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ABSTRACT
Use of warfarin, clopidogrel, or aspirin associates with mortality among patients with ESRD, but the
risk-benefit ratio may depend on underlying comorbidities. Here, we investigated the association
between these medications and new stroke, mortality, and hospitalization in a retrospective cohort
analysis of 1671 incident hemodialysis patients with preexisting atrial fibrillation. We followed patient
outcomes from the time of initiation of dialysis for an average of 1.6 yr. Compared with nonuse, warfarin
use associated with a significantly increased risk for new stroke (hazard ratio 1.93; 95% confidence
interval 1.29 to 2.90); clopidogrel or aspirin use did not associate with increased risk for new stroke.
Analysis using international normalized ratio (INR) suggested a dose-response relationship between the
degree of anticoagulation and new stroke in patients on warfarin (P � 0.02 for trend). Warfarin users who
received no INR monitoring in the first 90 d of dialysis had the highest risk for stroke compared with
nonusers (hazard ratio 2.79; 95% confidence interval 1.65 to 4.70). Warfarin use did not associate with
statistically significant increases in all-cause mortality or hospitalization. In conclusion, warfarin use
among patients with both ESRD and atrial fibrillation associates with an increased risk for stroke. The risk
is greatest in warfarin users who do not receive in-facility INR monitoring.
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Atrial fibrillation is a common comorbidity in pa-
tients with ESRD, with a prevalence of 9%.1 Even
though the drug’s efficacy and safety have yet to be
shown in ESRD by prospective trials,2 warfarin is
often prescribed in such dialysis patients3 as a car-
ryover from recommendations in the general pop-
ulation on the basis of several studies that estab-
lished its role in stroke prevention.4 –11

We previously reported a significant excess mor-
tality associated with anticoagulation and/or anti-
platelet use in a large, heterogeneous population of
incident hemodialysis (HD) patients.12 In an effort
to develop a focused understanding for the indica-
tions for warfarin, clopidogrel, and aspirin pre-
scription for patients with ESRD, we performed a
follow-up study to determine the potential risk-
benefit ratio of these drugs specifically in dialysis
patients with coexisting atrial fibrillation.

The population of patients with atrial fibrillation
is heterogeneous13–16 in terms of risk for stroke, and
the hazards of anticoagulation may outweigh its

benefits in certain subpopulations who are at in-
creased risk for hemorrhage.17–23 Factors associated
with serious hemorrhagic complications in warfa-
rin users without renal failure include polypharma-
cy,24 advanced age,25 cerebrovascular disease,26 and
heart failure19; such factors are also highly prevalent
in the ESRD population.27–33 In addition, dialysis
patients have several platelet defects and receive
heparin during their dialysis treatment, which con-
tributes to their coagulopathy.34,35

Taken together, warfarin use in dialysis patients
may confer additional risk that is not appreciated in
patients without renal failure.2,36 Given the paucity
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of clinical studies of patients with ESRD, it is currently unre-
solved whether accepted therapeutic interventions for atrial
fibrillation4 can also be applied to patients who are on dialy-
sis.2,37 Consequently, we conducted a retrospective cohort
study to assess the overall risk-benefit ratio of anticoagulation
and antiplatelet therapy in this specific population. We sought
to determine the association between warfarin, clopidogrel,
and aspirin use and stroke, mortality, and hospitalization in a
large population of incident dialysis patients with preexisting
atrial fibrillation. Such retrospective studies need to be viewed
as hypothesis generating for future prospective clinical trials.

RESULTS

Patient Population
A total of 48,825 incident HD patients were identified between
January 1, 2003, and December 31, 2004, 2193 (4.5%) of whom
had documented coexisting atrial fibrillation at the time of
dialysis initiation. After exclusion of patients with �3 mo of
follow-up (256 died, 114 discontinued dialysis treatment, 62

transferred to a non-Fresenius facility, 59 had renal recovery,
28 patients changed modality, one received a transplant, and
two are unknown), the final cohort consisted of 1671 patients
who were alive at 90 d after the initiation of dialysis. Among
these patients with atrial fibrillation, 44.7% were receiving
warfarin, 11.4% clopidogrel, and 37.3% aspirin. A total of
14.3% were on warfarin and at least one antiplatelet agent, and
5.8% of patients were on both clopidogrel and aspirin. A total
of 28.7% of patients who initiated dialysis with a concurrent
diagnosis of atrial fibrillation were on no anticoagulation or
antiplatelet therapy. Baseline patient characteristics by drug
exposure are shown in Table 1.

Primary Analysis for Stroke
The 1671 patients were followed-up for a mean of 1.6 yr (max-
imum 5 yr). During 2740 patient-years of follow-up, 102 pa-
tients developed the primary outcome of new stroke (4.8
events per 100 patient-years; 95% confidence interval [CI] 4.0
to 5.7).

