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Abstract: Background: We evaluated the impact of warfarin use on the clinical outcomes of pa-
tients with atrial fibrillation who were undergoing hemodialysis (HD). Methods: A retrospective
analysis was conducted utilizing data from patients undergoing maintenance HD who participated
in HD quality assessment programs. Patients who were assigned the diagnostic code for atrial
fibrillation (n = 4829) were included and divided into two groups based on the use of warfarin: No
group (no warfarin prescriptions (n = 4009)), and Warfarin group (warfarin prescriptions (n = 820)).
Results: Cox regression analyses revealed that the hazard ratio for all-cause mortality in the War-
farin group was 1.15 (p = 0.005) in univariate analysis and 1.11 (p = 0.047) in multivariable analysis
compared to that of the No group. Hemorrhagic stroke was significantly associated with warfarin
use, but no significant association between the use of warfarin and ischemic stroke or cardiovascular
events was observed. The subgroup results demonstrated similar trends. Conclusions: Warfarin use
is associated with a higher risk of all-cause mortality and hemorrhagic stroke, and has a neutral effect
on ischemic stroke and cardiovascular events in patients with atrial fibrillation who are undergoing
HD, compared to those who are not using warfarin.
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1. Introduction

The incidence of chronic kidney disease, a condition that can progress to end-stage
kidney disease (ESKD) and require renal replacement therapy, has rapidly increased.
Hemodialysis (HD) is the most widely used dialysis modality globally; considering the
high mortality rate of patients on dialysis, improving their survival is crucial [1,2]. Cardio-
vascular disease is a prevalent comorbidity in patients undergoing HD; atrial fibrillation
is common and contributes to complications and elevated mortality rates. Traditionally,
atrial fibrillation is associated with a high thromboembolic risk, leading to the use of anti-
coagulants such as warfarin [3]. However, in patients undergoing HD, impaired platelet
function and the use of medications such as heparin contribute to a heightened bleeding
diathesis [4,5]. Anticoagulation in such patients may, paradoxically, result in increased
complication rates or mortality [6]. In contrast, patients undergoing HD are prone to
hypercoagulability, which can be associated with increased thrombotic complications [7,8].
Therefore, warfarin should be used carefully in patients undergoing HD.

Guidelines from the European Society of Cardiology and the American Heart Associa-
tion recommend anticoagulant usage in patients with atrial fibrillation and CHA2DS2-VASC
scores ≥ 1 in males and ≥2 in females [9,10]. Therefore, most patients undergoing HD
would require anticoagulant therapy. It is beneficial to administer anticoagulants based
on these criteria in patients not undergoing dialysis; however, patients undergoing HD do
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not demonstrate the same outcomes [11–13]. A meta-analysis of 15 cohort studies revealed
that warfarin administration results in higher rates of hemorrhagic stroke, but has a neutral
effect on ischemic stroke and all-cause mortality [6]. However, the studies included in this
meta-analysis had relatively short follow-ups (median, 2.6 years) and significant clinical
heterogeneity. Therefore, clear conclusions or criteria related to the use of warfarin in
patients undergoing HD cannot be drawn based on these factors. In this study, we used the
laboratory and clinical findings associated with HD quality of a large cohort to evaluate
the impact of warfarin use on the clinical outcomes of patients with atrial fibrillation who
were undergoing HD.

2. Materials and Methods
2.1. Data Source and Study Participants

A retrospective analysis was conducted utilizing data from adult patients (age ≥ 18 years)
undergoing maintenance HD (≥3 months and ≥2 times per week) who participated in
the fourth (July and December 2013), fifth (July and December 2015), and sixth (March
and August 2018) HD quality assessment programs performed by the Health Insurance
Review and Assessment (HIRA) of the Republic of Korea [14]. In total, 21,846, 35,538, and
31,294 patients were included in the fourth, fifth, and sixth HD quality assessment pro-
grams, respectively. We excluded repetitive participants (75 participants were from the 4th,
13,795 from the 5th, and 18,570 from the 6th programs), patients with insufficient data
(n = 19), or those who had undergone HD with a catheter (n = 1316) (Figure S1).

Among 54,903 patients, we included 4863 who were diagnosed with atrial fibrillation,
using ICD-10 code I48, for at least 18 months (6 months during the HD quality assess-
ment and the preceding 12 months). In addition, we excluded patients who had been
administered anticoagulants other than warfarin (n = 5), those who had used warfarin
for <30 days, or those who had been administered ≥ 2 anticoagulants (n = 29) during the
6 months of the HD quality assessment program. Finally, we included 4829 patients. The
institutional review board of Yeungnam University Medical Center approved this study
(approval no. YUMC 2024-02-013). The need for informed consent was waived because the
records and information of patients were anonymized and de-identified before the analysis.
All methods were performed in accordance with the Declaration of Helsinki and relevant
guidelines/regulations.

2.2. Variables

We collected data on age, sex, body mass index (BMI) (kg/m2), HD vintage (months),
the presence of diabetes as an underlying cause of ESKD, and vascular access types.
Hemoglobin levels (g/dL), Kt/Vurea, serum albumin concentrations (g/dL), serum cal-
cium levels (mg/dL), serum phosphorus levels (mg/dL), serum creatinine levels (mg/dL),
and ultrafiltration volumes (UFV) (L/session) were recorded. Information was gathered
monthly, with laboratory values averaged monthly. The Kt/Vurea was determined using
the Daugirdas equation [15].

