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Abstract

Background: Anticoagulation is the cornerstone of thromboembolic event prevention. Adversely,
anticoagulants (ACs) are linked to a variety of adverse events. We aimed to assess the link between
vitamin K antagonists (VKA) and direct anticoagulant (DOACs) use and acute kidney injury (AKI)
using the FDA Adverse Events Reporting System (FAERS) Database. Methods: We conducted a
disproportionality analysis on the adverse events (AEs) of interest in the FAERS database using the
reporting odds ratio (ROR), proportional reporting ratio (PPR) with the Yates correction (x?yates),
and the information component (IC). Results: A total of 20,253 cases of AKI associated with use of
ACs were analyzed. Edoxaban, dabigatran and warfarin showed greater association with AKI (ROR
2,63; ROR 1,46; ROR). In cases with manifest bleeding, edoxaban, dabigatran, warfarin and
rivaroxaban had a stronger statistical association with AKI. Rivaroxaban showed greater association
with AKI compared to other ACs when used concomitantly with Aspirin (ROR 2,25). Conclusion:
We showed increased odds of reporting AKI with use of edoxaban, dabigatran and warfarin
compared to other anticoagulants. In cases with reported bleeding, AKI was more commonly
reported with all five analyzed anticoagulants, except for apixaban, highlighting its favorable side-
effect profile. Caution and clinical awareness are needed when prescribing ACs to vulnerable
populations.

Keywords: anticoagulant; anticoagulant-related nephropathy; acute kidney injury; FAERS;
disproportionality analysis

1. Introduction

Anticoagulation therapy is the cornerstone of preventing thromboembolic events, especially in
patients with atrial fibrillation and deep venous thrombosis [1-3]. Oral anticoagulants (OACs) can
roughly be categorized into vitamin K antagonists (VKA), mainly warfarin, and direct oral
anticoagulants (DOACs) — apixaban, rivaroxaban, dabigatran and edoxaban. With invention and
implementation of DOACs, certain side effects such as an increased risk of bleeding have been
reduced, but remain present [4,5]. Beyond overt bleeding, one more clinically important complication
has gained increasing recognition in recent years — anticoagulant-related nephropathy (ARN).
Originally associated with warfarin use, ARN has since been acknowledged as a possible
complication of all ACs [6,7].
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Typically associated with glomerular hemorrhage and tubular obstruction by red blood cell casts
[8], pathogenesis of ARN seems to be multifactorial in nature. Acute glomerular injury and/or a
significant reduction in the total number of nephrons are described as possible prerequisites for ARN
[9]. This consideration is particularly relevant for patients with pre-existing CKD, who frequently
exhibit reduced nephron mass and heightened susceptibility to glomerular damage, thereby
increasing their risk of developing ARN [10]. In addition, lower levels of antioxidative enzymes, such
as glutathione, commonly observed in CKD patients, may further exacerbate renal vulnerability by
impairing the clearance of oxidative byproducts, especially heme and iron in the setting of hematuria
[10,11].

The Food and Drug Administration Adverse Event Reporting System (FAERS) database
provides a valuable tool for evaluating the association between OACs and acute kidney injury (AKI).
In this study, we aim to characterize the frequency and severity of ARN in patients receiving OAC
therapy.

2. Materials and Methods

We conducted a disproportionality pharmacovigilance study using the publicly available
FAERS database quarterly reports. A total of 85 reports from January 2004 until March 2025 were
analyzed for cases associated with 5 FDA-approved anticoagulant medications: apixaban (Eliquis),
rivaroxaban (Xarelto), edoxaban (Lixiana), dabigatran (Pradaxa) and warfarin (Coumadin, Jantoven).
Both generic and brand names were included in the search. Prior to analyzing the cases, we
deduplicated them using their unique identification code called “PRIMARYID” found in the
“DEMO” file of each quarterly report. Each drug reported in case is categorized as a primary suspect,
secondary suspect, a concomitant drug or an interacting drug. We analyzed cases where an AC drug
was either a primary or a secondary suspect. When looking at possible synergistic effects of Aspirin
on AKI in patients with AC use, we included cases where Aspirin was either a concomitant or an
interacting drug in cases where either one of the AC drugs were primary or secondary suspects.

