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Direct oral anticoagulants are the mainstay for stroke prevention in patients with non-valvular atrial fibrillation (AF). Some evidence suggested that 
direct oral anticoagulants might have a lower risk of declining renal function than warfarin. Therefore, this study aims to compare the cardiac and 
renal outcomes among edoxaban, rivaroxaban, dabigatran and warfarin. This study contributes to the literature as follows. First, this study provides 
real-world evidence of the cardiac and renal outcomes of oral anticoagulants in patients with AF, especially in the Asian population, which is 
generally assumed to have a higher bleeding risk. Second, dabigatran was associated with a lower risk of composite cardiac and renal outcome and 
renal function declining than warfarin, while rivaroxaban and edoxaban were not. Lastly, this study's findings may yield clinical implications for 
clinicians when choosing oral anticoagulants for patients with AF with a higher risk of renal impairment.  
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Abstract
Background: Oral anticoagulation therapy with warfarin or direct oral antico-
agulants (DOACs) is the mainstay for stroke prevention in patients with non-
valvular atrial fibrillation (AF). The DOACs might have a lower risk of declining 
renal function than warfarin. This study aimed to compare renal outcomes among 
rivaroxaban, edoxaban, dabigatran, and warfarin.
Method: This cohort study identified 2203 adults with AF who started antico-
agulation therapy between 1 July 2013 and 31 December 2020, in a clinical da-
tabase at a single centre. Inverse probability of treatment weighting was adopted 
to balance baseline characteristics among four anticoagulants treatment groups. 
The primary outcome was a composite of cardiac and renal outcomes, involving 
a ≥30% decline in estimated glomerular filtration rate (eGFR), renal failure and 
cardiovascular death.
Results: After propensity score weighting, dabigatran was associated with sig-
nificantly lower risks of a ≥30% decline in eGFR (hazard ratio [HR]: .69, 95% 
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1   |   BACKGROUND

Warfarin or direct oral anticoagulants (DOACs) are the 
mainstay of anticoagulation treatment for thromboem-
bolism prophylaxis in patients with non-valvular atrial 
fibrillation (AF). Subgroup analyses from clinical tri-
als investigating the effect of DOACs and warfarin on 
renal function have reported heterogeneous results. The 
Randomized Evaluation of Long-Term Anticoagulation 
Therapy (RE-LY) trial reported a greater decline in renal 
function in patients treated with warfarin than with dab-
igatran.1 In the Rivaroxaban Once Daily Oral Direct Factor 
Xa Inhibition Compared With Vitamin K Antagonism 
for Prevention of Stroke and Embolism Trial in Atrial 
Fibrillation (ROCKET-AF) trial, similar rates of renal 
function decline were observed in the warfarin (26%) 
and rivaroxaban (27%) groups.2 However, the warfarin 
group showed a significantly greater decline in creatinine 
clearance. An analysis from the Apixaban for Reduction 
in Stroke and Other Thromboembolic Events in AF 
(ARISTOTLE) trial showed no difference in the decline in 
renal function over time between apixaban and warfarin.3

Several studies have used real-world data to compare 
the effects of dabigatran, rivaroxaban, apixaban and warfa-
rin on renal outcomes, including changes in the estimated 
glomerular filtration rate (eGFR) and serum creatinine and 
the occurrence of acute kidney injury (AKI) and renal fail-
ure (RF) events, in different countries. Some studies have 
reported that dabigatran and rivaroxaban were associated 
with a lower risk of eGFR decline than warfarin.4–9 A ret-
rospective cohort study conducted in Taiwan showed that 
warfarin was associated with a significantly higher risk of 
AKI than DOACs. However, a comparison of dabigatran 
with other anti-factor Xa inhibitors indicated no differ-
ence.10 Furthermore, changes in the eGFR did not differ 

between the warfarin and DOAC groups. However, few 
studies have examined changes in renal function in pa-
tients treated with edoxaban, the latest approved DOAC. 
Because of the close links between cardiac events and renal 
dysfunction, increased attention has focused on renal func-
tion decline, particularly in patients with AF.11,12

Therefore, we conducted this real-world retrospective 
cohort study to estimate the risk of using rivaroxaban, 
edoxaban, dabigatran and warfarin as oral anticoagula-
tion treatments based on a composite of cardiac and renal 
outcomes and four meaningful renal outcomes (a ≥30% 
decline in the eGFR, doubling of the serum creatinine 
level, AKI incidence and RF incidence) in patients with 
non-valvular AF.

