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Abstract 

Background  Currently published studies have not observed consistent results on the efficacy and safety of direct 
oral anticoagulants (DOACs) use in patients with chronic kidney disease (CKD) combined with atrial fibrillation (AF). 
Therefore, this study conducted a meta-analysis of the efficacy and safety of DOACs for patients with AF complicated 
with CKD.

Methods  Database literature was searched up to May 30, 2023, to include randomized controlled trials (RCT) involv-
ing patients with AF complicated with CKD DOACs and vitamin K antagonists (VKAs). Stroke, systemic embolism (SE), 
and all-cause mortality were used as effectiveness indicators, and major bleeding, intracranial hemorrhage (ICH), fatal 
bleeding, gastrointestinal bleeding (GIB), and clinically relevant non-major bleeding (CRNMB) were used as safety 
outcomes.

Results  Nine RCT studies were included for analysis according to the inclusion criteria. Results of the efficacy analysis 
showed that compared with VKAs, DOACs reduced the incidence of stroke/SE (OR = 0.75, 95% CI 0.67–0.84) and all-
cause deaths (OR = 0.84, 95% CI 0.75–0.93) in patients with AF who had comorbid CKD. Safety analyses showed 
that compared with VKAs, DOACs improved safety by reducing the risk of major bleeding (OR = 0.76, 95%CI 0.65–0.90), 
ICH (OR = 0.46, 95%CI 0.38–0.56), and fatal bleeding (OR = 0.75, 95%CI 0.65–0.87), but did not reduce the incidence 
of GIB and CRNMB.

Conclusion  Compared with VKAs, DOACs may increase efficacy and improve safety in AF patients with CKD (90 ml/
min> Crcl≥15 ml/min), and shows at least similar efficacy and safety in AF patients with Kidney failure (Crcl<15 ml/
min).

Keywords  Direct oral anticoagulants, Chronic kidney disease, Kidney failure, Atrial fibrillation, meta-analysis

Introduction
Published studies have yielded inconsistent findings 
regarding the effectiveness and safety of DOACs in 
patients with AF and CKD. Patients with atrial fibrillation 
(AF) are susceptible to stroke or thromboembolic events 
due to increased heart rate, enlarged atria, and the spe-
cial structure of the left atrium, which can lead to stag-
nation of blood flow [1]. To prevent thromboembolism, 
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oral anticoagulants (OACs), including VKAs and direct 
oral anticoagulants (DOACs), are one of the preferred 
treatments for patients at risk of thromboembolism [2]. 
Compared with warfarin, DOACs is gradually being 
widely used in the clinic because of its fixed-dose, shorter 
half-life, and rapid elimination after discontinuation [3]. 
In addition, it has been shown that compared with war-
farin, DOACs used in patients with atrial fibrillation with 
normal renal function can lead to a significant reduction 
in the risk of thrombosis and hemorrhage [4, 5], and the 
efficacy and safety have been clinically proven to be supe-
rior to that of warfarin [6, 7].

VKAs are metabolized by the liver and no dose adjust-
ment is required in renal insufficiency. In contrast, 
DOACs has varying degrees of renal clearance, with 
approximately 80% of dabigatran, 50% of edoxaban, 35% 
of rivaroxaban, and 27% of apixaban excreted [8]. Owing 
to the exclusion of patients with advanced-stage CKD 
from phase 3 clinical trials of DOACs, the utilization of 
DOACs has lagged behind in this specific population. In 
dialysis patients, the utilization of VKAs poses height-
ened risks such as renal calcification and diminished 
platelet production due to renal failure, thus increasing 
the likelihood of bleeding within the typical INR range 
compared to the general population. Patients undergo-
ing hemodialysis are subject to systemic heparin antico-
agulant therapy during the treatment period. However, 
studies assessing bleeding complications in hemodialysis 
patients treated with AVKs or DOACs have not taken 
into consideration the extent of heparinization during 
hemodialysis treatment. Therefore, the efficacy and safety 
of DOACs in AF patients combined with CKD, particu-
larly in cases involving kidney failurehas been contro-
versial. The current literature review indicates that, in 
patients with moderate CKD, dabigatran and apixaban 
exhibit superior efficacy over VKAs in reducing the inci-
dence of stroke and systemic embolism. However, no 
statistically significant differences emerge between apixa-
ban, rivaroxaban, and VKAs in this regard. In terms of 
major bleeding risk reduction, edoxaban, apixaban, and 
VKAs demonstrate more favorable outcomes compared 
to VKAs alone. Conversely, no notable distinction is 
observed between rivaroxaban and dabigatran etexilate 
in this aspect [9]. A meta-analysis conducted by T. Ha 
et al. found insufficient evidence to determine the supe-
riority of VKAs or DOACs in AF patients with advanced 
CKD [10]. Another study showed that DOACs were not 
associated with a reduced risk of thromboembolism in 
AF patients on long-term dialysis, whereas VKAs, dabi-
gatran, and rivaroxaban were associated with a signifi-
cantly higher risk of bleeding compared with apixaban 
and no anticoagulants [11]. However, one study showed 
that DOACs was significantly more effective and safer 

than VKAs in patients with CKD or ESRD combined 
with AF [12]. In addition, a meta-analysis of the use of 
DOACs and VKAs in end-stage dialysis patients showed 
at least similar efficacy and safety [13].

Therefore, to better investigate the efficacy and safety 
of DOACs use in patients with CKD combined with AF, 
the present study conducted a systematic review and 
meta-analysis of the available evidence from randomized 
controlled trials (RCTs) to inform clinical medication 
decisions.

Methods
We conducted a systematic review and meta-analysis of 
DOACs and VKAs for patients with AF comorbid CKD. 
CKD is defined as abnormalities of kidney structure or 
function, present for > 3 months, with implications for 
health. CKD is classified based on Cause, GFR category 
(G1–G5), and Albuminuria category (A1–A3) [14]. Renal 
insufficiency was defined as patients with CrCl < 95 ml/
min, and patients with CrCl < 15 ml/min were defined 
as patients with kidney failure [15]. This study was 
conducted under the Preferred Reporting Initiative 
(PRISMA), registration number: CRD42023451323 [16].

