
Abstract. Background/Aim: Reports regarding the 
association of remdesivir use for the treatment of 
Coronavirus disease 2019 (COVID-19) with the development 
of acute kidney injury (AKI) are inconsistent, and the 
associations between the use of other antivirals and AKI 
remain unclear. Therefore, this study investigated whether 
the use of antiviral drugs for the treatment of COVID-19 is 
a risk factor for the development of AKI. Patients and 
Methods: This study analyzed 176,197 reports submitted to 
the Japanese Adverse Event Reporting Database between 
2020 and 2022. Reporting odds ratios (RORs) and 95% 
confidence intervals (95%CIs) for AKI that were associated 
with the use of antiviral drugs in patients with COVID-19 
were calculated after adjusting for potential confounders. 
Results: Overall, 5,879 of the reports analyzed were 
associated with AKI. Signs of AKI were detected with the use 
of remdesivir [crude ROR (cROR)=2.45; 95%CI=1.91-3.14] 
and nirmatrelvir/ritonavir (cROR=6.07; 95%CI=4.06-9.06). 
These results were maintained even after adjusting for 
potential confounders [remdesivir: adjusted ROR 
(aROR)=2.18; 95%CI=1.69-2.80, nirmatrelvir/ritonavir: 
aROR=5.24; 95%CI=3.48-7.90]. However, when analyzing 
data stratified by reporting year, the association between 
remdesivir and AKI appeared to diminish over time and was 
not sustained. Conclusion: Nirmatrelvir/ritonavir use may be 
associated with developing AKI. This knowledge may be 
useful in helping patients with COVID-19 avoid AKI 
complications. 

Coronavirus disease 2019 (COVID-19), caused by Severe 
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), 
has become a global pandemic. However, on May 4, 2023, 
the World Health Organization announced the end of its 
declaration of a “public health emergency of international 
concern”, though mutant strains of COVID-19 continue to 
emerge and infect individuals. SARS-CoV-2 often causes 
upper respiratory tract symptoms, including sore throat, nasal 
discharge, and nasal obstruction, and systemic symptoms, 
such as fatigue, fever, and myalgia (1). In addition, acute 
kidney injury (AKI) has been reported as a complication in 
patients with severe COVID-19 (2). A recent meta-analysis 
reported that 29% of patients with COVID-19 developed 
AKI (3). AKI due to COVID-19 is thought to be caused by 
tubulopenia (4, 5).  

In addition, antiviral drugs used as therapy against 
COVID-19 may also be associated with the development of 
AKI. Remdesivir, molnupiravir, nirmatrelvir/ritonavir, and 
ensitrelvir are antiviral drugs that are currently used to treat 
COVID-19. Remdesivir was the first approved treatment, 
and renal impairment due to accumulation of the additive 
sulfobutylether-β-cyclodextrin (SBECD) has been reported 
(6). In addition, an analysis using the Food and Drug 
Administration Adverse Event Reporting System (FAERS) 
has shown an association between remdesivir and AKI (7). 
In contrast, a meta-analysis reported that remdesivir does not 
affect the risk of AKI (8). Another previous study revealed 
that remdesivir can be safely used in patients with an 
estimated glomerular filtration rate <30 ml/min (9). 
Remdesivir has been approved by the Food and Drug 
Administration for the treatment of patients with COVID-19 
with severe renal dysfunction, including those requiring 
dialysis. However, associations between molnupiravir, 
nirmatrelvir/ritonavir, and ensitrelvir and AKI have not been 
reported and remain unknown. 

The Japanese Adverse Drug Event Report (JADER) 
database includes data acquired during the post-marketing 
phase of a drug and is a valuable tool provided by the 
Japanese regulatory authorities. The JADER database can be 
used for post-marketing surveillance and reflects the reality 
of clinical practice. This database is similar to the FAERS 
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database in the United States. This study examined the 
association between AKI and the use of antiviral drugs to 
treat COVID-19 using reports from the JADER database. 

 
Patients and Methods 
 
Study population. Adverse event reports submitted to the JADER 
database between January 2020 and December 2022 were 
downloaded from Japan’s Pharmaceuticals and Medical Devices 
Agency (PMDA) website. The JADER database, established by 
PMDA, contains millions of drug adverse event reports that are 
voluntarily submitted by healthcare professionals and 
pharmaceutical companies. The original database includes four data 
tables: patient information, drug information, adverse events, and 
primary disease. These data tables provide information regarding 
patient demographics, including sex and age, as well as clinical 
characteristics such as underlying diseases and concomitant 
medications. As shown in Figure 1, these tables were combined to 
extract 206,333 reports. Reports with missing data regarding sex 
and age (n=30,136) were excluded. The final analysis included 
176,197 reports. 