2   |   MATERIALS AND METHODS

2.1  |  Study population and follow-up

This observational, retrospective, single-centre cohort 
study extracted data from the Taipei Medical University 
Clinical Research Database (TMUCRD), which includes 
complete medical records of patients attending this medi-
cal center, including disease diagnoses, clinical laboratory 
examinations, pathology reporting, medications, surgeries 
and self-paid treatments.

A total of 5362 patients were diagnosed with AF ac-
cording to the International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM) code 
427.31 or International Classification of Diseases, Tenth 
Revision, Clinical Modification (ICD-10-CM) code I48 be-
tween 1 July 2012 and 31 December 2020. Patients who 
received rivaroxaban, edoxaban, dabigatran or warfarin 
as their first anticoagulant treatment between 1 July 2013 

confidence interval [CI]: .497–.951, p = .0237), doubling of the serum creatinine 
level (HR: .49, 95% CI: .259–.927, p = .0282) and the cardiac and renal outcome 
composite (HR: .67, 95% CI: .485–.913, p = .0115) than warfarin. Rivaroxaban and 
edoxaban did not show significant protective effects on renal outcomes compared 
to warfarin.
Conclusion: In this study, patients treated with dabigatran had significantly re-
duced risks of declining renal function and composite cardiac and renal events 
than those treated with warfarin. However, rivaroxaban and edoxaban were not 
associated with lower risks of any renal outcomes than warfarin. More studies 
are warranted to investigate and compare the impact of renal function between 
different DOACs in patients with AF.

K E Y W O R D S

acute kidney injury, atrial fibrillation, direct oral anticoagulants, renal failure, renal function, 
warfarin
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and 31 December 2020, were identified, and the date of 
their first prescription was set as the index date. Patients 
with a history of receiving any anticoagulation therapy or 
who received an RF diagnosis 1 year before the index date 
were excluded. Moreover, we excluded patients whose 
eGFR data during the follow-up period were unavailable. 
Because apixaban was unavailable in our centre, we only 
identified patients who were administered warfarin, ri-
varoxaban, edoxaban and dabigatran as their first antico-
agulant treatment. The incidence of study outcomes was 
noted for 2 years from the index date. The end of follow-up 
was the date of outcome occurrence, drug discontinuation 
or switching, death, end of the 2-year observation or 31 
December 2020, whichever came first. The study flow 
chart is shown in Figure 1.

This study was approved by Taipei Medical University's 
Institutional Review Board (TMU-eJIRB N202112044). 
Because we used de-identified data, this study did not re-
quire informed consent to be obtained.

2.2  |  Baseline characteristics and 
variables for propensity scoring

Baseline characteristics of clinical variables, including the 
patients' medication and comorbidities, were collected up 
to 1 year before the index date. ICD-9-CM and ICD-10-CM 
codes for diagnosing comorbidities are listed in Table S1. 
The most recent serum creatinine level and eGFR meas-
ured within 1 year before the index date were used as 
baseline values. The eGFR was calculated using the 
Modification of Diet in Renal Disease GFR equation. The 

CHA2DS2-VASc score was calculated to evaluate patients' 
thromboembolic risk based on sex; age at the index date; 
and the status of congestive heart failure (HF), hyperten-
sion, diabetes mellitus (DM), stroke, transient ischemic 
attack, thromboembolism and vascular disease.

Covariates, including demographic variables and 
health status, were considered potential determinants for 
patients prescribed rivaroxaban, edoxaban, dabigatran or 
warfarin. To reduce confounding through indication bias, 
we derived a propensity score for each patient based on 
their age, sex, CHA2DS2-VASc score, serum creatinine 
level, eGFR, medical history (i.e. HF, hypertension, hyper-
lipidaemia, DM, thromboembolism, major bleeding, myo-
cardial infarction, peripheral arterial disease, liver disease, 
anaemia, chronic kidney disease [CKD], AKI, chronic ob-
structive pulmonary disease, cancer, hypothyroidism and 
thyrotoxicosis) and mediation (i.e. antiplatelet drugs, non-
steroidal anti-inflammatory drugs [NSAIDs], angiotensin-
converting enzyme inhibitors [ACEIs] or angiotensin 
II receptor blockers [ARBs], aminoglycosides, sodium-
glucose cotransporter-2 inhibitors [SGLT2is], glucagon-
like peptide-1 receptor agonists [GLP1RAs], statins and 
diuretics) to estimate the corresponding probabilities of 
rivaroxaban, edoxaban, dabigatran or warfarin treatment. 
The propensity scores were used for further analyses.