Search strategies
The PubMed and Web of Science databases were 
searched and the time frame was from the creation of 
the database to May 31, 2023. To ensure a comprehen-
sive literature search, we also identified additional studies 
by searching the reference lists of the literature. Search 
words: (“dabigatran” or “rivaroxaban” or “apixaban” or 
“edoxaban” or “NOAC” or “DOAC” or “non-vitamin K 
antagonist oral anticoagulantacting” or “novel oral anti-
coagulant” and “warfarin” or “coumadin” or “vitamin K 
antagonist”) and (“renal insufficient” or “kidney disease”  
or “chronic renal insufficiency” or “end-stage renal disease”  
or “renal dialysis or hemodialysis” and “atrial fibrillation” 
or “kidney failure”). Detailed search strategies for each 
database are provided in Table S1.

Study selection
 Inclusion criteria: (1) RCT; (2) The study was conducted 
in AF patients with CKD; (3) DOACs, including com-
parative studies of apixaban, rivaroxaban, edoxaban, and 
dabigatran with VKAs. Both control and experimen-
tal groups reported at least one bleeding or thrombosis 
occurrence data; (4) Full text was available and relevant 
data could be extracted.

Exclusion criteria: (1) Patients with AF not comorbid 
with CKD; (2) Duplicate studies or incomplete experi-
mental data.
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Data extraction and study outcomes
Data extraction was done independently by two research-
ers (YL and SW). If there was a dispute, it will be dis-
cussed and resolved by a third researcher (JZ) to reach a 
consensus. Regarding missing data, we endeavor to com-
municate with the authors of the primary studies in an 
effort to obtain any unavailable data. If this proves unfea-
sible, we resort to the exclusion of studies with missing 
data. It is crucial to note, however, that this exclusion-
ary approach may introduce selection bias if the missing 
data not missing completely at random. Furthermore, to 
ensure the reliability and robustness of our findings, we 
undertake a sensitivity analysis, scrutinizing the impact 
of varying scenarios on our results.

The following data were extracted from each study: 
study information (authors, year of publication), study 
characteristics (study population, sample size, duration 
of follow-up), intervention, and outcome indicators. Effi-
cacy indicators were stroke, SE, and all-cause deaths. 
Safety indicators were major bleeding, intracranial hem-
orrhage (ICH), fatal bleeding, gastrointestinal bleeding 
(GIB), clinically relevant nonmajor bleeding (CRNMB), 
and minor bleeding.

Quality assessment
Using the Cochrane Collaboration Risk Assessment Tool 
[17], two authors independently evaluated each paper for 
bias in seven areas: generation of randomized sequences, 
allocation concealment, blinding of subjects and inves-
tigators, blinding of outcome evaluations, completeness 
of outcome data, selective reporting of outcomes, and 
other biases. The level of risk of bias was evaluated as 
“high”, “low”, and “unclear”. If there is a dispute, another 
researcher (JZ) will evaluate it and help to solve the 
problem.

Statistical analysis
Data on the incidence of all-cause death, stroke, SE, 
major bleeding, ICH, fatal bleeding, GIB, CRNMB, and 
minor bleeding were extracted for the inclusion of the 
experimental group and the control group. Forest plots 
were made using Review Manager 5.3 software. P-value, 
odds ratio (OR), and 95% confidence interval (Cl) were 
used as indicators of statistical differences in the com-
parison of the two groups. P-value < 0.05 and 95% Cl 
not containing 1 were considered as statistically signifi-
cant differences. Statistical heterogeneity of the included 
studies was assessed using the Cochrane q-test p-value 
and I² statistic, where a Cochrane q-test p-value < 0.1 or 
I² value > 50% indicated significant heterogeneity. Fixed-
effected model was used to calculate the pooled ORs and 

its 95% confidence interval (CI) if q-test p-value > 0.10 
and I2 < 50%. Otherwise, the random-effect model was 
applied.

Sensitivity analyses and subgroup analyses were also 
performed to look for sources of heterogeneity. In sec-
ondary analyses, data on dabigatran were excluded and 
the meta-analysis was re-run considering that the direct 
thrombin inhibitor dabigatran has the highest rate of 
renal excretion and renal function has a greater impact 
on it. In addition, to analyze whether DOACs and renal 
function levels affect the study indexes, subgroup analy-
ses were performed according to the type of DOACs and 
the level of renal function of the patients. Since less than 
ten papers were included in this study, publication bias 
detection was not performed.

Results
Literature search
According to the search strategy, a total of 2997 papers 
were included, 695 duplicates were removed, and 500 
papers of special types (review, case, letter, guideline, 
comment, animal) were removed. After reading the 
titles and abstracts and removing uncontrolled studies, 
reviews, and literature that could not be accessed in full 
text, the remaining 55 could be downloaded in full text 
for reading. After removing 25 of the cohort studies, 
as well as 21 of the literature with incomplete data that 
could not be extracted as relevant, and 1 of the literature 
with data that could not be transformed [18], the remain-
ing 9 randomized controlled studies were included in the 
meta-analysis [19–27] The flow chart for inclusion in the 
study is shown in Fig. 1.

Baseline characteristics of included studies
 The baseline characteristics of the included studies are 
shown in Table  1. Nine randomized controlled stud-
ies with 15 subgroups were included in this study. The 
experimental group drugs DOACs included apixaban 
[19, 25–27], rivaroxaban [20, 22, 24], dabigatran [21], 
and edoxaban [23]. The control drugs were dose-adjusted 
VKAs with INR values controlling between 2 and 3 
except in literature where the control drug was warfarin 
(or matching placebo) [19] or phenprocoumon [27]. A 
total of 47,298 people were included, including 26,245 in 
the DOACs group and 21,053 in the VKAs group Table 2.

Quality assessment
Nine articles were at low risk for randomized sequence 
generation, completeness of outcome data, selective 
reporting of results, and other biases. Three articles were 
at high risk for allocation concealment and two were 
unclear. Three articles were at high risk for blinding of 
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subjects and investigators, and one article was unclear 
about blinding of results (Fig. 2).

