
Copyright 2014 American Medical Association. All rights reserved.

Warfarin, Kidney Dysfunction, and Outcomes Following
Acute Myocardial Infarction in Patients With Atrial Fibrillation
Juan Jesús Carrero, PhD(Pharm and Med); Marie Evans, MD, PhD; Karolina Szummer, MD, PhD; Jonas Spaak, MD, PhD; Lars Lindhagen, PhD;
Robert Edfors, MD; Peter Stenvinkel, MD, PhD; Stefan H Jacobson, MD, PhD; Tomas Jernberg, MD, PhD

IMPORTANCE Conflicting evidence exists regarding the association between warfarin
treatment, death, and ischemic stroke incidence in patients with advanced chronic kidney
disease (CKD) and atrial fibrillation.

OBJECTIVE To study outcomes associated with warfarin treatment in relation to kidney
function among patients with established cardiovascular disease and atrial fibrillation.

DESIGN, SETTING, AND PARTICIPANTS Observational, prospective, multicenter cohort study
from the Swedish Web-System for Enhancement and Development of Evidence-Based Care
in Heart Disease Evaluated According to Recommended Therapies (SWEDEHEART) registry
(2003-2010), which includes all Swedish hospitals that provide care for acute cardiac
diseases. Participants included consecutive survivors of an acute myocardial infarction (MI)
with atrial fibrillation and known serum creatinine (N = 24 317), including 21.8% who were
prescribed warfarin at discharge. Chronic kidney disease stages were classified according to
estimated glomerular filtration rate (eGFR).

MAIN OUTCOMES AND MEASURES (1) Composite end point analysis of death, readmission due
to MI, or ischemic stroke; (2) bleeding (composite of readmission due to hemorrhagic stroke,
gastrointestinal bleeding, bleeding causing anemia, and others); or (3) the aggregate of these
2 outcomes within 1 year from discharge date.

RESULTS A total of 5292 patients (21.8%) were treated with warfarin at discharge, and 51.7% had
manifest CKD (eGFR <60 mL/min/1.73 m2 [eGFR<60]). Compared with no warfarin use, warfarin
was associated with a lower risk of the first composite outcome (n = 9002 events) in each CKD
stratum for event rates per 100 person-years: eGFR>60 event rate, 28.0 for warfarin vs 36.1 for
no warfarin; adjusted hazard ratio (HR), 0.73 (95% CI, 0.65 to 0.81); eGFR>30-60: event rate, 48.5
for warfarin vs 63.8 for no warfarin; HR, 0.73 (95% CI, 0.66 to 0.80); eGFR>15-30: event rate,
84.3 for warfarin vs 110.1 for no warfarin; HR, 0.84 (95% CI, 0.70-1.02); eGFR≤15: event rate, 83.2
for warfarin vs 128.3 for no warfarin; HR, 0.57 (95% CI, 0.37-0.86). The risk of bleeding (n = 1202
events) was not significantly higher in patients treated with warfarin in any CKD stratum for
event rates per 100 person-years: eGFR>60 event rate, 5.0 for warfarin vs 4.8 for no warfarin; HR,
1.10 (95% CI, 0.86-1.41); eGFR>30-60 event rate, 6.8 for warfarin vs 6.3 for no warfarin; HR, 1.04
(95% CI, 0.81-1.33); eGFR>15-30 event rate, 9.3 for warfarin vs 10.4 for no warfarin; HR, 0.82 (95%
CI, 0.48-1.39); eGFR≤15 event rate, 9.1 for warfarin vs 13.5 for no warfarin; HR, 0.52 (95% CI,
0.16-1.65). Warfarin use in each CKD stratum was associated with lower hazards of the aggregate
outcome (n = 9592 events) for event rates per 100 person-years: eGFR>60 event rate, 32.1 for
warfarin vs 40.0 for no warfarin; HR, 0.76 (95% CI, 0.69-0.84); eGFR>30-60 event rate, 53.6
for warfarin vs 69.0 for no warfarin; HR, 0.75 (95% CI, 0.68-0.82); eGFR>15-30 event rate,
90.2 for warfarin vs 117.7 for no warfarin; HR, 0.82 (95% CI, 0.68-0.99); eGFR≤15 event rate, 86.2
for warfarin vs 138.2 for no warfarin; HR, 0.55 (95% CI, 0.37-0.83).

CONCLUSIONS AND RELEVANCE Warfarin treatment was associated with a lower 1-year risk for
the composite outcome of death, MI, and ischemic stroke without a higher risk of bleeding in
consecutive acute MI patients with atrial fibrillation. This association was not related to the
severity of concurrent CKD.
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P atients with chronic kidney disease (CKD) experience
a marked increased risk of atherothrombotic and
thromboembolic complications, such as myocardial

infarction and stroke, and simultaneously have an increased
risk of bleeding.1,2 Both of these risks increase exponentially
as renal function deteriorates. Embolism from the heart is a
major cause of ischemic stroke, particularly in atrial fibrilla-
tion. Patients with concomitant atrial fibrillation and
reduced kidney function are increasingly common, not only
because both conditions share common risk factors, but
also because they promote one another.3,4 Not unexpect-
edly, patients with CKD and atrial fibrillation have higher
risk of ischemic stroke and thrombembolism than patients
without CKD.5,6

