)

Excluded
- Valvular disease(n=1549)
- Dead within 14 days
from discharge (n=4422)
- Bleeding 3 months before
inclusion (n=1940)
- HgB older than 30 days (n=27,192)
- CHA2DS2-VASc<2 (n=4789)

Y Y
Nermal HgB Mild anemia Moderate/severe anemia
(n=12,376) (n=3796) (n=2562)

Figure | Selection of the study population. Hb, haemoglobin.

patients. The study was approved by the Danish Data Protection Agency
(ref.no: 2007-58-0015/GEH-2014-012 |-Suite no: 02729).

Results

Characteristics of the study population
The study population consisted of 18 734 patients with AF and avail-
able Hb within the 30days prior to inclusion (Figure 7). A total of
12 376 (66%) patients did not have anaemia, 3796 (20%) had mild an-
aemia, and 2562 (14%) had moderate/severe anaemia (Table 7).
Patients with anaemia were more likely to have diagnosed cancer,
reduced eGFR, diabetes, previous bleeding, chronic obstructive pul-
monary disease, and were more likely to take iron, folate or B4, sup-
plements, and less likely to receive OAC. The clinical profile of
patients, not covered by our laboratory databases or patients with-
out recent available Hb, were broadly similar to included patients
(Supplementary material online, Table S2).

Risk of stroke/thromboembolism and

major bleeding according to anaemia
Decreasing Hb was associated with increased rate of major bleeding,
both among patients on OAC and among patients not on OAC
(Figure 2). Decreasing Hb was not significantly associated with the
rate of stroke/TE among patients not on OAC but was associated
with increased stroke/TE among patients on OAC. Anaemia status
and use of OAC affected the risk of stroke/TE and major bleeding dif-
ferently (Figure 3). Among patients not on OAC, moderate/severe
anaemia was associated with an increase in major bleeding (HR 1.46,
95% Cl 1.14-1.86), without an effect on stroke/TE (HR 0.97, 95% Cl
0.76-1.23). By contrast, among patients on OAC, moderate/severe
anaemia was associated with an increase in both major bleeding (HR
1.78,95% CI 1.30-2.48) and stroke/TE (HR 1.71, 95% CI 1.12-2.61).

Risk of stroke/thromboembolism and
major bleeding according to OAC

The standardized, absolute 1-year risk differences between patients
on and off OAC were altered by anaemia status (Table 2). OAC was
associated with a 2.5% (95% CI -2.9 to -1.1%) lower risk of stroke/TE
among patients without anaemia, and a 2.3% (95% Cl -3.8 to -0.8%)
lower risk among patients with mild anaemia, but with a 0.3% (95%
Cl -1.8 to 2.8%) higher risk of stroke/TE among patients with moder-
ate/severe anaemia (Table 2). Oral anticoagulation was associated
with a 2.0% (95% Cl 1.1-2.9%) higher risk of major bleeding among
patients without anaemia, a 1.6% (-0.3 to 3.6%) higher risk among
patients with mild anaemia, but with a 5.3% (95% Cl 2.1 to 8.7%)
higher risk of major bleeding among patients with moderate/severe
anaemia. The interaction between OAC and moderate/severe an-
aemia (compared to no anaemia) for stroke as the outcome was sig-
nificant (P = 0.01), but not for bleeding as outcome (P=0.16). The
differential effects of OAC according to anaemia status during the 1
year of follow-up are illustrated in Figure 4.

Time in therapeutic range according to
haemoglobin

The quality of anticoagulation control declined progressively
(P<0.01) with increasing severity of anaemia (Table 3). Patients with-
out anaemia had a median TTR of 63.9%, vs. 57.9% among patients
with mild anaemia and 54.8% among patients with moderate/severe
anaemia.

