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ABSTRACT

Background. Observational data comparing warfarin with no treatment for patients with non-valvular atrial fibrillation
(NVAF) and severely reduced glomerular filtration rate (GFR) are conflicting and randomized controlled trials (RCTs) are
lacking. Most studies do not provide information on warfarin treatment quality, making them difficult to compare.
Methods. This national cohort study investigates the risk of ischaemic stroke and major bleeding during warfarin
treatment compared with no oral anticoagulants in patients with NVAF, GFR category 3–5 (G3–G5) or on dialysis (G5D),
with kidney transplant recipients excluded, between 2009 and 2018. Data extracted from high-quality Swedish national
healthcare registries, including the Swedish Renal Registry, AuriculA—the Swedish national quality registry for atrial
fibrillation and anticoagulation—and the Stroke Registry.
Results. At enrolment of 12 106 patients, 21.4% were G3, 43.5% were G4, 11.6% were G5 and 23.6% were G5D. The mean
time in the therapeutic range was 70%. Warfarin compared with no treatment showed a lower risk for ischaemic stroke
for G3 {hazard ratio [HR] 0.37 [95% confidence interval (CI) 0.18–0.76]}, G4 [0.53 (0.38–0.74)] and G5 [0.49 (0.30–0.79)] and an
increased risk of major bleeding in G4 [HR 1.22 (1.02–1.46)], G5 [1.52 (1.15–2.01)] and G5D [1.23 (1.00–1.51)]. All-cause
mortality was more than halved on warfarin compared with no treatment in all GFR categories.
Conclusions. Warfarin treatment is associated with a lower risk of ischaemic stroke for patients with NVAF and G3, G4
and G5D at the cost of a higher risk of major bleeding for G4–G5D. Existing observational data are conflicting, stressing
the need for RCTs on warfarin compared with no treatment in G4–G5D. Awaiting RCTs, it seems reasonable to treat
selected patients on dialysis and NVAF with warfarin.
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INTRODUCTION

Chronic kidney disease (CKD) affects 10% of the adult population
and is a risk factor for atrial fibrillation (AF) [1]. Moreover, AF it-
self can increase the risk for CKD, meaning the association is
bidirectional [2]. Approximately 20% of patients with CKD ≥G3b
[glomerular filtration rate (GFR) <45mL/min/1.73m2] and up to
27% of patients on dialysis have AF [3, 4]. AF is a risk factor for
thromboembolic stroke, evenmore so in patients with concomi-
tant CKD [3, 5, 6].

The use of prophylactic oral anticoagulants for patients with
a high risk of thromboembolic events, according to the CHA2DS2-
VASc [congestive heart failure, hypertension, age ≥75 years,
diabetesmellitus, stroke or transient ischaemic attack (TIA), vas-
cular disease, age 65–74 years, sex category] score, is not contro-
versial for CKDwith a glomerular filtration rate (GFR) category 1–
3 [G1–G3b; estimated GFR (eGFR) ≥30 mL/min/1.73 m2] [1, 7]. For
these patients, warfarin and direct oral anticoagulants (DOACs)
are effective. Existing data on DOACs for patients with G4–G5
(eGFR<30mL/min/1.73m2) are limited since these patientswere
excluded from the pivotal DOAC studies [8–11]. Traditionally,
warfarin has been used as stroke prophylaxis in patients with
AF and G4–G5, but randomized controlled trials (RCTs) are lack-
ing. Observational studies suggest protection against ischaemic
stroke with warfarin compared with no treatment, but also an
increased risk of haemorrhage [5, 12, 13]. Also, data imply that
the increased risk of bleeding on warfarin is reduced with opti-
mal time in the therapeutic range (TTR) >75%, independent of
GFR [14].