After the initiation of long-term HD, the risk for new stroke
significantly differed between exposure groups (log-rank test

Table 1. Baseline patient characteristics

Characteristic
Warfarin

Only
Clopidogrel

Only
Aspirin
Only

>2
Drugsa None p-valueb

No. of patients 508 43 304 336 480
Age (yr) 72.6 (0.4) 74.1 (1.0) 72.9 (0.6) 72.3 (0.5) 71.3 (0.6) 0.21
Male gender (%) 57.8 (2) 46.5 (8) 51.6 (3) 65.5 (3) 54.4 (2) 0.02
Race (%)

white 82.2 (2) 86.0 (5) 77.0 (2) 82.4 (2) 78.5 (2) 0.35
black 12.8 (1) 7.0 (4) 17.4 (2) 11.6 (2) 15.8 (2)
other 4.9 (1) 7.0 (4) 5.6 (1) 6.0 (1) 5.6 (1)

Cause of ESRD (%)
diabetes 40.6 (1) 53.5(8) 43.8 (3) 50.0 (3) 34.4 (2) 0.002
hypertension 32.9 (2) 27.9 (7) 32.2 (3) 30.1 (3) 35.8 (2)
glomerulonephritis 7.3 (1) 9.3 (4) 4.9 (1) 2.7 (1) 7.3 (1)
other 19.3 (2) 9.3 (4) 19.1 (2) 17.3 (2) 22.5 (2)

Pre-HD SBP (mmHg) 134.9 (1) 147.4 (4) 139.7 (1) 136.2 (1) 139.7 (1) �0.0001
Pre-HD DBP (mmHg) 67.6 (0.5) 70.0 (2) 68.7 (0.6) 67.8 (0.6) 70.0 (0.5) 0.006
Heparin (1000 IU per session) 4.2 (0.1) 4.4 (0.4) 4.5 (0.2) 4.4 (0.2) 4.6 (0.2) 0.48
Facility SMR 0.97 (0.02) 0.96 (0.06) 0.98 (0.03) 0.93 (0.02) 0.99 (0.02) 0.49
Access (%)

fistula 16.5 (2) 9.3 (4) 18.1 (2) 21.7 (2) 14.6 (2) 0.28
graft 18.5 (2) 20.9 (6) 13.8 (2) 15.2 (2) 15.4 (2)
catheter 59.3 (2) 62.8 (7) 62.8 (3) 58.3 (3) 65.2 (2)
unknown 5.7 (1) 7.0 (4) 5.3 (1) 4.8 (1) 4.8 (1)

CAD (%) 41.7 (2) 62.8 (7) 49.0 (3) 53.6 (3) 32.3 (2) �0.0001
Myocardial infarction (%) 12.2 (1) 18.6 (6) 17.1 (2) 22.3 (2) 11.3 (1) �0.0001
Stroke (%) 14.4 (2) 20.9 (6) 9.9 (2) 15.5 (2) 11.9 (1) 0.09
Hypertension (%) 79.7 (2) 88.4 (5) 78.9 (2) 78.3 (2) 79.8 (2) 0.65
CHF (%) 58.3 (2) 55.8 (8) 55.3 (3) 50.9 (3) 52.9 (2) 0.26
Charlson comorbidity index 5.46 (0.1) 5.88 (0.3) 5.34 (0.1) 5.68 (0.1) 5.35 (0.1) 0.08
CHADS2 index 2.75 (0.05) 3.12 (0.10) 2.59 (0.06) 2.74 (0.07) 2.58 (0.06) 0.01
Digoxin use (%) 30.5 (2) 18.6 (6) 19.4 (2) 21.1 (2) 13.5 (2) �0.0001
Results are displayed as mean (standard error).
CAD, coronary artery disease; CHF, congestive heart failure; DBP, diastolic BP; SBP systolic BP; SMR, standardized mortality ratio.
aPatient on any two of warfarin, clopidogrel, or aspirin.
bFive-way ANOVA among warfarin, clopidogrel, aspirin, two or more drugs, and no drug group.
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P � 0.0001; Figure 1A). The new stroke rate
was highest in patients who were on warfa-
rin (7.1 per 100 person-years; 95% CI 5.7 to
8.7), followed by patients who were on as-
pirin (3.5 per 100 person-years; 95% CI 2.5
to 4.7), no drugs (2.9 per 100 person-years;
95% CI 2.0 to 4.4), and clopidogrel (2.7 per
100 person-years; 95% CI 1.5 to 5.2).

Cox regression analysis indicated warfa-
rin use (versus nonuse) doubled the risk for
new stroke (P � 0.001), whereas aspirin use
(versus nonuse) or clopidogrel use (versus
nonuse) was not statistically significant in
influencing the outcome (Table 2). Back-
ward elimination revealed the CHADS2 in-
dex as the only covariate to affect signifi-
cantly the risk for stroke in the Cox model.
A one-point increase in CHADS2 score was
associated with a 27% increase in the risk
for new stroke (P � 0.003), which is similar
to its ability to predict stroke in the general
population.38 Dosage of heparin used dur-
ing the dialysis procedure did not increase
the risk for new stroke (hazard ratio [HR]
1.01 per 1000 units; P � 0.85). Interaction
terms among warfarin, clopidogrel, and as-
pirin were not found to be significant when
included in the Cox model.