Anticoagulation therapies, such as warfarin, are indi-
cated in most patients with atrial fibrillation and supported
by prospective, randomized trials demonstrating a marked
efficacy. Although such trials have excluded individuals
with renal dysfunction, the use of anticoagulation has also
been extended to patients with CKD. However, in recent
years, observational studies suggest that the use of warfarin
may actually increase the risk of death and stroke among
such patients.7-9 On the other hand, other reports show
no increased risk in patients with hemodialysis who are
treated with warfarin and patients with CKD and atrial
fibrillation.10-12 This conflicting evidence allows no clear rec-
ommendation regarding the use of warfarin in patients with
CKD, despite their high risk of stroke. Further, it is unknown
whether there is a level of renal dysfunction at which the
risk may outweigh the benefit. The objective of this study
was to investigate outcomes associated with warfarin treat-
ment in relation to kidney function among patients with
established cardiovascular disease and atrial fibrillation (ie, a
group of patients having a strong rationale for anticoagula-
tion therapy according to the CHA2DS2-VASc score for atrial
fibrillation stroke risk criteria).13,14

Methods
Patient Population
All patients were informed about their participation in the
registry and the follow-up and had the right to refuse. The
registry and the merging of registries were approved by The
National Board of Health and Welfare and the ethics com-
mittee at Karolinska Institutet, Stockholm. We used data
from 2003 to 2010 from the nationwide Swedish Web-
System for Enhancement and Development of Evidence-
Based Care in Heart Disease Evaluated According to Recom-
mended Therapies (SWEDEHEART) registry. This registry
includes all Swedish hospitals (N = 72) that provide care for
acute cardiac diseases, and enrolls all consecutive patients
admitted to a coronary care unit with symptoms suggestive
of an acute coronary syndrome.15

Clinical Characteristics
Previous history of diabetes mellitus, hypertension, myocar-
dial infarction, heart failure, peripheral vascular disease, atrial

fibrillation, ischemic stroke, hemorrhagic stroke, other bleed-
ing, chronic obstructive pulmonary disease, dementia, or can-
cer were obtained from the SWEDEHEART registry form and
enriched with data linkages to the National Inpatient Regis-
try, which includes diagnoses for all patients hospitalized in
Sweden since 1987 to December 31, 2011 (eTable 1 in the Supple-
ment). Information on patient presentation at admission, hos-
pital course variables, and medication at admission and dis-
charge were also collected. Atrial fibrillation was defined as a
history of atrial fibrillation, electrocardiography showing signs
of atrial fibrillation, or both, either on admission or during the
in-hospital course.

Renal Function Assessment
Estimated glomerular filtration rate (eGFR) was estimated from
serum creatinine values with the Chronic Kidney Disease Epi-
demiology Collaboration (CKD-EPI) equation: mL/min/1.73 m2.16

The majority of creatinine assessments were performed by either
enzymatic or corrected Jaffe method (alkaline picrate reac-
tion), both of which are traceable to isotope dilution mass spec-
troscopy standards. For creatinine measurements performed
with non–isotope dilution mass spectroscopy-traceable meth-
ods, values were reduced by 5% prior to being entered into the
CKD-EPI formula.17,18 On the basis of current International
Society of Nephrology’s Kidney Disease Improving Global Out-
comes (KDIGO) recommendations,19 the following categoriza-
tion for renal dysfunction was used: normal renal function and
CKD stages 1 and 2, defined as eGFR higher than 60 mL/min/
1.73 m2 (eGFR>60); moderate dysfunction (CKD stage 3), de-
fined as eGFR higher than 30 to 60 mL/min/1.73 m2 (eGFR>30-60);
severe dysfunction (CKD stage 4), defined as eGFR higher than
15 to 30 mL/min/1.73 m2 (eGFR>15-30); and end-stage renal dis-
ease (CKD stage 5), defined as eGFR less than or equal to 15 mL
/min/1.73 m2 (eGFR≤15). In the absence of data on albuminuria,
the category eGFR>60 includes individuals with both normal re-
nal function and CKD stages 1 and 2.

Definition of Exposure and Outcomes
The exposure was prescription of warfarin at discharge as reg-
istered in SWEDEHEART. No information on warfarin dos-
ages was available. Mortality data were obtained by data link-
ages to the Swedish population registry, which included
information about the vital status of all Swedish citizens
through December 31, 2011. Hospitalizations during fol-
low-up due to myocardial infarction, ischemic stroke, or bleed-
ing were obtained from the National Inpatient Registry. Bleed-
ing was defined as readmission due to hemorrhagic stroke,
gastrointestinal bleeding, bleeding causing anemia, and oth-
ers. Outcome definitions are further expanded in eTable 2 in
the Supplement.

The following outcomes were defined a priori: (1) the com-
posite outcome of death, readmission due to myocardial in-
farction and ischemic stroke within 1 year from discharge date,
(2) readmission because of bleeding within 1 year from dis-
charge date, and (3) the aggregate of these 2 outcomes. For these
composite end points, the earliest (if any) event was selected.
When analyzing separate end points, patients were censored
for death. No other censoring was applied.
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Statistical Analyses
Data analysis was performed with R (http://www.r-project
.org), version 2.15.0. Statistical significance was a P value less
than .05 with 2-sided testing. Missing data were handled using
multiple imputation by the method of chained equations.20 The
R package’s Multivariate Imputation by Chained Equations
(MICE) was used to form 20 imputed data sets.

