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Abstract

Objective
To determine rates of major bleeding by level of kidney 
function for older adults with atrial fibrillation starting 
warfarin.
Design
Retrospective cohort study.
Setting
Community based, using province wide laboratory and 
administrative data in Alberta, Canada.
Participants
12 403 adults aged 66 years or more, with atrial 
fibrillation who started warfarin treatment between 
1 May 2003 and 31 March 2010 and had a measure of 
kidney function at baseline. Kidney function was 
estimated using the Chronic Kidney Disease 
Epidemiology Collaboration equation and participants 
were categorised based on estimated glomerular 
filtration rate (eGFR): ≥ 90, 60–89, 45–59, 30–44, 
15–29, < 15 ml/min/1.73m2. We excluded participants 
with end stage renal disease (dialysis or renal 
transplant) at baseline.
Main outcome measures
Admission to hospital or visit to an emergency 
department for major bleeding (intracranial, upper and 
lower gastrointestinal, or other).
Results
Of 12 403 participants, 45% had an eGFR < 60 ml/min/ 
1.73m2. Overall, 1443 (11.6%) experienced a major 
bleeding episode over a median follow-up of 2.1 
(interquartile range: 1.0–3.8) years. During the first 30 
days of warfarin treatment, unadjusted and adjusted 

rates of major bleeding were higher at lower eGFR 
(P for trend < 0.001 and 0.001, respectively). Adjusted 
bleeding rates per 100 person years were 63.4 (95% 
confidence interval 24.9 to 161.6) in participants with 
eGFR < 15 ml/min/1.73m2 compared with 6.1 (1.9 to 
19.4) among those with eGFR > 90 ml/min/1.73m2 
(adjusted incidence rate ratio 10.3, 95% confidence 
interval 2.3 to 45.5). Similar associations were 
observed at more than 30 days after starting warfarin, 
although the magnitude of the increase in rates across 
eGFR categories was attenuated. Across all eGFR 
categories, adjusted rates of major bleeding were 
consistently higher during the first 30 days of warfarin 
treatment compared with the remainder of follow-up. 
Increases in major bleeding rates were largely due to 
gastrointestinal bleeding (3.5-fold greater in eGFR 
< 15 ml/min/1.73m2 compared with ≥ 90 ml/min/ 
1.73m2). Intracranial bleeding was not increased with 
worsening kidney function.
Conclusions
Reduced kidney function was associated with an 
increased risk of major bleeding among older adults 
with atrial fibrillation starting warfarin; excess risks 
from reduced eGFR were most pronounced during the 
first 30 days of treatment. Our results support the need 
for careful consideration of the bleeding risk relative to 
kidney function when assessing the risk-benefit ratio 
of warfarin treatment in people with chronic kidney 
disease and atrial fibrillation, particularly in the first 
30 days of treatment.

Introduction
Chronic kidney disease is a global public health con-
cern and is associated with increased morbidity, mor-
tality, and healthcare costs, in part related to higher 
rates of cardiovascular disease, including stroke.1 2 The 
prevalence of atrial fibrillation increases not only with 
age but also with declining kidney function and is 
almost fourfold higher among patients with an esti-
mated glomerular filtration rate (eGFR) < 30 ml/min/ 
1.73m2 and up to 13-fold higher in patients who require 
haemodialysis compared with the general population.3 
Atrial fibrillation is associated with an increased risk of 
stroke,4 5 and warfarin is commonly prescribed to 
reduce this risk in the general population. Although the 
risk of bleeding is considerably higher among patients 
who require dialysis than in the general population, 
there are limited data about the bleeding risk associ-
ated with warfarin treatment in people with different 
stages of chronic kidney disease.6–8

What is already known on this topic
Although the risk of bleeding is considerably higher among patients who require 
dialysis than in the general population, there are limited data about the bleeding 
risk associated with warfarin treatment in people with different stages of chronic 
kidney disease

What this study adds
Reduced kidney function, in patients not requiring dialysis, was associated with an 
increased risk of major bleeding among older adults with atrial fibrillation starting 
warfarin
The risk of warfarin treatment should be weighed against the potential benefits 
based on the presence of comorbidities and bleeding risk among patients with 
reduced kidney function (for example, < 60 ml/min/1.73m2), and particularly in 
those with very reduced kidney function and during the first 30 days of treatment
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Safety data about rates of major bleeding from warfa-
rin treatment have been reported by randomised trials9 10 
and a small number of studies using administrative 
data11 12 including people with atrial fibrillation. How-
ever, these rates from randomised trials often do not 
reflect the real world clinical setting, whereas the popu-
lation based studies to date are limited by their lack of 
baseline kidney function, assessment of prevalent rather 
than incident warfarin use, and potential for selection 
bias, particularly confounding by indication.11 12 In addi-
tion, recent evidence in the general population suggests 
that the risk of bleeding is highest in the first 30 days of 
warfarin treatment, thus the association between kidney 
function and bleeding risk may be particularly pro-
nounced during this period.13

We carried out a population based study of people 
with atrial fibrillation who started warfarin treatment to 
determine if rates of major bleeding varied by level of 
kidney function and duration of treatment (first 30 days 
and after 30 days).