Secondary Stroke Analysis
Implementation of propensity scoring did
not significantly alter the findings of the
primary analysis. A statistically and clini-
cally significant association between warfa-
rin use (versus nonuse) and increased
stroke remained even when the propensity
score was added as a covariate to the model
(Table 2) or in a propensity-matched sub-
cohort (HR 2.00; 95% CI 1.32 to 3.04 in 746
warfarin users matched to 746 nonusers
with a similar propensity score).

When compared with patients who were not on the drug, war-
farin increased the risk for new stroke regardless of whether a
patient had congestive heart failure, hypertension, an age �75 yr,
previous stroke/transient ischemic attack (TIA), or diabetes. Al-
though warfarin use was also associated with an increased risk for
new stroke in all CHADS2 strata, the margin between the risk and
benefit decreased with increasing CHADS2 score (Figure 2). Thus,
the risk associated with warfarin use was reduced in patients who
had atrial fibrillation and were at high risk for future stroke
(higher CHADS2 score) relative to those at low risk, which is con-
sistent with treatment guidelines in the general population.39,40

When analyzed separately, the adjusted ischemic stroke HR with
warfarin use (versus nonuse) was 1.81 (95% CI 1.12 to 2.92; Figure
2), whereas the risk for hemorrhagic stroke with warfarin use was

greater (HR 2.22; 95% CI 1.01 to 4.91; Figure 2); furthermore,
29% of patients who were on warfarin and survived their stroke
stopped the drug on discharge from hospital, which suggests a
reasonable number of strokes were likely hemorrhagic in nature.

After matching for facility and then adjustment for the
CHADS2 and propensity score (c-statistic � 0.73) warfarin pre-
scription trended toward an increased risk for new stroke (HR
1.43; 95% CI 0.75 to 2.71; n � 646). Matching for physician pro-
duced similar findings (HR 1.25; 95% CI 0.59 to 2.67; n � 554).
These results remained consistent with the primary analysis (n �
1671) but with wider CIs, consistent with a two-thirds reduction
in the number of patients used in the 1:1 matched analysis.

Because some patients changed their warfarin, clopidogrel, or
aspirin prescription after group assignment, we repeated the pri-
mary analysis whereby patients were censored when their pre-

Figure 1. Crude stroke curves by drug exposure. (A) Under an intention-to-treat
assumption, increased incidence of new stroke was associated with patients who were
on warfarin. (B) Similar results were noted when patients were censored when they
changed their warfarin, clopidogrel, or aspirin prescription after study enrollment.
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scription status changed. Again, the risk for stroke did not change
after censoring (stroke HR for warfarin 2.75; 95% CI 1.49 to 5.08;
Figure 1B, Table 2). Alternatively, a time-varying analysis ac-
counted for month-to-month changes in drug prescription dur-
ing the entire study enrollment period and demonstrated an as-
sociation between warfarin and new stroke (HR 1.84; 95% CI 1.23
to 2.75). These results did not differ appreciably from the findings
in the primary intention-to-treat analysis, in which exposure sta-
tus was determined in the first 90 d of dialysis.

Analysis using the international normalized ratio (INR)
suggested a dose-response relationship among the dosage of
warfarin, degree of anticoagulation, and risk for new stroke.
Increasing baseline INR level in warfarin users (versus non-
users) was positively associated with new stroke (HR 1.35
per unit of INR; 95% CI 0.91 to 2.00; P � 0.02 for trend;
Figure 3). The highest risk for stroke was seen in warfarin users
who survived beyond 90 d and did not receive INR monitoring in
the first 90 d of dialysis (HR 2.79; 95% CI 1.65 to 4.70; reference
group was nonusers). The positive relationship between INR and
stroke was also preserved longitudinally over time when the INR
level was modeled (monthly changing) as a time-dependent run-
ning mean of INR (HR 1.78 per unit of INR; P � 0.02) or a
time-dependent variable (HR 1.15 per unit of INR; P � 0.39).
Increasing warfarin dosage was also temporally and significantly
associated with an increase in INR value (R2 � 0.42; P � 0.0001;
n � 382). On average, an absolute increase of 0.41 in INR was seen
per 1-mg increase in daily warfarin dosage.

Survival and Hospitalization Analysis Associated with
Stroke
Warfarin use (compared with nonuse) was associated with a
significant four-fold increase in death risk from stroke (P �
0.009; Table 3) and an 89% increase in hospitalization for
stroke (P � 0.01; Table 4); however, these findings did not
translate into statistically significant increases in all-cause

mortality and hospitalization with warfarin use (versus non-
use) given that the incidence of stroke was relatively small.