The codes corresponding to medications can be found in Table S1. Patients were
divided into two groups based on the use of warfarin: No group (no warfarin prescrip-
tions (n = 4009)), and Warfarin group (warfarin prescriptions for ≥30 days during the
6 months of the HD quality assessment program (n = 820)). We evaluated the use of aspirin,
clopidogrel, statins, and β-blockers, which were defined as being prescribed for ≥30 days.
Comorbidities were assessed using the Charlson Comorbidity Index (CCI) and evaluated
during the year before the HD quality assessment program. CCI scores were computed for
all patients using ICD-10 codes, as previously described [16–18]. In addition, we evaluated
the CHA2DS2-VASC and HAS-BLED scores, as previously described [19,20]. Our study
did not collect data for alcohol and labile international normalized ratios; therefore, we
used a modified HAS-BLED score that excluded these two variables [11]. We defined a low
CHA2DS2-VASC score as <2 in females and <3 in males, and a high CHA2DS2-VASC score
as ≥2 in females and ≥3 in males.
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2.3. Outcomes

Patients were followed up with until April 2022. We evaluated all-cause mortality as
the primary outcome, and hemorrhagic stroke, ischemic stroke, and cardiovascular events
(CVE) as secondary outcomes. We evaluated the incidence of hemorrhagic stroke (I60,
I61, I62) or ischemic stroke (I63) using the relevant ICD-10 codes after the end of the HD
quality assessment program, and that of CVE, including myocardial infarction, stroke, and
revascularization, regardless of survival or death, as shown in Table S2 [14]. To assess
each secondary outcome, we analyzed patients without prior diagnosis of each condition
in the year preceding the HD quality assessment period. Data on patient deaths were
obtained from the HIRA, and patients whose treatment changed to peritoneal dialysis or
who underwent renal transplantation without experiencing an event were censored at the
time of transfer.

2.4. Statistical Analyses

The data were analyzed using two statistical software programs (SAS Enterprise Guide
[version 7.1; SAS Institute, Cary, NC, USA] and R [version 3.5.1; R Foundation for Statistical
Computing, Vienna, Austria]). Categorical variables are represented as frequencies and
percentages, while continuous variables are represented as means and standard deviations.
We used Pearson’s χ2 test or Fisher’s exact test to evaluate the statistically significant
difference between categorical variables. Differences in continuous variables among the
two groups were assessed using the t-test.

Survival curves were estimated using Kaplan–Meier curves. P-values for comparing
survival curves were determined using the log-rank test. Hazard ratios (HRs) and confi-
dence intervals (CIs) were calculated using Cox regression analyses. Age, BMI, vascular
access type, sex, HD vintage, CCI score, diabetes, UFV, Kt/Vurea, and levels of creatinine,
albumin, phosphorus, hemoglobin, and calcium were all taken into account in the multi-
variable Cox regression analyses. Moreover, the analyses accounted for the use of aspirin,
clopidogrel, β-blockers, or statins. The multivariable Cox regression analyses utilized the
enter mode. In the multivariable analysis, CHA2DS2-VASC and HAS-BLED scores were
excluded from the set of covariates due to their statistical correlation with other covariates
to prevent multicollinearity and improve the stability of the model.

To balance the baseline characteristics between the No and Warfarin groups, we
estimated propensity scores using logistic regression models and the following variables:
age, sex, BMI, vascular access type, CCI score, HD vintage, diabetes, UFV, Kt/Vurea, levels
of hemoglobin, albumin, creatinine, phosphorus, and calcium, and the use of aspirin,
clopidogrel, β-blockers, or statins. Participants in the Warfarin group were matched with
participants in the No group using 1:2 nearest neighbor matching without replacement and
with a matching tolerance (caliper) of 0.2; the nearest neighborhood matching was based
on propensity scores. Statistical significance was set at p < 0.05.

3. Results
3.1. Participants’ Baseline Characteristics

Baseline characteristics are shown in Table 1.
Sex, presence of diabetes, use of β-blockers, HD vintage, BMI, CCI scores, Kt/Vurea,

UFV, serum albumin concentrations, calcium levels, and CHA2DS2-VASC scores were not
significantly different between the two groups. The number of patients with arteriovenous
fistula in the No and Warfarin groups was 3257 (81.2%) and 666 (81.2%), respectively.
However, the Warfarin group had older participants and had greater hemoglobin levels
and usage rates of statins than the No group participants. In addition, the Warfarin
group participants had higher usage rates of statins and lower serum creatinine and
phosphorus levels, HAS-BLED scores, and usage rates of clopidogrel or aspirin than the No
group participants.
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Table 1. Patient baseline characteristics.

No Group
(n = 4009)

Warfarin Group
(n = 820) p-Value

Age (years) 65.0 ± 11.6 66.9 ± 10.9 <0.001
Sex (male, %) 2471 (61.6%) 527 (64.3%) 0.169
Hemodialysis vintage (days) 57 ± 62 53 ± 59 0.091
Body mass index (kg/m2) 22.4 ± 3.5 22.4 ± 3.4 0.760
Underlying cause of ESKD
(diabetes) 1714 (42.8%) 363 (44.3%) 0.448

CCI score 8.6 ± 2.9 8.8 ± 2.7 0.254
Kt/Vurea 1.52 ± 0.25 1.51 ± 0.25 0.262
UFV (L/session) 2.3 ± 0.9 2.3 ± 0.8 0.688
Hemoglobin (g/dL) 10.6 ± 0.9 10.7 ± 0.9 0.018
Serum albumin (g/dL) 3.93 ± 0.35 3.91 ± 0.33 0.088
Serum phosphorus (mg/dL) 4.8 ± 1.3 4.7 ± 1.3 0.026
Serum calcium (mg/dL) 8.9 ± 0.8 8.9 ± 0.8 0.421
Serum creatinine (mg/dL) 8.9 ± 2.6 8.7 ± 2.5 <0.001
Use of aspirin 2378 (59.3%) 319 (38.9%) <0.001
Use of clopidogrel 1268 (31.6%) 138 (16.8%) <0.001
Use of statins 1681 (41.9%) 396 (48.3%) <0.001
Use of β-blockers 2070 (51.6%) 450 (54.9%) 0.098
CHA2DS2-VASC score 3.4 ± 1.6 3.4 ± 1.6 0.705
HAS-BLED score 5.1 ± 1.1 4.9 ± 1.1 <0.001

Mean ± standard deviation is used to represent continuous variables, while categorical variables are presented
as numbers (percentages). The p-values are determined using a t-test, and Pearson’s χ2 test was performed for
categorical variables. Abbreviations: CCI, Charlson Comorbidity index; ESKD, end-stage kidney disease; UFV,
ultrafiltration volume.