Methods
Identification of study cohort
Warfarin use and history of atrial fibrillation—We carried 
out a retrospective cohort study using laboratory and 
administrative data from Alberta, Canada.14 Albertans 
are eligible for subsidised prescription drug coverage at 
age 65; therefore to allow for a one year baseline assess-
ment period, the study population included Alberta 
residents aged 66 years or more who had a recorded his-
tory of atrial fibrillation (international classification of 
diseases, ninth revision code 427.31/2; 10th revision 
code I48),15–17 and started warfarin between 1 May 2003 
and 31 March 2010. The index date was defined as the 
date of the first dispensed warfarin prescription after 
the participant’s 66th birthday, in those with no pre-
scription in the previous year. We defined continuous 
warfarin use as two or more prescriptions within 180 
days (in Alberta, prescriptions are typically dispensed 
for 90 days). If 180 days or more elapsed between war-
farin prescriptions, we considered the participant to 
have stopped warfarin treatment.

Assessment of kidney function—Eligible participants 
were those with one or more outpatient serum creati-
nine measurements within the one year before, or 90 
days after, the index date.14 We estimated baseline glo-
merular filtration rate (eGFR) using the Chronic Kidney 
Disease Epidemiology Collaboration (CKD-EPI) equa-
tion18 and grouped participants into the KDIGO (Kidney 
Disease: Improving Global Outcomes) eGFR categories: 
≥ 90 (reference group), 60–89, 45–59, 30–44, 15–29, and 
< 15 ml/min/1.73m2.19 As we were interested in risk 
among the non-dialysis population we excluded partic-
ipants with end stage renal disease, defined as having 
received chronic dialysis or renal transplantation at 
baseline.14

Covariates
We obtained information on personal characteristics 
and comorbid conditions from the administrative data 
files of the provincial health ministry. Aboriginal race or 

ethnicity was determined from First Nations status in 
the registry file. It was not possible to identify other 
racial or ethnic groups; however, more than 85% of the 
population of Alberta is white.20 Using validated algo-
rithms, we identified the presence of diabetes mellitus21 
and hypertension.22 We used the hospital discharge 
records and physician claims to calculate the CHA2DS2-
VASc score (based on a previously validated algorithm), 
a risk score that estimates the risk of stroke in patients 
with atrial fibrillation.23 As our datasets did not provide 
information on alcohol use and we had data on interna-
tional normalised ratios for only a small subset of the 
cohort, we calculated a modified HAS-BLED score 
(a  risk score that estimates the risk of bleeding for 
patients taking anticoagulants for atrial fibrillation) 
without these variables, with a maximum score of 7 
instead of 9. Proteinuria was measured by urine dip-
stick based on random outpatient spot urine measure-
ments in the six month period before and after the 
index date and was defined as normal (urine dipstick 
negative), mild (urine dipstick trace or +), heavy (urine 
dipstick ++ or more), and not measured (no outpatient 
urine dipstick measurement).

Other comorbid conditions based on the Deyo classi-
fication of Charlson comorbidities were identified using 
validated ICD ninth and 10th revision coding algo-
rithms.24 We identified previous admissions to hospital 
involving bleeding within the three year period before 
the index date. From prescription drug records we 
obtained use of antiplatelet agents, non-steroidal 
anti-inflammatory drugs, and proton pump inhibitors, 
defined as one or more prescriptions within 120 days 
before the index date. We linked the six digit residential 
postal code for each participant to the 2001 or 2006 
Canadian census (whichever was closest to the index 
date) using the postal code conversion file to determine 
the median neighbourhood household income fifth 
(levels 1 (lowest fifth) to 5 (highest fifth)) and location of 
residence (rural, urban, or undefined).

Outcomes
The outcome of interest was the first admission to hos-
pital or visit to an emergency department for major 
bleeding, defined as an intracranial, upper or lower 
gastrointestinal, or other bleeding, based on a validated 
algorithm (see supplementary table 1 for list of the 
ICD-9 and ICD-10 codes).25 Participants were followed 
from their index date until the date of the major bleed-
ing episode, end of warfarin treatment, death, out 
migration from the province, or study end (31 March 
2011). In participants who stopped warfarin, we defined 
the date of the end of treatment as the date of the last 
warfarin prescription after the index date plus 90 days.

We used the results for international normalised ratio, 
available for a subset of the cohort only, to determine 
whether participants who experienced a major bleeding 
episode and had reduced kidney function were more 
likely to have an increased international normalised 
ratio (at the time of major bleeding). We assessed the 
proportion of participants with an international nor-
malised ratio above the therapeutic range (> 3), by eGFR 
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categories. We used the highest result within a three day 
period of the bleeding episode (one day before, on the 
day of, and one day after the bleeding). We also sought 
to assess the severity of the major bleeding events based 
on the lowest haemoglobin result within a three day 
period of the bleeding episode (one day before, on the 
day of, and one day after the bleeding episode). In addi-
tion, among participants who experienced a gastrointes-
tinal bleeding event, we determined the proportion who 
had undergone one or more diagnostic or therapeutic 
endoscopic procedures after seven days of the bleeding 
event, based on relevant procedure codes (see supple-
mentary table 1).