DISCUSSION

In this retrospective cohort study of incident patients with
ESRD and coexisting atrial fibrillation, warfarin use was asso-
ciated with a statistically increased incidence of stroke. The
association persisted after controlling for potential confound-
ers, time-dependent changes, and confounding by indication,
as well as with matched, stratified, and validation analyses. The
finding could have clinical implications because warfarin is
used primarily to prevent future stroke in patients with atrial
fibrillation, and its use in the ESRD population may instead be
associated with increased risk for cerebrovascular accidents.

To date, only three retrospective studies have examined
warfarin use for atrial fibrillation in the ESRD population.
Stroke rates in warfarin users were statistically no different
from rates in nonwarfarin users in a study of patients who had
atrial fibrillation and were on dialysis36 (n � 61). Another
study found no difference (P � 0.4) in the incidence of stroke
when comparing an “undertreated” population (24% preva-
lence of warfarin use in patients with atrial fibrillation; n �
127) with patients without atrial fibrillation (n � 349) in the
same cohort.41 Abbott et al.42 reported a survival advantage in
123 hospitalized dialysis patients who had atrial fibrillation
and were on warfarin; however, the results apply to a specific
subpopulation of patients who survived hospitalization for
atrial fibrillation and were presumed to be on warfarin before
admission to hospital.42 Overall, limited hypotheses can be
generated from these studies because of methodologic limita-
tions and small sample sizes.

Although the association between stroke and warfarin use

Table 2. HRs for stroke by drug therapy

Parameter n
Warfarin

(HR �95% CI�)
Clopidogrel

(HR �95% CI�)
Aspirin

(HR �95% CI�)

HR for stroke (intention to treat)
unadjusted model 1671 2.00 (1.34 to 2.99) 0.67 (0.31 to 1.47) 0.87 (0.57 to 1.33)
covariatea adjusted model 1671 1.93 (1.29 to 2.90) 0.66 (0.30 to 1.46) 0.86 (0.56 to 1.32)
covariatea and propensity score adjusted modelb 1400 1.74 (1.11 to 2.72) 0.61 (0.25 to 1.50) 0.98 (0.58 to 1.63)

HR for stroke (patients censored on drug status
change)
unadjusted model 1671 2.94 (1.60 to 5.40) 0.63 (0.15 to 2.64) 0.73 (0.37 to 1.41)
covariatea adjusted model 1671 2.75 (1.49 to 5.08) 0.59 (0.14 to 2.49) 1.20 (0.96 to 1.49)
covariatea and propensity score adjusted modelb 1400 1.95 (0.99 to 3.84) 0.31 (0.04 to 2.45) 0.70 (0.31 to 1.59)

aAdjusted for CHADS2 score, gender, race, Charlson comorbidity index, entry date, access, body mass index, facility standardized mortality ratio, cardiovascular
drugs, dialysis adequacy, baseline laboratory values (albumin, hemoglobin, creatinine, ferritin, and white blood cell count), heparin dosage (units per treatment),
and heparin regimen (bolus versus continuous versus unknown).
bParameters used to calculate the propensity score: CHADS2 score, gender, race, entry date, access, body mass index, facility standardized mortality ratio,
cardiovascular drugs, dialysis adequacy, baseline laboratory values (albumin, hemoglobin, creatinine, ferritin, and white blood cell count), heparin dosage (units
per treatment), heparin regimen (bolus versus continuous versus unknown), stroke, myocardial infarction, hypertension, peptic ulcer disease, AIDS, peripheral
vascular disease, coronary artery disease, dementia, chronic obstructive pulmonary disease, hemiplegia, diabetes, cancer, liver disease, arterial clot, deep vein
thrombosis, mechanical heart valve, pulmonary embolism, and hypercoagulable state.

CLINICAL EPIDEMIOLOGY www.jasn.org

2226 Journal of the American Society of Nephrology J Am Soc Nephrol 20: 2223–2233, 2009



that was found in this study may seem to challenge general
recommendations for stroke prevention, several clinical stud-
ies indirectly support this reassessment of the relative risk-ben-
efit ratio for anticoagulation use in dialysis patients.2 the US
Renal Data System reported a 10-fold increase in subdural
hemorrhages in dialysis patients (although their medication
was not specified) when compared with nondialysis patients,43

whereas a review of 28 studies of warfarin use in dialysis pa-
tients suggested its use doubled the risk for major bleeding.44

Treated hypertension,18 –20,45,46 cerebrovascular disease,23 isch-
emic stroke,21,47 serious heart disease,23 renal insufficien-
cy,23,48 –50 and advanced age25,49,51–53 have been reported to po-
tentiate bleeding during warfarin therapy and are highly prevalent
in the dialysis population. Our study also suggests that warfarin
users with no in-facility INR monitoring had the greatest risk for
stroke, and hemorrhagic complications may be minimized with
frequent monitoring and tight management of a patient’s antico-
agulation status.