The preferred terms code of the Medical Dictionary for Regulatory Activities (MedDRA) was
utilized to search for AKI terms, which included a total of 19 terms (Supplementary Table S1). When
analyzing for co-occurrence of AKI and bleeding, we included the 20 most commonly reported
bleeding AEs associated with AC use (Supplementary Table S1). A flow chart showing the case
selection process is illustrated on Figure 1.

After obtaining the data, we conducted a disproportionality analysis using the reporting odds
ratio (ROR), proportional reporting ratio (PPR) with the Yates correction (x?yates), and the
information component (IC). The formulas of these methods are listed below:

a/ c ad

ROR 95% C1 = P96 Gy
i a+0.5
Information component (IC) = log, m
(a + b) * (a+c)
- (a+b+c+d)
ICos = 1€ =33 % (a+05)7/2 =25 (a+0.5)7%?
ICo5 = IC + 24 (a +05) /2 = 0.5« (a + 05) 7/

aexp

To be statistically significant, mentioned disproportionately reported signals needed to meet the
following criteria [12]:
1. RORO025 (lower limit of the 95% confidence interval of ROR) >1 and adverse events >3.
2. The IC025 (lower limit of the 95% credible interval of IC) >0.
3. Use of PRR detects a signal when the number of co-occurrences is 3 or more and the PRR is 2
or more with an associated x2 value of 4 or more.
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4. EBO5, a lower one-sided 95% confidence limit of EBGM, is considered significant when it is
greater than or equal to 2.

Data cleaning and disproportionality analysis was performed using RStudio software (Version:
2025.05.1+513, Posit team (2025), Integrated Development Environment for R. Posit Software, PBC,
Boston, MA).

FAERS DATABASE
2004Q1 — 2025Q1
(n=22,645,242)

AEs related to AC use
(n = 874,340)

Duplicates removed
(n=432,533)

Final included cases
(n=441,807)

Apixaban Rivaroxaban Edoxaban Dabigatran
(n=170,909) (n=177,365) (n=5,196) (n=55,735)

AKI + bleeding
(n=8,625)

Figure 1. Flow diagram depicting the selection process for anticoagulant-related AKI and AKI with bleeding

cases.

3. Results

At the time of analysis, a total of 22,645,242 adverse event reports were registered in the FAERS
database from January 1st, 2004, until March 31st, 2025. Of those, 874,340 were associated with
anticoagulant use. After removing duplicate cases, a total of 441,807 cases were analyzed — apixaban
(n = 170,909, 38.7%), rivaroxaban (n = 177,365, 40.1%), edoxaban (n = 5,196, 1.2%), dabigatran (n =
55,735, 12.6%) and warfarin (n = 32,602, 7.4%). Of these, 20,253 (4.6%) reported acute kidney injury,
while 8,625 (1.9%) reported acute kidney injury in association with bleeding (Table 1).

Table 1. Demographic data of anticoagulant-related acute kidney injury cases.

Apixaban Rivaroxaban Edoxaban Dabigatran Warfarin Total
Number of 6581 7977 (39.4) 569 (2.8) 3453 (17.0) 1673 (8.3) 20253
Cases (32.5)
Mean age + SD 72,6 + 725+123 763+17.7 754+118 70.6 + 729+14.1
16.4 14.4
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Gender

Male 2937 283 (3.6) 245 (43.1) 500 (14.5) 103 (6.2) 4068 (20.1)
(44.6)

Female 2896 253 (3.2) 209 (36.7) 451 (13.1) 67 (4.0) 3876 (19.1)
(44.0)

Unknown 748 (11.3) 7441 (93.3) 115 (20.2) 2502 (72.5) 1503 12309 (60.8)

(89.8)

Countries

United States 1927 5103 (64.1) 6 (1.0) 1361 (39.4) 493 (29.6) 8890 (43.9)
(29.3)

Japan 827 (12.6) 288 (3.6) 185 (32.5) 25 (0.7) 129 (7.7) 1454 (7.2)