2.3  |  Study outcomes

The primary outcome was a composite of cardiac and 
renal outcomes: a ≥30% decline in eGFR, RF and car-
diovascular death. The renal outcomes of interest were 

F I G U R E  1   Flow chart of eligible 
patients.
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a ≥30% decline in eGFR, a doubling of the serum cre-
atinine level, and AKI and RF incidence, which were 
analysed across the four drug groups. We collected 
the baseline eGFR and serum creatinine level. The 
follow-up time period was every 3–6 months after the 
index date and the follow-up duration was 24 months. 
Doubling of the serum creatinine level has been used 
as an established endpoint of kidney disease progres-
sion in clinical trials. However, it may occur relatively 
late and require long-term observation. Therefore, the 
United States Food and Drug Administration recom-
mends using a 30% or 40% decline in the eGFR as a valid 
surrogate endpoint. This surrogate endpoint has been 
adopted in other clinical studies.13 An AKI event was 
defined as an emergency department visit or hospitali-
sation recorded using the diagnosis codes of ICD-9-CM 
(584.9, 584.5, 584.6, 584.7, 584.8 or 584.9) or ICD-
10-CM (N17). RF was defined as an eGFR of <15 mL/
min/1.73 m2, the presence of end-stage renal disease, or 
kidney transplant treatment with the diagnosis codes of 
ICD-9-CM (586 or 996.81) or ICD-10-CM (V42.0, N18.6, 
N19, T86.1 or Z94.0).

2.4  |  Subgroup analyses

Patients treated with rivaroxaban may be prescribed 
different doses based on their renal function. Based on 
the ROCKET-AF and J-ROCKET-AF trials, which ex-
amined global and Japanese patients, respectively, two 
treatment doses of rivaroxaban are recommended in 
the US and Asian populations.14,15 Because this study 
included Asians, we adopted the standard dose in the 
J-ROCKET-AF trial for the Asian population.14 The 
standard doses of rivaroxaban, calculated using the 
Cockcroft–Gault formula, were 15 and 10 mg/day when 
the patient's creatinine clearance was >50 mL/min and 
15–50 mL/min, respectively. An off-label dose was de-
fined as one that did not correspond to these creatinine 
clearance levels, including higher or lower doses. We 
conducted a subgroup analysis comparing the stand-
ard and off-label doses of rivaroxaban with those of 
warfarin.

A prespecified subgroup analysis of composite car-
diac and renal events between the DOAC and warfarin 
groups was also conducted. The subgroups of patients 
were stratified based on sex; creatinine clearance; 
CHA2DS2-VASc score; the absence or presence of HF, 
hypertension, DM or thromboembolism; and treat-
ment with NSAIDs, ACEIs/ARBs, SGLT2is, GLP1RAs 
or statins. This subgroup analysis identified interac-
tions between prespecified subgroups and different 
anticoagulants.

2.5  |  Statistical analysis

We evaluated the effect of the anticoagulants (i.e. warfa-
rin, rivaroxaban, edoxaban and dabigatran) on the inci-
dence of various cardiac and renal outcomes. Differences 
in characteristics between the drug groups were assessed 
using the chi-squared test for categorical variables and 
analysis of variance for continuous variables. Kaplan–
Meier survival analysis was used to examine differences 
in the incidence of cardiac and renal outcomes stratified 
by drug use. Cox proportional hazards models were used 
to estimate hazard ratios (HRs) and 95% confidence inter-
vals (CIs) for the effects of the anticoagulants.

Confounding through indication bias may exist in this 
study because of the different probabilities of patients 
being prescribed a particular anticoagulant based on their 
baseline characteristics, comorbidities, or medications. 
The propensity score first proposed by Rosenbaum and 
Rubin16 was derived to account for this bias.17 Because 
this study investigated four treatments, we conducted pro-
pensity score weighting rather than pairwise propensity 
score matching to prevent the problem of multiple com-
parisons.17 We first included variables influencing antico-
agulant prescription in a (multinomial) logistic regression 
to estimate the predicted probability (propensity score) of 
receiving a specific drug. Second, the inverse probability 
of treatment weighting (IPTW) approach was applied, 
and the original population was weighted with the inverse 
propensity score to create a pseudo-population for sub-
sequent analyses. Imbalances among treatment groups 
were well controlled in the pseudo-population, resulting 
in virtual randomisation on warfarin, rivaroxaban, edox-
aban or dabigatran group.17–19 Third, the weights used for 
the IPTW were stabilised by the sample size of the origi-
nal population to prevent the extreme inflation of pseudo-
population size due to the inverse of a small propensity 
score, resulting in an elevated Type I error rate.20 Finally, 
the risk of cardiac and renal events according to different 
drug types was evaluated with the conventional Cox pro-
portional hazards model using the pseudo-population.17,19 
Statistical analyses were two-sided, and the level of sig-
nificance was .05. All statistical analyses were performed 
using SAS software (version 9.4; SAS Institute).