3.2. Survival Analysis

The follow-up durations in the No and Warfarin groups were 53 ± 28 and 50 ± 27 months,
respectively. The number of patient deaths at the follow-up end-point was 2178 (54.3%)
in the No group and 476 (58.0%) in the Warfarin group (p = 0.056). The 5-year patient
survival rates in the No and Warfarin groups were 53.7% and 46.7%, respectively (Figure 1A,
p = 0.005).

Cox regression analyses revealed that the HR for all-cause mortality in the Warfarin
group was 1.15 (95% CI, 1.05–1.28; p = 0.005) in univariate analysis and 1.11 (95% CI, 1.01–1.23,
p = 0.047) in the multivariable analysis compared to that in the No group (Table 2).

Table 2. Cox regression analyses for patient survival.

Univariate Multivariable

HR (95% CI) p HR (95% CI) p

All-cause mortality 1.15 (1.05–1.28) 0.005 1.11 (1.01–1.23) 0.047
Ischemic stroke 1.02 (0.81–1.29) 0.847 0.96 (0.76–1.22) 0.744

Hemorrhagic stroke 1.57 (1.17–2.10) 0.002 1.67 (1.23–2.27) <0.001
Cardiovascular events 0.93 (0.74–1.18) 0.568 0.91 (0.71–1.15) 0.431

The values represent the HR of the Warfarin group compared to the No group. Adjustments in multivariable
analysis included body mass index, vascular access type, age, sex, diabetes, Charlson Comorbidity Index score,
hemodialysis vintage, ultrafiltration volume, Kt/Vurea, serum albumin, hemoglobin, serum calcium, serum
creatinine, serum phosphorus, systolic blood pressure, diastolic blood pressure, and use of antihypertensive drug,
aspirin, and statins. The analysis was conducted using the enter mode. Abbreviations: CI, confidence interval;
HR, hazard ratio.
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Figure 1. Kaplan–Meier curves for all-cause mortality, hemorrhagic stroke, ischemic stroke, and
cardiovascular events according to the use of warfarin. (A) All-cause mortality; (B) Hemorrhagic
stroke; (C) Ischemic stroke; (D) Cardiovascular events. Abbreviations: CVE, cardiovascular events;
Hstroke, hemorrhagic stroke; Istroke, ischemic stroke.

3.3. Cerebrovascular Event Analyses

The 5-year hemorrhagic stroke-free survival rates in the No and Warfarin groups
were 93.3% and 90.8%, respectively (Figure 1B, p = 0.002). The 5-year ischemic stroke-
free survival rates in the No and Warfarin groups were 81.0% and 81.3%, respectively
(Figure 1C, p = 0.850). The 5-year CVE-free survival rates in the No and Warfarin groups
were 83.6% and 84.6%, respectively (Figure 1D, p = 0.570). Cox regression analyses revealed
that hemorrhagic stroke was significantly associated with the use of warfarin, but no
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statistically significant association between the use of warfarin and ischemic stroke or CVE
was observed (Table 2).

3.4. Subgroup Analyses

We performed subgroup analyses based on sex, age, presence of diabetes, and the
CHA2DS2-VASC score. Univariate analyses showed that all-cause mortality was associated
with the use of warfarin in females, an age of < 65 years, the absence of diabetes, and high
CHA2DS2-VASC score subgroups (Figure 2A).
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cause mortality in females and patients aged < 65 years (Figure 3A), and with hemorrhagic 
stroke in all subgroups except females, and was inversely associated with CVE in females 
and patients without diabetes (Figure 3B–D).  

Figure 2. Association between the use of warfarin and clinical outcomes using univariate Cox regres-
sion analyses based on subgroups. (A) All-cause mortality; (B) Ischemic stroke; (C) Hemorrhagic
stroke; (D) Cardiovascular events. A low CHA2DS2-VASC score was <2 in females and <3 in males,
and a high CHA2DS2-VASC score was ≥2 in females and ≥3 in males. The values represent the
HR of the Warfarin group compared to the No group. Abbreviations: CI, confidence interval; HR,
hazard ratio.

Hemorrhagic stroke was associated with the use of warfarin in males, two age groups,
the presence of diabetes, and high CHA2DS2-VASC score subgroups, and CVE was inversely
associated with the use of warfarin in females (Figure 2B–D). Multivariable Cox regression
analyses revealed that the use of warfarin was positively associated with all-cause mortality
in females and patients aged < 65 years (Figure 3A), and with hemorrhagic stroke in all
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subgroups except females, and was inversely associated with CVE in females and patients
without diabetes (Figure 3B–D).
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Figure 3. Association between the use of warfarin and clinical outcomes using multivariable Cox
regression analyses based on subgroups. (A) All-cause mortality; (B) Ischemic stroke; (C) Hemor-
rhagic stroke; (D) Cardiovascular events. A low CHA2DS2-VASC score was <2 in females and <3 in
males, and a high CHA2DS2-VASC score was ≥2 in females and ≥3 in males. The values represent
the HR of the Warfarin group compared to the No group. Abbreviations: CI, confidence interval; HR,
hazard ratio.

Ischemic stroke was not associated with the use of warfarin in any subgroup in
univariate and multivariable analyses.

3.5. Factors Associated with All-Cause Mortality or Hemorrhagic Stroke

In multivariate analysis, all-cause mortality was positively associated with age, pres-
ence of diabetes, serum calcium and phosphorus levels, HD vintage, CCI scores, UFV, and
the use of clopidogrel, and was inversely associated with females, BMI, Kt/Vurea, and levels
of hemoglobin, albumin, and creatinine (Table S3). In multivariate analysis, hemorrhagic
stroke was positively associated with the presence of diabetes and serum calcium levels
but was inversely associated with the BMI.
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3.6. Analyses Using Cohort after Propensity Score Matching

We performed analyses using cohort after propensity score matching. The distribution
of propensity scores after matching were similar between the two groups compared to that
before matching (Figure S2). Differences in most baseline characteristics were attenuated
after matching (Table S4). Cox regression analyses using cohort after propensity score
matching were similar to those using total cohort (Table S5).

