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Abstract

Background. Given that long-term anticoagulant therapy is required in many clinical scenarios, continu-
ous safety monitoring of direct factor Xa inhibitors is of great importance. To date, the renal safety of these
agents remains a subject of debate.

Objectives. The aim of this study was to assess the association between direct factor Xa inhibitors and acute
kidney injury (AKI) using data from the U.S. Food and Drug Administration (FDA) Adverse Event Reporting
System (FAERS).

Materials and methods. The study period extended from the first quarter of 2014 to the last quarter
of 2024, and reports of adverse events (AEs) related to rivaroxaban and apixaban were extracted separately
from FAERS. The association between direct factor Xa inhibitors and AKI was evaluated using dispropor-
tionality analysis methods.

Results. Rivaroxaban-associated AKI was more common in men, and the risk was higher among patients
older than 65 years. Rivaroxaban showed a significant positive signal for AKI in patients older than 65 years,
with a reported reporting odds ratio (ROR) of 3.82 (95% confidence interval (95% (l): 3.65—4.01), propor-
tional reporting ratio (PRR) of 3.78, EBGMO5 of 3.68, and 1C025 of 1.88. In comparison, apixaban showed
no significant risk signal, with an ROR of 0.86 (95% Cl: 0.79—0.94), PRR of 0.86, EBGMO5 of 0.86, and (025
of —0.34. Acute kidney injury typically occurred at a median of 109 days after treatment initiation, with
approx. 50% of cases occurring within the first 3 months. The main outcomes of AKI were hospitalization
(56.06%) and death (37.67%).

Conclusions. Our findings suggest a significant association between rivaroxaban use and AKI in elderly
patients. Clinical monitoring of renal function should be intensified in elderly patients receiving rivaroxaban.
However, it should be emphasized that this study presents only disproportionality analysis results and cannot
establish a causal relationship between rivaroxaban and AKI. Therefore, the findings should be interpreted
with caution.

Key words: acute kidney injury, rivaroxaban, spontaneous reporting system, direct factor Xa inhibitors,
disproportionality analysis
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Highlights

elderly patients receiving rivaroxaban.
to substantial rates of hospitalization and mortality.

among direct factor Xa inhibitors.

» FAERS pharmacovigilance analysis identified a significant reporting signal for acute kidney injury (AKI) among
+ Rivaroxaban-associated AKI occurred most frequently within the first 3 months of treatment and was linked
+ Nosignificant AKI safety signal was detected for apixaban, suggesting potential differences in renal safety profiles

+ Enhanced renal function monitoring may be warranted in older adults treated with rivaroxaban, although causal
relationships cannot be established from spontaneous reporting data.

Background

Direct factor Xa inhibitors are widely used novel oral
anticoagulants that exert their anticoagulant effects by di-
rectly and reversibly binding to coagulation factor Xa and
inhibiting its activity without requiring a cofactor.! Com-
pared with traditional anticoagulants, direct factor Xa
inhibitors offer a faster onset of action, more predictable
anticoagulant effects, a wider therapeutic window, no re-
quirement for routine monitoring, and fewer interactions
with food and other medications.? Currently, rivaroxaban
and apixaban are the most commonly used agents in this
class and have demonstrated particularly strong market
performance. Since its approval, rivaroxaban has shown
continuous global sales growth, reaching $6,568 billion
in 2018. However, in recent years, its market share has been
surpassed by apixaban, whose global sales reached $10,263
billion in the 1% half of 2023 alone, making it the 2" best-
selling drug worldwide.

Given that long-term anticoagulant therapy is required
in many clinical settings, continuous safety monitor-
ing of direct factor Xa inhibitors is of great importance.
To date, the renal safety of these agents remains controver-
sial. A case report described a patient receiving long-term
rivaroxaban therapy who was found to have previously un-
recognized glomerular disease.? Marcelino et al. analyzed
data from regulatory centers in 134 countries and found
that rivaroxaban, apixaban, and edoxaban were associated
with renal adverse events (AEs) in 3.5%, 2.0%, and 1.7%
of cases, respectively.* Among users of direct factor Xa
inhibitors, acute kidney injury (AKI) is the most frequently
reported renal AE, and severe cases may require renal re-
placement therapy.>~1° A pharmacovigilance study based
on the U.S. Food and Drug Administration (FDA) Adverse
Event Reporting System (FAERS) identified a significant
disproportionality signal between rivaroxaban and AKL!!