Warfarin use vs no warfarin use was considered as a
time-fixed binary variable throughout the follow-up period.
Event rates for the study outcomes were calculated for each
renal dysfunction category, reporting crude risk ratios. The
association between warfarin and outcomes was studied by
Cox proportional hazard models. Two sets of multivariable
models were investigated to study the effect of potential con-
founders: (1) adjustment for age (5-knot restricted cubic
spline), sex, eGFR, preexisting comorbidities (diabetes melli-
tus, hypertension, myocardial infarction, chronic heart fail-
ure, peripheral vascular disease, ischemic stroke, bleeding,
chronic obstructive pulmonary disease, and cancer within
3 years), patient presentation characteristics at admission
(ST segment elevation myocardial infarction [STEMI] and
decompensated heart failure [Killip class ≥2]), hospital course
(percutaneous coronary intervention and coronary artery
bypass graft), discharge medication (antiplatelet therapy
[none, mono, or dual]), β-blockers, angiotensin-converting
enzyme inhibitors/angiotensin receptor blockers, and stat-
ins), and center effect (as a random effect via a γ frailty distri-
bution); and, in a separate model, (2) we further adjusted for
left ventricular ejection fraction due to the large amount of
imputed data for this variable. Inverse-variance–weighted
linear regression was used to assess linear trends across eGFR
categories (using equidistant CKD stages) on studied out-
comes. Time to event (cumulative incidence) Kaplan-Meier
curves were plotted across CKD stages with and without war-
farin treatment.

Two sensitivity analyses were performed: to assess the
effect of imputation, we (1) ran a complete-case analysis for
the adjusted model (there were 23 056 such patients, corre-
sponding to 94.8% of the total study population); and to
assess the effect of confounding by indication, (2) propen-
sity scores were calculated using random-effects logistic
regression models with warfarin at discharge as the out-
come and all variables of the primary analysis model as
explanatory variables.21 Patients were then matched on esti-
mated propensity scores using full matching22 via the R
package’s Optmatch. A caliper of 0.01 was used, except for
the patient category of eGFR≤15, where this led to many
unmatched patients. For this stratum, a caliper of 0.02 was
used instead. The analysis was then done as a Cox regres-
sion with warfarin at discharge as a predictor, and the
matching indicator as a random effect using a γ frailty
model.

In a final step, subgroup analyses were performed to as-
sess the robustness of our results. Not all of these models could
be run successfully due to (1) no warfarin contrast (no con-
trast in the exposure), (2) too few events (strata with <10
events), and (3) the model failed to converge. When this oc-
curred it is indicated in the corresponding tables.

Results

Between 2003 and 2010, a total of 158 059 individuals were ad-
mitted with an acute myocardial infarction. Atrial fibrillation
was found in 34 087 individuals. Patients were excluded if they
lacked information on serum creatinine (n = 2351), warfarin
treatment (n = 357), or age (n = 2). They were also excluded if
they died before hospital discharge (n = 2580), had been reg-
istered in SWEDEHEART previously (n = 4367) or because of
registration errors (n = 113). A patient flowchart is illustrated
in eFigure 1 in the Supplement.

Patient Characteristics
The remaining 24 317 patients were included in the analysis
and 21.8% of these were prescribed warfarin at discharge.
Table 1 and Table 2 summarize baseline characteristics of in-
cluded patients stratified by warfarin treatment. Patients
treated with warfarin did not differ from patients receiving no
warfarin with regard to basic demographics. However, sev-
eral comorbidities, such as heart failure, diabetes, and ische-
mic stroke, were more common in individuals treated with war-
farin. In both groups, the CHADS2 score was 2 or higher in the
majority of patients. Clinical history of hemorrhagic stroke and
bleeding seemed more frequent among patients who did not
receive warfarin at discharge. There was a similar rate of pa-
tient inclusion during the different admission years.

As many as 51.7% of patients were considered to have
CKD stage 3 or higher, with an eGFR higher than 60 mL/min/
1.73 m2. Of these, 41.7% of patients had CKD stage 3, 8.1% had
CKD stage 4, and 2.0% had CKD stage 5. eTable 3 in the
Supplement shows patient characteristics according to CKD
stages and warfarin treatment. As CKD categories increased
in severity, patients tended to be older and less often smok-
ers. The prevalence of comorbid diabetes, hypertension, car-
diovascular disease (myocardial infarction, chronic heart fail-
ure, peripheral vascular disease, and ischemic stroke), as well
as the number of patients with a CHADS2 score of 2 or higher
increased with the worsening of CKD stages. Patients with
CKD also presented more severe symptoms, such as heart
failure (Killip class ≥2), at admission, but the number of
patients presenting with STEMI and the proportion of percu-
taneous coronary interventions performed decreased. Dual
antiplatelet therapy and statin treatment at discharge seemed
less common across worsening CKD stages, but the propor-
tion of patients receiving calcium antagonists or diuretics
tended to increase. Patients with CKD stage 5 were less often
prescribed warfarin (13.8%) compared with other categories
(eGFR>60, 22.0%; eGFR>30-60, 22.4%; eGFR>15-30, 18.9%). In all
CKD strata, patients receiving warfarin more often had a his-
tory of heart failure, ischemic stroke, and diabetes, as well as
a higher CHADS2 score. History of hemorrhagic stroke or
prior bleeding tended to be less common among patients
treated with warfarin across the different CKD strata.