4. Discussion

We analyzed clinical, laboratory, and claims data of patients who underwent main-
tenance HD as part of the HD quality assessment program. We included patients with
diagnostic codes for atrial fibrillation and divided them into two groups based on the use of
warfarin. The number of patients receiving anticoagulation therapy in addition to warfarin
was small, and they were excluded from our study. Our study revealed that the use of war-
farin was associated with an increased risk of all-cause mortality and hemorrhagic stroke.
However, ischemic stroke and CVE were not related to the use of warfarin in our study, and
similar trends were observed in subgroup analyses. In addition, we evaluated independent
risk factors for hemorrhagic stroke; the results showed that the risk of hemorrhagic stroke
increased as diabetes risk and serum calcium levels increased, whereas it decreased as the
BMI increased.

Patients undergoing HD are prone to bleeding diathesis, which is associated with
various factors. Thrombocytopenia can develop due to varied medications or procedures,
including heparin and blood-hemodialyzer contact [4]. Platelet dysfunction, including
structural or functional abnormalities, is a common complication in patients undergoing
HD. Structural changes (e.g., decreased mean platelet volume), functional changes (e.g.,
defective platelet granule secretion), or platelet-wall interaction abnormalities can cause
bleeding diathesis in patients undergoing HD. Anemia beyond platelet abnormalities can
be associated with bleeding complications [21,22]. Therefore, patients undergoing HD and
administered warfarin are exposed to a high bleeding risk.

Previous clinical studies have reported abnormalities in platelet function in patients
undergoing dialysis, and these changes are ultimately associated with excessive clotting and
bleeding [23–26]. The presence of platelet dysfunction may have influenced the results of
our study. However, despite the significance of platelet dysfunction in patients undergoing
HD, its measurement methods and clinical significance remain unclear. These changes in
platelet function arise from various abnormalities in platelet morphology, function, and
interactions with the vessel wall, and their clinical manifestations are diverse, necessitating
specific identification [26]. Conventionally, platelet function can be assessed using distinct
data such as skin bleeding time, closure time, and traditional aggregometry [26]. However,
these methods lack sufficient validation in patients undergoing dialysis, exhibit poor inter-
test correlation, and have inconsistent clinical significance [27,28]. Consequently, data
analysis on platelet function is not commonly performed clinically, and the dataset used in
our study, which only collected minimal data for HD quality assessment, does not include
information on this. Recent research has explored noncomplex approaches using platelet
volume and count to assess thrombosis and bleeding risk; however, further studies are
needed [29].

Non-vitamin K oral anticoagulants, including apixaban, dabigatran, edoxaban, and
rivaroxaban, are used for the prevention of thromboembolic disease; these medications do
not require regular drug monitoring and have a more rapid onset of action, shorter half-life,
and fewer drug interactions than warfarin [30]. However, dabigatran, edoxaban, and
rivaroxaban are contraindicated in patients undergoing dialysis. Furthermore, compared
to no medications or warfarin use, apixaban use has insufficient evidence in terms of
safety or complications, despite FDA approval for use in patients undergoing HD. Recent
randomized trials have compared non-vitamin K antagonists and warfarin in patients
with atrial fibrillation who were undergoing HD. De Vriese et al. compared warfarin
and low-dose rivaroxaban and revealed a decreased risk of fatal and non-fatal CVE and
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bleeding complications with low-dose rivaroxaban but similar all-cause mortality [31].
Two randomized studies compared the efficacy and complications between apixaban and
warfarin therapies in patients with atrial fibrillation who were undergoing HD and found
no statistical differences in safety and efficacy [32,33].

Randomized trials have compared the administration of two anticoagulants in patients
with atrial fibrillation who were undergoing HD. However, most studies comparing the
use and non-use of warfarin have involved retrospective or non-controlled prospective
cohort designs. Shen et al. analyzed the clinical outcomes of 12,284 patients who were
administered warfarin after the first diagnosis of atrial fibrillation [34]. Their study revealed
a minimal decrease in the ischemic stroke risk and a similar decline in mortality, bleeding
complications, and hemorrhagic stroke outcomes, thereby emphasizing the minimal bene-
fits of long-term use of warfarin. However, other studies comparing warfarin use to non-use
showed the hazardous effects of warfarin. Sy et al. showed higher risks of bleeding and
hemorrhagic stroke after considering death as a competing risk [12]. Yoon et al. evaluated
9974 patients with atrial fibrillation who were undergoing HD using a population-based co-
hort and revealed a neutral effect on ischemic stroke and a hazardous effect on hemorrhagic
stroke when comparing warfarin-use cases with those of non-use [11].

Our study had certain strengths compared to previous studies, including a relatively
large sample size and a long follow-up period. A meta-analysis of 15 studies involved a
median follow-up of 2.6 years, but our study had a mean follow-up of 53 months in the No
group and 50 months in the Warfarin group [6]. Additionally, our study included laboratory
data associated with HD quality. Two previous studies used datasets similar to those used
in our study [11,13]. Yoon et al. evaluated a larger sample size than that in our study, but
they did not include laboratory or mortality data [11]. Kang et al. included laboratory data;
however, our study included a larger sample size than that in their study [13].

The results of subgroup analyses in our study provided additional information. In
female patients, the use of warfarin was associated with decreased CVE, increased all-
cause mortality, and a neutral effect on hemorrhagic stroke. In multivariable Cox re-
gression, the nonsignificant relationship between hemorrhagic stroke risk and the use of
warfarin in female patients may be linked to the small sample size of female warfarin users
(n = 219) and low incidence of hemorrhagic stroke. Considering the high risk of hemor-
rhagic stroke in most subgroups, high all-cause mortality in females or young patients, and
its neutral effect on ischemic stroke or CVE, warfarin should be used with caution. The
use of warfarin in patients with a CHA2DS2-VASc score ≥ 3 in females or ≥ 2 in males
is strongly recommended [9,10]. However, in our study, the use of warfarin in patients
with these scores exhibited a trend towards higher all-cause mortality, despite statistical
non-significance, and a significantly increased risk of hemorrhagic stroke. This suggests
that caution should be exercised while using warfarin, even for individuals with high
scores in the general population.