Sensitivity analyses

We repeated analyses of rate of stroke/TE and major bleeding
according to OAC stratified on anaemia without censoring patients
at the time of discontinuation of OAC (Supplementary material on-
line, Table S3) and had results similar to main analyses. We also
repeated analyses of rate of stroke/TE and major bleeding according
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Table I Baseline characteristics of the study population

No anaemia

Number of patients 12376
Age (years), median (IQR) 77.5(70.5-83.7)
Male (%) 5140 (41.5)
Living alone 6072 (49.1)
Hb (mmol/L), median (IQR) 8.6 (8.1-9.2)
CHA;DS,-VASc, median (IQR) 3(34)
HAS-BLED, median (IQR) 2 (2-3)
eGFR 30-60 (%) 5167 (41.8)
eGFR<30 (%) 525 (4.2)
Comorbidity
Hypertension (%) 7666 (61.9)
Previous stroke (%) 1508 (12.2)
Diabetes 1368 (11.1)
Vascular disease (%) 3037 (24.5)
Chronic liver disease (%) 65 (0.5)
Previous bleeding (%) 294 (2.4)
Cancer (%) 776 (6.3)
Congestive heart failure (%) 3035 (24.5)
Chronic obstructive pulmonary disease 1360 (11.0)
Comedication
Iron supplements 207 (1.7)
Vitamin B4,-supplements 523 (42)
Folic acid supplements 111 (0.9)
Beta-blocker (%) 7628 (61.6)
Loop diuretics 5240 (42.3)
Calcium channel blocker (%) 3960 (32.0)
RAS-inhibitor 5760 (46.5)
Digoxin (%) 5440 (44.0)
Statin (%) 2940 (23.8)
NSAID (%) 2183 (17.6)
ADP-receptor blocker (%) 405 (3.3)
Acetylsalicylic acid (%) 6082 (49.1)
Any oral anticoagulation (%) 5927 (47.9)
Vitamin K antagonist (%) 5617 (45.4)
Dabigatran (%) 239 (1.9)
Rivaroxaban (%) 71 (0.6)

Mild anaemia Moderate to severe anaemia P-value
3796 2562

80.5 (74.4-86.0) 80.2 (73.6-86.0) <0.001
2464 (64.9) 1105 (43.1) <0.001
1861 (49.0) 1425 (55.6) <0.001
7.3 (7.1-7.6) 6.4 (6.1-6.7) <0.001
3(34) 4 (34) <0.001
2 (2-3) 3(2-3) <0.001
1666 (43.9) 1015 (39.6) 0.003
397 (10.5) 419 (16.4) <0.001
2204 (58.1) 1475 (57.6) <0.001
479 (12.6) 276 (10.8) 0.071
554 (14.6) 402 (15.7) <0.001
1312 (34.6) 943 (36.8) <0.001
39 (1.0) 25 (1.0) 0.034
141 (3.7) 124 (4.8) <0.001
467 (12.3) 406 (15.8) <0.001
1040 (27.4) 575 (22.4) <0.001
368 (14.4) 3242 (14.6) <0.001
212 (5.6) 271 (10.6) <0.001
251 (6.6) 223 (87) <0.001
73 (1.9) 63 (2.5) <0.001
2118 (55.8) 1373 (53.6) <0.001
1979 (52.1) 1345 (52.3) <0.001
1145 (30.2) 824 (32.2) 0.087
1756 (46.3) 1204 (47.0) 0.847
1652 (43.5) 951 (37.1) <0.001
960 (25.3) 736 (28.7) <0.001
826 (21.8) 618 (24.1) <0.001
207 (5.5) 176 (6.9) <0.001
2123 (55.9) 1422 (55.5) <0.001
1299 (34.2) 606 (23.7) <0.001
1241 (32.7) 575 (22.4) <0.001
43 (1.1) 20 (0.8) <0.001
15 (0.4) 11 (0.4) 0.325

ADP, adenosine diphosphate; eGFR, estimated glomerular filtration rate; Hb, haemoglobin; IQR, interquartile range; NSAID, non-steroid anti-inflammatory drugs; RASI, renin—

angiotensin system inhibitor.