Data onwarfarin comparedwith no treatment for patients on
dialysis (G5D) are conflicting. No RCTs have been completed so
far [15]. The spectrumof observational data onwarfarin andG5D
covers both the mortality benefit as well as the increased risk
of ischaemic stroke with warfarin [5, 12, 13, 16, 17]. Two meta-
analyses suggest no prophylactic effect regarding stroke risk and
more bleeding for warfarin-treated patients on dialysis [18, 19].
In contrast one meta-analysis found no evidence of either harm
or benefit of warfarin in patients on dialysis [20].

International guidelines on the use of oral anticoagulants
in G5D are inconsistent. American cardiology guidelines sug-
gest warfarin or apixaban might be reasonable for patients with
AF on dialysis [21]. European Society of Cardiology Guidelines
do not have a recommendation [22]. The International Soci-
ety of Nephrology Kidney Disease: Improving Global Outcomes
(KDIGO) guidelines do not recommend routine anticoagulation
for dialysis patients with AF [1].

The aim of the present study is to investigate the risk of
ischaemic stroke and major bleeding with warfarin compared
with no treatment in patients with CKD G3–G5D using Swedish
national healthcare registries. The hypothesis is that warfarin
offers stroke protection in all GFR categories at the cost of more
bleeding in G5D.

MATERIALS AND METHODS

We conducted a Swedish register–based cohort study that ad-
heres to the Declaration of Helsinki and was approved by the
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Swedish Ethical Review Authority (registration 2019-03289). Per-
sonal consentwas not obtained due to the register-based design.

Data sources

All Swedish inhabitants are provided with a personal registra-
tion number, making it possible to link personal data from dif-
ferent registers [23]. We included patients from the Swedish Re-
nal Registry (SRR), a quality register for patients with CKD and
kidney replacement therapy (KRT, i.e. patients on dialysis and
kidney transplant recipients). Patients from 98% of all Swedish
nephrology clinics with G3b (and from some regions with G3a)
through G5D are included and their care is monitored. Approxi-
mately 80% of all CKD patients are registered in the SRR before
the start of KRT and >90% of all Swedish dialysis patients are
covered. eGFR is reported at least yearly [24]. The Swedish Na-
tional Patient Register (NPR) is managed by the National Board
of Health andWelfare, with almost 100% coverage of all somatic
and psychiatric hospital admissions with information of admis-
sion and discharge dates, surgical procedures and International
Classification of Diseases, Tenth Revision (ICD-10) codes. The
NPR has general high validity. The positive predictive value for
AF in the NPR is 97% [25]. AuriculA is the Swedish national qual-
ity registry for AF and oral anticoagulation. It was active between
2006 and 2018, including ∼50% of all Swedish warfarin users.
AuriculA included whole regions with no obvious selection bias,
containing data on treatment periods,dosages and international
normalized ratios (INRs). The Swedish Prescribed Drug Regis-
ter (PDR) has complete coverage of all dispensations at Swedish
pharmacies since 2006 according to the Anatomical Therapeu-
tic Chemical (ATC) classification. The stroke register is the na-
tional quality register for stroke care, with coverage of 94% of all
acute strokes in Sweden [26]. This register has a higher valid-
ity of stroke diagnosis than the NPR since it registers the index
stroke diagnosis only once and collects the correct stroke date,
compared with the NPR, where the ICD-10 code for stroke is of-
ten registered a posteriori and at rehabilitation visits. The Cause
of Death Register (CDR) includes all death dates of the deceased
in Sweden.

Inclusion

Adult patients at Swedish nephrology clinics with CKD G3–G5D
between 2009 and 2018 were obtained from the SRR and linked
with the NPR for AF/flutter. Patients with valvular AF due to
mitral stenosis or mechanical heart valve replacement (ICD-10
codes Z952, I050, I342, Q232) and kidney transplant recipients in
the SRR or Z940 (ICD-10) and V42A (ICD-9) in the NPR were ex-
cluded. Thus a cohort of patients with G3–G5D who were not
kidney transplanted and with non-valvular AF (NVAF) was ob-
tained. Patients who underwent kidney transplantation or were
diagnosed with valvular AF during follow-up were censored.
Baseline characteristics and comorbidity data were obtained
from the NPR, AuriculA and the SRR. The underlying kidney
disease diagnosis from the SRR was only available for patients
on dialysis. A full list of included variables and their sources is
found in Supplementary data, Table S1. All patients were scored
according to the CHA2DS2-VASc for stroke risk assessment [27].