Trial sequential analysis
Trial Sequential Analysis (TSA) was conducted in this 
study for various outcome indicators. A two-sided type I 
error probability (α) of 0.05 and type II error probability 
(β) of 0.20 were established, along with the definition of 
the Required Information Size (RIS). The control group’s 
incidence was computed using the data from the included 
studies. The TSA results showed the cumulative Z curves 
for stroke or SE, ICH and fetal bleeding crossed both the 
conventional and TSA boundaries and reached the the 
required information size (RIS), indicating that the meta-
analysis results were stable and statistically significant 
(Fig. 3C, F, J). The cumulative Z curves for all-cause death 
and major bleeding crossed the traditional threshold and 
TSA threshold, further confirming the credibility of the 
synthesized data (Fig.  3D, E). The cumulative Z curves 
for stroke, minor bleeding, GIB crossed conventional 
test boundary; however, they did not cross Alpha-spend-
ing boundary, nor did it reach the required information 
size (Fig. 3A, I, G). And the cumulative Z curves for SE 
and CRNMB did not cross trial sequential monitoring 
boundaries, and the sample size did not reach the RIS, 
suggesting no conclusive evidence to support a statisti-
cally significant difference in reducing SE and CRNMB, 

and larger randomized controlled trials are warranted to 
further investigate these outcomes (Fig. 3B, H).

Efficacy analysis
Comparison of efficacy metrics for stroke, SE, and all-
cause death between DOACs and VKAs groups.

4 studies with a total of 6 data sets compared stoke, 
resulting in a 21% reduction in incidence with DOACs, 
although there was no statistically significant difference 
(P = 0.008, OR = 0.79, 95% CI 0.67–0.94) and no significant 
heterogeneity between groups (P = 0.35, I2 = 10%) (Fig. 4).

 Three studies with a total of 5 data sets compared 
SE, resulting in a 33% reduction in the incidence of 
DOACs, although there was no statistically significant 
difference in the results (P = 0.25, OR = 0.67, 95%CI 
0.34–1.32), and there was no significant heterogeneity 
between the groups (P = 0.63, I2 = 0%) (Fig. 5).

 There were 4 studies with a total of 8 data sets com-
paring stroke or SE. DOACs reduced the incidence by 
25% compared with VKAs, a statistically different result 
(P < 0.001, OR = 0.75, 95% CI 0.67–0.84), with no het-
erogeneity between groups (P = 0.07, I2 = 46%) (Fig. 6).

 A total of 13 data sets from 7 studies compared 
all-cause deaths. The results were statistically signifi-
cant when comparing the DOACs group to the VKAs 
group, with a 16% reduction in incidence with DOACs 
(P = 0.0007, OR = 0.84, 95% CI 0.75–0.93), with heteroge-
neity between groups (P = 0.01, I2 = 53%) (Fig. 7).

Fig. 1  Flow chart for inclusion of studies
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Safety analysis
Safety metrics such as major bleeding, ICH, and fatal 
bleeding were compared between the DOACs and VKAs 
groups.

A total of 9 studies with 15 data sets compared the 
incidence of major bleeding and the results were statis-
tically different. DOACs compared with VKAs reduced 
the incidence by 24% (P = 0.001, OR = 0.76, 95%CI 0.65–
0.90), and there was heterogeneity between the groups 
(P < 0.001, I2 = 73%) (Fig. 8).

A total of 6 studies with 10 data sets compared ICH 
incidence. There was a significant difference between the 
two groups, with DOACs reducing the incidence by 54% 
(P<0.001, OR = 0.46, 95%CI 0.38–0.56) and no heteroge-
neity between groups (P = 0.25, I2 = 20%) (Fig. 9).

A total of 5 studies with 10 datasets compared the inci-
dence of fatal bleeding and there was a significant differ-
ence between the two groups, with DOACs reducing the 
incidence by 25% (P < 0.001, OR = 0.75, 95%CI 0.65–0.87). 
There was no heterogeneity between the groups (P = 0.44, 
I2 = 0%) (Fig. 10).

A total of 4 studies with 6 data sets compared GIB, 
with no significant difference between the two groups 
(P = 0.01, OR = 1.30, 95% CI 1.07–1.58) and no heteroge-
neity between the groups (P = 0.35, I2 = 10%) (Fig. 11).

A total of 3 studies with 3 data sets compared CRNMB. 
There was no significant difference between the two 
groups (P = 0.83, OR = 0.99, 95% CI 0.88–1.11) and no 

heterogeneity between groups (P = 0.80, I2 = 0%). Forest 
plot results (Fig. 12).

A total of 2 studies with 4 sets of data compared minor 
bleeding. DOACs reduced the incidence by 13%, sta-
tistically different between the two groups (P = 0.03, 
OR = 0.87, 95% CI 0.77–0.99), with no heterogeneity 
between the groups (P = 0.39, I2 = 0%) (Fig. 13).

Sensitivity analysis
There was heterogeneity in all-cause deaths. Further sen-
sitivity analyses showed a decrease in I2 from 53 to 32% 
after the removal of the Hijazi et  al. 2014c group [21], 
indicating that the CrCl 30–50 ml/min dabigatran 110 
mg group was a possible source of heterogeneity in the 
all-cause deaths.

There was heterogeneity in the incidence of major 
bleeding. Further sensitivity analyses showed a decrease 
in I2 from 73 to 55% after removal in the Hohnloser et al. 
2012, a1 group [19], from 73 to 68% after removal in the 
Hohnloser et al. 2012, a2 group [19], and from 73 to 19% 
after simultaneous removal in both groups, which sug-
gests that there is a possible source of heterogeneity in 
major bleeding in the apixaban group.

Subgroup analysis
For AF patients with CKD, subgroup analyses per-
formed differently for DOACs showed that rivaroxaban 
and apixaban were superior in reducing all-cause deaths 

Fig. 2  Risk of bias in each study. Green, low risk of bias; yellow, unclear risk of bias; and red, high risk of bias
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compared with VKAs, with rivaroxaban reducing the 
incidence by 25% (P = 0.01, OR = 0.75, 95% CI 0.60–0.93) 
and apixaban reducing the incidence by 29% (P < 0.001, 
OR = 0.71, 95% CI 0.62–0.81). There was no statistical 
difference between edoxaban and dabigatran (P = 0.09; 

P = 0.44). There was heterogeneity between groups 
(P = 0.1, I2 = 51.7%), suggesting that different DOACs may 
be a source of heterogeneity (Figure S1).