 
Detection of the signal for AKI. In the JADER database, adverse 
events are coded according to the terminology preferred by the 
Japanese version of the Medical Dictionary for Regulatory 
Activities (MedDRA/J) version 26.0. AKI events were identified 
using preferred terms related to AKI in the Standardized MedDRA 
Query (SMQ) for acute renal failure (20000003), as described  
in previous studies (10). Remdesivir, molnupiravir, and 
nirmatrelvir/ritonavir were selected for inclusion as antiviral drugs 
against COVID-19 in this study. Ensitrelvir was excluded from 
this study due to the small number of adverse event reports 
regarding the use of this antiviral drug. The concomitant uses of 
non-steroidal anti-inflammatory drugs (NSAIDs; aspirin, 
acemetacin, ampiroxicam, celecoxib, chondroitin sulfate 
sodium/sodium salicylate, diclofenac, etodolac, flufenamic acid 
aluminium, flurbiprofen, flurbiprofen axetil, ibuprofen, 
indomethacin, indomethacin farnesyl, ketoprofen, loxoprofen, 
meloxicam, mefenamic acid, nabumetone, naproxen, piroxicam, 
pranoprofen, sodium salicylate, sulindac, and zaltoprofen) (11), 
calcium channel blockers (CCBs; amlodipine, azelnidipine, 
barnidipine, benidipine, cilnidipine, diltiazem, efonidipine, 
felodipine, manidipine, nicardipine, nifedipine, nilvadipine, and 
nitrendipine), and loop diuretics (LDs; azosemide, furosemide, and 
torasemide) were also documented. Comorbidities associated with 
an increased risk of AKI, including hypertension (HT), heart 
failure (HF), and diabetes mellitus (DM), were also defined by the 
SMQs in the MedDRA/J. The SMQs of comorbidities included HT 
(20000147), HF (20000004), and hyperglycemia/new onset DM 
(20000041). In the JADER database, the contributions of drugs to 
adverse events are classified into three categories: suspected 
medication, concomitant medication, and interaction. Antiviral 
drugs used to treat COVID-19, NSAIDs, CCBs, and LDs were 
extracted from all categories. 

 
Statistical analyses. All analyses were performed as previously 
described (10). The reports were divided into four groups: (a) cases 
identified as AKI with the target medication, (b) cases identified as 
AKI without the target medication, (c) cases not identified as AKI 
with the target medication, and (d) cases not identified as AKI 

without the target medication. The reporting odds ratios (RORs) and 
95% confidence intervals (95%CIs) were calculated using the above 
groups and the following equations: 

ROR=(a/b)/(c/d)  
 

 
For the multivariable logistic regression analysis, the calculated 

RORs (crude RORs) for antiviral drugs against COVID-19 were 
adjusted for age (≥70 years); sex; reporting year; history of HT, HF, 
or DM; and medication history including NSAIDs, CCBs, or LDs 
as the explanatory variable. Moreover, multiple logistic analyses 
stratified by reporting year were also performed. Statistical 
significance was defined as a lower limit of the 95%CI of the ROR 
>1. All statistical analyses were performed using JMP17 software 
(SAS Institute Inc., Cary, NC, USA).  

 
Results 
 
Of the 176,197 reports analyzed in this study, 5,879 
described AKI and 170,318 included other adverse events 
(Figure 1). For all adverse events, 878, 596, and 168 reports 
listed remdesivir, molnupiravir, and nirmatrelvir/ritonavir, 
respectively, as suspected drugs. Of these, 68, 20, and 29 
included remdesivir, molnupiravir, and nirmatrelvir/ritonavir, 
respectively, as drugs suspected to be responsible for AKI. 
Remdesivir (crude ROR=2.45; 95%CI=1.91-3.14) and 
nirmatrelvir/ritonavir (crude ROR=6.07; 95%CI=4.06-9.06) 
were associated with AKI, though molnupiravir was not 
(crude ROR=1.01; 95%CI=0.64-1.57). Patients with existing 
risk factors, including age (≥70 years); sex; history of HT, 
HF, or DM; and medication history of NSAIDs, CCBs, or 
LDs had a significantly higher crude ROR for AKI (Table I). 

In the adjusted model, remdesivir and nirmatrelvir/ 
ritonavir had a high ROR and were associated with AKI 
(remdesivir: adjusted ROR=2.18; 95%CI=1.69-2.80; 
nirmatrelvir/ritonavir: adjusted ROR=5.24; 95%CI=3.48-
7.90) (Table II). 