Kidney function status

The GFR category was obtained from the SRR and categorized
as G3–G5D according to the KDIGO guidelines (G3a: eGFR 45–59
mL/min/1.73 m2; G3b: 30–44; G4: 15–29; G: <15; G5D: on dialysis)
[28]. G3a and G3b were merged. GFR could decrease during
follow-up; i.e. G3 could switch to G4 and G5 and G5D but the
patient remained in the cohort. Increasing GFR during the study

was disregarded. The date of dialysis start was collected from
the SRR. Baseline data were presented for all GFR categories
separately at the date when each patient entered a new GFR
category. Since a patient can progress fromG3 to G4 to G5 to G5D,
this means that patients in the GFR categories are not unique.

Treatment

Warfarin treatment periods were extracted from AuriculA. A pe-
riod with no oral anticoagulants (no treatment) was defined as
no treatment in AuriculA and no dispensations of either war-
farin or DOAC in the PDR. If there was a dispensation of anti-
coagulants (warfarin or DOAC) in the PDR not matching a war-
farin treatment period in AuriculA, an undefined treatment pe-
riod started. An undefined period of warfarin or DOAC lasted
from the last dispensation, the number of days the warfarin or
DOAC dispensation covered (1 tablet per day for warfarin) and
26 weeks after the dispensation was finished. For patients in-
cluded inmultidrug dispensing, a period of undefined treatment
with DOAC was defined as the number of days covered by the
dispensation plus 1 week. A patient could be on warfarin, un-
treated andhave undefined treatment periods during the follow-
up time. Warfarin treatment quality was calculated as the TTR
according to Rosendaal et al. [29].

Outcomes

Outcomes were analysed in relation to current treatment and
GFR category. The stroke register was used to collect all stroke-
related outcomes. Other outcomes were obtained from the NPR,
except the date of death, which was collected from the CDR. Pri-
mary outcomes were ischaemic stroke or major bleeding requir-
ing inpatient care. Secondary outcomes were all-cause stroke
and systemic embolism; all-cause stroke; haemorrhagic stroke;
gastrointestinal (GI), intracranial (IC) or other bleeding requir-
ing inpatient care;myocardial infarction and all-causemortality.
Only the first type of each outcomewas counted.After the occur-
rence of an outcome, a patient was censored for this event but
remained in the cohort for other events. A full list of outcomes
and their source is found in Supplementary data, Table S1.

Statistical analysis

Data were processed using R version 4.0.2 (R Foundation for Sta-
tistical Computing, Vienna, Austria). Outcomes for the separate
treatment groups were presented as rates with 95% confidence
intervals (CIs) as well as compared between warfarin and the
no-treatment group using Cox regression analysis with time-
dependent covariates presented with hazard ratios (HRs) and
95% CIs. Covariates adjusted for were sex, age, years from study
start and any of the following prior events: congestive heart
failure, diabetes mellitus, hypertension, stroke or transient is-
chaemic attack (TIA), vascular disease, major bleeding, myocar-
dial infarction, percutaneous coronary intervention and exces-
sive alcohol use. A sensitivity analysis was performed using Cox
regression comparing warfarin and no treatment merging G3–
G5 and adjusting for blood pressure, serum/plasma (S/P) albu-
min and β-haemoglobin in addition tomentioned covariates and
for G5D adjusting for dialysismodality. All quantitative variables
were used in models as restricted cubic splines.