Statistical analyses
We used Poisson regression to estimate the unadjusted 
and adjusted rates of major bleeding by category of 
eGFR. Based on a prespecified analysis plan, we esti-
mated the unadjusted and adjusted rates of major 
bleeding in the first 30 days of warfarin treatment, as 
well as the period after the first 30 days. Rates, 
expressed per 100 person years, were adjusted for 
sociodemographic variables (sex, age, First Nations’ 
status, region of residence, and neighbourhood 
income fifth), comorbidities (diabetes, hypertension, 
Charlson comorbidities (history of cancer, cerebrovas-
cular disease, congestive heart failure, chronic 
obstructive pulmonary disease, dementia, metastatic 
solid tumour, myocardial infarction, mild liver dis-
ease, moderate or severe liver disease, paralysis, pep-
tic ulcer disease, peripheral vascular disease, and 
rheumatic disease), previous admission to hospital for 
a bleeding episode, proteinuria (normal, mild, heavy, 
or not measured), and drug use (antiplatelet agents, 
non-steroidal anti-inflammatory drugs, and proton 
pump inhibitors). To assess the relative risk of major 
bleeding by eGFR category compared with the refer-
ence (eGFR > 90 ml/min/1.73m2) we determined inci-
dence rate ratios and their 95% confidence intervals. 
To determine the association between kidney function 
and international normalised ratio above the thera-
peutic range (> 3) in participants who experienced a 
major bleeding event, we assessed the proportion with 
an international normalised ratio value > 3, by eGFR 
categories. Based on the adjusted incidence rates of 
major bleeding in chronic kidney disease (defined as 
< 60 ml/min/1.73m2) and non-chronic kidney disease 
(≥ 60 ml/min/1.73m2), we determined the number 
needed to treat to harm in the first 30 days of warfarin 
treatment, as well as in the remainder of the study 
follow-up.

We performed several sensitivity analyses to confirm 
the robustness of our findings. Firstly, we repeated all 
analyses using ≥ 60 ml/min/1.73m2 as the reference 
group. Secondly, we repeated all analyses in partici-
pants who were admitted to hospital for a major bleed-
ing episode only (that is, excluding those with the 
outcome event identified from visit to an emergency 
department without subsequent admission), as these 
would reflect the most severe cases. Thirdly, we 
included participants in whom an outpatient serum 

creatinine measurement was not available (categorised 
as chronic kidney disease status “missing”) and com-
pared their baseline characteristics with those of partic-
ipants included in the final study cohort. Finally, we 
repeated all analyses, defining the end date of warfarin 
treatment (for participants who stopped warfarin before 
the study end) as the date of the last warfarin prescrip-
tion plus 30 days, as some people may have stopped 
treatment earlier than the 90 day period used in the 
primary analysis. Statistical analyses were performed 
with STATA version 11.2 (STATA, TX). We considered a 
two sided P value less than 0.05 to be statistically 
significant.

Results
Participant characteristics
We identified 15 319 participants aged 66 years or more 
with a history of atrial fibrillation who started warfarin 
treatment during the cohort enrolment period. We 
excluded 158 people who had end stage renal disease 
at the time of cohort entry. Of the remaining people, 12 
403 had one or more outpatient serum creatinine mea-
surements and were eligible for inclusion. The mean 
age of the cohort was 77 (SD 7.0) years and 49.3% were 
women. Forty five per cent of study participants had an 
eGFR < 60 ml/min/1.73m2. Overall, the prevalence of 
cerebrovascular disease, heart failure, myocardial 
infarction, peripheral vascular disease, and previous 
admission to hospital for a bleeding episode increased 
with worsening baseline eGFR. Table 1 shows the base-
line characteristics of the study participants by eGFR 
categories.

Incidence of major bleeding
Over a median follow-up of 2.1 years (interquartile 
range 1.0–3.8 years), 1443 participants (11.6%) experi-
enced a major bleeding episode. The overall incidence 
of major bleeding in the first 30 days of warfarin treat-
ment was 15.2 (95% confidence interval 13.0 to 17.9) per 
100 person years, and after 30 days of warfarin treat-
ment was 4.2 (4.0 to 4.4) per 100 person years (see sup-
plementary figure 1).

Incidence rates of major bleeding by eGFR and 
follow-up period
In the first 30 days of warfarin treatment the unad-
justed and adjusted rates of bleeding increased with 
worsening levels of eGFR (P for trend < 0.001 and 
0.001, respectively; fig 1). The adjusted rate of bleeding 
among those with eGFR < 15 ml/min/1.73m2 was more 
than 10-fold higher than the reference group (≥ 90 ml/
min/1.73m2) during the first 30 days of treatment (63.4, 
95% confidence interval 24.9 to 161.6 per 100 person 
years v 6.1, 1.9 to 19.4 per 100 person years, respec-
tively; incidence rate ratio 10.33, 95% confidence inter-
val 2.34 to 45.54; Table 2).