On the other hand, several studies have suggested poten-
tial renoprotective effects of these drugs. A meta-analysis
indicated that rivaroxaban was associated with favorable re-
nal outcomes in patients with diabetes and preexisting kid-
ney disease, as well as in elderly populations and and Asian
cohorts.!? In patients with nonvalvular atrial fibrillation and

end-stage chronic kidney disease (CKD), rivaroxaban has
been associated with a significantly lower incidence of major
bleeding compared with warfarin.!® Furthermore, evidence
suggests that direct factor Xa inhibitors are associated with
a lower risk of AKI compared with warfarin.!

Against this background, further evaluation is needed
to determine whether a potential safety signal exists be-
tween direct factor Xa inhibitors and AKI using real-world
data. Pharmacovigilance is a key method for monitoring
associations between drugs and AEs following market
approval. The FAERS is a spontaneous reporting data-
base that collects reports of suspected adverse drug reac-
tions'®1® and serves as an important source of information
for post-marketing drug safety research.'

Objectives

To clearly illustrate the association between direct factor
Xa inhibitors and kidney injury, this study comprehen-
sively analyzed post-marketing kidney injury AEs asso-
ciated with direct factor Xa inhibitors using real-world
FAERS data. The study investigated the relationship be-
tween direct factor Xa inhibitors and kidney injury AEs
and their influencing factors, compared differences in re-
nal injury AEs between 2 direct factor Xa inhibitors, and
aimed to provide a reference for their clinical use.

Materials and methods
Data source

This study was designed as an observational, retro-
spective, cross-sectional pharmacovigilance analysis
covering the period from the 1% quarter of 2014 (Q1 2014)
to the 4t quarter of 2024 (Q4 2024). Data were extracted
from the FAERS, a publicly accessible large-scale spontane-
ous AE reporting database (https://fis.fda.gov/extensions/
FPD-QDE-FAERS/FPD-QDE-FAERS.html). As all data
used in this study were anonymized and de-identified,
ethical approval was not required.
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Drug selection and adverse
reaction definition

This study focused on 2 widely used direct factor Xa
inhibitors, rivaroxaban and apixaban. To minimize po-
tential confounding effects from concomitant medica-
tions, only reports in which rivaroxaban or apixaban was
listed as the primary suspect drug were included. Reports
involving co-medications were excluded. Adverse events
in the FAERS database were defined using Preferred Terms
(PTs) from v. 25.0 of the Medical Dictionary for Regula-
tory Activities (MedDRA; https://www.ich.org/page/med-
dra). We identified relevant AEs using the PT “acute kid-
ney injury (AKI)” as the target keyword. Reports related
to the target drugs were screened using both their generic
and brand names. For each eligible report, we extracted
basic information, including patient age, sex, report year, re-
porting country, indication, and clinical outcome. The time
to onset (TTO) of AKI associated with direct factor Xa
inhibitors was defined as the interval between EVENT DT
(event date) in the DEMO file and START_DT (start date
of drug administration) in the THER file. Records were ex-
cluded if data were missing or inaccurate, or if the reported
event occurred before the start of drug administration.

Statistical analyses

This study utilized a disproportionality analysis approach
to evaluate the relative risk of AKI in patients treated with
direct factor Xa inhibitors. By comparing the observed
number of AE reports with the expected number, this
method helps identify signals that may indicate an increased
risk of adverse reactions and serves as a key tool for post-
marketing drug safety surveillance. To improve the accu-
racy of signal detection, we employed several commonly

Table 1. Summary of the major algorithms used for signal detection

Algorithms | Equation | Criteria
ROR ROR = (a/b)/(c/d) lower 95% CI > 1,
95% (| = e\n(ROR)11v96(1/a+1/b+1/c+ 1/d)70.5 n>3