RESULTS

Steps of inclusion

The registry outtake of patients in the SRR with AF consisted of
15 218 individuals. Patients were candidates for inclusion if their
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FIGURE 1: Patient flow chart.

first date of GFR category (or first dialysis date) and AF diagnosis
were registered before the end of the study period (31 December
2018). There were 14 097 such candidates; 225 individuals did
not have ≥G3 or dialysis (in register for other reasons), 895 were
registered at dates after the end of the study period and 1 pa-

tient was excluded due to a missing date of AF. The individual
start date (t0) was defined as the first date when a G3–G5D and
AF diagnosis coexisted and the study period had started (1 Jan-
uary 2009). Individuals were excluded if they received a kidney
transplant (n = 1486), were diagnosed with valvular AF (n = 494)
or were deceased (n = 11) prior to or on t0. The individual stop
date was when an exclusion criterion occurred or at the end of
the study period. This left a study population of 12 106 patients
(Figure 1).

Cohort description

A total of 12 106 patients with non-valvular AF and G3–G5D
were included (Table 1). The median age at inclusion was 77.3
years and 31.6% were female. At inclusion, 21.4% were G3, 43.5%
were G4, 11.6% were G5 and 23.6% were G5D. GFR could decrease
during the study; a total of 6090 patients entered G4 and 2605
entered G5 (Table 1). A total of 4179 patients started dialysis
(G5D): 2971 (71.1%) on haemodialysis and 1208 (28.9%) on peri-
toneal dialysis. Of the patients starting dialysis, 27.1% were di-
agnosed with hypertensive/renovascular disease, 22.7% diabetic
nephropathy, 14.2% glomerulonephritis, 7.0% tubulointerstitial
disease, 5.4% systemic diseases affecting the kidney, 4.9% poly-
cystic kidney disease (adult type) and 17.6% other underlying
diseases. The mean TTR for all patients was 70%, with 75% for
G3, 72% for G4, 68% for G5 and 62% for G5D. A table with addi-
tional baseline parameters including blood pressure, body mass
index (BMI) and laboratory workup is available (Supplementary
data, Table S2). A description of baseline characteristics for pa-
tients on warfarin and no treatment when entering each GFR
category is found in Supplementary data, Table S3. Of note is
that women are less often treated with warfarin.

Table 1. Baseline characteristics for 12 106 patients when entering a new GFR categorya

Characteristics
CKD G3
(n = 2588)

CKD G4
(n = 6090)

CKD G5
(n = 2605)

CKD G5D
(n = 4179)

Demographics
Age (years), median (Q1–Q3) 76.7 (71.4–82.0) 78.6 (72.7–83.5) 78.4 (71.7–83.8) 75 (68.2–80.5)
Female, n (%) 583 (22.4) 1990 (32.7) 874 (33.6) 1230 (29.4)

Medical history, n (%)
Diabetes mellitus 1264 (48.8) 2840 (46.6) 1202 (46.1) 2009 (48.1)
Hypertension 2346 (90.6) 5517 (90.6) 2416 (92.7) 3782 (90.5)
Stroke 485 (18.7) 1304 (21.4) 600 (23.0) 839 (20.1)
TIA 250 (9.7) 593 (9.7) 241 (9.3) 341 (8.2)
COPD 403 (15.6) 865 (14.2) 350 (13.4) 551 (13.2)
Cancer 727 (28.1) 1771 (29.1) 787 (30.2) 1263 (30.2)
Congestive heart failure 1436 (55.5) 3569 (58.6) 1434 (55) 2197 (52.6)
Myocardial infarction 824 (31.8) 2075 (34.1) 839 (32.2) 1468 (35.1)
Anaemia 861 (33.3) 2322 (38.1) 1136 (43.6) 1970 (47.1)
Dementia 35 (1.4) 114 (1.9) 56 (2.1) 61 (1.5)
Liver disease 115 (4.4) 211 (3.5) 84 (3.2) 200 (4.8)
Excessive alcohol use 130 (5) 241 (4) 103 (4) 206 (4.9)
History of falls 237 (9.2) 728 (12) 340 (13.1) 551 (13.2)
Any previous major bleeding 1074 (41.5) 2606 (42.8) 1215 (46.6) 2165 (51.8)
Gastrointestinal bleeding 361 (13.9) 945 (15.5) 443 (17) 825 (19.7)
Intracranial bleeding 98 (3.8) 266 (4.4) 123 (4.7) 193 (4.6)
CHA2DS2-VASc 5 (4–6) 5 (4–6) 5 (4–6) 5 (3–6)

