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Abstract
Background and Objective  Systematic reviews and meta-analyses of direct oral anticoagulants (DOACs) for patients with 
chronic kidney disease (CKD) or dialysis patients are lacking. We aimed to compare the efficacy and safety of DOACs and 
warfarin in patients with CKD requiring anticoagulation therapy.
Methods  We performed a systematic review and meta-analysis of six randomized controlled trials and 19 observational 
studies, with the inclusion criteria being a comparative study between DOACs and warfarin in patients with CKD or dialysis 
patients from database inception until August 2020. The efficacy outcomes were stroke, systemic embolism (SE), or venous 
thromboembolism (VTE), and the safety outcome was major bleeding.
Results  Compared with warfarin, DOACs significantly reduced the risk of stroke/SE/VTE by 22% (hazard ratio [HR] = 
0.78, 95% confidence interval [CI] 0.64–0.95) and major bleeding by 17% (HR = 0.83, 95% CI 0.71–0.97). On comparing 
factor Xa inhibitors and dabigatran with warfarin separately, factor Xa inhibitors significantly reduced the risk of stroke/SE/
VTE (HR = 0.78, 95% CI 0.62–0.98) and major bleeding (HR = 0.76, 95% CI 0.64–0.91) overall in patients. Comparing 
each DOACs with warfarin separately, apixaban was associated with a significantly better risk reduction of stroke/SE/VTE 
(25% risk reduction) and major bleeding (35% risk reduction) than warfarin. Compared with warfarin, DOACs significantly 
reduced the risk of stroke, SE, or VTE by 19% (HR = 0.81, 95% CI 0.68–0.97) in patients with CKD stage 3 and significantly 
lowered the risk of major bleeding by 31% (HR = 0.69, 95% CI 0.56–0.85) in patients with CKD stages 4–5.
Conclusions  In pooled, analyzed randomized controlled trials and observational studies, DOACs were associated with better 
efficacy in early CKD, as well as similar efficacy and safety outcomes to warfarin in patients with CKD stages 4–5 or dialysis 
patients. The results of patients with CKD stages 4–5 and dialysis patients were from observational studies. Well-designed 
randomized controlled trials focused on DOAC use in patients with CKD and dialysis patients are needed.
PROSPERO register number: CRD42020150599, 6 February, 2020.
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1  Introduction

The need for anticoagulation therapy is higher in patients 
with chronic kidney disease (CKD) than in the general 
population because the prevalence of atrial fibrillation (AF) 
increases with declining renal function [1–3]. Atrial fibril-
lation prevalence is <1% in the general population, 7–27% 
in patients with end-stage renal disease [4, 5], and 18–21% 
in non-dialysis patients with CKD [6, 7]. Atrial fibrillation 

is a well-known risk factor for thromboembolism [2], and 
CKD is independently associated with an increased stroke 
risk after adjusting for conventional risk factors [8–11]. Sys-
tematic reviews of numerous randomized controlled trials 
(RCTs) have shown that dose-adjusted warfarin reduces the 
risk of stroke in the general population with AF [12, 13]. 
However, the optimal antithrombotic treatment with warfa-
rin in patients with CKD with AF remains unclear because 
patients with CKD are excluded in large-scale RCTs [14]. 
The current recommendations for warfarin use in patients 
with CKD with AF are mostly extrapolated from RCTs 
designed for the general population or based on observa-
tional studies and have demonstrated conflicting results [15, 
16].

http://crossmark.crossref.org/dialog/?doi=10.1007/s40261-021-01016-7&domain=pdf
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Direct oral anticoagulants (DOACs) including direct 
thrombin (dabigatran) and factor Xa (apixaban, edoxa-
ban, and rivaroxaban) inhibitors prevent stroke in the 
general population; these inhibitors do not require rou-
tine monitoring and are easy to use [17–21]. Compared 
with warfarin, DOACs achieved similar risk reductions 
for stroke and thromboembolism without increasing the 
risk of bleeding in patients with creatinine clearance 
(CrCl) of 30–49 mL/min and those with CrCl ≥ 50 mL/
min [17–21]. These results were based on subgroup analy-
ses of RCTs, but patients with advanced CKD with CrCl 
< 25–30 mL/minor serum creatinine > 2.5 mg/dL were 
excluded. Numerous observational studies and subgroup 
analyses of RCTs have been conducted to examine the 
efficacy and safety of DOACs in patients with CKD and 
end-stage renal disease. However, a systematic review 
and meta-analysis comparing DOACs with warfarin in 
patients with CKD and dialysis patients who require 
anticoagulation therapy are still lacking. Hence, our aim 
was to conduct a systematic review and meta-analysis to 
examine the efficacy and safety profile in patients with 
CKD and end-stage renal disease between DOACs and 
warfarin.