PRR = (a/(a+0))/(b/(b+d))
PRR22,)%> 4,

PRR X2 = 5((0 - B)/E); h>3
(O =43, E=(a+ b)(a+c)/(a+b+c+d))

Aexp = ((@+b)*(@+0))/(a+b+c+d)

BCPNN IC =109,((a+0.5)/(aexp+0.5)) 1Cop5 >0
ICops = IC-3.3%(@+0.5) 0% - 2*(@+0.5)"°

VGRS EBGM = a(a+b+c+d)/((a+c)(a+b)) EBGMO5 > 2,
EBGMO5 = e\n(EBGMH.64(1/a+1/b+1/c+1/d)A05 n>3

a - report count of the target adverse event for the target drug;

b - report count of other adverse events for the target drug; c - report
count of the target adverse event for all other drugs; d — report count
of other adverse events for all other drugs; ROR - reporting odds ratio;
PRR - proportional reporting ratio; BCPNN — Bayesian Confidence
Propagation Neural Network; MGPS — Multi-item Gamma Poisson
Shrinker; IC — information component; EBGM — empirical Bayes
geometric mean; 95% Cl — 95% confidence interval.

Table 2. A 2 x 2 contingency table used for disproportionality analysis

Direct factor Xa

Number of cases inhibitors Other drugs
Acute kidney injury a C
Non-acute kidney injury b d

a - report count of the target adverse event for the target drug; b — report
count of other adverse events for the target drug; ¢ — report count

of the target adverse event for all other drugs; d - report count of other
adverse events for all other drugs.

used disproportionality measures, including reporting odds
ratio (ROR),!® proportional reporting ratio (PRR),!° Bayesian
Confidence Propagation Neural Network (BCPNN),2 and
Multi-item Gamma Poisson Shrinker (MGPS).2! A signal
was considered positive only if the predefined threshold cri-
teria for all 4 algorithms were met. The specific mathemati-
cal formulas and evaluation criteria are detailed in Table 1.
All disproportionality indicators were calculated based
on 2 x 2 contingency tables, as presented in Table 2.

To assess the robustness of our findings, ibuprofen was
selected as a positive control and insulin glargine as a nega-
tive control. Additionally, subgroup analyses were per-
formed based on sex and age groups to enhance the inter-
pretability and reliability of the results.

All data processing and statistical analyses were con-
ducted using Microsoft Excel 2019 (Microsoft Corp., Red-
mond, USA) and R v. 4.2.1 (R Foundation for Statistical
Computing, Vienna, Austria). The primary R packages
used for data cleaning, analysis, and visualization included
“desc”, “tidyverse”, “tablel”, “openxlsx”, “data.table”, “dplyr”,
and “ggplot2”.

Results
Basic characteristics

A total of 108,819 AE reports related to rivaroxaban and
135,127 reports related to apixaban were retrieved from
the FAERS database between Q1 2014 and Q4 2024. Among
them, 2,479 reports of AKI were associated with rivaroxaban
(2.28%), while 601 AKI cases were associated with apixaban
(0.44%). The annual number of AE reports related to direct
factor Xa inhibitors over the past decade is shown in Fig. 1.

Descriptive analyses of the clinical characteristics
of the reported cases are summarized in Table 3. In both
drug groups, AKI cases were predominantly reported
in male patients and primarily occurred in individuals
aged 65 years and older. Notably, AKI reports were rare
among individuals younger than 18 years, likely reflecting
the demographic profile of the treated population. The ma-
jority of AKI-related reports originated from the USA and
France. The most frequently reported indications for direct
factor Xa inhibitors included atrial fibrillation, cerebro-
vascular accident prophylaxis, thrombosis prophylaxis,
pulmonary embolism, and hypertension.
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Disproportionality analysis in elderly
patients aged over 65 years