France 821 (12.5) 539 (6.8) 0 (0) 248 (7.2) 68 (4.1) 1676 (8.3)

Canada 770 (11.7) 140 (1.8) 4(0.7) 78 (2.6) 72 (4.3) 1064 (5.3)

Germany 630 (9.6) 409 (5.1) 155 (27.2) 195 (5.6) 17 (1.0) 1406 (6.9)

Indications

Cerebrovascular 1719

accident (26.) 1598 (20.1) 1(0.2) 243 (7.0) 36 (2.2) 3597 (17.8)

prophylaxis

Atrial fibrillation 370 (5.6) 1854 (23.3) 184 (32.3) 1653 (47.9) 254(15.2) 4315(21.3)

Deep vein 156 (2.4) 722 (9.1) 18 (3.2) 29 (0.8) 76 (4.6) 1001 (4.9)

thrombosis

Thrombosis 148 (2.2) 916 (11.5) 75 (13.2) 64 (1.9) 66 (4.0) 1269 (6.3)

prophylaxis

Pulmonary 141 (2.1) 366 (4.6) 14 (2.5) 34 (1.0) 69 (4.1) 624 (3.1)

embolism

Years

2015 260 (4.0) 607 (7.6) 0 (0) 207 (6.0) 133 (8.0) 1207 (6.0)

2016 348 (5.3) 1452 (18.2) 5(0.9) 228 (6.6) 121 (7.3) 2154 (10.6)

2017 437 (6.6) 1040 (13.1) 7(1.2) 343 (9.9) 126 (7.6) 1953 (9.6)

2018 609 (9.3) 1144 (14.4) 15 (2.6) 322 (9.3) 249 (14.9) 2339 (11.5)

2019 758 (11.5) 591 (7.4) 14 (2.5) 285 (8.3) 207 (12.4) 1855 (9.2)

2020 750 (11.4) 1397 (17.5) 27 (4.7) 203 (5.9) 186 (11.2) 2563 (12.7)

2021 849 (12.9) 259 (3.3) 42 (7.4) 110 (3.2) 132 (7.9) 1392 (6.9)

2022 1034 299 (3.8) 151 (26.5) 102 (3.0) 127 (7.6) 1713 (8.5)
(15.7)

2023 639 (9.7) 208 (2.6) 134 (23.6) 70 (2.0) 75 (4.5) 1126 (5.6)

2024 604 (9.2) 193 (2.4) 148 (26.0) 46 (1.3) 61 (3.7) 1052 (5.2)

Outcomes

Other outcomes 3535 1934 (24.2) 271 (47.6) 794 (23.0) 591(35.3) 7125 (35.2)
(53.7)

Hospitalized 2153 4574 (57.3) 240 (42.2) 1780 (51.5) 753 (45.0) 9500 (46.9)
(32.7)

Died 398 (6.0) 1008 (12.6) 39 (6.9) 419 (12.1) 177 (10.6) 2041 (10.1)

Life-threatening 216 (3.3) 295 (3.7) 8 (1.4) 170 (4.9) 70 (4.2) 759 (3.7)

Disabled 44 (0.7) 31 (0.4) 9 (1.6) 44 (1.3) 24 (1.4) 152 (0.7)

Seriousness

Serious 6347 7842 (98.3) 567 (99.6) 3207 (92.9) 1619 19582 (96.7)
(96.4) (96.8)

Non-Serious 234 (3.6) 135 (1.7) 2(0.4) 246 (7.1) 54 (3.2) 671 (3.3)

When removing cases with unknown or incorrectly reported gender, cases with male patients
predominated with 51.0%. The total average age was 72.9 + 14.1, with warfarin cases showing the
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youngest average age (70.6 + 14.4). The most common reason for AC use was atrial fibrillation (21.3%),
followed by cerebrovascular accident prophylaxis (17.7%), thrombosis prophylaxis (6.3%) deep vein
thrombosis (4.9%) and pulmonary embolism (3.1%). Most cases (43.8%) were reported in the United
States, followed by France (8.3%) and Japan (7.2%). Hospitalization was the most common outcome
(46.9%), with 10.1% cases ending in death. Almost all cases (96.7%) were reported as serious (Table
1).