Subgroup analyses of AF patients with kidney failure 
differing for DOACs showed that neither rivaroxaban nor 

Fig. 3  TSA results for various outcome measures in AF patients with CKD treated with DOACs versus VKAs. A stroke, B SE, C stroke or SE, D all-cause 
deaths, E major bleeding, F ICH, G GIB, H CRNMB, I minor bleeding, J fetal bleeding
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apixaban reduced the incidence of all-cause deaths com-
pared with VKAs (Figure S2).

Subgroup analysis showed that DOACs reduced all-
cause deaths in patients with CrCl 50–95 ml/min with 

heterogeneity between groups (P<0.001, OR = 0.82, 95% CI 
0.75–0.90, I2 = 51%), and did not reduce all-cause deaths in 
patients with CrCl < 30 ml/min. There was no heterogene-
ity between groups (P = 0.69, I2 = 0%) (Figure S3).

Fig. 4   Forest plot for stroke in AF patients with CKD treated with DOACs versus VKAs. c1: CrCl 30-50 ml/min, edoxaban 30 mg daily; c2: CrCl 50-95 
ml/min, edoxaban 60 mg daily; d1: CrCl＜15 ml/min, rivaroxaban 10mg daily; d2: CrCl＜15 ml/min, rivaroxaban and vitamin K2

Fig. 5  Forest plot for SE in AF patients with CKD treated with DOACs versus VKAs. c1: CrCl 30-50 ml/min, edoxaban 30 mg daily; c2: CrCl 50-95 ml/
min, edoxaban 60 mg daily; d1: CrCl＜15 ml/min, rivaroxaban 10mg daily; d2: CrCl＜15ml/min, rivaroxaban and vitamin K2

Fig. 6  Forest plot for stroke or SE in AF patients with CKD treated with DOACs versus VKAs. a1: CrCl 51-80 ml/min, apixaban 5 mg twice daily or 2.5 
mg twice daily; a2: CrCl≤50 ml/min, apixaban 5 mg twice daily or 2.5 mg twice daily; b1: CrCl 50-80 ml/min, dabigatran 110 mg twice daily; b2: CrCl 
50-80 ml/min, dabigatran 150 mg twice daily; b3: CrCl 30-49 ml/min, dabigatran 110 mg twice daily; b4: CrCl 30-49 ml/min, dabigatran 150 mg 
twice daily
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For AF patients with CKD, subgroup analyses dif-
fering according to DOACs showed that apixaban 
significantly reduced the incidence of major bleed-
ing compared with VKAs (P < 0.001, OR = 0.47, 95% 
CI 0.34–0.64); edoxaban reduced the incidence of 
major bleeding by 18% (P = 0.02, OR = 0.82, 95% CI 

0.70–0.97), and no significant difference between rivar-
oxaban and dabigatran (P = 0.95; P = 0.14). Heterogene-
ity existed between the different DOACs study groups 
(P = 0.0004, I2 = 83.7%), suggesting that the differ-
ent DOACs may be the source of the heterogeneity in 
major bleeding (Figure S4).

Fig.7   Forest plot for all-cause deaths in AF patients with CKD treated with DOACs versus VKAs. a1: CrCl 51–80 ml/min, apixaban 5 mg twice daily 
or 2.5 mg twice daily; a2: CrCl ≤ 50 ml/min, apixaban 5 mg twice daily or 2.5 mg twice daily; b1: CrCl 50–80 ml/min, dabigatran 110 mg twice daily; 
b2: CrCl 50–80 ml/min, dabigatran 150 mg twice daily; b3: CrCl 30–49 ml/min, dabigatran 110 mg twice daily; b4: CrCl 30–49 ml/min, dabigatran 
150 mg twice daily; c1: CrCl 30–50 ml/min, edoxaban 30 mg daily; c2: CrCl 50–95 ml/min, edoxaban 60 mg daily; d1: CrCl<15 ml/min, rivaroxaban 
10 mg daily; d2: CrCl<15 ml/min, rivaroxaban and vitamin K2

Fig. 8  Forest plot for major bleeding in AF patients with CKD treated with DOACs versus VKAs. a1: CrCl 51–80 ml/min, apixaban 5 mg twice daily 
or 2.5 mg twice daily; a2: CrCl ≤ 50 ml/min, apixaban 5 mg twice daily or 2.5 mg twice daily; b1: CrCl 50–80 ml/min, dabigatran 110 mg twice daily. 
b2: CrCl 50–80 ml/min, dabigatran 150 mg twice daily. b3: CrCl 30–49 ml/min, dabigatran 110 mg twice daily; b4: CrCl 30–49 ml/min, dabigatran 
150 mg twice daily; c1: CrCl 30–50 ml/min, edoxaban 30 mg daily; c2: CrCl 50–95 ml/min, edoxaban 60 mg daily; d1: CrCl<15 ml/min, rivaroxaban 
10 mg daily; d2: CrCl<15 ml/min, rivaroxaban and Vitamin K2
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Subgroup analysis of AF patients with Kidney failure 
with different DOACs showed that neither rivaroxaban 
nor apixaban reduced the incidence of major bleeding 
compared with VKAs (Figure S5).

Subgroup analyses based on renal function levels 
showed that, in terms of major bleeding, compared 
with VKAs, DOACs reduced the incidence by 21% in 
patients with CrCl 50–95 ml/min (P = 0.02, OR = 0.79, 
95% CI 0.64–0.96); by 67% in patients with CrCl 15–29 
ml/min (OR 0.33, 95% CI 0.13–0.80). There was no sig-
nificant difference in patients with CrCl 30–49 ml/min 
and CrCl < 15 ml/min (P = 0.28; P = 0.18). There was no 

heterogeneity between groups for different renal function 
subgroups (P = 0.20, I2 = 34.8%) (Figure S6).

