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ABSTRACT　
 
BACKGROUND　 Chronic kidney disease (CKD) is highly prevalent in patients with atrial fibrillation (AF). However, the asso-
ciation between CKD and clinical consequences in AF patients is still under debate.
 
METHODS　 We included 19,079 nonvalvular AF patients with available estimated glomerular filtration rate (eGFR) values in
the Chinese Atrial Fibrillation Registry from 2011 to 2018. Patients were classified into no CKD (eGFR ≥ 90 mL/min per 1.73 m2),
mild CKD (60 ≤ eGFR < 90 mL/min per 1.73 m2), moderate CKD (30 ≤ eGFR < 60 mL/min per 1.73 m2), and severe CKD (eGFR <
30  mL/min  per  1.73  m2)  groups.  The  risks  of  thromboembolism,  major  bleeding,  and  cardiovascular  mortality  were  estimated
with Fine-Gray regression analysis according to CKD status. Cox regression was performed to assess the risk of all-cause mortal-
ity associated with CKD.
 
RESULTS　Over a mean follow-up of 4.1 ± 1.9 years, there were 985 thromboembolic events, 414 major bleeding events, 956 car-
diovascular deaths, and 1,786 all-cause deaths. After multivariate adjustment, CKD was not an independent risk factor of throm-
boembolic events. As compared to patients with no CKD, those with mild CKD, moderate CKD, and severe CKD had a 45%, 47%,
and 133% higher risk of major bleeding,  respectively.  There was a graded increased risk of cardiovascular mortality associated
with CKD status compared with no CKD group: adjusted hazard ratio [HR] was 1.34 (95% CI: 1.07−1.68, P = 0.011) for mild CKD
group,  2.17  (95% CI:  1.67−2.81, P < 0.000 1)  for  moderate  CKD group,  and 2.95  (95% CI:  1.97−4.41, P < 0.000 1)  for  severe  CKD
group, respectively. Risk of all-cause mortality also increased among patients with moderate or severe CKD.
 
CONCLUSIONS　CKD status was independently associated with progressively higher  risks  of  major  bleeding and mortality,
but didn’t seem to be an independent predictor of thromboembolism in AF patients.

  

A trial fibrillation (AF) is the most com-
mon arrhythmia worldwide, being asso-
ciated with increased risks of cardiovas-

cular diseases and death. Chronic kidney disease
(CKD) often coexists with AF,[1,2] present in 10% to
40% of AF patients.[3,4] Besides, CKD is an inde-
pendent risk factor of incident AF[5] and shares com-
mon risk factors with AF, such as older age, hyper-
tension and diabetes mellitus.[6,7] Both CKD and AF
were associated with poor prognosis, bringing
growing burden to healthcare systems.[8,9]

Nevertheless, whether CKD independently con-
fers increased risks of cardiovascular outcomes and
mortality in AF patients remains controversial.[10−14]

Although studies have indicated that CKD was an
independent predictor of stroke,[10,11,15] the widely-
used CHA2DS2-VASc stroke score recommended by
the current guidelines did not include CKD.[6,16] Ab-
normal renal function was also precluded from a
biomarker-based death score,[17] but was incorpor-
ated into the HAS-BLED score for bleeding risk pre-
diction. Thus, a better understanding of the rela-
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tionship between CKD and adverse outcomes is es-
sential to the comprehensive management of AF pa-
tients.

Using data from the large, prospective Chinese
Atrial Fibrillation Registry (China-AF) cohort, we
intend to determine the risks of thromboembolism,
major bleeding, cardiovascular mortality and all-
cause mortality associated with CKD in individuals
with AF. 