Our study aimed to investigate the association between warfarin use and clinical
outcomes in patients with atrial fibrillation who were undergoing HD and identify factors
influencing the risk of all-cause mortality and hemorrhagic stroke in these patients. In
these patients, age, the presence of diabetes, serum calcium and phosphorus levels, HD
vintage, CCI scores, UFV, the use of clopidogrel, female sex, BMI, Kt/Vurea, and levels of
hemoglobin, albumin, and creatinine played a role in all-cause mortality. However, the
factors influencing the risk of death in our study were similar to well-known mortality
risk factors in patients undergoing HD, regardless of the presence of atrial fibrillation.
Hemorrhagic stroke was positively associated with calcium levels, which aligns with the
findings of Kitamura et al., who demonstrated an association between serum calcium levels
and cerebral hemorrhage [35]. While evidence regarding the association between serum
calcium levels and hemorrhagic stroke is insufficient, it may be related to vascular calcification,
changes in the vascular tone, and the function of the blood–brain barrier [36–40]. Further
research is needed to elucidate the mechanisms of and establish a clear association between
serum calcium levels and hemorrhagic stroke.
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Our study had certain limitations. First, our study had a retrospective observational
design. The initial collection of our study data was for quality assessments at the HD
center, independent of research objectives. Nonetheless, our dataset represents real-world
scenarios compared to data obtained for research purposes in single-center or multicenter
studies. Second, warfarin use was defined in our study as its utilization over a specified
period during the HD quality assessment program (i.e., used ≥ 30 days in 6 months). Third,
we evaluated the diagnosis of atrial fibrillation, stroke, or CVE using ICD-10 codes or
procedures. Atrial fibrillation can be precisely diagnosed using electrocardiography, 24 h
Holter monitoring, or echocardiography. In addition, our study did not include structural
or functional changes in the heart. Ejection fraction, wall motion, or valve abnormality data
would have been useful in identifying the types or underlying comorbidities associated
with atrial fibrillation. Fourth, data on the cause of death were not included in our study
analysis. Most of the South Korean population is enrolled in medical insurance, or Medicaid,
and indicating the status of treatment-related mortality on insurance claims is mandatory.
Therefore, the mortality data provided by the HIRA is highly accurate. The mortality
status is reported to be verified by the continued payment of insurance premiums; thus,
information regarding the cause of death is not collected. As a result, our dataset does not
allow for data analysis related to the cause of death.

Our study is retrospective and is not confirmative due to several inherent limitations.
However, we believe it is valuable as it analyzes real-world data on the use of warfarin in
HD patients with atrial fibrillation, for which clear conclusions are yet to be drawn. More-
over, we believe that this study highlights the need for further confirmative randomized
controlled trials based on our findings.

5. Conclusions

We showed that warfarin use is associated with a higher risk of all-cause mortality and
hemorrhagic stroke and shows a neutral effect on ischemic stroke and CVE in patients with
atrial fibrillation who were undergoing HD. These findings are consistent across age, sex,
diabetes, and CHA2DS2-VASC score subgroups. These results underscore the importance
of exercising caution in the use of warfarin, irrespective of the thromboembolic risk or
baseline characteristics, in patients with atrial fibrillation who are undergoing HD.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/jcm13082404/s1, Table S1. Medication types and Health Insurance Review
and Assessment Service codes; Table S2. Codes associated with cardiac and cerebrovascular outcomes;
Table S3. Other factors associated with all-cause mortality or hemorrhagic stroke; Table S4. Baseline
characteristics after propensity score matching; Table S5. Cox regression analyses using cohort after
propensity score matching; Figure S1. Study flowchart; Figure S2. Distribution of propensity score
before and after matching.

Author Contributions: Conceptualization (S.H.K.); methodology and software (G.O.K., E.J.S. and
B.Y.K.); validation, formal analysis, and investigation (S.H.K.); resources and data curation (G.O.K.,
E.J.S. and B.Y.K.); writing—original draft preparation (S.H.K. and J.Y.D.); writing—review and editing,
supervision, and project administration (S.H.K.); funding acquisition (S.H.K. and J.Y.D.). All authors
have read and agreed to the published version of the manuscript.

Funding: Financial support for this study was provided by MRC Program through the NRF of Korea
funded by the Ministry of Science, ICT, and Future Planning (2022R1A5A2018865); Basic Science Re-
search Program through the NRF of Korea, funded by the Ministry of Education (2022R1I1A3072966);
and NRF grant funded by the Korea government (MSIT) (2022R1F1A1076151). The funders had
no involvement in the study design, data collection, analysis, interpretation, manuscript write, or
decision to publish.

Institutional Review Board Statement: The study was conducted ethically per the World Medical
Association Declaration of Helsinki guidelines. The study was approved by the institutional review
board (IRB) of the Yeungnam University Medical Center (approval no. YUMC 2024-02-013; approval
date. 27 February 2024).

https://www.mdpi.com/article/10.3390/jcm13082404/s1
https://www.mdpi.com/article/10.3390/jcm13082404/s1


J. Clin. Med. 2024, 13, 2404 11 of 13

Informed Consent Statement: Informed consent was not obtained from the patients since the records
and information of the participants were anonymized and de-identified before the analysis. The IRB
also waived the need for obtaining informed consent.

Data Availability Statement: The raw data were generated at the Health Insurance Review and
Assessment Service. The database can be requested from the Health Insurance Review and Assess-
ment Service by sending a study proposal including the purpose of the study, study design, and
duration of analysis through an e-mail (turtle52@hira.or.kr) or at the website (https://www.hira.or.kr
(accessed on 18 April 2024)). The authors cannot distribute the data without permission.