Discussion
The current study shows that in patients with AF com-
bined with CKD, DOACs may be able to reduce the 
incidence of stroke and SE as well as all-cause deaths 
compared with VKAs in terms of efficacy. In terms of 
safety, it may reduce the incidence of major bleeding, 
ICH, fatal bleeding, and minor bleeding, and may not 
reduce the incidence of GIB and CRNMB. Subgroup 
analyses showed that [1] in AF patients with comorbid 

Fig.9  Forest plot for ICH in AF patients with CKD treated with DOACs versus VKAs. b1: CrCl 50–80 ml/min, dabigatran 110 mg twice daily. b2: CrCl 
50–80 ml/min, dabigatran 150 mg twice daily. b3: CrCl 30–49 ml/min, dabigatran 110 mg twice daily; b4: CrCl 30–49 ml/min, dabigatran 150 mg 
twice daily; c1: CrCl 30–50 ml/min, edoxaban 30 mg daily; c2: CrCl 50–95 ml/min, edoxaban 60 mg daily

Fig. 10  Forest plot for fetal bleeding in AF patients with CKD treated with DOACs versus VKAs. b1: CrCl 50–80 ml/min, dabigatran 110 mg twice 
daily. b2: CrCl 50–80 ml/min, dabigatran 150 mg twice daily. b3: CrCl 30–49 ml/min, dabigatran 110 mg twice daily; b4: CrCl 30–49 ml/min, 
dabigatran 150 mg twice daily; c1: CrCl 30–50 ml/min, edoxaban 30 mg daily; c2: CrCl 50–95 ml/min, edoxaban 60 mg daily; d1: CrCl<15 ml/min, 
rivaroxaban 10 mg daily; d2: CrCl<15 ml/min, rivaroxaban and Vitamin K2
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CKD (90 ml/min> Crcl≥15 ml/min), apixaban and rivar-
oxaban reduced all-cause deaths, apixaban and dabi-
gatran reduced the incidence of stroke or SE, apixaban 
and edoxaban reduced the incidence of major bleeding, 
and edoxaban and dabigatran reduced ICH and fatal 
bleeding, compared to VKAs [2]. In AF patients with 
comorbid kidney failure, there were no significant dif-
ferences in the efficacy and safety of rivaroxaban com-
pared with VKAs, except for an advantage in reducing 
stroke and fatal bleeding, while there were no significant 
differences in the efficacy and safety of apixaban. Upon 

excluding direct thrombin inhibitors, specifically dabi-
gatran, the analysis revealed that inhibitors targeting 
thrombin and factor X can further diminish the occur-
rence of stroke or systemic embolism, all-cause mortal-
ity, massive bleeding, and fatal bleeding in patients with 
CKD.

In this study, we found that apixaban and dabigatran 
were superior to VKAs in reducing stroke and SE in 
patients with CKD and that there was no significant dif-
ference between rivaroxaban and edoxaban compared 
with VKAs. Apixaban and edoxaban reduced the risk of 

Fig. 11  Forest plot for GIB AF patients with CKD treated with DOACs versus VKAs. c1: CrCl 30–50 ml/min, edoxaban 30 mg daily; c2: CrCl 50–95 ml/
min, edoxaban 60 mg daily; d1: CrCl<15 ml/min, rivaroxaban 10 mg daily; d2: CrCl<15 ml/min, rivaroxaban and Vitamin K2

Fig. 12  Forest plot for CRNMB in AF patients with CKD treated with DOACs versus VKAs

Fig. 13  Forest plot for minor bleeding in AF patients with CKD treated with DOACs versus VKAs. c1: CrCl 30-50 ml/min, edoxaban 30 mg daily; c2: 
CrCl 50-95 ml/min, edoxaban 60 mg daily; d1: CrCl＜15 ml/min, rivaroxaban 10mg daily; d2: CrCl＜15 ml/min, rivaroxaban and Vitamin K2
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major bleeding significantly compared to VKAs, which 
is similar to the findings of Feldberg et al. [9], but when 
compared to VKAs, edoxaban and dabigatran had a sig-
nificant advantage in reducing ICH and fatal bleeding, 
and rivaroxaban and apixaban had a significant advan-
tage in reducing all-cause deaths, which was not reported 
by Feldberg et al. The study conducted by Feldberg et al. 
included only six RCTs, evaluated only stroke, SE, and 
hemorrhage, and included aspirin in addition to VKAs 
in the control group. In contrast, this paper uses 9 RCTs, 
all of which were conducted in patients with AF, and all 
of which had VKAs including warfarin as the control 
drug, making the results more comparable. Comparison 
with the analysis of Kuno et al. [11] in terms of efficacy. 
In terms of safety, Kuno et al. concluded that the use of 
anticoagulants increased the risk of bleeding in dialy-
sis patients, whereas our study showed a similar risk of 
bleeding. The reason for this may be that Kuno et  al. 
included 16 observational studies, which considered 
dialysis patients excluded from RCT trials, only 2 stud-
ies out of 16 combined AF, and there was a high degree 
of heterogeneity in the studies. In contrast, 3 RTC trials 
were included in our study of dialysis patients. RCT tri-
als have strict nadir criteria and the level of evidence for 
their results is higher than that of observational studies. 
A study by Chen et al. showed that DOACs was signifi-
cantly more effective and safer than warfarin in patients 
with CKD combined with AF [12]. The study by Chen 
et al. included 6 RCTs and 19 observational studies; there 
were no RCTs for Kidney failure, and 2 of these studies 
reported on venous thromboembolism populations non-
AF populations. Whereas our article used all RCT stud-
ies with a high level of evidence, including 3 RCTs with a 
CrCl < 15 ml/min. Secondly, Chen et al. analyzed stroke, 
SE, and VTE together as the same efficacy outcome, 
which may introduce bias due to the differences in patho-
mechanisms of SE and VTE. Chen et al. did not conduct 
further subgroup analysis based on renal function staging 
and failed to analyze the effectiveness and safety of kidney 
failure combined with AF patients. The preceding meta-
analysis, concentrating on end-stage patients, aligns with 
our study’s findings [13]. Li et  al.‘s investigation encom-
passed one randomized controlled trial and five observa-
tional studies. Despite our inclusion of three randomized 
controlled trials, it is noteworthy that due to recruit-
ment challenges in some of these trials, the level of evi-
dence in our study did not surpass that of Li et al.‘s. Both 
investigations illustrated that the use of DOACs, namely 
rivaroxaban or apixaban, in patients with kidney failure 
combined with AF yielded comparable efficacy and safety 
outcomes to those observed with VKAs. A meta-analysis 
concerning AF patients with kidney failure, comparing 
DOACs and warfarin, utilized three RCTs [28]; however, 