Remdesivir was associated with AKI in 2020 (ROR=6.40; 
95%CI=4.09-10.0), though the association diminished in 
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Figure 1. Flowchart depicting the data extraction.



subsequent years and was not sustained (Table III). In contrast, 
a consistent robust association between nirmatrelvir/ritonavir 
and AKI was observed for all years included in this study. 

 
Discussion 
 
The association between antiviral drugs used to treat COVID-
19 and AKI development was investigated in this large study, 
and potential confounders were adjusted for using the JADER 
database. Remdesivir and nirmatrelvir/ritonavir were found to 
be associated with AKI, though the association of remdesivir 
diminished as the study period progressed. FAERS, a similar 
adverse event spontaneous reporting system, reported that 
adverse event reports increased over the first two years after 
approval, but then declined rapidly (12). This may be because 

adverse events noted immediately after the time of approval 
may be more emphasized. From this perspective, the 
association of nirmatrelvir/ritonavir with the development of 
AKI in patients with COVID-19 may be more concerning and 
supports previous reports that remdesivir has no effect on the 
risk of AKI (8). However, remdesivir contains SBECD, which 
can cause kidney damage. SBECD is excreted mainly in the 
urine, and the accumulation of SBECD has been suggested to 
occur in patients with renal dysfunction (13). The cumulative 
dose of intravenous voriconazole, which also contains 
SBECD, is positively associated with decreased renal function 
(14). However, the time to reach the cumulative dose of 
voriconazole associated with clinical renal function decline is 
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Table I. Comparisons of acute kidney injury (AKI) and other adverse events. 
 
Factors                                                                            AKI                                           Other adverse events                                            Crude ROR  
                                                                                   (n=5,879)                                             (n=170,318)                                                      (95%CI) 
 
Age (≥70 years)                                                       3,294 [56.0]                                          76,474 [44.9]                                              1.56 (1.48-1.65) 
Sex (male)                                                                3,273 [55.7]                                          85,853 [50.4]                                              1.24 (1.17-1.30) 
Drugs                                                                                                                                                                                                                         
   Remdesivir                                                              68 [1.16]                                                810 [0.48]                                                 2.45 (1.91-3.14) 
   Molnupiravir                                                           20 [0.34]                                                576 [0.34]                                                 1.01 (0.64-1.57) 
   Nirmatrelvir/ritonavir                                             29 [0.49]                                                139 [0.08]                                                 6.07 (4.06-9.06) 
   NSAIDs                                                                  806 [13.7]                                            12,975 [7.62]                                              1.93 (1.78-2.08) 
   Calcium channel blockers                                    801 [13.6]                                            12,009 [7.05]                                              2.08 (1.93-2.25) 
   Loop diuretics                                                        585 [9.95]                                             6,076 [3.57]                                               2.99 (2.73-3.27) 
History of diseases                                                                                                                                                                                                    
   Hypertension                                                        1,123 [19.1]                                          17,566 [10.3]                                              2.05 (1.92-2.20) 
   Heart failure                                                           481 [8.18]                                             4,272 [2.51]                                               3.46 (3.14-3.82) 
   Diabetes mellitus                                                   698 [11.9]                                            12,298 [7.22]                                              1.73 (1.60-1.88) 
 
Data are shown as number [percentage]. NSAIDs: Non-steroidal anti-inflammatory drugs; CI: confidence interval; ROR: reporting odds ratio.

Table II. Adjusted reporting odds ratio, (RORs) of antiviral drugs used 
to treat COVID-19 for acute kidney injury. 
 

Adjusted ROR (95%CI) 
 
Drugs Model 1 Model 2 Model 3 
 
Remdesivir 2.32 (1.81-2.98) 2.17 (1.69-2.80) 2.18 (1.69-2.80) 
Molnupiravir 0.94 (0.60-1.46) 0.85 (0.54-1.33) 0.86 (0.55-1.35) 
Nirmatrelvir/ 5.99 (4.00-8.97) 5.72 (3.80-8.61) 5.24 (3.48-7.90) 
 ritonavir 
 
CI: Confidence interval. Model 1: Adjusted for age (≥70 years), sex, 
and reporting year. Model 2: Adjusted for the variables in Model 1 and 
history of hypertension, heart failure, or diabetes mellitus. Model 3: 
Adjusted for the variables in Model 2 and medication history for use of 
non-steroidal anti-inflammatory drugs, calcium channel blockers, or 
loop diuretics.