Acknowledgments: This research was supported by a grant from the Joint Project on Quality
Assessment Research, Republic of Korea. The epidemiologic data used in this study were obtained
from Periodic Hemodialysis Quality Assessment by HIRA. The requirement for informed consent
was waived due to the retrospective nature of the study. De-identification was performed, and data
usage was permitted by the National Health Information Data Request Review Committee of HIRA.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. US Renal Data System. USRDS 2020 Annual Data Report: Atlas of Chronic Kidney Disease in the United States; National Institutes

of Health, National Institute of Diabetes and Digestive and Kidney Diseases: Bethesda, MD, USA, 2020. Available online:
https://adr.usrds.org/2020 (accessed on 14 June 2023).

2. Kim, K.M.; Jeong, S.A.; Ban, T.H.; Hong, Y.A.; Hwang, S.D.; Choi, S.R.; Lee, H.; Kim, J.H.; Kim, S.H.; Kim, T.H.; et al. Status and
trends in epidemiologic characteristics of diabetic end-stage renal disease: An analysis of the 2021 Korean Renal Data System.
Kidney Res. Clin. Pract. 2024, 43, 20–32. [CrossRef] [PubMed]

3. Hu, A.; Niu, J.; Winkelmayer, W.C. Oral Anticoagulation in Patients with End-Stage Kidney Disease on Dialysis and Atrial
Fibrillation. Semin. Nephrol. 2018, 38, 618–628. [CrossRef]

4. Daugirdas, J.T.; Bernardo, A.A. Hemodialysis effect on platelet count and function and hemodialysis-associated thrombocytopenia.
Kidney Int. 2012, 82, 147–157. [CrossRef]

5. Van Eck van der Sluijs, A.; Pai, P.; Zhu, W.; Ocak, G. Bleeding Risk in Hemodialysis Patients. Semin. Nephrol. 2024, 151478.
[CrossRef]

6. Randhawa, M.S.; Vishwanath, R.; Rai, M.P.; Wang, L.; Randhawa, A.K.; Abela, G.; Dhar, G. Association Between Use of Warfarin
for Atrial Fibrillation and Outcomes Among Patients with End-Stage Renal Disease: A Systematic Review and Meta-analysis.
JAMA Netw. Open 2020, 3, e202175. [CrossRef]

7. Lutz, J.; Menke, J.; Sollinger, D.; Schinzel, H.; Thürmel, K. Haemostasis in chronic kidney disease. Nephrol. Dial. Transplant. 2014,
29, 29–40. [CrossRef] [PubMed]

8. Warkentin, T.E. Immunologic Effects of Heparin Associated with Hemodialysis: Focus on Heparin-Induced Thrombocytopenia.
Semin. Nephrol. 2024, 151479. [CrossRef]

9. Hindricks, G.; Potpara, T.; Dagres, N.; Arbelo, E.; Bax, J.J.; Blomström-Lundqvist, C.; Boriani, G.; Castella, M.; Dan, G.A.;
Dilaveris, P.E.; et al. 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with
the European Association for Cardio-Thoracic Surgery (EACTS): The Task Force for the diagnosis and management of atrial
fibrillation of the European Society of Cardiology (ESC) Developed with the special contribution of the European Heart Rhythm
Association (EHRA) of the ESC. Eur. Heart J. 2021, 42, 373–498. [PubMed]

10. Writing Committee Members; Joglar, J.A.; Chung, M.K.; Armbruster, A.L.; Benjamin, E.J.; Chyou, J.Y.; Cronin, E.M.; Deswal, A.;
Eckhardt, L.L.; Goldberger, Z.D.; et al. 2023 ACC/AHA/ACCP/HRS Guideline for the Diagnosis and Management of Atrial
Fibrillation: A Report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice
Guidelines. J. Am. Coll. Cardiol. 2024, 83, 109–279.

11. Yoon, C.Y.; Noh, J.; Jhee, J.H.; Chang, T.I.; Kang, E.W.; Kee, Y.K.; Kim, H.; Park, S.; Yun, H.R.; Jung, S.Y.; et al. Warfarin Use in
Patients with Atrial Fibrillation Undergoing Hemodialysis: A Nationwide Population-Based Study. Stroke 2017, 48, 2472–2479.
[CrossRef]

12. Sy, J.; Wenziger, C.; Marroquin, M.; Kalantar-Zadeh, K.; Kovesdy, C.; Streja, E. Warfarin Use, Stroke, and Bleeding Risk among
Pre-Existing Atrial Fibrillation US Veterans Transitioning to Dialysis. Nephron 2022, 146, 360–368. [CrossRef] [PubMed]

13. Kang, Y.; Choi, H.Y.; Kwon, Y.E.; Shin, J.H.; Won, E.M.; Yang, K.H.; Oh, H.J.; Ryu, D.R. Clinical outcomes among hemodialysis
patients with atrial fibrillation: A Korean nationwide population-based study. Kidney Res. Clin. Pract. 2021, 40, 99–108. [CrossRef]
[PubMed]

14. Kang, S.H.; Kim, B.Y.; Son, E.J.; Kim, G.O.; Do, J.Y. Influence of Different Types of β-Blockers on Mortality in Patients on
Hemodialysis. Biomedicines 2023, 11, 2838. [CrossRef] [PubMed]

https://www.hira.or.kr
https://adr.usrds.org/2020
https://doi.org/10.23876/j.krcp.23.130
https://www.ncbi.nlm.nih.gov/pubmed/38268124
https://doi.org/10.1016/j.semnephrol.2018.08.006
https://doi.org/10.1038/ki.2012.130
https://doi.org/10.1016/j.semnephrol.2023.151478
https://doi.org/10.1001/jamanetworkopen.2020.2175
https://doi.org/10.1093/ndt/gft209
https://www.ncbi.nlm.nih.gov/pubmed/24132242
https://doi.org/10.1016/j.semnephrol.2023.151479
https://www.ncbi.nlm.nih.gov/pubmed/32860505
https://doi.org/10.1161/STROKEAHA.117.017114
https://doi.org/10.1159/000521494
https://www.ncbi.nlm.nih.gov/pubmed/35124673
https://doi.org/10.23876/j.krcp.20.022
https://www.ncbi.nlm.nih.gov/pubmed/33789385
https://doi.org/10.3390/biomedicines11102838
https://www.ncbi.nlm.nih.gov/pubmed/37893212