one study had missing data [24]. Their outcome measures 
focused solely on major bleeding, systemic embolism, 
and cardiovascular death, lacking the depth of analysis 
found in our article. Additionally, our study included a 
subgroup analysis of patients with CrCl between 15 ml/
min and 90 ml/min, augmenting overall comprehen-
siveness and persuasiveness. Another meta-analysis on 
DOACs and warfarin in AF patients with CKD did not 
specifically explore kidney failure patients with distinct 
physiological and functional changes [29]. This analysis 
relied on five pre-2016 RCTs and 14 observational stud-
ies. In contrast, a network meta-analysis concluded that 
DOACs out performed warfarin in preventing thrombo-
embolic events and reducing bleeding risk in AF patients 
with mild to moderate kidney disease [30]. However, the 
study acknowledged a limitation in the strength of evi-
dence, precluding a definitive preference for a particu-
lar DOACs. Conversely, our study suggests an elevated 
risk of bleeding without significant benefits from OACs 
in dialysis patients with AF. In comparison to previous 
meta-analyses on the efficacy and safety of DOACs and 
VKAs in AF patients with CKD. This article incorporates 
nine RCTs with robust evidence levels, encompassing 
all DOACs. Among these, three RCTs were specifically 
scrutinized concerning patients with kidney failure, with 
two employing apixaban and one utilizing rivaroxaban. 
The use of warfarin in dialysis patients is associated with 
an increased risk of bleeding, even when maintaining 
an INR within the normal range, posing challenges to 
its practical application. Hemodialysis patients typically 
undergo systemic heparin anticoagulation during their 
sessions, a variable inconsistently considered in studies 
examining bleeding complications related to both VKAs 
and DOACs in this population. As a result, research in 
this domain has consistently lagged behind. This inves-
tigation disclosed no significant disparity in efficacy and 
safety between VKAs and DOACs for patients with kid-
ney failure and concurrent AF. This finding introduces a 
novel and more convenient option for anticoagulant ther-
apy in this patient demographic.Our study showed that 
increased DOACs efficacy and reduced side effects were 
associated with renal clearance of the drug. Dabigatran 
has the greatest dependence on renal function due to 
renal excretion as a prototype [31], apixaban has the low-
est renal clearance renal impairment has less effect on its 
excretion [32], and renal function is moderately affected 
by rivaroxaban [33]. Compared with warfarin, DOACs 
has a protective effect on renal function [34]. Our study 
shows that apixaban may be the best choice when com-
pared to VKAs in the case of an adjusted degree of renal 
impairment.

Fordyce et  al.’s study revealed that the incidence of 
major bleeding attributed to rivaroxaban at doses of 10 
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mg daily and 15–20 mg daily in patients with a Crcl of 
30–49 ml/min was 6.38% and 4.12%, respectively, with no 
statistically significant difference observed. In individu-
als with kidney failure, the incidence of major bleeding 
increased to 13.04% for those receiving rivaroxaban at a 
daily dose of 10 mg, and when combined with vitamin 
K2, the incidence was 9.52%. This underscores the height-
ened bleeding risk associated with kidney failure. Among 
patients with a Crcl of 25–30 ml/min receiving apixa-
ban, the incidence of major bleeding for doses of 2.5 mg 
bid compared to 5 mg bid was 3.42% and 4.39%, respec-
tively, while the incidence of major or clinically relevant 
non-major bleeding was 4.28% and 7.35%, respectively. 
The study conducted by A. Mavrakanas et al. concluded 
that a dosage of apixaban at 2.5 mg bid is the appropri-
ate choice for patients with kidney failure. This suggests 
a correlation between reduced renal function levels and 
the necessity for dose reduction.

VKAs is metabolized in the liver by cytochrome P450s 
and excreted as a metabolite via the kidneys, whereas all 
DOACs have varying degrees of prototypic drug excre-
tion via the kidneys, and moderate-to-severe renal 
insufficiency has a significant effect on their pharmacoki-
netics. Therefore, dose adjustment is required for use in 
patients with CKD. However VKAs leads to the risk of 
calcification of the renal arteries, calcification of the aor-
tic valve, and decreased bone calcium [35]. Calcification 
of small arteries may lead to an increased incidence of 
ischemic stroke [36]. There is no specific treatment for 
the defense of calcification due to warfarin anticoagu-
lation, which has a poor prognosis and high morbidity 
and mortality once it occurs. Warfarin anticoagulation 
therapy is a risk factor for the development of calcifica-
tion defense [37]. The US guidelines recommend anti-
coagulation with warfarin in kidney failure patients with 
CrCl < 15 ml/min [38]. The nephrology guidelines also 
recommend warfarin as the drug of choice for anticoagu-
lation in kidney failure patients [39]. However, European 
guidelines do not recommend DOACs anticoagulation 
in kidney failure patients with CrCl < 15 ml/min [40]. 
Previous meta-studies also showed that warfarin for AF 
patients undergoing dialysis did not show significant ben-
efits or harms [13, 41]. In contrast, our study showed at 
least similar efficacy and safety when comparing DOACs 
and warfarin in patients with CrCl < 15 ml/min.

For AF patients with comorbid CKD, since throm-
bopoietin mRNA can be expressed in the kidneys, 
decreased renal function can lead to impaired platelet 
production and an increased risk of bleeding [42]. Inad-
equate anticoagulation therapy exists for this group of 
patients, especially dialysis patients, due to the concern 
that anticoagulant use may lead to an increased inci-
dence of bleeding [43].

This study demonstrates that the use of DOACs 
improves safety and reduces the incidence of major 
bleeding, fatal bleeding, and ICH in patients with CKD 
and concurrent AF, as compared to VKAs therapy. For 
patients with kidney failure combined with AF, rivar-
oxaban and apixaban showed at least similar effec-
tiveness and safety when compared to warfarin. This 
may inform drug selection for oral anticoagulation in 
patients with CKD combined with AF. Moreover, this 
article employed nine randomized controlled trials 
(RCTs), providing a higher level of evidence compared 
to alternative meta-analyses. Notably, three RCT stud-
ies were specifically dedicated to patients with kidney 
failure, thereby addressing a gap in prior research.