3   |   RESULTS

3.1  |  Characteristics of study groups

The baseline demographic variables and covariates of pa-
tients treated with anticoagulants are presented in Table 1. 
The study groups comprised 2198 patients with AF, which 
differed significantly in age; NSAID, ACEI/ARB, statin and 
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diuretic treatment history; and thromboembolism and CKD 
complications before propensity score weighting. All base-
line demographic characteristics and clinical variables were 
balanced in the weighted cohort after weighting (Table 1).

3.2  |  Cardiac and renal outcomes of 
DOACs and warfarin

In the original study cohort, the crude incidence rates of 
the composite cardiac and renal events were 25.7, 37.6, 30.1 
and 19.3 per 100 person-years in patients treated with war-
farin, rivaroxaban, edoxaban and dabigatran, respectively.

After propensity score weighting, dabigatran was as-
sociated with a significantly lower risk of the composite 
of cardiac and renal events (HR: .67, 95% CI: .485–.913, 
p = .0115) than warfarin (Table S2).

In addition, dabigatran was associated with a signifi-
cant beneficial effect on renal outcomes after propensity 
score weighting, including a ≥30% decline in the eGFR 
(HR: .69, 95% CI: .497–.951, p = .0237) and doubling 
of serum creatinine levels (HR: .49, 95% CI: .259–.927, 
p = .0282). Rivaroxaban and edoxaban were associated 
with a higher risk of a ≥30% decline in the eGFR than 
warfarin in the original cohort but was not observed in the 
weighted cohort (HR: 1.04, 95% CI: .861–1.260 and HR: 
1.20, 95% CI: .920–1.571, respectively).

None of the three DOACs were associated with signifi-
cantly lower risks of AKI or RF (Table S2). The Kaplan–
Meier curves for the composite of cardiac and renal events, 
≥30% decline in the eGFR, doubling of serum creatinine 
levels, AKI incidence and RF incidence after propensity 
score weighting are shown in Figure 2.

3.3  |  Subgroup analyses

Over 50% of the patients in the rivaroxaban group were 
treated using the standard dose with guided dose adjust-
ment based on renal function. An off-label dose of rivar-
oxaban was associated with a significantly higher risk of 
the composite of cardiac and renal events (HR: 1.269, 95% 
CI: 1.017–1.585, p = .0353) and a ≥30% decline in the eGFR 
(HR: 1.346, 95% CI: 1.073–1.689, p = .0103). The effects of 
the standard rivaroxaban dose on all outcomes did not dif-
fer significantly from those of warfarin (Table 2).

Because dabigatran was associated with a significantly 
lower risk of the composite cardiac and renal outcome 
in the primary analysis, we conducted a subgroup anal-
ysis comparing dabigatran's cardiac and renal protective 
effects in prespecified patient groups. As summarised in 
Figure  3, dabigatran showed the consistency of cardiac 
and renal protective effects in most subgroups.
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4   |   DISCUSSION

This retrospective cohort study analysing clinical real-
world data had the following principal findings: First, 
renal function decline was common in patients with AF 
receiving oral anticoagulants; second, compared with 

warfarin, dabigatran was associated with a lower risk of 
the composite of cardiac and renal events, ≥30% decline 
in eGFR and doubling of serum creatinine levels.; and 
third, rivaroxaban and edoxaban did not show signifi-
cant protective effects on any renal outcomes compared 
to warfarin.