Figure 2. Stratified analysis. Patients at higher risk for future stroke (higher CHADS2 score) had better risk-benefit profiles
(warfarin*CHADS2 � 0.84; P � 0.31 for interaction) with warfarin use when compared with nonusers. With the exception of diabetes,
there were no statistical differences in the prevalence of warfarin use, INR level, or INR monitoring with increasing risk for stroke
(CHADS2 score) and by five well-established risk factors for future stroke in atrial fibrillation.38 The crude ischemic stroke rate in warfarin
users was 5.8 strokes per 100 patient-years (95% CI 4.6 to 7.4) versus 2.3 strokes per 100 patient-years in nonusers (95% CI 1.5 to 3.6).
The crude hemorrhagic stroke rate in warfarin users was 1.2 strokes per 100 patient-years (95% CI 0.7 to 2.1) versus 0.5 strokes per 100
patient-years in nonusers (95% CI 0.2 to 1.4).
†Statistically significant difference (P � 0.03) in prevalence of warfarin use in diabetic versus nondiabetic incident dialysis patients with
atrial fibrillation.
§As expected, patients with a higher propensity for warfarin prescription had a higher prevalence of warfarin use.
¥After matching, the caliper width of the propensity score between the two groups was found to be �0.6 SD.
*Values reported only for patients who had a stroke outcome.
CHF, congestive heart failure; HTN, hypertension.
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An important factor that may play a role in this risk-
benefit profile is that the intrinsic platelet dysfunction of
ESRD may reduce the risk for stroke in dialysis patients with
atrial fibrillation, which could also explain why the un-
treated stroke rate in the study population (2.9 events per
100 patient-years) is lower than a similar untreated cohort
of patients without kidney disease (4.4 events per 100 pa-
tient-years).38 In addition to a hemorrhagic mechanism for
stroke, warfarin may potentiate vascular calcification to in-
crease the risk for ischemic stroke,54 which was also re-
ported in warfarin users in our study cohort.

This study cohort was derived from all patients receiving
chronic renal replacement therapy with a large, national
dialysis provider. Inclusion of patients from a large number
of clinics likely minimized bias.55 Despite this, we acknowl-

edge several limitations of this study, which include the fol-
lowing:

1. Misclassification bias: The diagnosis of stroke and atrial fibrillation abstracted from

medical records may not have been accurate, because confirmatory tests such as

neuroimaging and electrocardiograms were not consistently documented in the

medical records abstracted for the definitive confirmation of these conditions.

2. Confounding by indication: The increase in strokes among warfarin users may

have been because patients who were anticoagulated and had higher INR levels

may have had an inherently higher baseline stroke risk that was not fully ad-

justed for by covariates such as the CHADS2 score.

3. Survivorship bias: Patients who had pre-ESRD and were at increased risk for

mortality were less likely prescribed warfarin and preferentially left censored

before the initiation of dialysis (i.e., early death in nonusers prevented the pa-

tient’s enrollment in the analysis).

Figure 3. HRs for stroke with warfarin use (versus nonuse) by strata of INR level. The graph demonstrates a dose-response relationship
between warfarin and new stroke. Patients with higher levels of anticoagulation, as quantified by the INR level, have an increased risk
for new stroke (P � 0.04 for trend) with warfarin use (versus nonuse). Patients who were on warfarin and had no INR monitoring had the
highest risk for new stroke. The stroke risk, as quantified by the CHADS2 score, among the five categories of INR were statistically (P �
0.11) and clinically no different.

Table 3. HRs for mortality by warfarin therapy

Parameter

Warfarin
Users

(n � 746)

Warfarin
Nonusers
(n � 925)

Warfarin Use (versus Nonuse)

Total Deaths (Deaths per
100 Patient-Years)

n HR (95% CI)

HR for mortality
unadjusted model 333 (27.4) 425 (25.7) 1671 1.03 (0.89 to 1.19)
covariate adjusted model 1671 1.10 (0.94 to 1.30)
covariate and propensity score adjusted model 1400 1.10 (0.93 to 1.30)

death from stroke 16 (1.3) 6 (0.4) 1400 4.31 (1.44 to 12.9)
death from cardiovascular disease 205 (16.9) 265 (16.5) 1400 1.04 (0.85 to 1.28)
death from bleeding 5 (0.41) 6 (0.37) 1400 1.24 (0.26 to 5.87)
death from infection 24 (2.0) 41 (2.6) 1400 0.87 (0.48 to 1.55)
other causes of death 83 (6.8) 107 (5.8) 1400 1.22 (0.89 to 1.69)
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4. Ascertainment bias: The outcome of stroke was not adjudicated under a re-

search protocol, such that the charting of “stroke” may have been preferentially

favored in high-risk patients who were more likely to be on warfarin.