to anaemia when reclassifying patients with recent red blood cell
transfusion (Supplementary material online, Table S4). Patients with
recent transfusion had a rate of stroke/TE and major bleeding com-
parable to patients with moderate/severe anaemia, and rates of
stroke/TE and major bleeding for mild or moderate/severe anaemia
were not affected by the reclassification of patients with recent trans-
fusions. Analyses of stroke/TE and major bleeding according to an-
aemia status (Supplementary material online, Table S5) and according
to OAC status (Supplementary material online, Table S6) were not
affected by changing the 30-day cut-off for available Hb measure-
ments to 20 or 60days. Excluding patients with cancer or any

previous bleeding did not change main results regarding risk of
stroke/TE  or
(Supplementary material online, Table S7). In a gender-stratified ana-
lysis, both men (HR 0.62, 95% CI 0.49-0.79) and women (HR 0.50,
95% Cl 0.41-0.63) had lower risk of stroke/TE with OAC, and both
men (HR 1.23, 95% Cl 1.00-1.50) and women (1.52, 95% Cl 1.23—
1.89) had higher risk of bleeding with OAC. Supplementary material

major  bleeding associated with  anaemia

online, Figure S1 shows absolute risk of red blood cell transfusion dur-
ing follow-up according to anaemia at baseline. Absolute risk of red
blood cell transfusion was 17, 10, and 4% among patients with mod-
erate/severe anaemia, mild anaemia, and no anaemia, respectively.
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Figure 2 Hazard ratio of major bleeding and stroke/thromboembolism according to haemoglobin and oral anticoagulation among patients with
atrial fibrillation. Restricted cubic splines were constructed using fully adjusted Cox models of stroke/thromboembolism and major bleeding divided
by oral anticoagulation use with haemoglobin included as a continuous variable. Knots were placed at the 1st, 2nd, and 3rd quartiles of the distribu-
tion of haemoglobin. The 95% confidence intervals are displayed by shadow areas, and the histogram on the distribution of haemoglobin is displayed
below the hazard ratio curve. Reference value is 8 mmol/L. Hb, haemoglobin; OAC, oral anticoagulation; TE, thromboembolism.
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Figure 3 Adjusted hazard ratio of stroke/thromboembolism and major bleeding according to anaemia and oral anticoagulation among atrial fibrilla-

tion patients. Cl, confidence interval.
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Discussion

This was a large observational cohort study including real-world
patients with first-time hospitalization for AF and with indication of
OAC. We had the following major findings: (i) one-third of AF

patients had anaemia; (i) anaemia had a strong association with major

bleeding; and (i) among patients with moderate/severe anaemia, the
effect of OAC on stroke/TE was significantly attenuated, but the ef-
fect on major bleeding was greater.
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Table2 Stroke/thromboembolism and major bleeding according to haemoglobin and oral anticoagulation

Number
of events

Adjusted hazard
ratio (95% CI)

Non-standardized
absolute risk (95%Cl)

Standardized absolute
1-year risk (95% CI), %

Standardized absolute
1-year risk difference (95% ClI), %

Stroke/thromboembolism

No anaemia
No OAC 352 1.00 (reference) 5.9 (5.3-6.5)
OAC 171 0.52 (0.43-0.63) 34(29-39)
Mild anaemia
No OAC 138 1.00 (reference) 5.9 (4.9-6.8)
OAC 39 0.56 (0.39-0.80) 3.8 (2.6-5.0)
Moderate/severe anaemia
No OAC 88 1.00 (reference) 4.9 (3.8-5.8)
OAC 27 0.98 (0.62-1.55) 54 (3.9-7.5)
Major bleeding
No anaemia
No OAC 221 1.00 (reference) 3.7 (3242
OAC 261 1.46 (1.20-1.78) 5.3 (4.7-5.9)
Mild anaemia
No OAC 122 1.00 (reference) 5.3 (4.3-6.2)
OAC 71 1.20 (0.88-1.64) 7.1 (54-8.7)
Moderate/severe anaemia
No OAC 101 1.00 (reference) 5.5 (4.5-6.6)
OAC 51 1.84 (1.29-2.64) 10.2 (7.5-12.9)

Reference
-2.5% (-3.4 to -1.7%)

5.9% (5.3-6.6%)
3.4% (2.9-3.9%)

5.9% (5.0-6.9%)
3.6% (2.5-4.8%)

Reference
-2.3% (-3.8 to -0.8%)

5.0% (3.9-6.0%)
5.3% (3.4-7.5%)

Reference
0.3% (-1.8 to 2.8%)