2 � Methods

2.1 � Study Design

We conducted a systematic review and meta-analysis com-
paring the efficacy and safety of DOACs and warfarin for 
patients with AF or venous thromboembolism (VTE). This 
systematic review was in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-analyses 
(PRISMA) guidelines [22] and The Cochrane Collaboration 
form [23].

2.2 � Search Strategy and Eligibility Criteria

PubMed, Embase, and the Cochrane Library were searched 
for eligible articles from database inception until 31 August, 
2020. Searches were performed using keywords and medical 
subject headings (MeSH) terms without language restric-
tions. The search keywords were based on the following 
strategy: “hemodialysis” or “renal dialysis” or “chronic renal 
insufficiency” or “kidney disease” or “renal insufficiency” or 
“end stage renal disease” and “dabigatran” or “edoxaban” or 
“apixaban” or “rivaroxaban” and “warfarin.” Full details of 
the search strategies are available in Table S2 of the Elec-
tronic Supplementary Material [ESM]. The reference lists 
of relevant reports were manually searched to identify any 
missing relevant research articles or strategies.

2.3 � Study Selection

All RCTs or observational studies were included if they 
reported (1) patients with CKD stages 3–5 or hemodialysis 
patients; (2) dabigatran, edoxaban, apixaban, or rivaroxa-
ban and warfarin; and (3) stroke, systemic embolism (SE), 
VTE, or major bleeding. The exclusion criteria were: (1) 
patients with non-advanced CKD; (2) studies that did not 
compare dabigatran, edoxaban, apixaban, or rivaroxaban and 
warfarin, or studies of DOACs or warfarin alone as antico-
agulants; and (3) studies without retrievable endpoints. The 
titles, abstracts, and contents were screened by two authors 
(YCS and HYC) to determine whether the studies met the 
inclusion criteria. The full texts of potentially relevant stud-
ies were retrieved and then assessed in more detail.

2.4 � Data Extraction

Two reviewers (HYC and YCS) independently assessed 
the studies for eligibility and extracted the data using a 
standardized data extraction form. Disagreements were 
resolved through discussion with a third author (CCW). 
The following parameters were extracted from each study: 
general characteristics (first author, year of publication, 
study terms, study design, and country), patient character-
istics (number of patients in each treatment arm; patient 
age; CHADS2, CHA2DS2-VASc score, or HAS-BLED 
score/bleeding index score [mean ± standard deviation 
or median (interquartile range)]; renal function/CKD 
stage; and international normalized ratio), characteristics 
of treatment regimen (dabigatran, edoxaban, apixaban, 
rivaroxaban, and warfarin and their dosage), efficacy, 
and safety (stroke, SE, or VTE and major bleeding). Any 
unpublished data indicated in the included studies were 
clarified by contacting the authors.

Key Points 

Direct oral anticoagulants had significantly better 
efficacy than warfarin in patients with chronic kidney 
disease stage 3.

The efficacy and safety profiles were similar in patients 
with chronic kidney disease stages 4–5 or dialysis 
patients.

Factor Xa inhibitors exhibited significantly better 
efficacy and safety profiles, especially apixaban when 
compared with warfarin.
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2.5 � Quality Assessment

Quality assessment of these studies was performed using 
The Cochrane Collaboration’s “Risk of Bias” tool 2.0 for 
all RCTs [24]. For each included trial, a judgment of bias 
was provided for each of the following domains: alloca-
tion, performance, follow-up, measurement, reported bias, 
and overall. The observational studies included in the 
meta-analysis were assessed for methodological quality 
using the Newcastle–Ottawa scale [25]. This scale assesses 
study selection (four items), comparability (two items), 
and ascertainment of exposure/outcome (three items). 
“High”-quality items were scored with a “star.” A study 
was awarded a maximum of one star for each item within 
the selection and exposure/outcome categories, while a 
maximum of two stars was given for the comparability 
category. The maximum score was nine. A final score of 
≥ 7 indicated high quality. These quality assessments were 
judged independently by two reviewers (WCC and HYC) 
and any conflict was discussed with the third reviewer 
(YCS).