METHODS
 

Study Population

The design of the China-AF study has been repor-
ted in detail previously.[18] Briefly, China-AF study
is an ongoing, prospective, multicenter registry
study recruiting adult patients with a documented
AF from 31 tertiary and non-tertiary hospitals in
Beijing, China. Informed consent was obtained from
all participants. Each enrolled patient was followed
up every six months by trained clinical staff.
Between August 2011 and December 2018, consec-
utive patients ≥ 18 years old were enrolled in China-
AF. From a total of 25,512 participants, we excluded
those with a follow-up less than six months (n =
655), and those with mitral stenosis or valvular re-
pair or replacement (n = 1 012). In our study, 4 766
patients having no available serum creatinine were
also excluded. Finally, 19,079 eligible patients were
included in the present study (Figure 1). 

Estimation of Renal Function

Renal function was evaluated by the level of es-
timated glomerular filtration rate (eGFR),[19] using
the Chronic Kidney Disease Epidemiology Collab-
oration equation based on baseline serum creatin-
ine: eGFR (mL/min per 1.73 m2) = 141 × min(Scr/κ, 1)α ×
max(Scr/κ, 1)−1.209 × 0.993Age × 1.018 (if female) ×
1.159 (if black), where κ is 0.7 for females and 0.9 for
males; α is −0.329 for females and −0.411 for males;
'min' indicates the minimum of Scr/κ or 1; 'max' in-
dicates the maximum of Scr/κ or 1; and Scr is ser-
um creatinine expressed in mg/dL[20]. Patients were
divided into four groups according to eGFR values:
no CKD (eGFR ≥ 90 mL/min per 1.73 m2), mild
CKD (60 ≤ eGFR < 90 mL/min per 1.73 m2), moder-
ate CKD (30 ≤ eGFR < 60 mL/min per 1.73 m2), and

severe CKD (eGFR < 30 mL/min per 1.73 m2)
group. 

Data Collection

Baseline demographic and clinical data including
medical history and treatment were collected by
trained staff. CHA2DS2-VASc score[21] (congestive
heart failure, hypertension, age ≥ 75 years, diabetes
mellitus, stroke/transient ischemic attack, vascular
disease, age 65–74 years, and sex category (female))
and HAS-BLED score[22] (hypertension (uncon-
trolled systolic blood pressure > 160 mmHg), abnor-
mal renal and/or liver function, previous stroke,
bleeding history or predisposition, labile interna-
tional normalized ratio, elderly (age > 65 years),
drugs and/or alcohol concomitantly) were used to
assess stroke and bleeding risk, respectively. 

Study Outcomes

We analyzed the time to the first occurrence of
adverse clinical outcomes based on renal function.
Thromboembolic events were defined as ischemic
stroke or systemic embolism. Major bleeding events
were defined as bleeding that was fatal, intracranial,
affecting another critical anatomical site, or causing
a fall in hemoglobin level ≥ 20 g/L, or leading to
transfusion of ≥ 2 units of whole blood or red cells.[23]

Cardiovascular mortality events were defined as
death from myocardial infarction, congestive heart
failure, sudden death, stroke, intracranial bleeding,
other bleeding, or other cardiovascular diseases. All
suspected adverse clinical outcomes were adjudic-
ated by a central committee. 

Statistical Analysis

Means ± SD or medians (interquartile range
(IQR)) were calculated for continuous variables as
appropriate. Categorical variables were described
as percentages. Differences among groups of con-
tinuous variables were analyzed using the One-
Way ANOVA test or Kruskal-Wallis test. Categorical
variables were analyzed using the Chi-Square test.
Cumulative incidence function (CIF) curves were
employed to estimate the cumulative incidence of
thromboembolism, major bleeding and cardiovas-
cular mortality, while taking competing risks of
death from other causes into account. Differences
among the four groups were assessed using non-
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parametric Gray’s test.[24] Kaplan-Meier curves were
used to illustrate cumulative incidence rates of all-
cause mortality and compared by log-rank test ac-
cording to renal function. Hazard ratios (HRs) and
their 95% confidence intervals (CIs) of renal dys-
function groups for the risks of thromboembolism,
major bleeding and cardiovascular mortality were
estimated using Fine and Gray’s models, separately,
which took competing risks into consideration. The
association between renal function and all-cause
mortality was calculated by Cox proportional haz-
ards regression models. During the process of mul-
tivariate analysis, baseline demographics, concomit-
ant diseases and medical treatment were adjusted
as confounders in each model. We defined statistic-
al significance as a two-tailed P < 0.05. Statistical
analyses were performed with SAS software, ver-
sion 9.4 (SAS Institute, Cary, NC). 