Similar associations were observed in the period 
after 30 days of warfarin treatment, where the unad-
justed and adjusted rates of bleeding increased with 
decreasing levels of eGFR (P for trend < 0.001 and 
0.002, respectively; fig 1). The magnitude of the 
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increase in rates by eGFR was attenuated when com-
pared with the first 30 days of warfarin treatment, with 
the adjusted rate for eGFR < 15 ml/min/1.73m2 more 
than doubled compared with the referent (8.3, 95% 
confidence interval 4.2 to 16.1 per 100 person years v 
3.7, 2.7 to 5.0 per 100 person years, respectively; inci-

dence rate ratio 2.22, 95% confidence interval 1.07 to 
4.59; table 2).

Across all eGFR categories, adjusted incidence rates 
were consistently higher during the first 30 days of 
warfarin treatment compared with the remainder of 
follow-up.

Table 1 | Baseline characteristics of participants with atrial fibrillation who started warfarin treatment, by estimated glomerular filtration rate (eGFR). 
Values are numbers (percentages) unless stated otherwise

Characteristics
eGFR (mL/min/1.73m2)
≥ 90 (n = 581) 60–89 (n = 6140) 45–59 (n = 3221) 30–44 (n = 1820) 15–29 (n = 586) < 15 (n = 55)

Women 240 (41.3) 2797 (45.5) 1689 (52.4) 1022 (56.1) 342 (58.3) 24 (43.6)
Mean (SD) age (years) 70.7 (4.5) 76.4 (6.5) 78.8 (6.7) 80.6 (6.9) 81.8 (6.8) 80.0 (7.9)
First Nations status 8 (1.3) 45 (0.7) 17 (0.5) 10 (0.5) 2 (0.3) 0 (0)
Region of residence:
  Rural 129 (22.2) 1277 (20.8) 661 (20.5) 371 (20.3) 116 (19.8) 7 (12.7)
  Urban 448 (77.1) 4817 (78.4) 2531 (78.5) 1426 (78.3) 463 (79.0) 45 (81.8)
  Unknown 4 (0.6) 46 (0.7) 29 (0.9) 23 (1.2) 7 (1.1) 3 (5.4)
Income fifths:
  1 (lowest) 124 (21.3) 1143 (18.6) 637 (19.7) 362 (19.8) 105 (17.9) 10 (18.1)
  2 107 (18.4) 1310 (21.3) 673 (20.8) 417 (22.9) 129 (22) 10 (18.1)
  3 107 (18.4) 1221 (19.8) 635 (19.7) 364 (20) 116 (19.8) 12 (21.8)
  4 115 (19.7) 1080 (17.5) 582 (18) 303 (16.6) 115 (19.6) 6 (10.9)
  5 (highest) 109 (18.7) 1202 (19.5) 583 (18.1) 300 (16.4) 100 (17) 14 (25.4)
  Unknown 19 (3.2) 184 (3) 111 (3.4) 74 (4) 21 (3.5) 3 (5.4)
Hypertension 96 (16.5) 1025 (16.6) 495 (15.3) 218 (11.9) 47 (8.0) 6 (10.9)
Diabetes 47 (8.0) 451 (7.3) 200 (6.2) 121 (6.6) 42 (7.1) 3 (5.4)
Cancer 118 (20.3) 1100 (17.9) 550 (17.1) 305 (16.7) 116 (19.8) 9 (16.3)
Cerebrovascular disease 92 (15.8) 1150 (18.7) 713 (22.1) 387 (21.26) 143 (24.4) 12 (21.8)
Congestive heart failure 181 (31.1) 2013 (32.7) 1367 (42.4) 1026 (56.3) 380 (64.8) 35 (63.6)
Chronic obstructive pulmonary disease 238 (40.9) 1980 (32.2) 1059 (32.8) 680 (37.3) 232 (39.5) 29 (52.73)
Dementia 28 (4.8) 355 (5.7) 208 (6.4) 177 (9.7) 71 (12.1) 4 (7.2)
Metastatic solid tumour 30 (5.1) 184 (3) 69 (2.1) 49 (2.6) 19 (3.2) 2 (3.6)
Myocardial infarction 130 (22.3) 1346 (21.9) 820 (25.4) 600 (32.9) 200 (34.1) 24 (43.6)
Mild liver disease 14 (2.4) 80 (1.3) 47 (1.4) 43 (2.3) 10 (1.7) 1 (1.8)
Moderate or severe liver disease 1 (0.1) 15 (0.2) 7 (0.2) 4 (0.2) 3 (0.5) 1 (1.8)
Paralysis 18 (3.1) 198 (3.2) 89 (2.7) 50 (2.7) 11 (1.8) 1 (1.8)
Peptic ulcer disease 38 (6.5) 263 (4.2) 139 (4.3) 93 (5.1) 36 (6.1) 2 (3.6)
Peripheral vascular disease 72 (12.3) 654 (10.6) 384 (11.9) 281 (15.4) 114 (19.4) 14 (25.4)
Rheumatic disease 42 (7.2) 247 (4) 124 (3.8) 95 (5.2) 26 (4.4) 2 (3.6)
Previous admission to hospital for bleeding 31 (5.3) 237 (3.8) 164 (5.0) 107 (5.8) 43 (7.3) 7 (12.7)
CHA2DS2-VASc score:*
  1 110 (18.9) 728 (11.8) 183 (5.6) 63 (3.4) 11 (1.8) 2 (3.6)
  ≥ 2 471 (81.0) 5412 (88.1) 3038 (94.3) 1757 (96.5) 575 (98.1) 53 (96.3)
Modified HAS-BLED score:†