3.6% (3.1-4.1%)
5.5% (4.9-6.3%)

Reference
2.0% (1.1-2.9%)

5.3% (4.4-6.2%)
6.9% (5.4-8.6%)

Reference
1.6% (-0.3 to 3.6%)

5.5% (4.3-6.6%)
10.8% (8.0-13.9%)

Reference
5.3% (2.1-8.7%)

Cl, confidence interval; Hb, haemoglobin; HR, hazard ratio; OAC, oral anticoagulation.
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Table 3 Anticoagulation control according to haemoglobin among patients on vitamin K antagonist with available

international normalized ratio values

No anaemia Mild anaemia Moderate/severe P-value
anaemia
Number of patients with at least three available INR values 3169 (56.4) 715 (57.6) 310 (53.9) 0.334
during follow-up (% of anticoagulated patients)
Number of INRs during the 1st year after inclusion, median (IQR) 10 (6-15) 9 (5-14) 9 (5-14) 0.052
Time in therapeutic range, median (IQR) 63.9 (36.3-84.8) 57.9 (26.8-81.8) 54.8 (19.5-79.7) <0.001
Percent of time with INR below 2.00, median (IQR) 15.1 (3.1-38.7) 17.0 (3.3-45.6) 23.3 (3.7-52.3) <0.001
Percent of time spend with INR above 3.00, median (IQR) 54 (0-19.3) 6.5 (0-22.2) 4.8 (0-20.3) 0.342

Hb, haemoglobin; INR, international normalized ratio; IQR, interquartile range.
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Risk of stroke/thromboembolism and
major bleeding according to
haemoglobin

Anaemia has previously been associated with increased rate of bleed-
ing among patients with AF,>*'° and is therefore, included in most
bleeding risk scores.”* Anaemia is likely to be a good marker for sev-
eral different causes of bleeding, including chronic kidney disease and
associated haemostatic dysfunction, bone marrow insufficiency, and
associated thrombocytopenia and could be found in relation to
minor bleedings caused by undiagnosed gastrointestinal cancer.

There is also available evidence to suggest an association between an-
aemia and low platelet function related to lower tendency for plate-
lets to marginate.”> Anaemia was associated with increased bleeding
both in the RE-LY and in the ARISTOTLE randomized trials, although
they excluded patients with severe anaemia (Hb of <10g/dL or 9g/
dL, respectively).840 Furthermore, they offered no opportunity to
study patients that did not receive OAC or to assess the prevalence
of anaemia in real-world AF patients.

Our study provides important new information, as one-third of AF
patients with indication for OAC had anaemia, and we found a dose-
response relation between reduced Hb levels and an increase in rate
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of major bleeding, irrespective of OAC use. In contrast to the rate of
bleeding associated with anaemia in AF, much less evidence exists
regarding the association between anaemia and stroke/TE. Some
studies of AF patients on OAC found anaemia to be associated with
increased rate of stroke/'I'E,9 while others did not.'® Stroke risk ideal-
ly is investigated among patients that do not receive OAC, since the
risk is not influenced by quality of oral anticoagulation control in this
population. We found no association between anaemia and stroke
risk among AF patients without OAC treatment, but we found a lin-
early increased rate of bleeding associated with lower Hb, both
among patients on OAC and not on OAC. This association could
indicate that patients with lower Hb are more prone to bleeding
than TE.