RESULTS
 

Study Population

We included 19,079 eligible patients in our ana-
lysis, of whom the mean age at baseline was 63.9 ±
12.0 years, and 7229 (37.9%) were women. The me-
dian eGFR was 86.10 (IQR = 72.17−96.07) mL/min
per 1.73 m2. Among overall patients, 7626 (40.0%),
9342 (49.0%), 1925 (10.1%), and 186 (1.0%) were in
no CKD group, mild CKD group, moderate CKD
group, and severe CKD group, respectively. Table 1
shows the baseline characteristics in relation to
eGFR values. Compared with patients with no
CKD, individuals with moderate or severe CKD
were older, more likely to be female and to have a
history of concomitant diseases, including congestive
heart failure, hypertension, diabetes mellitus, hy-
perlipidemia, vascular disease, and previous bleed-
ing. Therefore, it is unsurprising that higher CHA2DS2-
VASc and HAS-BLED scores were seen in moder-
ate and severe CKD group. Considering antithrom-
botic treatment, patients with no CKD had the
highest proportion of oral anticoagulation (OAC)
use among the four groups, while patients with
severe CKD were least likely to receive OAC ther-
apy, even less used direct oral anticoagulants. Pro-
portion of patients on OAC during follow-up was
shown in Supplementary Figure 1. 

Risk of Thromboembolism

During a mean follow-up of 4.0 ± 1.9 years, throm-
boembolic events occurred in 985 patients (5.2%),
consisting of 230 patients (3.0%) in no CKD group,
554 patients (5.9%) in mild CKD group, 188 pa-
tients (9.8%) in moderate CKD group, and 13 pa-
tients (7.0%) in severe CKD group. The incidence
rate was 1.30 per 100 person-years overall, with the
highest rate of 2.47 per 100 person-years in moder-
ate CKD group (Table 2). In patients without antith-
rombotic therapy at baseline, the trend of throm-
boembolism incidence across different CKD status
was consistent with the whole population (Supple-
mentary Table 1). The most recent antithrombotic
therapy in patients with incident thromboembol-
ism was shown in Supplementary Table 2. Cumu-
lative incidence for thromboembolism in patients
with CKD was higher than that of patients with
normal renal function (Figure 2A). However, after
adjustment for known risk factors, mild CKD (ad-
justed HR = 1.12, 95% CI: 0.94−1.33, P = 0.201),
moderate CKD (adjusted HR = 1.21, 95% CI: 0.96−1.54, P =
0.104), and severe CKD (adjusted HR = 0.80, 95%
CI: 0.44−1.44, P = 0.451) were not an independent
predictor of thromboembolism (Figure 3). 

Risk of Major Bleeding

Over a mean follow-up of 4.1 ± 1.9 years, there
were 414 (2.2%) major bleeding events, with a cor-
responding rate of 0.54 per 100 person-years. Incid-
ence rates of major bleeding events increased with
worse renal function, with 0.31, 0.64, 0.81, and 1.16
per 100 person-years for patients with no CKD,
mild CKD, moderate CKD, and severe CKD, re-
spectively (Table 2). In patients without antithrom-
botic therapy at baseline, the trend of major bleed-
ing incidence across different CKD status was con-
sistent with the whole population (Supplementary
Table 1). The most recent antithrombotic therapy in
patients with incident major bleeding was shown in
Supplementary Table 3. CIF curves by CKD status
reveals a higher incidence of major bleeding in pa-
tients with CKD (Figure 2B). In multivariate analysis,
there was a 45%, 47%, and 133% higher risk of ma-
jor bleeding associated with mild CKD (adjusted
HR = 1.45, 95% CI: 1.12−1.89, P = 0.005), moderate
CKD (adjusted HR = 1.47, 95% CI: 1.02−2.12, P =
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Table 1    Baseline characteristics.