Outcome Analyses
The number of patients who developed the composite out-
come, bleeding events, and the aggregate of these 2 out-
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comes increased with the worsening of CKD categories
(Table 3), as did the rate at which these events occurred
(Table 3, Figure 1 [panels A and C], and Figure 2 [panel A]).
Within each CKD category and compared with patients
receiving no warfarin, those receiving warfarin had a lower
number of events of the composite of death, myocardial
infarction, or stroke (eGFR>60, 23.5% with warfarin vs 28.8%
without warfarin; eGFR>30-60, 36.3% with warfarin vs
44.0% without warfarin; eGFR>15-30, 53.2% with warfarin vs

61.0% without warfarin; eGFR≤15, 53.0% with warfarin vs
66.0% without warfarin), as well as the number of aggre-
gated events (death, myocardial infarction, stroke, and
bleeding; eGFR>60, 26.4% with warfarin vs 31.1% without
warfarin; eGFR>30-60, 39.1% with warfarin vs 46.4%
without warfarin; eGFR>15-30, 55.1% with warfarin vs 63.0%
without warfarin; eGFR≤ 1 5, 54.5% with warfarin vs
68.7% without warfarin), as well as a lower incidence rate
(Table 3, Figure 1 [panel B], and Figure 2 [panel B]). The

Table 1. Demographics, Clinical and In-Hospital Course Characteristics of 24 317 Myocardial Infarction Patients
With Atrial Fibrillation and Stratified According to Warfarin Treatment at Discharge

No. (%)
All Patients

(n = 24 317)
No Warfarin

(n = 19 025)
Warfarin

(n = 5292)
Demographics

Age, median (range), y 79 (29-103) 80 (32-103) 78 (29-98)

Men 14 451 (59.4) 11 069 (58.2) 3382 (63.9)

Smoking, n = 21 278 2801 (13.2) 2329 (14.1) 472 (10.0)

BMI, median (10th-90th), n = 9990 25.7 (21.1-32.0) 25.5 (20.9-31.7) 26.2 (21.6-33.0)

Admission, No. (% of patients included), y

2003-2004 5888 (24.2) 4731 (24.9) 1157 (21.9)

2005-2006 6257 (25.7) 5037 (26.5) 1220 (23.1)

2007-2008 6416 (26.4) 4929 (25.9) 1487 (28.1)

2009-2010 5756 (23.7) 4328 (22.7) 1428 (27.0)

Creatinine, median (10th-90th), mg/dL 1.07 (0.70-1.83) 1.07 (0.73-1.84) 1.09 (0.75-1.80)

eGFR, median (10th-90th) 58.9 (29.9-87.5) 58.8 (29.4-87.7) 59.2 (31.5-87.1)

eGFR strata, mL/min/1.73 m2a

>60 11 734 (48.3) 9150 (48.1) 2584 (48.8)

>30-60 10 139 (41.7) 7869 (41.4) 2270 (42.9)

>15-30 1966 (8.1) 1594 (8.4) 372 (7.0)

≤15 478 (2.0) 412 (2.2) 66 (1.2)

Comorbidities and presentation at admission

Diabetes mellitus 6842 (28.1) 5231 (27.5) 1611 (30.4)

Hypertension 13 025 (53.6) 10 165 (53.4) 2860 (54.0)

Myocardial infarction 9577 (39.4) 7504 (39.4) 2073 (39.2)

Heart failure 10485 (43.1) 7808 (41.0) 2677 (50.6)

Peripheral vascular disease 2188 (9.0) 1683 (8.8) 505 (9.5)

Ischemic stroke 4626 (19.0) 3392 (17.8) 1234 (23.3)

Hemorrhagic stroke 455 (1.9) 401 (2.1) 54 (1.0)

Any stroke 5485 (22.6) 4807 (21.5) 1398 (26.4)

Any bleeding 2513 (10.3) 2133 (11.2) 380 (7.2)

Chronic obstructive pulmonary disease 3049 (12.5) 2374 (12.5) 675 (12.8)

Dementia 160 (0.8) 146 (0.8) 14 (0.3)

Cancer diagnosis within 3 y 1020 (4.2) 851 (4.5) 169 (3.2)

CHADS2 score ≥2 19161 (78.8) 14 829 (77.9) 4332 (81.9)

Previous PCI 2907 (12.0) 2185 (11.5) 722 (13.6)

Previous CBAG 3145 (12.9) 2244 (11.8) 901 (17.0)

Hospital course

Decompensated heart failure (Killip ≥2),
n = 23 392

6188 (26.5) 4858 (26.6) 1330 (25.9)

STEMI 5163 (21.5) 4194 (22.3) 969 (18.5)

PCI 7217 (29.7) 5774 (30.3) 1443 (27.3)

CABG 509 (2.1) 375 (2.0) 134 (2.5)

Left ventricular ejection fraction <50%,
n = 13 979

8549 (61.2) 6364 (59.6) 2185 (66.1)

New atrial fibrillation 5903 (24.8) 4940 (26.6) 963 (18.5)

Intravenous inotrope 933 (3.9) 763 (4.0) 170 (3.2)

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
CABG, coronary artery bypass graft;
eGFR, estimated glomerular filtration
rate; PCI, percutaneous coronary
intervention; STEMI, ST-segment
elevation myocardial infarction.