5. Selection bias from missing data: Patients with atrial fibrillation and concurrent

anticoagulation or antiplatelet therapy may have been on warfarin for a separate

indication (i.e., the medical records did not chart whether warfarin was specif-

ically given for secondary stroke prevention). Some patients on warfarin may

have had their INR monitoring in “anticoagulation clinics” external to the di-

alysis facility and the data not inputted into our database. Furthermore, INR

was rarely drawn on the day of the stroke; therefore, we could not measure a

patient’s coagulation status at the time of the event. Time-varying Cox regres-

sion models used the most recent INR level, which could be different at the time

of the event (INR was drawn on average 44 d before the admission for stroke).

In summary, this large retrospective study found a significant
association between warfarin use and the incidence of stroke in
patients with ESRD and coexisting atrial fibrillation. This find-
ing, in addition to the results of the previous study that also
found an increased risk for mortality with anticoagulation use
in patients with ESRD in general,12 raises concerns about the
use of these drugs in dialysis patients; however, before defini-
tive conclusions can be drawn, large, prospective, randomized,
controlled trials are required. Until then, physicians should be
cognizant of the possible risks associated with warfarin use for
atrial fibrillation in patients with ESRD, with careful evalua-
tion of the risks and benefits of intervention at the individual
patient level. Close monitoring of the degree of anticoagula-
tion (INR) in patients who are on warfarin would also be a
reasonable recommendation to minimize the risk for hemor-
rhagic complications.

Concise Methods

Population
All incident long-term HD patients who had preexisting atrial fibril-

lation documented in the electronic medical record were identified

from �1300 Fresenius Medical Care North America dialysis clinics

for the analysis. Incident patients were those who were admitted to an

outpatient clinic from January 1, 2003, through December 31, 2004,

and started long-term HD for the first time within the preceding 30 d.

We excluded patients with �90 d of study enrollment. Patient out-

comes were followed from the date of dialysis initiation up to Decem-

ber 31, 2007.

Data Collection
Computerized medical records are a reliable source of clinical data

that have been validated against electrocardiograms to accurately

identify patients with atrial fibrillation.56 – 60 The diagnostic accuracy

of atrial fibrillation documented in the Fresenius electronic medical

record was recently found to be 75% when compared against electro-

cardiograms obtained for the same patients; furthermore, the reason-

able charting of atrial fibrillation can be implied from statistically

significant higher levels (P � 0.0001 for each variable) of age, Charl-

son scores, coronary artery disease, myocardial infarctions, previous

stroke, hypertension, warfarin use, digoxin use, � blocker use, amio-

darone use, and INR level in the study cohort when compared with

incident patients without coexisting atrial fibrillation. The documen-

tation of atrial fibrillation was also examined in a cohort of 22,010

incident dialysis patients drawn from the same 1300 Fresenius clinics

where this study was conducted; however, the time frame was from

2005 to 2008, when nurses began documenting heart rhythms of pa-

tients in the electronic medical record. A significantly higher preva-

lence of irregular heart rhythms were found in patients with atrial

fibrillation when compared with patients who did not have atrial fi-

brillation (odds ratio 3.25; P � 0.0001; sensitivity 8%; specificity

97%).

Outcome, exposure, and baseline covariate measurements used

for the study were prospectively entered by clinical staff into the Fre-

senius clinical data system, which is an electronic health record that

integrates physician orders, charting, and results from all clinics with

ancillary, billing, and clinical support services. The system actively

tracks patient events and comorbidity, which is obtained from hospi-

tal discharge summaries or physician notes to prevent inaccurate di-

agnoses. The diagnostic accuracy of TIAs, stroke, and subtypes of

stroke (ischemic versus hemorrhagic) obtained through clinical notes,

discharge summaries, and mortality reports has been supported by

Table 4. HRs for hospitalization by warfarin therapy

Parameter

Warfarin
Users

(n � 746)

Warfarin
Nonusers
(n � 925)

Warfarin Use (versus Nonuse)

Total Hospitalizations (Hospitalizations
per 100 Patient-Years)

n HR (95% CI)

HR for hospitalization
unadjusted model 3360 (2.6) 2818 (2.3) 1671 1.03 (0.92 to 1.14)
covariate adjusted model 1671 1.04 (0.92 to 1.16)
covariate and propensity score adjusted model 1400 1.02 (0.90 to 1.15)

hospitalization from stroke 65 (0.06) 40 (0.03) 1400 1.89 (1.16 to 3.09)
hospitalization from cardiovascular disease 345 (0.32) 396 (0.27) 1400 1.14 (0.93 to 1.40)
hospitalization from bleeding 97 (0.09) 107 (0.07) 1400 1.04 (0.73 to 1.46)
hospitalization from infection 468 (0.43) 577 (0.40) 1400 0.96 (0.80 to 1.16)
other causes of hospitalization 2385 (1.7) 1698 (1.5) 1400 1.03 (0.91 to 1.17)