No CKD
(n = 7 626)

Mild CKD
(n = 9 342)

Moderate CKD
(n = 1925)

Severe CKD
(n =186) P value

Age, yrs 56.3 ± 10.4 67.6 ± 10.0 74.6 ± 8.4 74.7 ± 10.2 < 0.000 1

Female 2 454 (32.2%) 3 648 (39.1%) 1 124 (53.2%) 103 (55.4%) < 0.000 1

BMI, kg/m2 25.7 ± 3.4 25.5 ± 3.4 25.3 ± 3.7 24.8 ± 3.9 < 0.000 1

eGFR, mL/min per m2 98.2 (94.1, 104.0) 78.9 (71.0, 85.1) 50.2 (45.1, 56.6) 19.7 (13.2, 26.9) < 0.000 1

AF type < 0.000 1

　Newly diagnosed 387 (5.1%) 591 (6.3%) 169 (8.8%) 23 (12.4%)

　Paroxysmal 4 832 (63.4%) 5 295 (56.7%) 940 (48.8%)) 99 (53.2%)

　Persistent 2 407 (31.6%) 3 456 (37.0%) 816 (42.4%) 64 (34.4%)

Concomitant diseases

　Congestive heart failure 645 (8.5%) 1 418 (15.2%) 644 (33.5%) 102 (54.8%) < 0.000 1

　Hypertension 3 830 (50.2%) 6 225 (66.6%) 1 572 (81.7%) 162 (87.1%) < 0.000 1

　Diabetes mellitus 1 707 (22.4%) 2 321 (24.8%) 659 (34.2%) 86 (46.2%) < 0.000 1

　Thromboembolism 744 (9.8%) 1 551 (16.6%) 456 (23.7%) 47 (25.3%) < 0.000 1

　Vascular disease 726 (9.5%) 1 724 (18.5%) 543 (28.2%) 75 (40.3%) < 0.000 1

　Hyperlipidemia 1 746 (22.9%) 2 796 (29.9%) 688 (35.7%) 64 (34.4%) < 0.000 1

　Previous bleeding 206 (2.7%) 384 (4.1%) 126 (6.6%) 9 (4.8%) < 0.000 1

　CHA2DS2-VASc score 1 (1, 2) 3 (1, 4) 4 (3, 5) 5 (3, 6) < 0.000 1

　HAS-BLED score 1 (0, 2) 2 (1, 3) 3 (2, 4) 4 (3, 5) < 0.000 1

　Current smoking 1 073 (14.1%) 955 (10.2%) 111 (5.8%) 10 (5.4%) < 0.000 1

　Alcohol consumption 1 079 (14.2%) 903 (9.7%) 108 (5.6%) 7 (3.8%) < 0.000 1

　Completed high school 5 271 (69.1%) 6 273 (67.2%) 1 242 (59.3%) 102 (54.8%) < 0.000 1

Health insurance coverage < 0.000 1

　100% 304 (4.0%) 876 (9.4%) 255 (13.3%) 17 (9.1%)

　Partially 5 331 (70.0%) 6 968 (74.6%) 1 509 (78.4%) 157 (84.4%)

　None 1991 (26.1%) 1 498 (16.0%) 161 (8.4%) 12(6.5%)