F I G U R E  2   Kaplan–Meier plot of the composite of cardiac and renal outcomes (A), ≥30% decline in eGFR (B), doubling of serum 
creatinine (C), acute kidney injury (D) and renal failure (E). *Significant difference to warfarin.
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Our findings with dabigatran are consistent with those 
of a post-hoc analysis in the RE-LY trial that compared 
changes in renal function between dabigatran and warfa-
rin groups, showing a significant decline in the eGFR in 
the warfarin group.1 A large cohort study in the United 
States using an administrative database and linked labora-
tory results reported lower risks of a ≥30% decline in the 
eGFR and AKI in patients treated with dabigatran than 
with warfarin.4 The mechanism was that warfarin might 
induce glomerular haemorrhage, tubular obstruction by 
red blood cell casts and renal artery calcification by inhib-
iting the vitamin K-dependent protein matrix, increasing 
the risk of renal function decline.21–26 In contrast, DOACs 

protect renal function by inhibiting the coagulation fac-
tor Xa and thrombin, which are associated with vascular 
inflammation.7,27,28

The thrombin inhibitor dabigatran showed a greater 
tendency to exert significant renal protective effects than 
warfarin. Furthermore, in the subgroup with creatinine 
clearance <80 mL/min, the patients treated with dabig-
atran had a significantly lower risk of cardiac and renal 
events and a decline in the eGFR than those treated 
with warfarin. However, the results of studies on factor 
Xa inhibitors, including rivaroxaban and edoxaban, and 
their effect on renal function have been inconclusive. 
These conflicting findings are perhaps related to differ-
ent anticoagulation mechanisms. Factor Xa and throm-
bin are associated with vascular inflammation involving 
the protease-activated receptor 2 (PAR2), which can in-
duce interleukin (IL)-8 production and thereby lead to 
the recruitment of inflammatory cells to atherosclerotic 
plaques. However, only thrombin inhibitors have been 
shown to reduce advanced atherosclerotic plaque burden 
and improve endothelial function in animal models of 
atherosclerosis. Their possible mechanism may be inhib-
iting protease-activated receptor 1 (PAR1) expression and 
transforming growth factor-beta (TGF-ß)- and snail family 
transcriptional repressor 2 (SNAI2)-induced epithelial–
mesenchymal transition.1

This study found no significant differences in study 
outcomes between factor Xa DOACs and warfarin. Other 
studies found that rivaroxaban was associated with lower 
risks of a ≥30% decline in the eGFR, doubling of serum 
creatinine levels, and AKI than warfarin.2,4,6–9 When we 
stratified patients treated with the standard and off-label ri-
varoxaban doses to those treated with warfarin to compare 
their effects on renal function, we found that those treated 
with the off-label rivaroxaban dose had significantly higher 
risks of the composite of cardiac and renal events and a 
≥30% decline in the eGFR than those treated with warfa-
rin. This effect was not observed in patients treated with 
the standard rivaroxaban dose. Notably, the rivaroxaban 
dose was adjusted according to the patient's renal function. 
However, the prescribed off-label dose may vary depending 
on the physician's concern about the patient's age, bleed-
ing risk, or other reasons affecting medication prescrip-
tion behaviour. Therefore, whether the standard treatment 
rivaroxaban dose is administered may be a crucial factor 
affecting renal function decline. Our findings suggest that 
the clinical implications of whether the standard rivarox-
aban dose is prescribed according to patients' renal func-
tion must be examined and that renal function must be 
carefully monitored.

This study found that the trends with edoxaban were 
consistent with rivaroxaban for all the study outcomes, 
including the composite of cardiac and renal events and 

T A B L E  2   Subgroup analysis of rivaroxaban stratified by dose in 
the weighted cohort.

No. of 
events HR (95% CI) p Value

Composite of cardiac and renal events

Warfarin 163 Ref.

Rivaroxaban, 
standard dose

198 1.054 
(.856–1.2970)

.6224

Rivaroxaban, off-
label dose

150 1.269 
(1.017–1.5850)

.0353

≥30% decline in eGFR

Warfarin 152 Ref.

Rivaroxaban, 
standard dose

180 1.03 (.831–1.281) .7777

Rivaroxaban, off-
label dose

147 1.346 
(1.073–1.6890)

.0103

Doubling of serum creatinine

Warfarin 51 Ref.

Rivaroxaban, 
standard dose

59 .947 (.650–1.380) .7777

Rivaroxaban, off-
label dose

53 1.388 
(.945–2.0370)

.0943

Acute kidney injury

Warfarin 50 Ref.

Rivaroxaban, 
standard dose

59 .996 (.684–1.452) .9839

Rivaroxaban, off-
label dose

53 1.406 
(.956–2.0670)

.0831

Renal failure

Warfarin 34 Ref.