SI conversion factors: To convert
creatinine to μmol/L, multiply by
88.4.
a The eGFRs were estimated from

serum creatinine values with the
Chronic Kidney Disease
Epidemiology Collaboration
equation.
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Table 3. Number and Proportion of Events and Crude Relative Risks for Composite and Single Outcomes Stratified by Warfarin Treatment in
Individuals With Differing Severity of Chronic Kidney Disease

Outcomes, No. (%)a All Patients

eGFR Strata, mL/min/1.73 m2

>60b >30-60b >15-30b ≤15b

No. of patients 24 317 11 734 10 139 1966 478

Composite of death, myocardial infarction,
and ischemic strokec

9002 (37.0) 3239 (27.6) 4286 (42.3) 1170 (59.5) 307 (64.2)

Warfarin 1664 (31.4) 607 (23.5) 824 (36.3) 1004 (53.2) 272 (53.0)

No warfarin 7338 (38.6) 2632 (28.8) 3462 (44.0) 205 (61.0) 35 (66.0)

Relative risk (95% CI) 0.82 (0.78-0.85) 0.82 (0.76-0.88) 0.83 (0.78-0.88) 0.87 (0.79-0.97) 0.80 (0.63-1.02)

Bleeding 1202 (4.9) 506 (4.3) 526 (5.2) 132 (6.7) 38 (7.9)

Warfarin 277 (5.2) 118 (4.6) 130 (5.7) 25 (6.7) 4 (6.1)

No warfarin 925 (4.9) 388 (4.2) 396 (5.0) 107 (6.7) 34 (8.3)

Relative risk (95% CI) 1.08 (0.94-1.23) 1.08 (0.88-1.32) 1.14 (0.94-1.38) 1.00 (0.66-1.52) 0.73 (0.27-2.00)

Composite of death, myocardial infarction,
ischemic stroke, and bleedingd

9592 (39.4) 3528 (30.1) 4536 (44.7) 1209 (61.5) 319 (66.7)

Warfarin 1809 (34.2) 681 (26.4) 887 (39.1) 205 (55.1) 36 (54.5)

No warfarin 7783 (40.9) 2847 (31.1) 3649 (46.4) 1004 (63.0) 283 (68.7)

Relative risk (95% CI) 0.84 (0.80-0.87) 0.85 (0.79-0.91) 0.84 (0.80-0.89) 0.87 (0.79-0.97) 0.79 (0.63-1.00)

Death 5358 (22.0) 1564 (13.3) 2633 (26.0) 907 (46.1) 254 (53.1)

Warfarin 924 (17.5) 274 (10.6) 469 (20.7) 149 (40.1) 32 (48.5)

No warfarin 4434 (23.3) 1290 (14.1) 2164 (27.5) 758 (47.6) 222 (53.9)

Relative risk (95% CI) 0.75 (0.70-0.80) 0.75 (0.67-0.85) 0.75 (0.69-0.82) 0.84 (0.74-0.96) 0.90 (0.69-1.17)

Myocardial infarction 4682 (19.3) 1848 (15.7) 2203 (21.7) 506 (25.7) 125 (26.2)

Warfarin 927 (17.5) 356 (13.8) 469 (20.7) 92 (24.7) 10 (15.2)

No warfarin 3755 (19.7) 1492 (16.3) 1734 (22.0) 414 (26.0) 115 (27.9)

Relative risk (95% CI) 0.89 (0.83-0.95) 0.84 (0.76-0.94) 0.94 (0.86-1.03) 0.95 (0.78-1.16) 0.54 (0.30-0.98)

Ischemic stroke 1145 (4.7) 477 (4.1) 560 (5.5) 92 (4.7) 16 (3.3)

Warfarin 172 (3.3) 85 (3.3) 76 (3.3) 11 (3.0) 0 (0)

No warfarin 973 (5.1) 392 (4.3) 484 (6.2) 81 (5.1) 16 (3.9)

Relative risk (95% CI) 0.64 (0.54-0.75) 0.77 (0.61-0.97) 0.54 (0.43-0.69) 0.58 (0.31-1.08)

Abbreviations: eGFR, estimated glomerular filtration rate.
a The composite and aggregated outcomes take the earliest event in time for

that individual, and thus the number of events considered does not
necessarily equal the sum of the counts of the original composite events. The
explanation is that patients can have more than 1 of the events considered
during disease course.

b The eGFRs were estimated from serum creatinine values with the Chronic
Kidney Disease Epidemiology Collaboration equation.

c Event count is as follows: 3551 deaths, 4573 myocardial infarctions, and 878
ischemic strokes.

d Event count is as follows: 3347 deaths, 4501 myocardial infarctions, 1028
ischemic strokes, and 716 bleeding events.

Table 2. Medication at Admission and at Discharge in Patients With Myocardial Infarction and Atrial Fibrillation, Stratified by Warfarin Treatment at
Discharge

Medication, No. (%)

All Patients
(n = 24 317)

No Warfarin
(n = 19 025)

Warfarin
(n = 5292)

Admission Discharge Admission Discharge Admission Discharge
Warfarin 4311 (17.9) 5292 (21.7) 1098 (5.8) 0 (0) 3213 (60.9) 5292 (100)

Mono antiplatelet therapy 12 007 (49.8) 9942 (40.9) 10 619 (56.3) 7910 (41.6) 1388 (26.4) 2032 (38.5)

Dual antiplatelet therapy 1259 (5.2) 10 895 (44.8) 1130 (6.0) 10 009 (52.6) 129 (2.4) 886 (16.8)

Aspirin 12 676 (52.5) 19 536 (80.4) 11 265 (59.6) 17 263 (90.8) 1411 (26.8) 2273 (43.0)

Other antiplatelet therapy 1875 (7.8) 12 211 (50.3) 1638 (8.7) 10 677 (56.2) 237 (4.5) 1534 (29.0)

β-blockers 13 905 (57.7) 21 049 (86.6) 10 585 (56.1) 16 393 (86.2) 3320 (63.1) 4656 (88.1)