This study also has some limitations: (1) The method 
of CrCl calculation was not consistent across studies, 
with 6 studies using the Cockcroft-Gault formula and 
two using Hemodialysis. (2) Lack of data on the DOACs 
dose-adjustment regimen, in addition to the level of renal 
function, the dose of drug use may be affected by fac-
tors such as body weight, age, etc., so further studies are 
needed to investigate the pharmacokinetics of DOACs 
use in this population. (3) Failure to perform subgroup 
analysis based on DOACs high and low dose groups.

Conclusion
Compared with VKAs, DOACs improves the efficacy 
and safety of anticoagulation in patients with CKD 
combined with AF. In patients with atrial fibrillation 
combined with Kidney failure DOACs has at least simi-
lar effectiveness and safety when compared with VKAs.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12959-​024-​00608-5.

Supplementary Material 1. 

Code availability
 Not applicable.

Authors’ contributions
JHZ initiated the study. YDL and SYW performed data extraction and analyses. 
YDL drafted the first version of the manuscript. YDL, JTZ and SYW critically 
reviewed the manuscript and revised it. YDL, JTZ and SYW contributed to the 
analysis of data and provided critical revisions. JHZ, YDL, and SYW contributed 
to the conception and design, and they provided critical revisions of the 
paper for crucial intellectual content. All authors read and approved the final 
manuscript.

Funding
No specific funding was necessary for the conduct of this study.

Availability of data and materials
All data relevant to the study are included in the article or uploaded as sup-
plementary information.

https://doi.org/10.1186/s12959-024-00608-5
https://doi.org/10.1186/s12959-024-00608-5


Page 18 of 19Li et al. Thrombosis Journal           (2024) 22:40 

Declarations

Ethics approval and consent to participate
This article does not contain any studies with human participants or animals 
performed by any of the authors.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 25 October 2023   Accepted: 15 April 2024

References
	1.	 Soliman EZ, Prineas RJ, Go AS, et al. Chronic kidney disease and prevalent 

atrial fibrillation: the chronic renal insufficiency cohort (CRIC). Am Heart J. 
2010;159:1102–7.

	2.	 Kirchhof P, Benussi S, Kotecha D, et al. 2016 ESC guidelines for the man-
agement of atrial fibrillation developed in collaboration with EACTS. Eur 
Heart J. 2016;37:2893–962.

	3.	 Levy JH, Spyropoulos AC, Samama CM, et al. Direct oral antico-
agulants: new drugs and new concepts. JACC Cardiovasc Interv. 
2014;7(12):1333–51.

	4.	 Noll G, Noll S, Huerlimann D. Direct oral anticoagulants in atrial fibrillation. 
Semin Hematol. 2014;51(2):139–46.

	5.	 Wetmore JB, Roetker NS, Yan H, et al. Direct-acting oral anticoagulants 
versus warfarin in medicare patients with chronic kidney disease and 
atrial fibrillation. Stroke. 2020;51(8):2364–73.

	6.	 Paravattil B, Elewa H. Approaches to direct oral anticoagulant selection in 
practice. J Cardiovasc Pharmacol Therap. 2019;24(2):95–102.

	7.	 Rafflenbeul E, Mueller-Ehmsen J. Vitamin-K-antagonists: is their prescrip-
tion really a art defect. Today? Internist. 2017;58(1):90–9.

	8.	 Park H, Yu HT, Kim TH, et al. Oral anticoagulation therapy in atrial fibrilla-
tion patients with advanced chronic kidney disease: CODE-AF registry. 
Yonsei Med J. 2023;64(1):18–24.

	9.	 Feldberg J, Patel P, Farrell A, et al. A systematic review of direct oral anti-
coagulant use in chronic kidney disease and dialysis patients with atrial 
fibrillation. Nephrol Dial Transpl. 2019;34(2):265–77.

	10.	 Ha JT, Neuen BL, Cheng LP, et al. Benefits and harms of oral anticoagulant 
therapy in chronicn kidney disease a systematic review and meta-analy-
sis. Ann Intern Med. 2019;171(3):181–9.

	11.	 Kuno T, Takagi H, Ando T, et al. Oral anticoagulation for patients 
with atrial fibrillation on long-term hemodialysis. J Am Coll Cardiol. 
2020;75(3):273–85.

	12.	 Chen HY, Ou SH, Huang CW, et al. Efficacy and safety of direct oral antico-
agulants vs warfarin in patients with chronic kidney disease and dialysis 
patients: a systematic review and meta-analysis. Clin Drug Investig. 
2021;41(4):341–51.

	13.	 Li W, Zhou Y, Chen S, et al. Use of non-vitamin K antagonists oral antico-
agulants in atrial fibrillation patients on dialysis. Front Cardiovasc Med. 
2022;9:9.

	14.	 KDIGO. Clinical practice guideline for diabetes management in chronic 
kidney disease. Kidney Int. 2022;2022(102):S1-s127.

	15.	 Hahn K, Lamparter M. Prescription of DOACs in patients with 
atrial fibrillation at different stages of renal insufficiency. Adv Ther. 
2023;40(10):4264–81.

	16.	 Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting 
systematic reviews and meta-analyses of studies that evaluate healthcare 
interventions: explanation and elaboration. BMJ. 2009;339: b2700.

	17.	 Higgins JPT, Page MJ, Sterne J. RoB 2.0: a revised Cochrane risk-of-bias 
tool for randomized trials. Oxford: The Cochrane Collaboration; 2016.

	18.	 Fox KA, Piccini JP, Wojdyla D, et al. Prevention of stroke and systemic 
embolism with rivaroxaban compared with warfarin in patients with 

non-valvular atrial fibrillation and moderate renal impairment. Eur Heart J. 
2011;32(19):2387–94.

	19.	 Hohnloser SH, Hijazi Z, Thomas L, Hanna M, et al. Efficacy of apixaban 
when compared with warfarin in relation to renal function in patients 
with atrial fibrillation: insights from the ARISTOTLE trial. Eur Heart J. 
2012;33(22):2821–30.

	20.	 Hori M, Matsumoto M, Tanahashi N, et al. Safety and Efficacy of Adjusted 
Dose of Rivaroxaban in Japanese patients with non-valvular atrial fibrilla-
tion: Subanalysis of J-ROCKET AF for patients with moderate renal impair-
ment. Circ J. 2013;77(3):632–8.