Rivaroxaban, 
standard dose

35 .857 (.545–1.374) .5226

Rivaroxaban, off-
label dose

23 .905 (.535–1.5320) .7112

Note: After IPTW, 599, 550, and 354 patients were treated with warfarin, the 
standard rivaroxaban dose and the off-label rivaroxaban dose, respectively.
Abbreviations: eGFR, estimated glomerular filtration rate; IPTW, inverse 
probability of treatment weighting.
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the incidences of a ≥30% decline in the eGFR, doubling 
of the creatinine level, AKI and RF, which did not dif-
fer significantly from warfarin. The edoxaban dose is 
adjusted based on creatinine clearance, body weight, 
and concomitant use of P-glycoprotein inhibitors such 
as cyclosporine, dronedarone, erythromycin, and keto-
conazole. In our database, it was impossible to define 
the “standard dose” given the incomplete body weight 
data and lack of medication records from other medical 
institutions.

While this analysis focused on the decline in renal 
function with DOACs compared to warfarin, the associa-
tions with clinical events, especially stroke, merit future 
consideration in larger prospective studies as patients 
with AF remain at high residual risk of major adverse 
cardiovascular events despite taking oral anticoagu-
lants.29,30 Therefore, there is a need for a more holistic 
or integrated care approach to AF management,31 which 
has been associated with improved clinical outcomes,32 
leading to its incorporation into guidelines.33 Finally, at 
the other extreme of renal function, there are concerns 
about a numerical (but nonstatistically significant) in-
crease in ischaemic stroke in patients with very high 
eGFR (>90 mL/min) taking factor Xa inhibitors com-
pared to warfarin indicated in subgroup analyses from 

clinical trials2,3 or real-world data.34 Such a concern is 
not evident for dabigatran, despite its greater renal de-
pendency for excretion.1

4.1  |  Limitations

This study had several limitations. First, while it used 
ICD-9-CM and ICD-10-CM codes to identify AKI, the 
TMUCRD only contains the records of the first 10 codes 
for each patient, possibly leading to the underestimation 
of AKI incidence. This underestimation may underlie the 
inconsistency between our findings and other studies in-
dicating DOACs were associated with a lower AKI inci-
dence than warfarin.4–6

Second, early drop-out may have caused the underre-
porting of adverse renal effects. We censored patients who 
were switched from their first anticoagulant to another 
and ceased follow-up with these patients at the time of the 
switch. Conversion between anticoagulants may result 
from renal function change and can occur before the renal 
outcomes of interest in this study. Therefore, we may not 
have observed renal outcome events during patients' orig-
inal anticoagulant therapy, causing further underestima-
tion of the incidence of the study outcomes.

F I G U R E  3   Composite of cardiac and renal outcomes for dabigatran versus warfarin according to the subgroup analysis.
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Finally, we could not calculate the time in the thera-
peutic range (TTR) to evaluate the effect of the interna-
tional normalised ratio (INR) on the outcomes of interest. 
One study indicated that patients treated with warfarin 
and a supratherapeutic INR range (>3) had markedly 
higher risks of a ≥30% decline in eGFR, doubling of serum 
creatinine levels and AKI. Patients treated with DOACs 
still had lower risks than those treated with warfarin 
whose INR was in the subtherapeutic (<2) or therapeu-
tic2,3 range.4 Therefore, further studies must consider the 
TTR for a more precise estimation of the renal protective 
effects of DOACs.

5   |   CONCLUSION

In this retrospective study, renal function decline was com-
mon in patients with AF taking oral anticoagulants. Patients 
with AF treated with dabigatran had significantly reduced 
risks of cardiac and renal events and a decline in renal func-
tion than those treated with warfarin. However, rivaroxaban 
and edoxaban were not associated with lower risks of renal 
outcomes compared to warfarin. More studies are war-
ranted to investigate and compare the impact of renal func-
tion between different DOACs in patients with AF.

6   |   CLINICAL PERSPECTIVES

This study provided insight into cardiac and renal out-
comes in patients with AF given anticoagulative treat-
ment using four drugs: edoxaban, rivaroxaban, dabigatran 
and warfarin. One of the more significant findings from 
this study was that dabigatran had a greater tendency to 
exert significant renal protective effects than warfarin. 
However, there were no significant differences in the 
study outcomes between factor Xa inhibitors and war-
farin. These findings may have clinical implications for 
clinicians when choosing oral anticoagulants to treat pa-
tients at higher risk of renal impairment. This study also 
contributed real-world evidence in Asian patients, who 
are generally assumed to have a higher bleeding risk. This 
study indicates that further studies are needed to under-
stand better the differences between thrombin and factor 
Xa inhibitors.
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