Antithrombotic treatment

　OAC 5 382 (70.6%) 6 169 (66.0%) 947 (49.2%) 61 (32.8%) < 0.000 1

　Warfarin 3 018 (39.6%) 4 066 (43.5%) 744 (38.7%) 54 (30.7%) < 0.000 1

　DOAC 2 364 (31.0%) 2 103 (22.5%) 203 (10.6%) 4 (2.2%) < 0.000 1

　Antiplatelet 1 050 (13.8%) 2015 (21.6%) 682 (35.4%) 81 (43.6%) < 0.000 1

　None 1 194 (15.7%) 1 158 (12.4%) 296 (15.4%) 44 (23.7%) < 0.000 1

Concomitant medication

　AADs 3 675 (48.2%) 3 828 (41.0%) 527 (27.4%) 40 (21.5%) < 0.000 1

　Rate-controlling drugs 2 542 (33.3%) 4 213 (45.1%) 1 178 (61.2%) 117 (62.9%) < 0.000 1

　ACEI/ARBs 1993 (26.1%) 3 418 (36.6%) 948 (49.3%) 52 (28.0%) < 0.000 1

　Statins 2 348 (30.8%) 3 943 (42.2%) 998 (51.8%) 91 (49.0%) < 0.000 1

Values are mean ± SD, median (IQR), or n (%). AAD: antiarrhythmic drug; ACEI: angiotensin-converting enzyme inhibitor; AF: atrial
fibrillation; ARB: angiotensin receptor blocker; BMI: body mass index; CHA2DS2-VASc: congestive heart failure, hypertension, age ≥ 75
years, diabetes mellitus, previous stroke/transient ischemic attack, vascular disease, age 65–74 years, female sex; DOAC: direct oral
anticoagulant; eGFR: estimated glomerular filtration rate; HAS-BLED: hypertension, abnormal renal and/or liver function, previous
stroke, bleeding history or predisposition, labile international normalized ratio,  elderly (age > 65 years),  drugs and/or alcohol
concomitantly; OAC: oral anticoagulant.
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0.040), and severe CKD (adjusted HR = 2.33, 95%
CI: 1.04−5.22, P = 0.039), respectively (Figure 3). 

Risk of Cardiovascular Mortality and All-cause
Mortality

During a mean follow-up of 4.1 ± 1.9 years, 1786
patients (9.4%) died and 956 patients (5.0%) died
from cardiovascular diseases, with the correspond-
ing rates of 2.31 and 1.24 per 100 person-years, re-
spectively. Incidence rates of cardiovascular mortal-
ity ranged from 0.40 in patients with normal renal
function to 8.87 per 100 person-years in severe CKD
patients (Table 2). The corresponding mortality
rates ranged from 0.83 to 15.83 per 100 person-years.
CIF curves for cardiovascular-mortality and Kaplan-
Meier curves for mortality are shown in Figure 2C
and Figure 2D. After multivariate adjustment, the
hazard ratios for cardiovascular mortality and all-
cause mortality of patients with severe CKD were
2.95 (95% CI: 1.97−4.41, P < 0.000 1) and 2.80 (95%
CI: 2.15–3.64, P < 0.000 1), compared with non-CKD
patients. The corresponding hazard ratios for mod-
erate CKD were 2.17 (95% CI: 1.67−2.81, P < 0.000 1)
and 1.75 (95% CI: 1.46−2.08, P < 0.000 1) (Figure 3).
Mild CKD was associated with a higher risk of car-
diovascular mortality (adjusted HR = 1.34, 95% CI:
1.07−1.68, P = 0.011), but no significant association
was found with all-cause mortality among these pa-
tients (Figure 3). 

DISCUSSION

In the large multicenter China-AF cohort with a
long-term follow-up, we found that reduced eGFR
was associated with graded, higher risks of major
bleeding, cardiovascular mortality, and all-cause
mortality. However, CKD was not an independent
predictor of thromboembolism.