Since most AKI reports occurred in elderly patients
(=65 years), disproportionality analysis was limited to this
subgroup, using the entire FAERS database as the reference.
To validate the analytical performance of FAERS, ibupro-
fen and insulin glargine were used as positive and negative
controls, respectively. As shown in Table 4, all 4 dispropor-
tionality methods indicated a strong association between
ibuprofen and AKI (ROR = 5.75, 95% confidence interval
(95% CI): 5.31-6.22; PRR = 5.63, x* = 2,377.41; EBGM = 5.58,
EBGMO5 = 5.22; IC = 247, IC025 = 2.34), whereas no sig-
nificant association was observed for insulin glargine
(ROR = 0.11, 95% CI: 0.08—0.16; PRR = 0.11; EBGM = 0.12,
EBGMO5 = 0.09; IC = -3.10, IC025 = —3.68). Subsequent
disproportionality analysis using 4 methods (ROR, PRR,
EBGM, and IC) revealed a significant signal for the associa-
tion between rivaroxaban and AKI in patients aged =65 years,
while no such signal was observed for apixaban (Table 4).
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Fig. 1. Annual number of adverse
event reports related to direct factor
Xa inhibitors over the past decade

Rivaroxaban exhibited a high ROR (3.82, 95% CI: 3.65—4.01),
whereas apixaban had a lower ROR (0.86, 95% CI: 0.79—-0.94).
The PRR results were consistent with the ROR findings:
the PRR for rivaroxaban was 3.78 (x> = 3543.98), whereas
that for apixaban was 0.78 (x? = 10.73). Further validation
using EBGM and IC also confirmed these findings: rivaroxa-
ban showed EBGM = 3.68 (EBGMO05 = 3.54) and IC = 1.88
(IC025 =1.80), both exceeding the signal thresholds. In con-
trast, apixaban had EBGM = 0.86 (EBGMO05 = 0.80) and
IC = -0.21 (IC025 = —0.36), indicating no signal. Based
on these results, subsequent analyses focused on rivaroxa-
ban, which showed a significant association with AKIL.

Comparative analysis with other
antithrombotic agents

In addition to direct factor Xa inhibitors, commonly used
oral antithrombotic agents include warfarin and aspirin.
Figure 2 displays the variation in AKI signals for rivaroxa-
ban and apixaban using warfarin or aspirin as reference
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Table 3. Characteristics of acute kidney injury events associated with direct factor Xa inhibitors reported in the U.S. Food and Drug Administration (FDA)
Adverse Event Reporting System (FAERS) database, 2014-2024

Characteristics Rivaroxaban, n (%) Apixaban, n (%)

All adverse events 108,819 135,127
Acute kidney injury 2,479 (2.28%) 601 (0.44%)
male 1,379 (1.27%) 320 (0.24%)
Gender female 1,066 (0.98%) 255 (0.19%)
not reported 34 (0.03%) 26 (0.02%)

<18 2 (0.00%) 0(0.00%)

18 to <65 598 (0.55%) 51 (0.04%)
Age groups 65 to <75 829 (0.76%) 152 (0.11%)
>75 960 (0.88%) 340 (0.25%)

not reported 90 (0.08%) 58 (0.04%)
consumer 1,809 (1.66%) 120 (0.09%)
physician 238 (0.22%) 208 (0.15%)

Reported health professional 209 (0.19%) 89 (0.07%)
occupation other health professional 98 (0.09%) 50 (0.04%)
pharmacist 98 (0.09%) 127 (0.09%)

not reported 4 (0.00%) 3 (0.00%)
USA 2,106 (1.94%) 184 (0.14%)
France 88 (0.08%) 128 (0.09%)

Sﬁsggsd Germany 51 (0.05%) 52 (0.04%)
UK 50 (0.05%) 57 (0.04%)

Italy 25 (0.02%) 33 (0.02%)

atrial fibrillation 695 (0.64%) 90 (0.07%)
cerebrovascular accident prophylaxis 577 (0.53%) 290 (0.21%)

Indication thrombosis prophylaxis 341 (0.31%) 22 (0.02%)
deep vein thrombosis 336 (0.31%) 17 (0.01%)

pulmonary embolism 154 (0.14%) 21 (0.02%)

Table 4. Disproportionality analysis of acute kidney injury (AKI) events associated with direct factor Xa inhibitors in elderly patients aged over 65 years