J. Clin. Med. 2024, 13, 2404 12 of 13

15. Daugirdas, J.T. Second generation logarithmic estimates of single-pool variable volume Kt/V: An analysis of error. J. Am. Soc.
Nephrol. 1993, 4, 1205–1213. [CrossRef] [PubMed]

16. Charlson, M.E.; Pompei, P.; Ales, K.L.; MacKenzie, C.R. A new method of classifying prognostic comorbidity in longitudinal
studies: Development and validation. J. Chronic Dis. 1987, 40, 373–383. [CrossRef] [PubMed]

17. Quan, H.; Sundararajan, V.; Halfon, P.; Fong, A.; Burnand, B.; Luthi, J.C.; Saunders, L.D.; Beck, C.A.; Feasby, T.E.; Ghali, W.A.
Coding algorithms for defining comorbidities in ICD-9-CM and ICD-10 administrative data. Med. Care 2005, 43, 1130–1139.
[CrossRef] [PubMed]

18. Kang, S.H.; Kim, G.O.; Kim, B.Y.; Son, E.J.; Do, J.Y. Correlation between Statin Solubility and Mortality in Patients on Chronic
Hemodialysis. Diagnostics 2023, 13, 3290. [CrossRef] [PubMed]

19. Lip, G.Y.; Nieuwlaat, R.; Pisters, R.; Lane, D.A.; Crijns, H.J. Refining clinical risk stratification for predicting stroke and
thromboembolism in atrial fibrillation using a novel risk factor-based approach: The euro heart survey on atrial fibrillation. Chest
2010, 137, 263–272. [CrossRef] [PubMed]

20. Pisters, R.; Lane, D.A.; Nieuwlaat, R.; de Vos, C.B.; Crijns, H.J.; Lip, G.Y. A novel user-friendly score (HAS-BLED) to assess 1-year
risk of major bleeding in patients with atrial fibrillation: The Euro Heart Survey. Chest 2010, 138, 1093–1100. [CrossRef]

21. Hedges, S.J.; Dehoney, S.B.; Hooper, J.S.; Amanzadeh, J.; Busti, A.J. Evidence-based treatment recommendations for uremic
bleeding. Nat. Clin. Pract. Nephrol. 2007, 3, 138–153. [CrossRef]

22. Gomchok, D.; Ge, R.L.; Wuren, T. Platelets in Renal Disease. Int. J. Mol. Sci. 2023, 24, 14724. [CrossRef] [PubMed]
23. Remuzzi, G.; Livio, M.; Marchiaro, G.; Mecca, G.; de Gaetano, G. Bleeding in renal failure: Altered platelet function in chronic

uraemia only partially corrected by haemodialysis. Nephron 1978, 22, 347–353. [CrossRef]
24. Bazilinski, N.; Shaykh, M.; Dunea, G.; Mamdani, B.; Patel, A.; Czapek, E.; Ahmed, S. Inhibition of platelet function by uremic

middle molecules. Nephron 1985, 40, 423–428. [CrossRef] [PubMed]
25. Di Minno, G.; Martinez, J.; McKean, M.L.; De La Rosa, J.; Burke, J.F.; Murphy, S. Platelet dysfunction in uremia. Multifaceted

defect partially corrected by dialysis. Am. J. Med. 1985, 79, 552–559. [CrossRef] [PubMed]
26. Jain, N.; Corken, A.L.; Kumar, A.; Davis, C.L.; Ware, J.; Arthur, J.M. Role of Platelets in Chronic Kidney Disease. J. Am. Soc.

Nephrol. 2021, 32, 1551–1558. [CrossRef] [PubMed]
27. Zupan, I.P.; Sabovic, M.; Salobir, B.; Ponikvar, J.B.; Cernelc, P. Utility of in vitro closure time test for evaluating platelet-related

primary hemostasis in dialysis patients. Am. J. Kidney Dis. 2003, 42, 746–751. [CrossRef] [PubMed]
28. Wright, R.S.; Anderson, J.L.; Adams, C.D.; Bridges, C.R.; Casey, D.E., Jr.; Ettinger, S.M.; Fesmire, F.M.; Ganiats, T.G.; Jneid,

H.; Lincoff, A.M.; et al. 2011 ACCF/AHA Focused Update of the Guidelines for the Management of Patients with Unstable
Angina/Non-ST-Elevation Myocardial Infarction (Updating the 2007 Guideline): A report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice Guidelines. Circulation 2011, 123, 2022–2060. [PubMed]

29. Davis, O.M.; Kore, R.; Moore, A.; Ware, J.; Mehta, J.L.; Arthur, J.M.; Lynch, D.R.; Jain, N. Platelet Count and Platelet Volume in
Patients with CKD. J. Am. Soc. Nephrol. 2023, 34, 1772–1775. [CrossRef] [PubMed]

30. Stamellou, E.; Floege, J. Novel oral anticoagulants in patients with chronic kidney disease and atrial fibrillation. Nephrol. Dial.
Transplant. 2018, 33, 1683–1689. [CrossRef]

31. De Vriese, A.S.; Caluwé, R.; Van Der Meersch, H.; De Boeck, K.; De Bacquer, D. Safety and Efficacy of Vitamin K Antagonists
versus Rivaroxaban in Hemodialysis Patients with Atrial Fibrillation: A Multicenter Randomized Controlled Trial. J. Am. Soc.
Nephrol. 2021, 32, 1474–1483. [CrossRef]

32. Pokorney, S.D.; Chertow, G.M.; Al-Khalidi, H.R.; Gallup, D.; Dignacco, P.; Mussina, K.; Bansal, N.; Gadegbeku, C.A.; Garcia, D.A.;
Garonzik, S.; et al. Apixaban for Patients with Atrial Fibrillation on Hemodialysis: A Multicenter Randomized Controlled Trial.
Circulation 2022, 146, 1735–1745. [CrossRef] [PubMed]