  1 318 (54.7) 3276 (53.3) 1539 (47.7) 697 (38.3) 120 (20.4) 4 (7.2)
  2 201 (34.6) 2220 (36.1) 1196 (37.1) 730 (40.1) 282 (48.1) 29 (52.7)
  3 51 (8.7) 563 (9.1) 403 (12.5) 325 (17.8) 141 (24.0) 16 (29.0)
  4 11 (1.8) 74 (1.2) 78 (2.4) 57 (3.1) 39 (6.6) 4 (7.2)
  5 0 (0) 7 (0.1) 5 (0.1) 11 (0.6) 4 (0.6) 2 (3.6)
Proteinuria:
  Normal 321 (55.2) 3304 (53.8) 1702 (52.8) 934 (51.3) 267 (45.5) 14 (25.4)
  Mild 79 (13.6) 828 (13.4) 469 (14.5) 316 (17.3) 119 (20.3) 14 (25.4)
  Heavy 25 (4.3) 261 (4.2) 201 (6.2) 157 (8.6) 101 (17.2) 23 (41.8)
  Not measured 156 (26.8) 1747 (28.4) 849 (26.3) 413 (22.6) 99 (16.8) 4 (7.2)
Drug use:
  Antiplatelet agent 5 (0.8) 74 (1.2) 46 (1.4) 31 (1.7) 12 (2.0) 0 (0)
  Non-steroidal anti-inflammatory drugs 82 (14.1) 841 (13.7) 479 (14.8) 258 (14.1) 87 (14.8) 5 (9.0)
  Proton pump inhibitors 178 (30.6) 1832 (29.8) 1102 (34.2) 719 (39.5) 249 (42.4) 19 (34.5)
*No participant had a CHA2DS2-VASc (a risk score that estimates the risk of stroke in patients with atrial fibrillation; 1 point each is given in the presence of the included risk factors: congestive 
heart failure, hypertension, diabetes mellitus, vascular disease, age 65–74 years, and female sex; 2 points are given in the presence of the included risk factors: age ≥ 75 years and previous 
stroke, transient ischaemic attack, or thromboembolism) score of 0.
†Calculated as a modified HAS-BLED (a risk score that estimates the risk of major bleeding for patients taking anticoagulants for atrial fibrillation; in the original HAS-BLED score, 1 point each is 
given in the presence of the included risk factors: hypertension, renal disease, liver disease, stroke, major bleeding, labile international normalised ratios, age ≥ 65 years, concomitant 
treatment with antiplatelet or non-steroidal anti-inflammatory drugs, and alcohol intake) score without alcohol and international normalised ratio values with a maximum score of 7, instead of 9. 
No participant had a HAS-BLED score of 6 or 7.
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Number needed to treat to harm
Among participants with chronic kidney disease, the 
number needed to treat to harm was 22 (95% confidence 
interval 18 to 27) during the first 30 days of warfarin 
treatment, compared with 206 (185 to 231) during the 
remainder of the study follow-up.

Types of bleeding
Of the 1443 major bleeding events, 843 (58.4%) were due 
to a gastrointestinal bleed and 79 (5.4%) to intracranial 
bleeding. The proportion of the cohort who experienced 
a gastrointestinal bleeding across the six eGFR catego-
ries were, in descending order: 5.6% (95% confidence 
interval 3.9% to 7.9%), 5.5% (4.9% to 6.1%), 7.3% (6.5% to 
8.3%), 8.4% (7.2% to 9.8%), 11.6% (9.1% to 14.5%), and 
20% (10.4% to 32.9%), respectively, and for intracranial 
bleeding were: 0%, 0.7% (0.6% to 1.0%), 0.5% (0.3% to 
0.9%), 0.6% (0.3% to 0.1%), 0.3% (0.04% to 1.2%), and 
0%, respectively (fig 2). Overall, 59 participants (4.0%) 
with a bleeding episode died in hospital or within seven 
days of being discharged. Mortality during this period 
was highest among participants who experienced intra-
cranial bleeding (n = 14, 17.7%) compared with gastroin-
testinal bleeding (n = 35, 4.1%) or other bleeding (1.9%).