ROR (95% Cl) EBGM (EBGMO05) IC (ICq25)
Ibuprofen (positive control) 5.75 (5.31-6.22) 5.63(2,37741) 5.58 (5.22) 248 (2.36)
Insulin glargine (negative control) 0.11 (0.08-0.16) 0.11 (226.54) 0.12 (0.09) -3.12(=3.61)
Rivaroxaban 3.82 (3.65-4.01) 3.78 (3,543.98) 3.68 (3.54) 1.88(1.81)
Apixaban 0.86 (0.79-0.94) 0.86 (10.73) 0.86 (0.80) -0.21(-0.34)

Values in bold indicate a positive signal. ROR - reporting odds ratio; PRR — proportional reporting ratio; BCPNN - Bayesian Confidence Propagation Neural
Network; MGPS — Multi-item Gamma Poisson Shrinker; IC — information component; EBGM — empirical Bayes geometric mean; 95% Cl — 95% confidence
interval..

Fig. 2. Changes in acute kidney injury (AKI)
signals for rivaroxaban and apixaban when
warfarin or aspirin was used as the reference
drug

ROR - reporting odds ratio;
95% Cl — 95% confidence interval.

drugs. Compared with warfarin, rivaroxaban showed CI: 0.40-0.55). When compared with aspirin, neither ri-
a significant association with AKI (ROR = 3.13, 95% CI: varoxaban (ROR = 0.99, 95% CI: 0.93-1.05) nor apixaban
2.69-3.64), whereas apixaban did not (ROR = 0.47, 95% (ROR =0.23,95% CI: 0.21-0.25) showed a significant signal.
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Table 5. Rivaroxaban-associated AKl according to clinical characteristics in patients aged over 65 years

Patients (total)

Characteristics

female 47878
Sex
male 48,145
65-75 21,823
Age [years]
>75 26,757

Number of AKI cases

Proportion of AKI (%) ROR (95% Cl)
1,066 223% 6.05 (5.69-6.43)
1,379 2.86% 4.12 (3.90-4.35)
829 3.80% 4.55 (4.24-4.88)
960 3.59% 3.11(291-331)

AKI - acute kidney injury; ROR - reporting odds ratio; 95% Cl — 95% confidence interval.

Subgroup analysis in patients aged
over 65 years

Given the observed association between rivaroxaban
and AKI in older adults, a stratified analysis by sex and
age was conducted to control for potential confounders
(Table 5). Reporting odds ratio values for rivaroxaban re-
mained above the signal threshold across all subgroups.
Notably, the risk was more pronounced in elderly females,
with an ROR of 6.05 (95% CI: 5.69-6.43), indicating higher
susceptibility in this population. It should be noted that
these findings warrant confirmation in larger, high-quality
prospective studies.

Time to onset

The median time to AKI onset following rivaroxaban
administration was 109 days (interquartile range (IQR):
22-340 days). Approximately 50% of AKI events occurred
within the first 3 months of treatment. Interestingly, about
10% of AKI cases emerged within the 1% week of drug ex-
posure (Fig. 3).

Prognosis of rivaroxaban-associated AKI
in patients over 65 years

To assess the clinical outcomes of rivaroxaban-asso-
ciated AKI, hospitalization and fatality rates were ana-
lyzed using the FAERS database (Table 6). The results
indicated a hospitalization rate of 56.06%, a fatality rate
of 37.67%, and a life-threatening event rate of 4.02%,
all of which were significantly higher than those ob-
served in patients without AKI. These findings high-
light the substantial impact of AKI on clinical outcomes
in this population.

Table 6. Outcomes of AKl events in elderly patients aged over 65 years

Rivaroxaban

Outcome

AKI (n=1,789) non-AKI (n =46,791)

Death 674 (37.67%) 8,866 (18.95%)
Hospitalization 1,003 (56.06%) 22,264 (47.58%)
Life-threatening events 72 (4.02%) 2,089 (4.47%)

Other serious events 34 (1.90%) 8,800 (18.81%)

AKI - acute kidney injury.