Treatment, n (%)
Warfarin 444 (17.1) 1011 (16.6) 375 (14.4) 405 (9.7)
Undefinedb 1156 (44.6) 2260 (37) 800 (30.7) 943 (22.5)
No treatment 990 (38.2) 2830 (46.4) 1433 (54.9) 2843 (67.8)

aSince a patient can progress from CKD G3 to G4 to G5 to G5D, a unique patient can be present in one to all four GFR categories.
bUndefined consists of 18% treatment periods with DOACs.
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FIGURE 2: Unadjusted Kaplan–Meyer curves for primary outcomes Ischaemic stroke (top row) and major bleeding (bottom row) with respect to treatment and GFR

category. Graphs presented with years since entry on the x-axis and cumulative incidence on the y-axis.

Primary and secondary outcomes

In unadjusted analysis,warfarin treatment displayed lower rates
than no treatment of ischaemic stroke for G3, G4 and G5D, but
no difference for G5 (Table 2 and Figure 2). All-cause mortal-
ity was lower for warfarin-treated patients compared with no
treatment in all GFR categories (Table 2). In the unadjusted anal-
ysis, there was no apparent difference in major bleeding rates
between warfarin and no treatment in any GFR category except
G5, with higher rates of major bleeding for warfarin (Table 2 and
Figure 2).

In the adjusted analysis, warfarin-treated patients had a
lower risk of ischaemic stroke for G3 [HR 0.37 (95% CI 0.18–0.76)],
G4 [0.53 (0.38–0.74)] and G5D [0.49 (0.30–0.79)], but no significant
difference was seen in G5 [0.80 (0.41–1.55)] (Figure 3). All-cause
stroke and systemic embolism and all-cause stroke follow the
same pattern, although not a significantly lower risk of all-cause
stroke for warfarin compared with no treatment in G3.Warfarin
confers a higher risk of major bleeding in G4 [HR 1.22 (95% CI
1.02–1.46)], G5 [1.52 (1.15–2.01)] and G5D [1.23 (1.00–1.51)], but not
G3 [1.28 (0.92–1.77)]. Intracranial bleeding wasmore common for
warfarin in G3 [HR 3.60 (95% CI 1.08–11.95)], GI bleeding in G5
[1.58(1.06–2.35)] and other bleeding in G4 [1.29 (1.01–1.64)], G5
[1.59 (1.11–2.27)] and G5D [1.30 (1.01–1.69)].Warfarin was consis-
tently associated with lower mortality in all GFR categories [G3:
HR 0.34 (95% CI 0.27–0.44), G4: 0.45 (0.40–0.51), G5: 0.44 (0.36–0.54)
and G5D: 0.49 (0.43–0.56). Myocardial infarction was less com-
mon for warfarin-treated patients in G4 [HR 0.61 (95% CI 0.46–
0.81)].

The G3–G5 group was merged and additional variables, in-
cluding blood pressure, BMI, S/P albumin and β-haemoglobin

were accounted for in a sensitivity analysis (8307 complete
cases). These variables were not available for the G5D group,
which was adjusted for dialysis modality (haemodialysis and
peritoneal dialysis) instead (Figure 4). The model shows that
warfarin gives an ∼50% reduction of ischaemic stroke for G3–G5
[HR 0.55 (95% CI 0.40–0.75)], G5D [0.46 (0.28–0.74)] and all patients
[0.52 (0.41–0.67)] and with a correspondingly more prevalent risk
of major bleeding [G3–G5: HR 1.36 (95% CI 1.17–1.58), G5D: 1.21
(1.00–1.48) and all patients: 1.28 (1.14–1.43)].