Incidence densities (hospitalizations per 100 patient years) were calculated using all hospitalization visits that occurred during the study enrollment period. HRs
were calculated as the time to first hospitalization.
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multiple publications that have cross-validated these diagnoses with

medical records, laboratory testing, and radiologic imaging.59,61– 63

Further details about the clinical data system with respect to the val-

idation of data quality, the extraction of oral medication information,

and its ability to facilitate the anonymous analysis of health care in-

formation are outlined in our previous publication.12

Outcomes, Exposures, and Baseline Covariates
The primary outcome for the study was death or hospitalization from

new stroke. Patients who were hospitalized for stroke were identified

from the diagnoses obtained from hospital discharge summaries,

whereas cause of death was determined by the patient’s primary neph-

rologist and noted in the medical records. TIAs were also considered

part of the primary outcome given the management of stroke preven-

tion is the same regardless of the diagnosis. Study patients who

achieved the primary outcome of stroke were older (P � 0.008) with

higher CHADS2 scores (P � 0.01), frequency of INR monitoring (P �

0.0001), systolic BP (P � 0.04), warfarin use (P � 0.0007), and prev-

alence of congestive heart failure (P � 0.02) than patients who were

censored, supporting the valid classification of patients with stroke in

the clinical data system; furthermore, previous studies validate the

diagnostic accuracy of stroke abstracted from medical records.59,61– 63

Drug exposure status was determined by any use of warfarin (ver-

sus nonuse), clopidogrel (versus nonuse), or aspirin (versus nonuse) in

the first 90 d of dialysis. Subsequent analysis confirms the accurate

classification of warfarin prescription in the electronic medical

records and patient compliance to the drug. Patients receiving warfa-

rin had higher INR levels (2.3 versus 1.9; P � 0.0003) and more INR

lab draws (1.9 per 90 d versus 0.2 per 90 d; P � 0.0001), and a higher

proportions of patients received INR monitoring (72.7 versus only

11.6% in nonusers; P � 0.0001). A total of 68.3% of warfarin users

(versus 7.8% in nonusers; P � 0.0001) had at least one elevated INR

reading of �1.5 in the first 90 d of dialysis.

Baseline patient characteristics were measured during the first 90 d

of study enrollment. Measured covariates included race (white, black,

or other), active dialysis access used on the 90th day after the start of

HD (graft, fistula, catheter, or unknown), gender, Charlson comor-

bidity index, CHADS2 index (baseline stroke risk that incorporates

congestive heart failure, hypertension, age, diabetes, and history of

stroke or TIA), dialysis adequacy (Kt/V, which included residual renal

function), cardiovascular drug use, body mass index, baseline labora-

tory values (hemoglobin, albumin, creatinine, white blood cell count,

and ferritin), propensity score, heparin dosage (units of heparin ad-

ministered per dialysis session and did not include units used for

catheter locking), heparin regimen used on the 90th day after the start

of HD (bolus, continuous, or unknown), study entry date (days after

January 1, 2003), and standardized mortality ratio (facility-specific

standardized mortality ratio on January 1, 2003). Many of the covari-

ates were chosen because of their reported association with stroke in

the general64 and ESRD65 populations. The INR assay used by our

central laboratory (Spectra Laboratory, Rockleigh, NJ) incorporated

heparin adsorbent to remove heparin from the plasma of blood sam-

ples before INR testing (Inotech Biosystems International, Rockville,

MD).

To adjust for differences in baseline ischemic stroke risk in

patients, we used the CHADS2 scheme, a prognostic scoring algo-

rithm developed from the amalgamation of several randomized

trials of atrial fibrillation and stroke in the general population.38,66

CHADS2 is an acronym for the stroke risk factors and their scor-

ing: 1 point for each of congestive heart failure, hypertension (as

charted in the comorbidity list or those with an average systolic BP

�160 mmHg in the first 90 d of dialysis), age �75 yr, or diabetes

and 2 points for a history of previous stroke or TIA. Nondialysis

patients with a cumulative score of �2 are at high enough risk for

future stroke to justify the risks of warfarin prescription.67 We

generated individual patient CHADS2 scores from comorbidity

lists in the electronic medical records. The CHADS2 index was also

validated in our study population to demonstrate that it can also be

applied in our dialysis population to predict accurately future

stroke when patients are on no anticoagulation or antiplatelet

therapy68 (c-statistic 0.71; 95% CI 0.61 to 0.81).

Baseline comorbidities were also used to determine the Charlson

score for each patient. The index scores comorbidity through the

presence or absence of 19 possible chronic conditions in an individual

patient recorded in the first 90 d of dialysis. The index has been vali-

dated as a predictor of mortality in the dialysis population69 –71 and

can be accurately derived with patient information abstracted from

medical records or International Classification of Diseases, Ninth Re-

vision coding72–77

Primary Statistical Analysis for Stroke
The primary analysis estimated the risk for new stroke (�90 d after

the start of dialysis) associated with the baseline use of warfarin, clo-

pidogrel, and/or aspirin. The new stroke rate for the study cohort and

by exposure group (none, warfarin only, aspirin or clopidogrel, two or

more drugs) was calculated using Poisson regression. Crude stroke

survival by exposure group was determined using Kaplan-Meier anal-

ysis with a log-rank test. Cox regression analysis using backward vari-

able selection with variable exit criteria set at P � 0.10 was used to

adjust progressively for baseline covariates (Table 2). Drug exposure

was modeled as three distinct categorical variables (warfarin use, clo-

pidogrel use, and aspirin use) in the Cox model. Interaction effects

were tested in separate models through the inclusion of cross-product

terms between warfarin, clopidogrel, and aspirin.