When looking at cases of AKI with co-occurrence of bleeding, the predominating gender was
male (54.6%), most reports were from the United States (59.3%), most common indication for AC use
was atrial fibrillation (27.4%), and the most common outcome was hospitalization (58.7%) (Table 2).

Table 2. Demographic data of anticoagulant-related acute kidney injury cases with co-occurrence of bleeding.

Apixaban Rivaroxaban Edoxaban Dabigatran Warfarin Total
Number of 1359
Cases (15.8) 4243 (49.2) 156 (1.8) 1934 (22.4) 933 (10.8) 8625
Mean age £ 5D 098+ h4s119 773:169 751x118 0F ;p5i137

19.5 13.4

Gender
Male 659 (48.5) 114 (2.7) 73(46.8)  315(163) 71(7.6)  1232(14.3)
Female 573 (42.2) 79 (1.9) 55 (35.3) 278 (14.4) 39 (4.2) 1024 (11.9)
Unknown 127 (9.3) 4050 (95.4) 28 (17.9) 1341 (69.3) 823(88.2) 6369 (73.8)
Countries
United States 361 (26.6) 3530 (83.3) 6 (3.8) 956 (49.4) 262 (28.1) 5115 (59.3)
Japan 113 (8.3) 44 (1.0) 31(19.9) 9 (0.5) 56 (6.0) 253 (2.9)
France 106 (7.8) 105 (2.5) 0 (0.0 91 (4.7) 15 (1.6) 317 (3.7)
Canada 175 (12.9) 55 (1.3) 1(0.6) 40 (2.1) 36 (3.9) 307 (3.6)
Germany 193 (142) 106 (2.5) 61(39.1)  110(5.7) 5(0.5) 475 (5.5)
Indications
Cerebrovascular
accident 345 (25.4) 943 (22.2) 0 (0.0 126 (6.5) 18 (19) 1432 (16.6)
prophylaxis
Atrial fibrillation 117 (8.6) 1064 (25.1) 40 (25.6) 996 (51.5) 150 (16.1) 2367 (27.4)
Deep vein
thrombosis 55 (4.0) 501 (11.8) 7 (4.5) 17 (0.9) 51 (5.5) 631 (7.3)
Thrombosis 85(62)  625(147)  11(70)  31(L6)  40(43)  792(9.2)
prophylaxis
Pulmonary o
embolism 38 (2.8) 226 (5.3) 6 (3.8%) 16 (0.8) 35(3.7) 321 (3.7)
Years
2015 50 (3.7) 306 (7.2) 0 (0.0) 83 (4.3) 59 (6.3) 498 (5.8)
2016 89 (65) 972 (22.9) 3(1.9) 104 (54)  77(83) 1245 (14.4)
2017 118 (8.7) 641 (15.1) 4 (2.6) 178 (9.2) 71 (7.6) 1012 (11.7)
2018 152 (11.2) 639 (15.1) 8 (5.1) 185 (9.6) 136 (14.6) 1120 (13.0)
2019 158 (11.6) 296 (6.9) 4(2.6) 157 (8.1)  129(13.9) 744 (8.6)
2020 145(10.7) 895 (21.1) 6(3.8) 103(5.3)  101(10.8) 1250 (14.5)
2021 97 (7.1) 105 (2.5) 19(122) 47 (24) 71(7.6) 339 (3.9)
2022 206 (15.2) 58 (1.4) 46 (29.5) 32 (1.7) 81 (8.7) 423 (4.9)
2023 144 (10.6) 55 (1.3) 21 (13.5) 30 (1.6) 34 (3.7) 284 (3.3)
2024 128 (9.4) 24 (0.6) 34 (21.8) 9 (0.5) 16(17) 211 (24)
Outcomes
Other outcomes 557 (41.0) 565 (13.3)  51(327) 381(19.7) 276(29.6) 1830 (21.2)
Hospitalized 599 (44.1) 2835 (66.8) 79 (50.6) 1090 (56.4) 460 (49.3) 5063 (58.7)
Died 114 (84)  657(155)  20(12.8) 262(13.5) 122(13.1) 1175 (13.6)
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Life-threatening 60 (4.4) 141 (3.3) 3(1.9) 101(52)  30(32)  335(3.9)
Disabled 6 (0.4) 9(0.2) 2 (1.3) 11(0.6)  13(14)  41(05)
Seriousness
Serious (193;33;) 4207 (99.2)  155(99.4) 1845 (95.4) 901 (96.6) 8444 (97.9)
Non-Serious 23 (1.7) 36 (0.8) 1(0.6) 89(46)  32(34) 181 (21)