Calcium antagonists 5073 (21.1) 4284 (17.7) 3924 (20.8) 3278 (17.3) 1149 (21.9) 1006 (19.1)

Digoxin 3428 (14.2) 4205 (17.3) 2344 (12.4) 2861 (15.1) 1084 (20.6) 1344 (25.4)

Angiotensin-converting enzyme inhibi-
tors and angiotensin receptor II blockers

10 080 (41.7) 3961 (66.6) 7445 (39.4) 12 212 (64.2) 2635 (50.0) 3961 (74.9)

Diuretics 11 514 (47.7) 3483 (60.9) 8788 (46.6) 11 310 (59.5) 2726 (51.7) 3483 (65.9)

Statins 7414 (30.7) 3792 (64.7) 5481 (29.1) 11 915 (62.7) 1933 (36.7) 3792 (71.8)
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crude relative risk of bleeding was not significantly higher
in patients treated with warfarin in any CKD stratum
(eGFR>60: relative risk [RR], 1.08 [95% CI, 0.88 to 1.32];
eGFR>30-60: RR, 1.14 [95% CI, 0.94 to 1.38]; eGFR>15-30: RR,
1.00 [95% CI, 0.66 to 1.52]; eGFR≤15: RR, 0.73 [95% CI, 0.27 to
2.00], Figure 1, panel D). Regardless of CKD stage, the num-
ber of deaths was lower in patients treated with warfarin
compared with patients receiving no warfarin. The rate of
readmissions due to myocardial infarction and ischemic

strokes were lower in the patients treated with warfarin
across all renal function strata.

Table 4 shows the results from the Cox regression analy-
ses. For each stratum of CKD, warfarin treatment was asso-
ciated with a lower risk of the composite outcome of death,
myocardial infarction, and stroke (eGFR>60: adjusted hazard
ratio [HR], 0.73 [95% CI, 0.65 to 0.81]; eGFR>30-60: HR, 0.73
[95% CI, 0.66 to 0.80]; eGFR>15-30: HR, 0.84 [95% CI, 0.70 to
1.02]; eGFR≤15: HR, 0.57 [95% CI, 0.37 to 0.86]), as well as a

Figure 1. Kaplan-Meier Curves for Individuals With Differing Degrees of Renal Function Stratified by Warfarin Use
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lower risk of the aggregated composite outcome further
considering bleeding (eGFR>60: HR, 0.76 [95% CI, 0.69 to
0.84]; eGFR>3 0 - 6 0: HR, 0.75 [95% CI, 0.68 to 0.82];
eGFR>15-30: HR, 0.82 [95% CI, 0.68 to 0.99]; eGFR≤15: HR,
0.55 [95% CI, 0.37 to 0.83]). For the patients treated with
warfarin, the bleeding risk was not higher and there was no
significant trend across differing CKD categories (eGFR>60:
HR, 1.10 [95% CI, 0.86 to 1.41]; eGFR>30-60: HR, 1.04 [95% CI,
0.81 to 1.33]; eGFR>15-30: HR, 0.82 [95% CI, 0.48 to 1.39];
eGFR≤15: HR, 0.52 [95% CI, 0.16 to 1.65]). The magnitude of
the association between warfarin treatment and outcomes
was little modified by multivariable adjustment, and no lin-
ear trends were observed across strata. Similar results for
the primary analysis were observed in complete-case analy-
ses or propensity score–matching. Information on the per-
formance of the propensity score–matching and the balance
between variables in warfarin-exposed and nonexposed
individuals is shown in eTable 4 through eTable 9 in the
Supplement.

Subgroup Analyses
Several subgroup analyses were undertaken to study the ro-
bustness of our findings (eTable 10 and eTable 11 in the Supple-
ment). Similar results for the primary analysis were found for
the composite outcome of death, myocardial infarction, and
ischemic stroke, and the same was true when further consid-
ering bleeding risk as an aggregate. The low number of bleed-
ing events in the subgroup populations limits drawing solid
conclusions and these analyses were not performed.

Discussion

Recent observational studies have prompted concern about the
value of warfarin anticoagulation in CKD stage 5 or dialysis pa-
tients with atrial fibrillation. In these studies, warfarin treat-
ment was associated with an increased risk of stroke, death,
or both,7-9 resulting in modification of current guidelines,
which call for caution regarding warfarin use in this patient
group.23 Our study addressed this issue in a large cohort of con-
secutive patients with myocardial infarction, atrial fibrilla-
tion, and varying severity of CKD. We report that warfarin treat-
ment was associated with a lower 1-year risk of the composite
end point of death, myocardial infarction, and ischemic stroke
without a higher risk of bleeding. This association was ob-
served in patient strata with moderate, severe, or end-stage
CKD. Our finding partially accords with the recent study by Ole-
sen and coauthors12 from Denmark, where warfarin treat-
ment was associated with a lower risk of stroke or thrombo-
embolism in patients with atrial fibrillation irrespective of their
renal function. Compared with that study, our analysis may
offer some advantages, as we estimated renal function by eGFR
rather than International Classification of Diseases codes for re-
nal replacement therapy initiation. The use of International
Classification of Diseases codes probably underestimates CKD
prevalence24 and also offers no possibility to assess risks as-
sociated with impaired renal function prior to renal replace-
ment therapy. In addition, we expand to a nationally repre-
sentative sample of high-risk individuals that virtually all have