2.6 � Statistical Analysis

In the RCTs or observational studies, hazard ratios (HRs) 
with corresponding 95% confidence intervals (CIs) were 
extracted for stroke, SE, VTE, or major bleeding. If a multi-
variate analysis or propensity score matching was reported, 
an adjusted HR was used. For articles reporting only the 
total number of patients and event numbers in each group 
(DOACs vs warfarin), the HR was calculated from the risk 
ratio based on the methodology published by Parmar et al. 
[26] The inverse variance method was used to calculate 
overall HR and 95% CI [27]. Quantitative meta-analyses of 
pooled-effect estimates were calculated and were presented 
using forest plots. The outcomes were analyzed using the 
DerSimonian–Laird random-effects model to address poten-
tial high heterogeneity among the studies. Subgroup analy-
ses were carried out according to the study characteristics 
to investigate the source of heterogeneity, which included 
study design (RCT and non-RCT), different DOACs, and 
CKD stage. Inter-study heterogeneity was measured using 
Cochran’s Q test. Substantial statistical heterogeneity 
between studies was defined as a statistically significant χ2 
value (p < 0.10). I2 values of 0–24.9%, 25–49.9%, 50–74%, 
and 75–100% denoted no, low, moderate, and high heteroge-
neity, respectively. Funnel plot analysis [28] and Egger’s test 
[29] were performed to assess small study bias and/or publi-
cation bias. Statistical analysis was performed using Review 
Manager 5.3. [30] The results were considered statistically 
significant when the p value (two-sided) was < 0.05.

3 � Results

3.1 � Characteristic Information of Search Results

Through the search strategy for electronic databases, 
1877 studies were identified. After reviewing the titles 
and abstracts, 1791 publications were either duplicates 
or irrelevant and were thus excluded. Out of 86 articles 
retrieved for full-text evaluation, we excluded 20 owing 
to an incorrect population or outcome, eight with inap-
propriate interventions, and 31 that were reviews, com-
mentaries, editorials, or protocols. Therefore, six RCTs 
and 19 observational studies were included in the meta-
analysis (Fig. 1), and all of these reported outcomes with 
stroke, SE, or VTE and major bleeding [31–55]. One of 
the RCTs was a pooled analysis from the RE-COVER 
and RECOVER II trials [37]. All eligible trials enrolled 
DOACs with dabigatran (seven), edoxaban (three), apixa-
ban (13), or rivaroxaban (14) compared with warfarin in 
patients with CKD. Four studies were conducted in Asia. 
The remaining 21 studies were conducted in America 
and Europe. Three of these trials compared dabigatran 
and rivaroxaban with warfarin in the same trial [32, 38, 
42]. Eight studies compared apixaban with warfarin [39, 
44–46, 49, 50, 54, 55]. Six studies compared rivaroxaban 
with warfarin [34–36, 41, 52, 53]. Two studies compared 
dabigatran with warfarin [37, 40]. One study compared 
edoxaban with warfarin [31]. Three studies compared 
dabigatran, rivaroxaban, and apixaban with warfarin [43, 
47, 48]. Meanwhile, two studies compared all DOACs 
with warfarin [33, 51]. The characteristics and measured 
effects of the 25 studies are summarized in Table S1 of 
the ESM. Five observational studies performed propen-
sity score matching. Most studies involved AF. The mean 
or median CHADS2 or CHA2DS2-VASc score of enrolled 
participants was above 2 in 16 publications. Nine studies 
included HAS-BLED scores above 2. The enrolled studies 
included nine at CKD stage 3 and seven at CKD stages 
4–5 for stroke/SE/VTE and major bleeding. Chronic kid-
ney disease stage 5 with hemodialysis was noted in seven 
and nine studies for stroke/SE/VTE and major bleeding, 
respectively. Thirteen studies provided HR for stroke/
SE/VTE, and six studies provided numbers for stroke/
SE/VTE evaluation. For 14 out of 25 studies for major 
bleeding, HR data were shown. The quality of eligible 
RCTs and observational studies were assessed using the 
Cochrane Risk of Bias 2.0 tool and the Newcastle–Ottawa 
Scale, respectively (Table S3, Fig. S1A and S1B of the 
ESM). Allocation concealment was inadequate in one 
RCT [39] and there were some concerns in the remaining 
studies [31, 36, 37, 40, 41]. Reporting bias was found in 
two RCTs [37, 39]. All of the observational studies scored 
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from 2 to 8 on the Newcastle–Ottawa Scale criteria and 
were included in the quantitative analysis. Seven cohort 
studies were considered to be of high quality (Newcas-
tle–Ottawa score ≥ 7) [32–34, 44, 47, 49, 52].