According to the disproportionality analysis, edoxaban, dabigatran and warfarin had significant
associations with acute kidney injury compared to other ACs (ROR 2.63, PPR 2.45, x?yates 494.57 with
p <0.001, IC 1.27; ROR 1.46, PPR 1.43, x2yates 392.65 with p <0.001, IC 0.44; ROR 1.14, PPR 1.13, x?yates
25.27 with p <0.001, IC 0.17) (Table 3).

Table 3. Disproportionality analysis of anticoagulant-related acute kidney injury cases.

Drug Cases ROR PPR Chi p value IC
Square

Apixaban 6581 0.76 (0.73- 0.77 (0.74- 329.24 <0.001 -0.38 (-0.42- -
0.78) 0.79) 0.34)

Rivaroxaban 7977 0.97 (0.95- 0.97 (0.95- 3.31 0.069 -0.02 (-0.05-0.00)
1.00) 1.00)

Edoxaban 569 2.63 (2.40- 2.45 (2.26- 494.57 <0.001 1.27 (1.18-1.35)
2.87) 2.65)

Dabigatran 3453 1.46 (1.41- 1.43 (1.38- 392.65 <0.001 0.44 (0.41-0.48)
1.52) 1.49)

Warfarin 1673 1.14 (1.08- 1.13 (1.08- 25.27 <0.001 0.17 (0.12-0.22)
1.20) 1.19)

Abbreviations: ROR - reporting odds ratio; PPR — proportional odds ratio; IC — information component.

When looking at cases of AKI with bleeding, all ACs except for apixaban showed significant
association compared to other ACs (Table 4).

Table 4. Disproportionality analysis of anticoagulant-related acute kidney injury cases with co-occurrence of

bleeding.
Drug Cases ROR PPR Chi p value IC
Square

Apixaban 1359 0.29 (0.28- 0.30 (0.28- 1926.26 <0.001 -1.29 (-1.34- -
0.31) 0.32) 1.23)

Rivaroxaban 4243 1.47 (1.41- 1.46 (1.40- 319.14 <0.001 0.30 (0.27-0.34)
1.54) 1.53)

Edoxaban 156 1.59 (1.35- 1.57 (1.34- 31.60 <0.001 0.64 (0.48-0.80)
1.86) 1.83)

Dabigatran 1934 2.07 (1.96- 2.03 (1.93- 793.86 <0.001 0.84 (0.79-0.89)
2.18) 2.13)

Warfarin 933 1.55 (1.44- 1.53 (1.43- 156.02 <0.001 0.56 (0.49-0.63)
1.66) 1.64)

Abbreviations: ROR - reporting odds ratio; PPR — proportional odds ratio; IC — information component.

When applying the disproportionality analysis on anticoagulant-related cases where
acetylsalicylic acid (Aspirin) was labeled either a concomitant or an interacting drug, only
rivaroxaban showed association to AKI (ROR 2.25, PPR 2.21, x?yates 20.12 with p<0.001, IC 0.63)
(Table 5).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 5. Disproportionality analysis of anticoagulant-related acute kidney injury cases with concomitant use of