Figure 2. Kaplan-Meier Curves for Individuals With Differing Degrees of Renal Function Stratified by Warfarin Use
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Table 4. Risk for Developing Composite and Single Outcomes Associated to Warfarin Treatment in All Patients and in Individuals With Differing
Severity of Chronic Kidney Disease

eGFR Strata, HR (95% CI)a

P Value
for TrendAll >60 >30-60 >15-30 ≤15

Composite outcome of death, myocardial infarction, and ischemic stroke

No. of person-years (person per
100 years)

Warfarin 41.5 21.7 17.0 2.3 0.4

No warfarin 138.0 72.8 54.2 8.8 2.1

Event rate per 100 person-years

Warfarin 40.1 28.0 48.5 84.3 83.2

No warfarin 53.2 36.1 63.8 110.1 128.3

Crude HR 0.77 (0.73-0.81) 0.79 (0.72-0.86) 0.77 (0.72-0.84) 0.79 (0.68-0.93) 0.68 (0.48-0.96) .58

Adjusted HR modelsb 0.73 (0.68-0.78) 0.73 (0.65-0.81) 0.73 (0.66-0.80) 0.84 (0.70-1.02) 0.57 (0.37-0.86) .81

Complete cases 0.73 (0.68-0.78) 0.72 (0.65-0.81) 0.72 (0.66-0.80) 0.87 (0.71-1.05) 0.56 (0.37-0.87) .76

Propensity score–matching 0.79 (0.75-0.84) 0.79 (0.72-0.87) 0.78 (0.73-0.85) 0.82 (0.70-0.96) 0.63 (0.42-0.94) .73

Adjusted HR + LVEF 0.72 (0.68-0.77) 0.72 (0.65-0.80) 0.73 (0.66-0.80) 0.84 (0.69-1.01) 0.57 (0.38-0.88) .75

Bleeding

No. of person-years (person per
100 years)

Warfarin 46.0 23.6 19.2 2.7 0.4

No warfarin 157.0 81.3 62.8 10.3 2.5

Event rate per 100 person-years

Warfarin 6.0 5.0 6.8 9.3 9.1

No warfarin 5.9 4.8 6.3 10.4 13.5

Crude HR 1.03 (0.90-1.18) 1.05 (0.86-1.29) 1.08 (0.89-1.32) 0.92 (0.60-1.42) 0.68 (0.24-1.92) .42

Adjusted HR modelsb 1.02 (0.86-1.20) 1.10 (0.86-1.41) 1.04 (0.81-1.33) 0.82 (0.48-1.39) 0.52 (0.16-1.65) .14

Complete cases 1.02 (0.86-1.21) 1.17 (0.91-1.51) 1.01 (0.78-1.29) 0.72 (0.41-1.26) 0.54 (0.16-1.77) .04

Propensity score–matching 1.03 (0.90-1.18) 1.05 (0.86-1.30) 1.08 (0.89-1.32) 0.93 (0.60-1.44) 0.46 (0.11-1.89) .51

Adjusted HR + LVEF 1.02 (0.86-1.20) 1.11 (0.87-1.43) 1.04 (0.81-1.33) 0.81 (0.48-1.39) 0.51 (0.16-1.64) .13

Composite outcome of death, myocardial infarction, ischemic stroke, and bleeding

No. of person-years (person per
100 years)

Warfarin 21.2 16.6 2.3 0.4 40.5

No warfarin 71.3 52.9 8.5 2.0 134.7

Event rate per 100 person-years

Warfarin 44.7 32.1 53.6 90.2 86.2

No warfarin 57.8 40.0 69.0 117.7 138.2

Crude HR 0.79 (0.75-0.83) 0.81 (0.75-0.88) 0.79 (0.74-0.85) 0.80 (0.69-0.93) 0.65 (0.46-0.93) .31

Adjusted HR modelsb 0.75 (0.70-0.80) 0.76 (0.69-0.84) 0.75 (0.68-0.82) 0.82 (0.68-0.99) 0.55 (0.37-0.83) .83

Complete cases 0.75 (0.70-0.80) 0.76 (0.68-0.84) 0.75 (0.68-0.82) 0.82 (0.68-1.00) 0.56 (0.37-0.86) .84

Propensity score–matching 0.81 (0.77-0.86) 0.82 (0.75-0.90) 0.80 (0.74-0.86) 0.82 (0.70-0.96) 0.61 (0.42-0.90) .46

Adjusted HR + LVEF 0.75 (0.70-0.80) 0.75 (0.68-0.84) 0.75 (0.68-0.82) 0.82 (0.68-0.99) 0.56 (0.37-0.84) .87

Single outcomes (adjusted HRs)

Death 0.66 (0.60-0.72) 0.66 (0.56-0.77) 0.63 (0.55-0.71) 0.82 (0.66-1.02) 0.72 (0.46-1.14) .41

Myocardial infarction 0.87 (0.80-0.95) 0.83 (0.72-0.95) 0.91 (0.80-1.03) 1.05 (0.79-1.40) 0.47 (0.23-0.97) .69

Ischemic stroke 0.57 (0.47-0.69) 0.64 (0.48-0.84) 0.49 (0.37-0.66) 0.71 (0.34-1.47) MF

Abbreviations: eGFR, estimated glomerular filtration rate; HR, hazard ratio;
LVEF, left ventricular ejection fraction; MF, model failed to converge.
a In each stratum, patients not receiving warfarin were considered as referent.