AF confers to an increased risk of stroke, and ac-
curate risk stratification is crucial. Of note, whether
renal function is an independent predictor of
thromboembolic events in AF patients remains con-
flicting. Some studies supported renal disease for
thromboembolism prediction.[10,11] A study of anti-
coagulated AF patients even added renal function to
a stroke risk model called R2CHADS2 score, show-
ing improvement of predictive value for throm-
boembolism, compared with CHA2DS2-VASc score.[25]

However, it was derived from patients who were at
moderate-to-high risk for stroke and patients with
severe renal dysfunction were excluded. Other
studies reported that CKD was not independently
associated with an increased risk of stroke.[3,13,26]

Our study also demonstrated that CKD had no sig-
nificant association with thromboembolism. Moreover,
the Loire Valley Atrial Fibrillation Project (LVAFP)
study and a large Swedish cohort study indicated
that renal impairment did not improve the predict-
ive ability of the CHA2DS2-VASc score.[13,26] Owing

 

Figure 1    Flowchart of the study population selection. CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate.
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Table 2    Incidence rates of adverse clinical events per 100 person-years according to CKD status.

Outcomes No. of person-years No. of events Event rate per 100 person-years (95% CI)
Thromboembolism

　No CKD 29 741 230 0.77 (0.68−0.88)

　Mild CKD 38 676 554 1.43 (1.34−1.58)

　Moderate CKD 7 623 188 2.47 (2.14−2.85)

　Severe CKD 588 13 2.21 (1.28−3.81)

Major bleeding

　No CKD 30 047 94 0.31 (0.26−0.38)

　Mild CKD 38 769 249 0.64 (0.57−0.73)

　Moderate CKD 7 854 64 0.81 (0.64−1.04)

　Severe CKD 603 7 1.16 (0.55−2.44)

Cardiovascular mortality

　No CKD 30 123 120 0.40 (0.34−1.48)

　Mild CKD 38 769 471 1.21 (1.11−1.33)

　Moderate CKD 7 739 314 4.06 (3.63−4.53)

　Severe CKD 575 51 8.87 (6.74−11.68)

All-cause mortality

　No CKD 30 123 251 0.83 (0.74−0.94)

　Mild CKD 38 769 906 2.34 (2.19−2.49)

　Moderate CKD 7 739 538 6.95 (6.39−7.57)

　Severe CKD 575 91 15.83 (12.89−19.44)

CKD: chronic kidney disease.
 

Figure  2      Cumulative  incidence  rates  of  adverse  clinical  events  according  to  CKD  status. (A):  CIF  curves  of  thromboembolism
events; (B): CIF curves of major bleeding events; (C): CIF curves of cardiovascular mortality events; and (D): Kaplan-Meier curves of all-
cause mortality events. CKD: chronic kidney disease; CIF: cumulative incidence function.
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to the relationship of CKD with components of
CHA2DS2-VASc score such as age, heart failure, hy-
pertension and diabetes mellitus, it may be plaus-
ible that CKD didn’t provide incremental informa-
tion to the stroke risk stratification.

OAC has become the cornerstone of AF manage-
ment, but the risk of major bleeding is an inevitable
clinical concern. Our findings confirmed that worse
renal function was associated with a higher risk of
major bleeding in AF patients, which was consist-
ent with previous cohort studies.[3,10,26] To some ex-
tent, we supported the inclusion of abnormal renal
function as a component of bleeding risk stratifica-
tion schemes such as HAS-BLED, ORBIT and AT-
RIA bleeding scores.[22,27,28] Several possible mechan-
isms may explain the findings. CKD is associated
with reduced platelet activity, decreased binding of
platelets to the vessel wall, as well as low platelet
adhesion and aggregation, which may facilitate the

formation of prohemorrhagic conditions.[29,30]