DISCUSSION

Cardiovascular disease is the main cause of death in patients
with CKD and a target for possible intervention [30]. How-
ever, side effects from various treatment strategies are com-
mon in this patient group. Unfortunately, CKD patients with a
GFR <60 mL/min/1.73 m2 are often excluded from RCTs of new
strategies. However, risks and benefits are of utmost importance
to evaluate in this patient category.

According to the present study, warfarin offers an ∼50%
risk reduction of ischaemic stroke compared with no treatment
when considering the whole cohort. The cost of stroke protec-
tion is bleeding, with a 22–52% increased risk of major bleed-
ing in G4–G5D. When separating the various GFR categories, pa-
tients in G5 are different, as in this group there is no evidence of
warfarin offering protection against ischaemic stroke or throm-
boembolic ischaemic events along with the increased risk of
major bleeding, particularly GI bleeding and other bleeding. In
contrast, in G5D, warfarin seems protective against ischaemic
stroke and ischaemic thromboembolic events. When analysed
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FIGURE 3:Adjustedmodel for warfarin versus no treatment analysed with respect to GFR category in 12 106 CKD G3–G5D patients with non-valvular AF. Data presented
as HR (95% CI). Analysis adjusted for sex, age, years from study start and any of the following prior events: congestive heart failure, diabetes mellitus, hypertension,

stroke or TIA, vascular disease, major bleeding, myocardial infarction, PCI and excessive alcohol use.

separately, major bleeding is more common among dialysis pa-
tients onwarfarin, but gastrointestinal and intracranial bleeding
are not. Previous observational data on G4–G5 concludes there is
warfarin stroke protection, similar to our study if merging G3–
G5 [5, 12, 13]. When comparing the TTR for G5 and G5D, it is
higher in G5 than in G5D (68% versus 62%). Better quality of war-
farin treatment in the G5 group than G5D is not reflected by a
lower ischaemic stroke risk. This could be due in part to a bias
where only the healthiest patients start dialysis (progress from
G5 to G5D) and only patients with a low risk of bleeding are pre-
scribed anticoagulants. The G5 group might consist not only of
patients considered for dialysis with decreasing GFR, but also of
a frailer group of patients ineligible for dialysis with a high risk
of both stroke and bleeding. The risk of haemorrhagic stroke and
intracranial bleeding is significantly increased in G3 but not in
other GFR categories. The increased risk of intracranial bleeding
on warfarin might be concealed by the increased bleeding risk
due to progressive uraemia in G4–G5D.Mortality is reduced in all
warfarin groups, indicating the whole cohort is biased by war-
farin prescription to the healthiest patients. It should be noted
that females were prescribed less warfarin in our study, similar
to results in other studies [31, 32]. This should be paid attention
to since being female is an independent risk factor for stroke and
women do not seem to have a higher bleeding risk thanmen [33,
34].

Our data on warfarin protection of ischaemic stroke in dial-
ysis patients conflict with several previous observational stud-
ies and meta-analyses but are consistent with two Danish
studies [5, 12]. None of these studies presented a TTR, but it

has been previously shown that Sweden and Denmark have
generally high TTRs in warfarin-treated patients [35, 36]. In
contrast, Genovesi et al. [37] did not see an effect of thromboem-
bolic events andmore bleeding onwarfarin in haemodialysis pa-
tients.However, theirmeanTTRwas lower (54%) than ours (62%).
Other studies of haemodialysis patients have displayed TTRs of
approximately 50% [38, 39]. Pokorney et al. [40, 41] showed no
reduction of death or stroke with warfarin; the TTR was not pre-
sented. Previous studies have shown less INR control in the USA
than in Sweden [40, 41]. In general, a TTR >70–75% is suggested
to balance the risk of stroke and bleeding independent of CKD
[14, 42]. Our results, with fewer ischaemic strokes among dial-
ysis patients, could be explained by better INR control in Swe-
den, although a TTR >62% is desirable. Another explanation for
conflicting results is study design. In contrast to similar stud-
ies using prescription data to determine if a patient was on or
off anticoagulants, we used AuriculA,with accurate information
whether the patient was actually on warfarin or not when the
event occurred [5, 12, 40, 43]. Kai et al. [38] also showed an asso-
ciation between warfarin and a lower risk of ischaemic stroke
in dialysis patients. The majority of warfarin-treated patients in
that study (945/989) were enrolled at an anticoagulation clinic.
Although they reported a lowmeanTTR (50%), a specialized anti-
coagulation clinic may be associated with closer patient follow-
up and more favourable outcomes.