Aspirin.
Drug Cases ROR PPR Chi p value IC
Square
Apixaban 0.86 (0.55- 0.86 (0.56-
26 1.32) 1.32) 0.35 0.554 -0.17 (-0.60-0.26)
Rivaroxaban 2.25 (1.58- 2.21 (1.56-
69 3.22) 3.13) 20.12 <0.001 0.63 (0.33-0.92)
Edoxaban 0.57 (0.08- 0.58 (0.08-
1 4.15) 4.08) 0.03 0.864 -0.78 (-2.76-1.2)
Dabigatran 0.59 (0.37- -0.59 (-1.07- -
20 0.96) 0.6 (0.37-0.96) 4.15 0.042 0.12)
Warfarin 0.42 (0.21- 0.43 (0.22- -1.09 (-1.77- -
9 0.84) 0.84) 5.87 0.015 0.41)

Abbreviations: ROR - reporting odds ratio; PPR — proportional odds ratio; IC — information component.

4. Discussion

Drug-induced nephropathy is an increasing problem in both the inpatient and outpatient
settings. An estimated 27% of all AKI shows a drug-induced injury pattern on a kidney biopsy [13].
Most commonly implied medication groups are antibiotics and NSAIDs [14], however a growing
prevalence in use of anticoagulants has linked them to possible AKI. A specific difficulty in discerning
the exact epidemiology of ARN is the need for biopsy as a confirmatory test — something often
deferred in the setting of possible over-anticoagulation. This makes ARN mostly a clinical diagnosis,
based on changes in laboratory findings such as elevation of creatinine levels or INR, and connection
between the start of OAC use and subsequent clinical and kidney function deterioration.

Anticoagulants are most commonly used in thromboembolic prophylaxis in atrial fibrillation
(Table 1). Patients with AF often have concomitant kidney disease, as CKD is considered an
independent risk factor for development of AF [15]. In addition, CKD is one of the strongest risk
factors for development of ARN [8,16]. An important consideration with use of OAC in patients with
CKD is supratherapeutic dosing. As mentioned, AF and CKD tend to cooccur [17,18]. This leads to
possible OAC toxicity and over-anticoagulation in the setting of worsening kidney function. Some
DOAC:s, primarily edoxaban and apixaban, are reduced by half of the original dose, leaving room for
overdosing patients if kidney function is not monitored closely. Studies have found that dabigatran
shows a dose-dependent elevation in serum creatinine levels and aPTT [19]. This accents the
importance of dose adjustment for individual patients and their kidney function, as dabigatran, but
also other DOACSs to a varying degree, are excreted by the kidneys [20-23].

Our results showed an association between edoxaban, dabigatran and warfarin use and AKL
The most notable association was for edoxaban use, with an ROR of 2.63, indicating a near threefold
higher odds of reported AKI. Of the three, the weakest association was seen with warfarin. This could
be due to the decreasing trend of warfarin prescription since the approval of DOACs for stroke
prophylaxis (as seen in Table 1).

Since one of the main pathophysiological explanations for ARN is propensity for bleeding and
possible haemorrhagic damage of glomeruli, we separately performed an analysis of all cases in
which AKI was reported with concomitant bleeding. In such cases, dabigatran, rivaroxaban, and
warfarin showcased increased ROR compared to these ACs cases without bleeding, standing in line
with previously described mechanisms of kidney injury. Disproportionality signals for edoxaban
cases slightly reduced in strength but stayed positive, likely due to low number of cases in which
both AKI and bleeding were reported with edoxaban use, as the drug is the most novel of all analysed
ACs. Consensus on edoxaban nephrotoxicity is yet to be established, as literature shows diverging
opinions. This might be due to the novelty of the drug and the reduced number of its prescriptions
compared to other DOACs. Still, many studies lean on the side of caution with edoxaban,
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underscoring that it’s likely less safe in regard to kidney injury compared to its counterparts. The
strength of this association is evident in our findings, where edoxaban had the highest ROR despite
having the least number of reported cases of all the analyzed OACs (Tables 1 and 2).

Apixaban is the only drug that showed no association with AKI regardless of concomitant
bleeding. These findings do suggest that, among the newer DOACs, apixaban may carry the lowest
nephrotoxic potential, consistent with clinical data showing apixaban’s relatively benign renal profile
[24], and general safety [25], while edoxaban and dabigatran may confer a higher AKI risk.