Association between international normalised ratio 
and eGFR for participants with major bleeding
Information on international normalised ratios was 
available for 491 of the 1443 participants (34.0%) with a 
major bleeding episode. In participants who experi-
enced a major bleeding episode, the proportion with an 
international normalised ratio > 3 was similar across 
eGFR categories (31.2%, 45.9%, 46.4%, 45.1%, 51.7%, 
0%, respectively; Fisher’s exact P = 0.712).

Severity of major bleeding events
Among the participants who experienced a major 
bleeding event, 1274 (88.3%) had one or more haemo-
globin measurements during the three day period, 
with a mean haemoglobin concentration of 104.5 g/L 
(SD 27.3 g/L). Haemoglobin levels were significantly 
lower in gastrointestinal or other bleeding events 
compared with intracranial bleeding, and 18.4% of 
people had haemoglobin concentrations < 80 g/L, 
suggestive of a severe bleed (data not shown). Of the 
participants who experienced a gastrointestinal 
bleeding event, 60.0% (n = 506) received one or more 
endoscopic procedures within seven days after the 
bleeding event.

Unadjusted
First 30 days of warfarin treatment
  ≥90
  60-89
  45-59
  30-44
  15-29
  <15
A
er 30 days of warfarin treatment
  ≥90
  60-89
  45-59
  30-44
  15-29
  <15

Adjusted
First 30 days of warfarin treatment
  ≥90
  60-89
  45-59
  30-44
  15-29
  <15
A
er 30 days of warfarin treatment
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  60-89
  45-59
  30-44
  15-29
  <15
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Fig 1 | Unadjusted and adjusted (see footnote to table 2 for adjustment factors) rates per 100 person years of major 
bleeding by estimated glomerular filtration rate (eGFR) categories
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Other risk factors for major bleeding
In the first 30 days of warfarin treatment, age and anti-
platelet agent use were significantly associated with an 
increased risk of major bleeding (data not shown). After 
30 days of treatment, age, sex, cancer, congestive heart 
failure, chronic obstructive pulmonary disease, periph-
eral vascular disease, previous admission to hospital 
for bleeding, and heavy proteinuria were associated 
with the risk of major bleeding (data not shown).

Sensitivity analysis
Our results remained unchanged when eGFR ≥ 60 ml/
min/1.73m2 was used as the reference group, when anal-
yses were repeated excluding participants with major 
bleeding in the emergency department, and when the 
study end date for stopping warfarin was defined as the 
date of the last warfarin prescription after the index 
date plus 30 days. Participants excluded based on lack 

of an outpatient serum creatinine measurements (18% 
of participants with atrial fibrillation starting warfarin) 
were comparable to the study cohort for age, First 
Nations’ status, hypertension, and diabetes; however, 
the prevalence of a select number of comorbidities such 
as cancer, congestive heart failure, and rheumatic dis-
ease was higher in the study cohort compared with the 
excluded group of participants (see supplementary 
table 2). Major bleeding rates for participants with no 
outpatient serum creatinine measurement available for 
the estimation of glomerular filtration rate were similar 
to those with a baseline eGFR of 60–89 ml/min/1.73m2.

Discussion
In this population based cohort of older adults with 
atrial fibrillation starting warfarin treatment, we found 
that a lower estimated glomerular filtration rate (eGFR) 
was associated with higher rates of major bleeding. The 
absolute rates of major bleeding were consistently 
higher in the first 30 days of warfarin treatment across 
all levels of eGFR when compared with the remainder of 
follow-up, with a 10-fold higher rate of major bleeding 
for the lowest compared with the highest eGFR stratum. 
The increased risk of bleeding during this period for 
participants with chronic kidney disease was reflected 
by a number needed to treat to harm of only 22 (that is, 
for every 22 people with chronic kidney disease starting 
warfarin treatment 1 would experience a bleeding epi-
sode in the first 30 days of treatment). Subsequently, the 
association became attenuated, although bleeding 
rates remained more than double for people in the low-
est eGFR category compared with those in the highest, 
beyond 30 days of warfarin use.

Warfarin is highly effective for preventing embolic 
stroke due to atrial fibrillation in the general popula-
tion. A meta-analysis of eight trials (9598 participants) 
assessed the efficacy of oral anticoagulant treatment, 
including warfarin, compared with aspirin and reported 
a 32% reduction in the risk of stroke with oral anticoag-
ulants.26 In contrast, uncertainty remains about the 
safety of warfarin in people with chronic kidney dis-
ease, as warfarin induced bleeding may be of particular 
concern in this population. Indeed, although the risk of 
bleeding is relatively modest in the general population, 
haemostatic dysfunction has been described in people 
with even mild chronic kidney disease.27–29 Deteriorat-
ing kidney function and accumulating uraemic toxins 
contribute to abnormalities in platelet recruitment and 
activation, which are central to the prevention of bleed-
ing.27–30 Thus, although people with chronic kidney dis-
ease have higher rates of thromboembolism than the 
general population, they are also predisposed to an 
increased risk of bleeding. However, the safety profile of 
warfarin across the spectrum of chronic kidney disease 
has not been well defined as most studies to date have 
focused on patients requiring long term dialysis, with 
reported highly variable rates of bleeding and limited 
generalisability to people with less severe chronic kid-
ney disease.8 31 32 Accordingly, recent international 
guidelines do not include recommendations on the 
safety of warfarin in patients with chronic kidney 