We intended to describe our cohort as accurately as possi-
ble. Therefore all patient time was divided into treatment pe-
riods with reliable warfarin and no treatment periods and the
more uncertain periods of undefined treatment. The undefined
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FIGURE 4: Sensitivity analysis with adjusted model for warfarin versus no treatment for all patients (12 106 patients), G3–G5 group (8307 patients) and dialysis group
(4179 patients). The subgroups add up to more than the total individuals because GFR can decrease during the course of the study and a patient can enter a higher
GFR category. Analysis adjusted for sex, age, years from study start and for any of the following prior events: congestive heart failure, diabetes mellitus, hypertension,

stroke or TIA, vascular disease, major bleeding, myocardial infarction, PCI and excessive alcohol use. Also, adjustment for blood pressure, BMI, β-haemoglobin, S/P
albumin is added to the G3–G5 model, while adjustment for dialysis modality is added to the G5D model.

treatment could be a stable warfarin treatment but not regis-
tered in AuriculA, aswell as a patientwith a dispensation ofwar-
farin who never started the treatment. This group also contains
treatment periods with DOACs, which is not part of our research
question but is presented as raw data to describe the cohort with
CKD andAF in full. Consequently, this is a heterogenous group of
treatment periods.On the other hand,we describe the real world
where changes in treatment and poor compliance are common.

The present study has many limitations. The most impor-
tant one is the retrospective design with several confounders
and bias, as described above. We used registers with high va-
lidity and coverage, however, data could be missing or misreg-
istered. We tried to minimize bias by adjusting for relevant risk
factors for bleeding and stroke. We also did a sensitivity analy-
sis, dividing the cohort differently and adding possibly impor-
tant covariates such as β-haemoglobin, S/P albumin, BMI and
blood pressure. Results were not changed by the sensitivity anal-

ysis regardingwarfarin protection of ischaemic stroke, but an in-
creased risk for intracranial bleeding and haemorrhagic stroke
onwarfarin for all patients and themerged G3–G5was observed.
The covariates adjusted for also play a role in physicians’ choice
to prescribe or abstain from warfarin. It is unfortunate that cov-
erage of these covariates was not sufficient for the same ad-
justment in G5D. One can speculate if this adjustment would
increase the HR of bleeding correspondingly in G5D. This also
enlightens the problemwith unmeasured confounders in obser-
vational studies, certainly present in this study as well. Patients
in G3–G5 who, for some reason, are not patients at a nephrol-
ogy clinic were not included. Supposedly this includes both pa-
tients with stable disease and slow progression, not yet referred
to specialist care, as well as very old and/or frail patients not
expected to be favoured by specialist nephrology care. Our re-
sults might not be applicable to these patients. Even though
the study has limitations, we believe the accuracy of treatment
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periods and stroke-related outcomes, considering the GFR cat-
egory continuously along with TTR, makes this observational
study relevant.

Warfarin treatment is associated with a lower risk of is-
chaemic stroke for patients with AF and CKD G3, G4 and G5D,
but not G5. Warfarin treatment is associated with a higher risk
of major bleeding for G4–G5D. The results contribute to the di-
verging data on stroke protection of warfarin in advanced CKD
and dialysis, enlightening the urgent need for RCTs. Awaiting
RCTs, it might be reasonable to use warfarin in selected patients
on dialysis and with non-valvular AF, with a low risk of bleeding
and a high risk of ischaemic stroke as part of the prevention of
cardiovascular disease and death.
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