Fig. 3. Time to onset of acute kidney injury (AKI) following rivaroxaban
administration

Discussion

Currently, post-marketing safety data regarding direct
factor Xa inhibitors and their use in renal disorders remain
limited. The FAERS database, as one of the major global
resources for detecting signals of rare AEs,?? provides in-
valuable data for pharmacovigilance and pharmacoepide-
miological research and is freely accessible to researchers.
In this study, we systematically investigated the potential
renal adverse effects associated with direct factor Xa in-
hibitors using the FAERS surveillance system.

From spontaneous reports submitted between 2014 and
2024, we identified 2,479 AKI cases associated with rivaroxa-
ban and 601 associated with apixaban. Although FAERS data
cannot be used to estimate the true incidence rate, the pro-
portion of AKI among all rivaroxaban-related AEs was
2.28% (2,479/108,819), suggesting that this AE may not be
asrare as described in the product label. The main strength
of this study lies in being the first to systematically evaluate
the potential association between direct factor Xa inhibitors,
particularly rivaroxaban, and AKI. All 4 disproportionality
analysis methods indicated a significant signal for rivar-
oxaban-associated AKI: ROR = 3.82 (95% CI: 3.65-4.01),
PRR = 3.78 (x = 3,543.98), EBGM = 3.68 (EBGMO5 = 3.54),
and IC = 1.88 (IC025 = 1.81). In contrast, no statistically
significant association was observed for apixaban.
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With the growing number of patients with cardiovas-
cular disease (CVD), the use of oral anticoagulants has
become increasingly common. As early as 2017, case re-
ports suggested that direct factor Xa inhibitors may in-
duce nephrotoxicity, supported by renal biopsy findings
in a patient treated with apixaban.?*2?* Subsequent reports
by Galloway et al.?> and Iwafuchi et al.?¢ also described
apixaban-associated AKI cases. However, our analysis in-
dicated a significant signal only between rivaroxaban and
AKI, with no similar findings for apixaban. Although both
agents belong to the same class, emerging evidence sug-
gests potential differences in renal safety profiles. Several
comparative studies and meta-analyses have shown that
apixaban may pose a lower risk of AKI than rivaroxaban
in elderly individuals and those with CKD or diabetes.?’
Apixaban has not been statistically linked to adverse renal
outcomes in most patients with atrial fibrillation.?” This
disparity may arise from differences in pharmacokinetics,
renal clearance, and dosing regimens. For example, apixa-
ban is less reliant on renal elimination than rivaroxaban,
which may contribute to its more favorable renal safety
profile. Additionally, proposed mechanisms of AKI induced
by direct factor Xa inhibitors include glomerular hemor-
rhage, tubular obstruction by red blood cell casts, and free
hemoglobin release.?® Users of apixaban had a lower risk
of bleeding compared with those receiving rivaroxaban.?

We further analyzed the effects of sex and age on AKI
risk. Rivaroxaban-associated AKI was more frequently
reported in men and in patients aged >65 years. All 4 dis-
proportionality methods confirmed a clear signal for ri-
varoxaban in the elderly subgroup. Epidemiological data
indicate that individuals aged 265 years are at greater risk
of cardiovascular events®® and experience higher rates
of mortality®! and post-hospitalization disability,?? pos-
sibly due to declining organ function and metabolic ca-
pacity.? Globally, the age-standardized mortality rate for
CVD in men (280.8 per 100,000) is significantly higher
than in women (204.0 per 100,000), particularly in high-
income regions and across Central/Eastern Europe, Cen-
tral Asia, and South Asia.?* Thus, male patients are more
likely to be prescribed rivaroxaban, which may explain
the higher number of AE reports in this group. Clini-
cians should exercise greater caution when prescribing
rivaroxaban to male and elderly patients. With respect
to geographical distribution, the majority of rivaroxaban-
and apixaban-related AEs were reported in the USA and
France, suggesting international differences in reporting
behavior, potentially influenced by prescribing habits, reg-
ulatory practices, and awareness of the FAERS database.
Time-to-onset analysis revealed that nearly 50% of AKI
events occurred within 3 months of rivaroxaban initiation,
with approx. 10% occurring within the 15 week. Although
current clinical guidelines do not recommend routine re-
nal monitoring for all rivaroxaban users,3>% our findings
underscore the importance of early renal function surveil-
lance to mitigate potential risks.