3.2 � Effect on stroke, SE, or VTE and major bleeding

The DOAC group was significantly associated with a 22% 
lower risk of stroke, SE, or VTE than the warfarin group 
(HR 0.78, 95% CI 0.64–0.95) (Fig. 2a). The pooled esti-
mated HR of the RCTs was 0.75 (95% CI 0.62–0.91), show-
ing a significant difference in stroke, SE, or VTE between 
DOACs and warfarin. A similar reduction was seen in the 
observational studies but failed to achieve significance in the 
observational studies (HR = 0.78, 95% CI 0.59–1.03). The 
DOAC group was associated with a 17% reduction in major 
bleeding risk compared with the warfarin group (HR = 0.83, 
95% CI 0.71–0.97). The HR for the subgroup analysis was 
0.83 (95% CI 0.67–1.02) in the RCTs and 0.81 (95% CI 
0.66–0.99) in the observational studies (Fig. 2b). There were 
nine studies analyzing the risk of intracranial hemorrhage 
between DOACs and VKA [31, 35, 36, 40, 41, 48, 52–54]. 
The DOAC group was significantly associated with a 50% 
reduction in intracranial hemorrhage risk compared with the 

warfarin group (HR = 0.50, 95% CI 0.33–0.77) (Fig. S2 of 
the ESM).

3.3 � Subgroup Analysis

3.3.1 � By DOAC Type

The subgroup analysis of DOAC type included non-dab-
igatran DOACs of edoxaban, rivaroxaban, apixaban, and 
dabigatran [31, 32, 34–37, 39–41, 44, 46, 49, 50, 52–55]. 
Compared with warfarin, non-dabigatran DOACs were 
significantly associated with a 24% reduced risk of stroke, 
SE, or VTE compared with warfarin, and a similar reduc-
tion was seen in the dabigatran vs warfarin group but failed 
to achieve significance (dabigatran: HR = 0.75, 95% CI 
0.26–2.18, I2 = 83%; non-dabigatran DOACs: HR = 0.78, 
95% CI 0.62–0.98, I2 = 44%; subgroup differences: p = 
0.95) (Table 1, Fig. S3 of the ESM). In the subgroup analy-
sis of major bleeding, non-dabigatran DOACs was shown 
to significantly reduce major bleeding (non-dabigatran 
DOACs: HR = 0.76, 95% CI 0.64–0.91, I2 = 62%). The 
comparison to dabigatran showed no significant difference 
in the pooled analysis of the studies [31, 32, 34, 36–41, 
44–46, 49–55] (dabigatran: HR = 1.21, 95% CI 0.99–1.49, 
I2 = 49%) (Table 1, Fig. S4 of the ESM). However, in the 

Fig. 1   Preferred Reporting 
Items for Systematic Reviews 
and Meta-analyses (PRISMA) 
flowchart summarizing study 
identification and selection
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pooled analysis, a significant difference across subgroups of 
patients by DOAC type was noted for major bleeding (test 
for subgroup differences: p < 0.001, I2 = 91.6% between 
non-dabigatran DOACs and dabigatran) (Fig. S4 of the 
ESM). On comparing four DOACs with warfarin separately 
on efficacy and safety outcomes, apixaban was significantly 
associated with a 25% reduced risk of stroke/SE/VTE com-
pared with warfarin (HR = 0.75, 95% CI 0.57–0.98) (Fig. 
S5 of the ESM), as well as a significantly reduced 35% risk 
of major bleeding compared with warfarin (HR = 0.65, 95% 
CI 0.46–0.91) (Fig. S6 of the ESM).