Secondary Analysis for stroke
To validate the findings of our primary analysis, we performed the

following five sensitivity analyses. We incorporated a propensity score

as a covariate into the Cox regression model to balance selection and

residual confounding effects between our exposure groups. To do

this, we used multinomial logistic regression78,79 to model the prob-

ability of six different outcomes that represented all combinations of

warfarin, clopidogrel, and/or aspirin that a patient could receive

(none as the reference group, clopidogrel only, aspirin only, warfarin

only or in combination with clopidogrel and aspirin, and warfarin

with clopidogrel and/or aspirin) as a function of the laboratory and

demographic variables used in the primary analysis and 19 comorbid

diagnoses (stroke, myocardial infarction, hypertension, peptic ulcer

disease, AIDS, peripheral vascular disease, coronary artery disease,

dementia, chronic obstructive pulmonary disease, hemiplegia, diabe-
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tes, cancer, liver disease, arterial clot, deep vein thrombosis, mechan-

ical heart valve, pulmonary embolism, and hypercoagulable state).

We also determined the stroke HR stratified by quartiles of propensity

score and in a subcohort of patients in which each warfarin user was

matched to a nonuser by propensity for warfarin prescription (see

Appendix 1 for patient characteristics of warfarin users versus nonus-

ers after matching on propensity score).

We determined whether the effectiveness of warfarin for new stroke

prevention improved in higher risk patients as seen in the general popu-

lation. To do this, we performed a Cox regression analysis stratified by

CHADS2 score to determine the relative benefit of warfarin in preventing

stroke as a function of increasing strata of stroke risk (CHADS2 score)

and by the individual components of the score itself (congestive heart

failure, hypertension, age �75 yr, diabetes, and history of stroke or TIA).

Risk by subtype of stroke (hemorrhagic and ischemic) was also evaluated

separately using covariate adjusted Cox survival models.

To account for the possibility of residual and nonlinear confound-

ing from the treating facility and physician that was not fully ac-

counted for with standardized mortality ratios, we performed a series

of 1:1 matched analysis using a “greedy nearest available” matching

algorithm.80,81 For example, we performed a sensitivity analysis to

determine the risk for new stroke associated with warfarin use versus

nonuse using Cox regression, after matching to ensure patients in the

two groups were from the same facility or attending physician, with

adjustment for CHADS2 and propensity score.

The primary analysis was intention-to-treat whereby patients who

started on any of these drugs after the first 90 d of dialysis were not

reclassified. To account for the possibility of longitudinal changes in drug

prescription over time, we performed two additional validation analyses:

(1) A repeat of the primary Cox model whereby patients were censored

when their warfarin, clopidogrel, or aspirin exposure changed and (2) a

time-varying Cox model whereby warfarin, clopidogrel, and aspirin ex-

posure variables were updated every month in the model.

Last, we examined whether a dose-response relationship existed

between new stoke and warfarin. Patients were grouped into one of six

categories: Nonwarfarin users were the reference category, whereas

patients who were on warfarin had their reported INR categorized as

�1.5, 1.5 to 1.9, 2.0 to 3.0, �3.0, or no monitoring on the basis of their

average INR level during the first 90 d of dialysis. Cox models with

adjustment for the CHADS2 index were used to examine the relative

change in HR for new stroke in warfarin users (versus nonusers) by

increasing ordinals of INR. P value for INR trend was calculated using

the median value for each INR ordinal. Because baseline INR values

do not account for longitudinal fluctuations in INR for the duration

of the study, we also modeled INR as a time-varying variable during

successive 1-mo intervals and as a running mean during previous time

intervals in our Cox model.

Analysis for Mortality and Hospitalization
We used unadjusted and adjusted Cox models to determine the associa-

tion of warfarin use (versus nonuse) with survival and hospitalization.

Covariates entered into the models included age, race, gender, Charlson

comorbidity index, CHADS2 index, entry date, dialysis access, dialysis

adequacy, cardiovascular drug use, body mass index, baseline laboratory

values (hemoglobin, albumin, creatinine, bicarbonate, white blood cell

count, ferritin, parathyroid hormone, calcium, and phosphorus), dialy-

sate calcium, propensity score, heparin dosage, heparin regimen, and the

facility standardized mortality ratio. All statistical analysis was done using

SAS 9.1 (SAS Institute, Cary, NC).
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