We also analyzed reported data with patients on dual therapy (aspirin and OAC), commonly
used in patients for AF and other concomitant conditions. One striking observation was a synergistic
effect with aspirin in combination with rivaroxaban, with a significant ROR of 2.25. This suggests that
the addition of an antiplatelet can amplify the risk of AC-related nephropathy and further amplifies
the importance of OAC selection when initiating these patients on dual therapy. Although no
prospective trial has focused on renal outcomes of such dual therapy, accumulating evidence from
case reports, pharmacovigilance, and cohort studies suggests a synergistic nephrotoxic effect when
aspirin is combined with an OAC. A single-center biopsy series of 41 ARN cases found that a subset
had been on concurrent antiplatelet therapy at the time of AKI [16]. The adverse events associated
with the addition of aspirin to DOAC without a clear indication was studied in a 2021 JAMA cohort,
which examined 3280 patients and showed that nearly one-third of patients with AF and/or VTE who
were treated with a DOAC received ASA without a clear indication. Compared to DOAC
monotherapy, concurrent DOAC and ASA use was associated with increased bleeding and
hospitalizations [17], mechanistically also leading to higher incidence of ARN, demonstrated in our
results.

Clinicians managing patients on OACs should maintain a high index of suspicion for ARN,
especially in those who have recently initiated therapy [26,27]. In the case of kidney injury, temporary
discontinuation of VKA and DOACs, along with introduction of another agent or dose correction of
VKA, is often needed. Minimizing antiplatelet therapy along with other supplements that can
potentially provoke bleeding (e.g., Vitamin E) is also recommended. In severe cases that are proven
by biopsy, corticosteroids can play an important role in their management. Alongside these
measures, if biopsy demonstrates anticoagulant-related nephropathy, a warfarin-treated patient
should be switched to a DOAC, whereas a DOAC-treated patient might benefit from dose reduction
or a switch to a different anticoagulant strategy [10,28,29]. Clinicians should be aware of ARN as a
possible culprit in AKI, and counsel patients on prompt reporting of hematuria or dark urine.

Ultimately, this FAERS-based analysis reveals an association between anticoagulant use
(particularly edoxaban, dabigatran, rivaroxaban, and warfarin) and AKI that is biologically plausible
and supported by literature [30-32]. The major strength of this analysis lies in its use of a rich, open-
access database that includes extensive real-world data from multiple countries. Further prospective
studies are needed to confirm causality. Judicious selection and dosing of anticoagulants, close
monitoring of renal function (especially in the first couple of months of initiating therapy), and special
caution taken with dual therapy alongside aggressive management of bleeding risk factors to
safeguard the kidneys while providing essential anticoagulant therapy.

This study has several limitations typical of pharmacovigilance-based analyses. The FAERS
database relies on voluntary reporting, making it subject to underreporting, reporting bias, and
incomplete or inconsistent data. Therefore, the causality cannot be established. We decided to report
cases that included ACs as both the primary and secondary possible suspect for an adverse event.
This was done in order to cast a wider net on the database, have a greater data sample to analyse and
reduce the chance of underreporting the association between ACs and AKI. In comparison to other
studies that used only primary suspects, our approach may dilute the strength of the association
between medication and adverse event. In addition, many potential confounding factors (e.g.,
comorbidities, baseline renal function, nephrotoxic medications) could not be fully accounted for.

Researching CKD, or in general patients and cases that pertain to kidney function, is inherently
a limitation in itself. Multiple studies have shown that patients with kidney disease are
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overwhelmingly underrepresented in research and are often excluded from clinical trials and studies
[33-35]. This, in turn, puts into question the generalization of study results and places further burden
on treating this group of patients in an evidence-based manner.

To overcome these limitations, prospective cohort studies may help reduce bias and better
clarify relationship between AC use and AKI. Furthermore, comparative studies assessing the renal
safety profiles of ACs, particularly in patients with CKD, are needed to generate more reliable
evidence.

Supplementary Materials: The following supporting information can be downloaded at: Preprints.org, Table
S1: List of MedDRA terms used for data mining.
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