Table 2 | Incidence rate ratios of major bleeding by estimated glomerular filtration rate 
(eGFR) in first 30 days of warfarin treatment and after 30 days of treatment
eGFR categories by treatment duration Incidence rate ratio* (95% CI) P value
First 30 days of warfarin treatment
eGFR (mL/min/1.73m2):
  ≥ 90 (reference) 1.00 —
  60–89 1.50 (0.46 to 4.88) 0.492
  45–59 2.07 (0.63 to 6.83) 0.228
  30–44 2.02 (0.59 to 6.84) 0.257
  15–29 3.22 (0.90 to 11.45) 0.070
  < 15 10.33 (2.34 to 45.54) 0.002
After 30 days of warfarin treatment
eGFR (mL/min/1.73m2):
  ≥ 90 (reference) 1.00 —
  60–89 1.03 (0.76 to 1.39) 0.833
  45–59 1.10 (0.80 to 1.50) 0.539
  30–44 1.16 (0.84 to 1.62) 0.352
  15–29 1.45 (1.00 to 2.11) 0.049
  < 15 2.22 (1.07 to 4.59) 0.031
*Adjusted for sex, age, First Nations’ status, hypertension, diabetes, Charlson comorbidities (cancer, 
cerebrovascular disease, congestive heart failure, chronic obstructive pulmonary disease, dementia, metastatic 
solid tumour, myocardial infarction, mild liver disease, moderate or severe liver disease, paralysis, peptic ulcer 
disease, peripheral vascular disease, rheumatic disease), previous admission to hospital for a bleeding episode, 
proteinuria, drug use (antiplatelet agents, non-steroidal anti-inflammatory drugs, and proton pump inhibitors), 
region, and income.

eGFR categories (mL/min/1.73m2)
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Fig 2 | Percentage of cohort experiencing a major bleeding 
episode, by type (intracranial bleeding, gastrointestinal 
bleeding, or other bleeding) and estimated glomerular 
filtration rate (eGFR). Results represent percentage of 
cohort experiencing major bleeding over the duration of 
study follow-up; bars represent 95% confidence intervals
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disease who do not require dialysis but advise caution 
when prescribing warfarin to patients with glomerular 
filtration rates < 30 ml/min/1.73m2.31 33 Our study sug-
gests that the risk of warfarin treatment should be care-
fully weighed against the potential benefits based on 
the presence of comorbidities and the assessment of the 
bleeding risk among patients with reduced kidney func-
tion (for example, < 60 ml/min/1.73m2), and particu-
larly in those with very reduced kidney function and 
during the first 30 days of treatment.

Findings in relation to other studies
Few studies have assessed the risk of major bleeding 
with warfarin treatment in earlier stages of chronic kid-
ney disease, and our results are consistent with two 
such studies.12 34 Although these studies have shown an 
overall increase in the risk of bleeding in patients with 
advanced chronic kidney disease, they have been lim-
ited by the lack of information on baseline kidney func-
tion12 and small sample size.34

A recent study assessed the bleeding risk associated 
with warfarin treatment among patients with atrial 
fibrillation admitted to hospital with myocardial infarc-
tion in Sweden.11 The authors reported similar unad-
justed bleeding rates for patients who received 
(n = 5292) and did not receive (n = 19 025) warfarin at 
hospital discharge, across all eGFR strata. While bleed-
ing rates increased with declining eGFR, the rates for 
warfarin users were approximately 50% lower in the 
< 15 ml/min/1.73m2 group than in our study. This might 
be because almost 70% of patients who received warfa-
rin at hospital discharge had been receiving warfarin 
before admission, thus the results are most applicable 
to prevalent users rather than incident users. Our study 
adds important new information about the increased 
risk of bleeding events associated with worsening kid-
ney function in new users of warfarin and highlights 
the increased early risk, assessments of which were not 
available from previous studies in patients with atrial 
fibrillation and chronic kidney disease. Importantly, we 
assessed the safety of incident warfarin use, which 
eliminates the biases associated with safety assess-
ments of prevalent drug use.35

Our study has important implications for the man-
agement of all people with atrial fibrillation and 
reduced kidney function starting warfarin. This is par-
ticularly pertinent in the primary care setting where 
patients with chronic kidney disease are managed, as 
we observed rates of major bleeding consistently higher 
in the first 30 days of warfarin treatment compared with 
the remainder of the follow-up period, across all levels 
of eGFR. These findings of increased early bleeding 
rates are similar to those of a large (n = 125 195) commu-
nity based cohort study in Canada of participants with 
atrial fibrillation starting warfarin, and suggests the 
safety of warfarin in this patient group may vary 
depending on kidney function and duration of treat-
ment.13