3.3.2 � By CKD Stage

Subgroup analyses were also conducted according to CKD 
stage, particularly on CKD stage 3 [31, 34, 36, 37, 39, 40, 
42, 47], which showed a significant association with a 
reduced risk of stroke, SE, or VTE. Chronic kidney disease 
stages 4–5 [32, 33, 43, 44, 46, 49, 50, 52] with hemodialy-
sis rendered this association not significant (CKD stage 3: 
HR = 0.81, 95% CI 0.68–0.97, I2 = 22%; CKD stages 4–5: 
HR = 0.77, 95% CI 0.45–1.32, I2 = 37%; and CKD stage 
5 with hemodialysis: HR = 0.92, 95% CI 0.54–1.58, I2 = 
74%; subgroup differences: p = 0.88) (Table 2, Fig. S7 of 
the ESM). In CKD stages 4–5, DOACs significantly reduced 
the risk of major bleeding. In CKD stage 3, there was a mar-
ginally significant effect (CKD stage 3: HR = 0.85, 95% CI 
0.69–1.05, I2 = 67%; CKD stages 4–5: HR = 0.69, 95% CI 
0.56–0.85, I2 = 0%; and CKD stage 5 with hemodialysis: HR 
= 0.82, 95% CI 0.56–1.22, I2 = 86%; subgroup differences: 
p = 0.34) (Table 2, Fig. S8 of the ESM).

3.3.3 � By Population Type

Subgroup analyses were also conducted according to the 
population. Direct oral anticoagulants were shown to sig-
nificantly reduce the risk of VTE compared with warfarin 
in the VTE population (VTE population: HR = 0.14, 95% 
CI 0.04–0.54, I2 = 0%), and had a trend to reduce stroke 
or SE risk in the AF population more than warfarin (HR = 
0.83, 95% CI 0.68–1.01, I2 = 54%; subgroup differences: 
p = 0.01) (Table 1). Furthermore, DOACs were signifi-
cantly associated with a 20% reduction in major bleeding 
risk compared with warfarin in the AF population (HR = 
0.80, 95% CI 0.67–0.97), and the risks of major bleeding 
were similar between DOACs and warfarin in the VTE 
population (HR = 0.56, 95% CI 0.11–2.88) (Table 1).

3.4 � Publication Bias

According to Egger’s test, there was no significant evidence 
of publication bias for stroke, SE, or VTE and for major 
bleeding (p = 0.412 and p = 0.146, respectively).

4 � Discussion

Our systematic review and meta-analysis utilized six RCTs 
and 19 observational studies to provide a comprehensive 
comparison of the efficacy and safety between DOACs and 
warfarin in patients with CKD. Compared with warfarin, 
DOACs significantly reduced the stroke/SE/VTE risk by 
22% and major bleeding risk by 17% in all patients with 
CKD. Factor Xa inhibitors (apixaban, edoxaban, and rivar-
oxaban) were associated with a significantly better pre-
vention of stroke/SE/VTE (22% risk reduction) and major 
bleeding (24% risk reduction) than warfarin. Comparing 
each DOAC with warfarin separately, apixaban was asso-
ciated with a significantly better risk reduction in stroke/
SE/VTE (25% risk reduction) and major bleeding (35% 
risk reduction) than warfarin. Considering the prevention 
of stroke or thromboembolism in different CKD stages, 
DOACs exhibited significantly better efficacy than warfarin 
in patients with CKD stage 3, as well as similar efficacy in 
patients with CKD stages 4–5 or dialysis patients. As for 
major bleeding, DOACs showed significantly better safety 
profiles than warfarin in patients with CKD stages 4–5, as 
well as similar safety in patients with CKD stage 3 or dialy-
sis patients. The results of patients with CKD stages 4–5 and 
dialysis patients were mainly retrieved from observational 
studies, and further well-designed large-scale RCTs will be 
needed.

The 2014 American Heart Association/American College 
of Cardiology/Heart Rhythm Society guideline suggests that 
warfarin use is reasonable in patients with CrCl < 15 mL/
min or those receiving dialysis with nonvalvular AF and 
CHA2DS2-VASc scores ≥ 2 [56]. However, warfarin use in 
patients with CKD raises the concern of increasing the risk 
of ectopic/vascular calcification, aortic valve calcification, 
impaired regulation of bone mineralization, and lower bone 
density [57–59]. Therefore, many patients with CKD who 
meet the anticoagulation criteria do not receive anticoagula-
tion therapy [60]. Our systematic review and meta-analysis 
of RCTs and observational studies of real-world clinical 
practice demonstrates the efficacy and safety of DOACs 
in every category of CKD, when compared with warfarin. 
Furthermore, DOAC use can avoid the unwanted adverse 
effects induced by warfarin. It is reasonable that DOAC use 
in patients with CKD is substantial and increasing [61].