The eGFRs were estimated according to the Chronic Kidney Disease
epidemiology collaboration equation (CKD-EPI): mL/min/1.73 m2.

b Adjusted models considered multivariate adjustment for age, sex, center,
eGFR, preexisting comorbidities (diabetes mellitus, hypertension, myocardial
infarction, congestive heart failure, cerebrovascular disease, ischemic stroke,
bleeding, chronic obstructive pulmonary disease, cancer, and atrial

fibrillation), patient presentation characteristics at admission (ST-segment
elevation myocardial infarction, Killip �2), hospital course (percutaneous
coronary intervention and coronary artery bypass graft surgery), and
discharge medication (antiplatelet therapy, β-blockers, angiotensin-converting
enzyme inhibitors/angiotensin receptor blockers, and statins). A final model
tested further adjustment for left ventricular ejection fraction. Sensitivity
analyses are also shown, including the analysis of complete cases and
propensity score–matching (see methods).
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an indication for warfarin therapy and have detailed informa-
tion on concurrent anticoagulant and antiplatelet therapy. Our
observations also accord with post hoc analyses from the Stroke
Prevention in Atrial Fibrillation Study III (SPAF III) trial,11 in
which 516 participants with atrial fibrillation and CKD stage 3
were studied and the risk for ischemic stroke or systemic em-
bolism was reduced by 76% for adjusted-dose warfarin com-
pared with aspirin plus low, subtherapeutic doses of warfarin.
Finally, the higher stroke risk associated with warfarin use in
dialysis patients reported by Wizemann and coauthors7 was
only observed for individuals aged 75 or older. Because ad-
verse effects of treatment are not open to bias, findings in our
study may suggest not denying warfarin to patients with atrial
fibrillation after a myocardial infarction because of compro-
mised renal function. Similar to preceding evidence, how-
ever, our results are also observational in nature and do not
provide conclusive guidance regarding anticoagulant therapy
in patients with atrial fibrillation and CKD. Nevertheless, clear
ethical concerns may not allow such trials.

Our study has several strengths that merit consideration,
including its richness of information on patient clinical char-
acteristics and confirmation of atrial fibrillation by both pa-
tient history and electrocardiographic findings during hospi-
tal course. Although no independent adjudication or
verification of clinical events has been performed in our study,
the validity of the Swedish Inpatient Register is considered
high, in particular for diagnoses such as myocardial infarc-
tion, heart failure, atrial fibrillation, or stroke.25 The use of a
unique personal identification number for all Swedish citi-
zens and continuously updated national registries on death
date, cause of death, and emigration allow a virtually com-
plete follow-up with no losses. Furthermore, Swedish health
care is tax-funded and access is homogenous throughout the
country. Therefore the likelihood of confounding by differ-
ent access to health care or treatment due to socioeconomic
differences may not be relevant in this analysis.

Previous studies have reported an increased risk of bleed-
ing in patients treated with warfarin with moderate to ad-
vanced CKD12 or requiring dialysis.7-10,26,27 In our data, we ob-
served no higher bleeding risk or nonstatistically significant
hazards in relation to warfarin treatment and CKD strata. The
discrepancy between our results and those observed in dialy-
sis populations7-9 may in part be attributed to differences in
indications for warfarin treatment and to general differences
in standard care between countries and centers.28 In this sense,
patients with CKD stage 5 requiring or not requiring dialysis
are reported to have a greater need of warfarin dose adjust-
ment and poor time in therapeutic international normalized

ratio (INR) range, with a tendency to supratherapeutic INR
values.29,30 In Scandinavian countries, the care and time in
therapeutic range for INR is generally very good and above
75%.28,31 Warfarin-associated bleeding in patients with CKD
may be more common when INR is not tightly controlled. This
was observed by Chan and coauthors,9 where the association
with mortality in patients with hemodialysis was only ob-
served for high warfarin-prescribed dosages. Also, the study
by Knoll and coauthors32 from a single-center study with
weekly and tight INR control showed that no patient with he-
modialysis under sufficient warfarin anticoagulation had a
stroke or a fatal bleeding event.

Some limitations need to be taken into consideration when
interpreting our findings. The first limitation pertains to the
inclusion criteria (patients with myocardial infarction and atrial
fibrillation), which may make generalizability of the study re-
sults to other patient populations difficult. Although we are
able to account for the most important confounders and con-
firm our results by propensity score–matching, residual con-
founding is still likely to exist and should be acknowledged as
a limitation of this and any other observational study. For in-
stance, we could not control for the duration of atrial fibrilla-
tion, deep venous thrombosis, pulmonary embolism, or val-
vular replacement. Besides the lack of information on the
patients’ INRs, we acknowledge that the number of patients
with CKD stage 5 included is low and merits caution in its in-
terpretation, even more in subgroup analyses. Nevertheless,
no linear trends were observed across the different CKD strata.
Finally, we base our results on a single creatinine measure-
ment, which may result in nondifferential misclassification.
Certainly, there is concern that warfarin use in dialysis pa-
tients may accentuate vascular calcification33 or induce cal-
cific uremic arteriopathy, a vasculopathy with a high mortal-
ity rate.34 Although our study is not designed to address this
issue, death rates were not increased in patients with CKD stage
5 receiving warfarin in our analysis. It is plausible, neverthe-
less, that a 1-year follow-up is too short to capture the longer-
term effects of warfarin on the vascular calcification process.

Conclusions
Warfarin treatment was associated with a lower 1-year risk of
the composite outcome of death, myocardial infarction, and
ischemic stroke, without a higher risk of bleeding, in consecu-
tive patients with acute myocardial infarction and atrial fibril-
lation. This association was not related to the severity of con-
current CKD.
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