Importantly, we did not observe an increase in the 
rate of intracranial bleeding (perhaps the most feared 
complication of warfarin treatment) by eGFR, and the 

increased likelihood of major bleeding at lower eGFR 
was primarily driven by differences in the rates of gas-
trointestinal bleeding. However, it may be possible that 
an association between intracranial bleeding and kid-
ney function was not observed owing to the limited 
number of events. None the less, these findings need to 
be weighed against the potential benefit of warfarin in 
the prevention of ischaemic stroke, although the effi-
cacy is less certain among patients with chronic kidney 
disease, particularly those requiring dialysis.36 Previous 
studies have shown that patients who require dialysis 
have an increased risk of gastrointestinal bleeding com-
pared with matched controls without chronic kidney 
disease.7 37 Our results indicate that there is a graded 
and independent association between the likelihood 
of serious bleeding and the severity of chronic kidney 
disease.

In recent years, randomised trials assessing the effi-
cacy of novel oral anticoagulant agents in people with 
atrial fibrillation, including dabigatran, rivaroxaban, 
and apixaban have shown non-inferiority compared 
with warfarin.38 However, trials have excluded partici-
pants with severe renal impairment. Given that these 
drugs are excreted renally and the lack of treatments to 
rapidly reverse their anticoagulant effect, these agents 
may pose a major risk in patients with reduced kidney 
function. Further assessment of the safety of novel oral 
anticoagulants in patients with atrial fibrillation and 
chronic kidney disease is required.

Limitations of this study
Our study has limitations. We specifically focused on 
the safety, and not efficacy, of warfarin treatment by 
kidney function in people with atrial fibrillation. While 
our results should be weighed against the potential 
benefit of warfarin treatment in this population, further 
large scale studies to assess the risk-benefit ratio of war-
farin across the spectrum of chronic kidney disease in 
people with atrial fibrillation are needed. People in 
Alberta are eligible for drug coverage through the pro-
vincial universal healthcare system at 65 years of age, 
thus participants aged less than 66 years were not 
included. However, approximately 70% of people with 
atrial fibrillation are aged between 65 and 85 years,39 
and therefore our results are generalisable to most peo-
ple who would be considered for warfarin to prevent 
stroke. Although there are advantages to using admin-
istrative data in assessing the safety of therapeutic 
interventions, including the ability to use real world 
populations, large sample sizes, and low cost, limita-
tions also need to be considered. Of note, we used a val-
idated algorithm to identify atrial fibrillation where the 
sensitivity and specificity approached 95% and 99%, 
respectively.

Although we adjusted for prescription antiplatelets, 
non-steroidal anti-inflammatory drugs, and proton 
pump inhibitors, we did not have information on over 
the counter drug use, and thus the impact of these 
drugs may be underestimated. Our study included a 
large cohort of people with atrial fibrillation, but the 
number of participants with substantially reduced 
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kidney function (that is, < 30 ml/min/1.73m2) compared 
with those with normal or moderate kidney function, 
was small, affecting the stability of the point estimates. 
Owing to the limited availability and irregular fre-
quency of international normalised ratio measure-
ments in the study cohort, we were unable to determine 
the time patients who experienced a major bleeding 
event were in the therapeutic range. In addition, it is 
possible that the lack of an observed association 
between the proportion of participants with interna-
tional normalised ratios > 3 and kidney function was a 
result of the limited availability of data on international 
normalised ratios. The prevalence of a select number of 
comorbidities was higher in the study cohort compared 
with participants excluded from the study owing to the 
lack of outpatient serum creatinine measurements. As 
such, although our study design included a well defined 
population based cohort of older people with a history 
of atrial fibrillation and access to universal healthcare 
including coverage for warfarin treatment, the possibil-
ity of selection bias remains. Finally, despite our best 
efforts to adjust for clinically relevant characteristics, 
the possibility of residual confounding remains.

Conclusions
Among older people with atrial fibrillation who started 
warfarin, rates of major bleeding were significantly 
higher in those with lower eGFR, particularly during the 
first 30 days of treatment. The high risk of bleeding in 
people with chronic kidney disease during the first 30 
days was reflected by a needed to treat to harm of 22 
compared with 206 in the remainder of the follow-up.

Our results support the need for careful consider-
ation of the bleeding risk relative to kidney function 
when assessing the risk-benefit ratio of warfarin treat-
ment in people with chronic kidney disease and atrial 
fibrillation. Given the lack of randomised controlled 
trial evidence in this patient population, the effective-
ness of warfarin treatment remains uncertain, and 
determination of the risk-benefit ratio is challenging. 
The use of stroke and bleeding risk stratification 
schemes such as the CHADS2 and HAS-BLED score may 
aid in clinical decision making, although this remains 
unproved. Further large scale studies are needed to 
assess the effectiveness as well as the balance of harm 
and benefits of warfarin in patients with atrial fibrilla-
tion and reduced kidney function.
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