Patients with advanced CKD and dialysis patients 
are prone to uremic bleeding due to platelet dysfunc-
tion. The involvement of renal clearance in DOAC 
metabolism varies (dabigatran, 80%; edoxaban, 50%; 
rivaroxaban, 33%; apixaban, 27%) [61]. The DOAC 
elimination half-lives are also different from each 
other (dabigatran, 12–17 h; edoxaban, 9–11 h; rivar-
oxaban, 11–13 h; apixaban, 12 hours) [62]. Fifty to 
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sixty percent of dabigatran can be removed by 4 h of 
hemodialysis, while < 10% of other DOACs can be 
removed (apixaban, 7%; rivaroxaban, < 1%; edoxa-
ban, 9%). Well-planned multi-dose pharmacokinetic 
studies and further RCTs to validate pharmacokinetic 
results in patients with advanced CKD and dialysis 
patients are lacking. A major bleeding risk is the most 
concerning issue when using DOACs in patients with 
CKD. Real-world practices found in the Fresenius 
database (consisting of 102,504 patients with AF 
with advanced CKD and 140,918 patients with AF 
receiving dialysis) have demonstrated an increased 
use of apixaban (10.4%) and rivaroxaban (9.5%), and 
a decreased use of dabigatran (3.5%) in patients with 
advanced CKD as of October 2015 [61]. In dialysis 
patients, apixaban is used far more frequently (10.5%) 
than the other three DOACs. Our subgroup analysis 
demonstrated a significantly better non-dabigatran 
DOAC efficacy and safety profile, especially with 
apixaban when comparing with warfarin. Therefore, 
our results support real-world practices.

Our study has five major limitations. First, there was 
no standard dose-adjusted protocol in every included 
study, and the dose of DOACs in the same category of 
patients with CKD was not exactly the same. However, 
well-designed multi-dose pharmacokinetic studies and 
RCTs for the CKD population are lacking. Consequently, 
a standard dose-adjusted protocol is difficult to establish. 
Second, the included study population was not purely 
patients with nonvalvular AF, and we analyzed stroke, 
SE, and VTE together as the same efficacy outcome, 
and may have introduced bias because of the different 
pathophysiology of SE and VTE. However, according 
to a 20-year population-based Danish cohort (25,199 
patients), patients with deep vein thrombosis had a 

relative risk of 2.19 for stroke, whereas patients with 
pulmonary embolism had a relative risk of 2.93 for stroke 
[62]. It is reasonable to include these studies because 
patients with VTE have an increased risk of stroke and 
fulfill the DOAC indication. To clarify the limitation, 
we analyzed the VTE and AF populations on SE and 
VTE outcome separately. There were two studies report-
ing the VTE population and 19 studies reporting the AF 
population. In the pooled 2 analysis with the reporting 
VTE population (237 patients with VTE in Goldhaber 
et al. [37] and 66 patients with VTE in Reed et al. [44]), 
DOACs were significantly associated with reducing the 
risk of VTE compared with warfarin. In the pooled 17 
analysis with a reporting AF population, DOACs tended 
to reduce the stroke or SE risk in the AF population more 
than warfarin. Third, we included post hoc analyses of 
RCTs and observational studies, and these could have 
led to bias. To overcome the inherent bias, we utilized 
the corresponding HR value to present our outcomes. 
Fourth, not all the studies used the Cockcroft–Gault 
equation for CrCl to define renal function; some studies 
used the CKD-EPI equation. As a result, we grouped 
the patients according to the nearest CrCl threshold into 
patients with CKD stages 3 and 4–5 without dialysis and 
dialysis patients. This might have introduced sampling 
bias. Fifth, we used HR to present our outcomes. Because 
HR may change over time, and with a built-in selection 
bias, the use of HR for a causal relationship interpre-
tation is not straightforward, even without unmeasured 
confounding factors, measurement error, and model mis-
specification. Sixth, the results of patients with CKD 
stages 4–5 and dialysis patients were mainly retrieved 
from observational studies, and further well-designed 
RCTs are needed to better clarify the efficacy and safety 
of DOAC use in patients with CKD.