	21.	 Hijazi Z, Hohnloser SH, Oldgren J, et al. Efficacy and safety of dabigatran 
compared with warfarin in relation to baseline renal function in patients 
with atrial fibrillation: a RE-LY (Randomized evaluation of long-term 
anticoagulation therapy) trial analysis. Circulation. 2014;129(9):961–70.

	22.	 Christopher B, Hellkamp AS, Lokhnygina Y, et al. On-Treatment outcomes 
in patients with worsening renal function with Rivaroxaban compared 
with warfarin: insights from ROCKET AF. Circulation. 2016;134(1):37–47.

	23.	 Bohula EA, Giugliano RP, Ruff CT, et al. Impact of renal function on 
outcomes with Edoxaban in the ENGAGE AF-TIMI 48. Trial Circulation. 
2016;134(1):24–36.

	24.	 Vriese AS, Caluwé R, Van Der Meersch H, et al. Safety and efficacy of 
vitamin K antagonists versus rivaroxaban in hemodialysis patients with 
atrial fibrillation: a multicenter randomized controlled trial. J Am Soc 
Nephrology. 2021;32(6):1474–83.

	25.	 John W, Stanife, Stanifer JW, Pokorney SD, et al. Apixaban versus warfarin 
in patients with atrial fibrillation and advanced chronic kidney disease. 
Circulation. 2020;141(17):1384–92.

	26.	 Sean D, Pokorney, Pokorney SD, Chertow GM, et al. Apixaban for patients 
with atrial fibrillation on hemodialysis: a multicenter randomized con-
trolled trial. Circulation. 2022;146(23):1735–45.

	27.	 Reinecke H, Engelbertz C, Bauersachs R, et al. A randomized controlled 
trial comparing apixaban with the vitamin K antagonist phenprocoumon 
in patients on chronic hemodialysis: the AXADIA-AFNET 8 study. Circula-
tion. 2023;147(4):296–309.

	28.	 Mapili JA, Lim LC, Velando BM, et al. The safety and efficacy of direct oral 
anticoagulants among chronic kidney disease patients on dialysis with 
non-valvular atrial fibrillation: a meta-analysis. Front Cardiovasc Med. 
2023;10:1261183.

	29.	 Rhee TM, Lee SR, Choi EK. Efficacy and safety of oral anticoagulants for 
atrial fibrillation patients with chronic kidney disease: a systematic review 
and meta-analysis. Front Cardiovasc Med. 2022;9:885548.

	30.	 Xiaole Su B, Wang YL, et al. Oral anticoagulant agents in patients with 
atrial fibrillation and CKD: a systematic review and pairwise network 
meta-analysis. Am J Kidney Dis. 2021;78(5):678–89.

	31.	 Stangier J. Clinical pharmacokinetics and pharmacodynamics of the 
oral direct thrombin inhibitor dabigatran etexilate. Clin Pharmacokinet. 
2008;47(5):285–95.

	32.	 Chang M, Yu Z, Shenker A, et al. Effect of renal impairment on the 
pharmacokinetics, pharmacodynamics, and safety of apixaban. J Clin 
Pharmacol. 2016;56(5):637–45.

	33.	 Grandone E, Aucella F, Barcellona D, et al. Position paper on the safety/
efficacy profile of direct oral anticoagulants in patients with chronic kid-
ney disease. Consensus document from the SIN, FCSA and SISET. Blood 
Transfus. 2020;18(6):478–85.

	34.	 Lullo LD, Mariani MV, Ronco C, et al. Atrial fibrillation and anticoagulant 
treatment in end-stage renal disease patients: where do we stand? 
Cardiorenal Med. 2022;12(4):131–40.

	35.	 Krüger T, Westenfeld R, Schurgers LJ, et al. Coagulation meets calcifica-
tion: the vitamin K system. Int J Artif Organs. 2009;32:67–74.

	36.	 Shah M, Avgil Tsadok M, Jackevicius CA, et al. Warfarin use and the risk for 
stroke and bleeding in patients with atrial fibrillation undergoing. dialysis 
Circulation. 2014;129:1196–203.

	37.	 Guzmán UV, De La Cueva P, Verde E, et al. Calciphylaxis: fatal complication 
of cardiometabolic syndrome in patients with end stage kidney disease. 
Nefrologia. 2008;28(1):32–6.

	38.	 January CT, Wann LS, Alpert JS, et al. 2014 AHA/ACC/HRS guideline for 
the management of patients with atrial fibrillation: executive summary: a 
report of the American College of cardiology/american heart association 
task force on practice guidelines and the heart rhythm society. J Am Coll 
Cardiol. 2014;64:2246–80.



Page 19 of 19Li et al. Thrombosis Journal           (2024) 22:40 	

	39.	 Wanner C, Herzog CA, Turakhia MP. Chronic kidney disease and arrhyth-
mias: highlights from a kidney disease: improving global outcomes 
(KDIGO) controversies conference. Kidney Int. 2018;94:231–4.

	40.	 Steffel J, Verhamme P, Potpara TS, et al. The (2018). European heart 
rhythm association practical guide on the use of non-vitamin K antago-
nist oral anticoagulants in patients with atrial fibrillation. Eur Heart J. 
2018;39:1330–93.

	41.	 Harel Z, Chertow GM, Shah PS, et al. Warfarin and the risk of stroke and 
bleeding in patients with atrial fibrillation receiving dialysis. A systematic 
review and meta-analysis. Can J Cardiol. 2017;33:737–46.

	42.	 Lambert MP. Platelets in liver and renal disease. Hematology Am Soc 
Hematol Educ Program. 2016;2016(1):251–5.

	43.	 Piccini JP, Hernandez AF, Zhao X, et al. Quality of care for atrial fibrilla-
tion among patients hospitalized for heart failure. J Am Coll Cardiol. 
2009;54(14):1280–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Efficacy and safety of direct oral anticoagulants in patients with atrial fibrillation combined with chronic kidney disease: a systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Search strategies
	Study selection
	Data extraction and study outcomes
	Quality assessment
	Statistical analysis

	Results
	Literature search
	Baseline characteristics of included studies
	Quality assessment
	Trial sequential analysis
	Efficacy analysis
	Safety analysis
	Sensitivity analysis
	Subgroup analysis

	Discussion
	Conclusion
	References