33. Reinecke, H.; Engelbertz, C.; Bauersachs, R.; Breithardt, G.; Echterhoff, H.H.; Gerß, J.; Haeusler, K.G.; Hewing, B.; Hoyer, J.;
Juergensmeyer, S.; et al. A Randomized Controlled Trial Comparing Apixaban with the Vitamin K Antagonist Phenprocoumon in
Patients on Chronic Hemodialysis: The AXADIA-AFNET 8 Study. Circulation 2023, 147, 296–309. [CrossRef] [PubMed]

34. Shen, J.I.; Montez-Rath, M.E.; Lenihan, C.R.; Turakhia, M.P.; Chang, T.I.; Winkelmayer, W.C. Outcomes After Warfarin Initiation
in a Cohort of Hemodialysis Patients with Newly Diagnosed Atrial Fibrillation. Am. J. Kidney Dis. 2015, 66, 677–688. [CrossRef]
[PubMed]

35. Kitamura, M.; Tateishi, Y.; Sato, S.; Kitamura, S.; Ota, Y.; Muta, K.; Yamashita, H.; Uramatsu, T.; Obata, Y.; Mochizuki, Y.; et al.
Association between serum calcium levels and prognosis, hematoma volume, and onset of cerebral hemorrhage in patients
undergoing hemodialysis. BMC Nephrol. 2019, 20, 210. [CrossRef] [PubMed]

36. O’Neill, W.C. Targeting serum calcium in chronic kidney disease and end-stage renal disease: Is normal too high? Kidney Int.
2016, 89, 40–45. [CrossRef] [PubMed]

37. Marín, J.; Encabo, A.; Briones, A.; García-Cohen, E.C.; Alonso, M.J. Mechanisms involved in the cellular calcium homeostasis in
vascular smooth muscle: Calcium pumps. Life Sci. 1999, 64, 279–303. [CrossRef] [PubMed]

38. Brown, R.C.; Davis, T.P. Calcium modulation of adherens and tight junction function: A potential mechanism for blood-brain
barrier disruption after stroke. Stroke 2002, 33, 1706–1711. [CrossRef] [PubMed]

https://doi.org/10.1681/ASN.V451205
https://www.ncbi.nlm.nih.gov/pubmed/8305648
https://doi.org/10.1016/0021-9681(87)90171-8
https://www.ncbi.nlm.nih.gov/pubmed/3558716
https://doi.org/10.1097/01.mlr.0000182534.19832.83
https://www.ncbi.nlm.nih.gov/pubmed/16224307
https://doi.org/10.3390/diagnostics13203290
https://www.ncbi.nlm.nih.gov/pubmed/37892111
https://doi.org/10.1378/chest.09-1584
https://www.ncbi.nlm.nih.gov/pubmed/19762550
https://doi.org/10.1378/chest.10-0134
https://doi.org/10.1038/ncpneph0421
https://doi.org/10.3390/ijms241914724
https://www.ncbi.nlm.nih.gov/pubmed/37834171
https://doi.org/10.1159/000181474
https://doi.org/10.1159/000183512
https://www.ncbi.nlm.nih.gov/pubmed/4022211
https://doi.org/10.1016/0002-9343(85)90051-8
https://www.ncbi.nlm.nih.gov/pubmed/3933340
https://doi.org/10.1681/ASN.2020121806
https://www.ncbi.nlm.nih.gov/pubmed/34140394
https://doi.org/10.1016/S0272-6386(03)00913-2
https://www.ncbi.nlm.nih.gov/pubmed/14520625
https://www.ncbi.nlm.nih.gov/pubmed/21444889
https://doi.org/10.1681/ASN.0000000000000220
https://www.ncbi.nlm.nih.gov/pubmed/37677933
https://doi.org/10.1093/ndt/gfx322
https://doi.org/10.1681/ASN.2020111566
https://doi.org/10.1161/CIRCULATIONAHA.121.054990
https://www.ncbi.nlm.nih.gov/pubmed/36335914
https://doi.org/10.1161/CIRCULATIONAHA.122.062779
https://www.ncbi.nlm.nih.gov/pubmed/36335915
https://doi.org/10.1053/j.ajkd.2015.05.019
https://www.ncbi.nlm.nih.gov/pubmed/26162653
https://doi.org/10.1186/s12882-019-1400-4
https://www.ncbi.nlm.nih.gov/pubmed/31174486
https://doi.org/10.1016/j.kint.2015.10.001
https://www.ncbi.nlm.nih.gov/pubmed/26759046
https://doi.org/10.1016/S0024-3205(98)00393-2
https://www.ncbi.nlm.nih.gov/pubmed/10072189
https://doi.org/10.1161/01.STR.0000016405.06729.83
https://www.ncbi.nlm.nih.gov/pubmed/12053015


J. Clin. Med. 2024, 13, 2404 13 of 13

39. Wang, J.; Li, W.; Zhang, W.; Cao, L. Association between serum calcium and hemorrhagic transformation in ischemic stroke: A
systematic review and meta-analysis. J. Clin. Neurosci. 2022, 104, 107–112. [CrossRef]

40. Bkaily, G.; Jacques, D. Calcium Homeostasis, Transporters, and Blockers in Health and Diseases of the Cardiovascular System.
Int. J. Mol. Sci. 2023, 24, 8803. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jocn.2022.08.007
https://doi.org/10.3390/ijms24108803

	Introduction 
	Materials and Methods 
	Data Source and Study Participants 
	Variables 
	Outcomes 
	Statistical Analyses 

	Results 
	Participants’ Baseline Characteristics 
	Survival Analysis 
	Cerebrovascular Event Analyses 
	Subgroup Analyses 
	Factors Associated with All-Cause Mortality or Hemorrhagic Stroke 
	Analyses Using Cohort after Propensity Score Matching 

	Discussion 
	Conclusions 
	References