Current guidelines emphasized the identification
and management of risk factors and concomitant
diseases in AF patients. Even with effective antico-
agulation, the mortality rate was as high as 4.72%
per year.[31] Beyond stroke prevention, more inter-
ventions are needed to reduce the risk of mortality
in this population. Previous studies about the im-
pact of CKD on mortality in AF patients yielded
contradictory results. A study of 4554 anticoagu-
lated AF patients reported that CKD was not an in-
dependent predictor of cardiovascular mortality
and non-cardiovascular mortality in AF patients.[14]

The results may be partly explained by the younger
age in the CKD group and short median follow-up
time of less than 1 year. Besides, the ABC (Age, Bio-
markers, Clinical history) death score for mortality
risk prediction in anticoagulated AF patients
merely included heart failure as the component of

 

Figure 3    Adjusted hazard ratios of adverse clinical events according to CKD status. Analyses were adjusted for age, sex, body mass
index, AF type, smoking, alcohol consumption, congestive heart failure,  hypertension, diabetes mellitus,  thromboembolism, vascular
disease, previous bleeding, oral anticoagulants (time-dependent), angiotensin-converting enzyme inhibitors/angiotensin receptor bloc-
kers, statins, education level and health insurance. AF: atrial fibrillation; CKD: chronic kidney disease; CI: confidence interval; HR: haz-
ard ratio.
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clinical history.[17] However, the ABC-death score
was derived from patients on anticoagulation.
Thus, the score may not apply to the entire AF pop-
ulation. A Japanese multicenter registry study
demonstrated that moderate-to-severe CKD was as-
sociated with a higher risk of mortality.[32] Moreover,
four other studies found that a lower level of renal
function was associated with a stepwise elevated
risk of mortality.[4,33–35] Our study also indicated that
CKD was independently associated with cardiovas-
cular mortality and all-cause mortality. Indeed,
CKD could contribute to mortality by several pos-
sible mechanisms, such as hypertension,[36,37] per-
sistent and low-grade inflammation, abnormal bone
morphology, vascular calcification, and destruction
of mineral homeostasis.[38,39]

CKD was undoubtedly an important comorbid-
ity of AF, associated with higher risks of bleeding
and mortality. Given that over 60% of AF patients
in our study had different degrees of renal dysfunc-
tion, more attention should be paid to these pa-
tients to reduce the occurrence of adverse events.
Particular efforts on well-controlled risk factors,
such as blood pressure and plasma glucose, have
the potential to slow the progression of CKD and
reduce subsequent complications. Although some
patients had a normal eGFR level at baseline, renal
function could deteriorate over time. Thus, monit-
oring eGFR regularly is necessary, regardless of
current CKD status.[40,41] In addition, studies about
the efficacy and safety of OAC among AF patients
with end-stage renal dysfunction illustrated conten-
tious results.[30,42] There is no recommendation in
current guidelines with regard to OAC use among
these patients. Moreover, all OACs are partly ex-
creted via the kidney. Appropriate OAC prescrip-
tion should be given after cautious assessment of
the benefits and risks, especially to patients with
advanced CKD.[43] The efficacy and safety of OAC
in patients with severe renal dysfunction still needs
to be investigated in further randomized controlled
trials. 

Study Limitations

First, the predictive value of renal dysfunction
may be partly influenced by the contribution of age,
as renal function could deteriorate with increasing
age. Despite adjustment for potential risk factors,

there were still residual confounders we could not
identify and control. Second, we lacked of data of
sequential changes in eGFR. Risks of stroke, bleed-
ing and death in AF patients could increase with a
deterioration of renal function.[40,44] Third, a major-
ity of patients in our study were on warfarin, but
the time in therapeutic range was not available.
Also, we did not collect the information about the
dose of DOAC. However, we used time-dependent
regression models with adjustment for changes in
OAC therapy during follow-up. 

CONCLUSIONS

In the large cohort of AF populations, CKD was
independently associated with stepwise higher
risks of major bleeding, cardiovascular mortality,
and all-cause mortality. However, it seemed not to
be an independent predictor of thromboembolism
in AF patients. 
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