In terms of clinical outcomes, among the 1,789 riva-
roxaban-associated AKI cases, 1,003 (56.06%) required
hospitalization and 674 (37.67%) resulted in death, under-
scoring the severity of these events. In a study by Chen
et al.,, 35% of 28 patients with direct oral anticoagulants
(DOAC)-related AKI required acute dialysis, and 60%
did not recover baseline renal function.?” Truyjillo et al.
similarly reported that 28% of patients receiving DO-
ACs required long-term dialysis.3® These findings sug-
gest that rivaroxaban-associated AKI may synergize with
complications such as bleeding or infection, complicating
treatment and increasing the healthcare burden.?> Never-
theless, this study cannot establish a causal relationship
between rivaroxaban use and hospitalization or death,
as these outcomes may also result from underlying disease
progression or other clinical events. Prospective studies
are warranted to verify these associations.

Importantly, although we observed disproportionality
in the reporting of rivaroxaban-associated AKI, these find-
ings do not imply causality and should not be overinter-
preted. Numerous studies have demonstrated the thera-
peutic benefits of rivaroxaban in thrombotic disorders.
For example, compared with aspirin, rivaroxaban com-
bination therapy reduced all-cause and cardiovascular
mortality in patients with chronic coronary or peripheral
artery disease.3® Moreover, both rivaroxaban (hazard ratio
(HR) = 0.66, 95% CI: 0.55-0.77) and apixaban (HR = 0.73,
95% CI: 0.59—0.87) have been shown to reduce the risk of re-
nal impairment.?® In patients with moderate renal impair-
ment and no increased bleeding risk, the benefit of rivar-
oxaban plus aspirin was preserved compared with aspirin
alone.*® These findings are consistent with our results
showing that neither rivaroxaban nor apixaban exhibited
a significant association with AKI when aspirin was used
as the comparator. Furthermore, rivaroxaban may provide
greater benefits in patients with CKD or diabetes. In pa-
tients with atrial fibrillation, rivaroxaban has been associ-
ated with better renal outcomes than vitamin K antagonists
(VKASs).1227 Among patients with nonvalvular atrial fibrilla-
tion and diabetes, rivaroxaban was associated with a lower
risk of renal AEs than warfarin.*! In patients with both
atrial fibrillation and advanced CKD, rivaroxaban use was
associated with fewer renal AEs compared with VKAs.*?
In elderly patients, rivaroxaban tended to improve primary
safety outcomes regardless of renal function.*® However,
our study identified a significant AKI signal for rivaroxa-
ban, but not for apixaban, when compared with warfarin,
which may differ from previous findings due to differences
between real-world and case-control study designs.

Limitations of the study

This study has several strengths, including a large sample
size, broad coverage of real-world data, and a systematic
evaluation of the clinical characteristics and outcomes as-
sociated with rivaroxaban-related AKI. Nevertheless, it also



has several limitations. First, FAERS data may be incom-
plete, and AKI diagnoses are often based on spontaneous
reports without standardized criteria. Second, the lack
of control for confounding factors (e.g., pre-existing CKD)
limits causal inference. Third, missing baseline character-
istics, exposure information, and renal function data hinder
the estimation of incidence and attribution of causality.

Conclusions

Using real-world data from FAERS, this study identi-
fied a potential safety signal linking rivaroxaban to AKI
in elderly patients (=65 years). Given that most AKI cases
occurred within 3 months of treatment initiation and were
associated with high hospitalization and mortality rates,
clinicians should remain vigilant and conduct regular renal
monitoring, especially during the early phase of therapy.
Our findings provide supplementary evidence for the ratio-
nal use of rivaroxaban and highlight the need to monitor
renal function in older adults. It is essential to emphasize
that the observed disproportionality does not confirm
a causal relationship and should not lead to overinterpre-
tation of the results.
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