5 � Conclusions

Our systematic review and meta-analysis showed that 
compared to warfarin, DOACs had significantly better 
efficacy in patients with early-stage CKD. The efficacy 
and safety profiles were however similar in patients with 
CKD stages 4–5 or dialysis patients. Factor Xa inhibitors 
exhibited significantly better efficacy and safety profiles, 
especially apixaban when compared with warfarin.

Fig. 2   Forest plot of (a) stroke, systemic embolism, or venous 
thromboembolism results among users of direct oral anticoagulants 
(DOACs) vs warfarin. In the non-randomized controlled trial (RCT) 
subgroup analysis, “Chan 2015” presented the results of two compar-
isons (rivaroxaban vs warfarin, rate ratio 1.8; dabigatran vs warfarin, 
rate ratio 1.7). Forest plot of (b) major bleeding results among users 
of DOACs vs warfarin. In the non-RCT subgroup analysis, “Chan 
2015” presented the results of two comparisons (rivaroxaban vs war-
farin, hazard ratio 1.37; dabigatran vs warfarin, hazard ratio 1.48), 
and “Harel 2016” also presented the results of two comparisons (dab-
igatran vs warfarin, odd ratio 1.15; rivaroxaban vs warfarin, odd ratio 
1.22). CI confidence interval, SE systemic error

◂
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Table 1   Risk of stroke/SE/VTE and major bleeding between DOACs and warfarin by different stratification

CI confidence interval, CKD chronic kidney disease, DOACs direct oral anticoagulants, HR hazard ratio, RCT​ randomized controlled trial, SE 
systemic embolism, VTE venous thromboembolism

Group variable Subgroups Number of studies Adjust HR (95% CI) Test for subgroup 
differences (p value; 
I2)

Stroke or SE or VTE
 All studies 25 0.78 (0.64–0.95) I2 = 55%
 Study type

RCT​ 6 0.75 (0.62–0.91) I2 = 5%
Non-RCT​ 17 0.78 (0.59–1.03) I2 = 61%

 DOAC type 0.78 (0.62–0.98) p = 0.95
Non-dabigatran DOACs (edoxa-

ban, rivaroxaban, apixaban)
15 0.78 (0.62–0.98) I2 = 44%

Dabigatran 3 0.75 (0.26–2.18) I2 = 83%
 Population type p = 0.01

VTE 2 0.14 (0.04–0.54) I2 = 0%
AF 18 0.83 (0.68–1.01) I2 = 54%

Major bleeding
 All studies 25 0.83 (0.71–0.97) I2 = 71%
 Study type

RCT​ 6 0.83 (0.67–1.02) I2 = 53%
Non-RCT​ 18 0.81 (0.66–0.99) I2 = 75%

 DOAC type 0.84 (0.71–1.00) p < 0.001
Non-dabigatran DOACs (edoxa-

ban, rivaroxaban, apixaban)
16 0.76 (0.64–0.91) I2 = 62%

Dabigatran 4 1.21 (0.99–1.49) I2 = 49%
 Population type p = 0.66

VTE 2 0.56 (0.11–2.88) I2 = 77%
AF 16 0.80 (0.67–0.97) I2 = 77%

Table 2   Risk of stroke/SE/VTE and major bleeding between DOACs and warfarin by CKD stage

CI confidence interval, CKD chronic kidney disease, DOACs direct oral anticoagulants, HD hemodialysis, HR hazard ratio, RCT​ randomized 
controlled trial, SE systemic embolism, VTE venous thromboembolism

Group variable Subgroups Number of studies Adjust HR (95% CI) Test for subgroup dif-
ferences (p value; I2)

Stroke or SE or VTE
 All studies 25 0.83(0.67–1.03) I2 = 60%
 CKD stage 0.84 (0.70–1.00) p = 0.88

Stage 3 9 0.81(0.68–0.97) I2 = 22%
Stages 4–5 4 0.77 (0.45–1.32) I2 = 37%
Stage 5 with HD 5 0.92 (0.54–1.58) I2 = 74%

Major bleeding
 All studies 25 0.83 (0.71–0.98) I2 = 72%
 CKD stage 0.81 (0.68–0.96) p = 0.34

Stage 3 10 0.85 (0.69–1.05) I2 = 67%
Stages 4–5 5 0.69 (0.56–0.85) I2 = 0%
Stage 5 with HD 7 0.82 (0.56–1.22) I2 = 86%
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