Benefit with oral anticoagulation
according to anaemia
Anticoagulation in AF must balance the benefits of reducing stroke
against the risk of increasing bleeding. Identification of patients in
whom harms of OAC outweigh the benefits could improve out-
comes. Since lower Hb values are associated with more bleeding on
OAC, but no change in the risk of stroke/TE, the balance of benefit
and risk from OAC may be reversed in patients with moderate/se-
vere anaemia. Oral anticoagulation was associated with an ~50%
reduced risk of stroke/TE among patients without anaemia in our
study, a reduction close to the risk reduction found in randomized
controlled clinical trials. However, we found a significant attenuation
in the stroke risk reduction associated with OAC among patients
with moderate/severe anaemia (interaction P=0.01), to the point
that there was no effect of OAC (Table 2). Furthermore, OAC was
associated with a 5.3% higher risk of major bleeding among patients
with moderate/severe anaemia (Table 2). There are several possible
reasons why OAC was not associated with reduced stroke/TE in this
population. First, patients with moderate/severe anaemia had worse
anticoagulation control on a VKA, with a median TTR of 54.8% during
follow-up. The benefit of a VKAs declines progressively with lower
achieved TTR** and may be non-existent once TTR is <58-60%.%
Patients with moderate/severe anaemia spend more time with INR
below 2.00 than patients without anaemia, and it is also possible that
some physicians aimed at a lower target INR for these patients. If so,
this approach did not result in significantly lower time above INR
3.00 or lower risk of bleeding compared to patients without anaemia
on VKA. Second, it is possible that a larger proportion of patients
with AF and anaemia had poor compliance with OAC or discontin-
ued OAC during follow-up; however, results obtained when censor-
ing at discontinuation showed even less benefit with OAC compared
with analyses not censored at discontinuation. Third, although <10%
of strokes in the Danish registries are of haemorrhagic origin,” in a
population with very high baseline bleeding risk, such as patients with
AF on OAC with anaemia, it is possible that a larger proportion of
the strokes might have been of haemorrhagic origin. Fourth, warfarin
has previously been associated with increased vascular calcification
due to inhibition of carboxylation of matrix G protein, which pre-
vents arterial calcification,”® and patients with anaemia could be more
susceptible to these effects of warfarin.

Should patients with AF and moderate/severe anaemia not receive
OAC? Randomized controlled trials provide no data to answer this

question. In this large, national population cohort, we found markedly
increased risk of major bleeding, low TTR, and little to no effect on
stroke from OAC in patients with moderate/severe anaemia. Our
results suggest that physicians should carefully weigh the potential
risks and benefits of OAC in patients with AF and moderate/severe
anaemia; closer follow-up, tighter anticoagulation control, strenuous
efforts to investigate (and treat the reversible causes of) the anaemia,
and sometimes, lack of initiation or discontinuation of OAC may be
options in this population.

Strengths and limitations
The main strength of our study is the real-world nature of the cohort
and inclusion of patients irrespective of OAC, age, sex and participa-
tion in a health insurance programme. We have practically no loss to
follow-up. Of patients with a diagnosis of AF in the Danish registries,
99% had documentation of AF with Holter or electrocardiogram in
an earlier validation study.?” The

diagnosis of stroke has been validated with a positive predictive
value of more than 90%,%° and the majority of diagnoses have been
validated in the Danish registries.30 Furthermore, we had access to a
large sample of laboratory values including INR, Hb, and creatinine
which are usually not available in administrative registries. Our study
also has limitations. First, our study was observational, so our results
should ideally be validated in a randomized setting. Second, there
have been many changes in management of AF during our 15-year
study period from 1997 to 2012, and data regarding Hb were not
available after 2012. For this reason, few patients in our study
received non-VKA oral anticoagulants, and we do not know if our
findings are restricted only to patients on VKA. Third, we only had
recent Hb for a subpopulation of our nationwide cohort, but age
and sex distribution as well as stroke and bleeding risks were simi-
lar between patients with available Hb and patients not covered
by our laboratory databases, and we have no reason to believe
that we have introduced selection bias. Fourth, we could not char-
acterize the cause of anaemia in our study, and the effect of OAC
might differ between causes. Fifth, as a real-world cohort, cerebral
imaging was not uniformly available for our population and it was
not always possible for us to distinguish between ischaemic
and haemorrhagic strokes. Sixth, we included only patients with
incident AF hospitalization in order to homogenize our study
population and in order to prevent survivor bias among prevalent
AF patients, but our findings might not be generalizable to other
presentations of AF.

Conclusions

In a large real-world observational study of patients with AF, one-
third of patients had anaemia, which was associated with increased
rate of major bleeding and low TTR. Oral anticoagulation was
associated with reduced risk of stroke/TE among patients with no
anaemia or mild anaemia, but not among patients with moderate/
severe anaemia. Caution with OAC might be warranted among
patients with AF and moderate/severe anaemia, who require care-
ful evaluation of the balance between harm or benefit of
treatment.
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