Table III. Reporting odds ratios (RORs) of antiviral drugs used to treat 
COVID-19 stratified based on the reporting year. 
 
Drugs                       Reporting        Crude ROR             Adjusted ROR  
                                     year                (95%CI)                     (95%CI)  
 
Remdesivir                  2020          7.57 (4.88-11.7)         6.40 (4.09-10.0) 
                                     2021          1.96 (1.23-3.12)         1.64 (1.02-2.64) 
                                     2022          1.61 (1.06-2.46)         1.52 (0.99-2.32) 
Molnupiravir               2020                      –                                  – 
                                     2021          0.73 (0.27-1.97)         0.63 (0.23-1.70) 
                                     2022          1.15 (0.70-1.90)         0.92 (0.56-1.54) 
Nirmatrelvir/                2020                      –                                  – 
 ritonavir                      2021          3.41 (0.43-27.0)         3.32 (0.41-26.7) 
                                     2022          6.38 (4.23-9.63)         5.51 (3.62-8.39) 
 
CI: Confidence interval. Adjusted for age (≥70 years); sex; history of 
hypertension, heart failure, or diabetes mellitus; and medication history 
for use of non-steroidal anti-inflammatory drugs, calcium channel 
blockers, or loop diuretics. 



assumed to be relatively long. Therefore, even if remdesivir 
contains SBECD, it may have little effect on renal function 
for the limited duration of dosing used for the treatment of 
COVID-19. 

In this study, an association between nirmatrelvir/ritonavir 
and AKI was observed, even after adjustment for potential 
confounders. A previous study reported that 7% of patients 
treated with nirmatrelvir/ritonavir developed renal 
dysfunction (15). The underlying mechanism for this is not 
clear, though it is possible that ritonavir (including 
nirmatrelvir/ritonavir) is associated with AKI as an 
association between ritonavir alone and AKI was observed 
in the current study (ritonavir: adjusted ROR=6.24; 
95%CI=3.03-12.8). Several cases of renal failure have been 
reported after ritonavir administration (16, 17). In addition, 
tenofovir, which is used to treat human immunodeficiency 
virus infections, increases the risk of renal function decline 
when combined with ritonavir (18). The mechanism for this 
association remains unclear, though ritonavir is believed to 
inhibit MRP2, a drug transporter protein, and that protease 
inhibitors are associated with chronic kidney disease (19, 
20). Therefore, monitoring renal function may be important 
when nirmatrelvir/ritonavir is used to treat COVID-19. 

AKI may also be a complication of COVID-19 as SARS-
CoV-2 affects a variety of organs, including the kidneys (21). 
Although the mechanism is not clear, some studies have 
reported renal proximal tubular dysfunction in patients with 
COVID-19 (22, 23). Therefore, COVID-19 itself may be 
contributing to AKI development more than antiviral drugs 
used to treat COVID-19. In this study, the association between 
remdesivir and AKI differs based on the reporting year, which 
may be influenced by changes in the pathogenesis of COVID-
19 or the SARS-CoV-2 strain. However, distinguishing 
between disease and drug effects in this study is difficult as all 
patients who were treated with antiviral drugs were infected 
with SARS-CoV-2. A recent retrospective study reported that 
the incidence of AKI in patients with COVID-19 is higher in 
patients administered antiviral drugs to treat COVID-19 and 
that patients with COVID-19 who are administered antiviral 
drugs and subsequently develop AKI have a worse prognosis 
than patients who do not (24). To increase the credibility of the 
results of the current study, the data must be adjusted for 
differences in COVID-19 pathogenesis and viral strains, and 
the associations between antiviral drugs used to treat COVID-
19 and AKI must be investigated. 

This study has several strengths, including its large 
sample size and ability to detect an association after 
adjusting for confounding factors including concomitant 
medications and comorbidities. However, the study also has 
several limitations. First, the JADER database is a voluntary 
reporting system. Several biases exist in this system, 
including underreporting, overreporting, missing data, 
exclusion of healthy participants, missing denominators for 

incidence estimates, and the presence of confounding factors 
(25, 26). Furthermore, when using an adverse event 
databases, the risk of AKI cannot be quantified without 
information regarding the total number of patients treated 
for COVID-19. Therefore, further clinical studies are needed 
to validate the results of this study. Second, the accuracy of 
the AKI diagnosis is limited as a review of medical records 
in the JADER database could not validate the diagnosis. 
Third, unadjusted residual confounding factors may have 
played a role as COVID-19 is associated with countless 
complications and medications. Indeed, autosomal dominant 
multiple cystic kidney disease patients infected with 
COVID-19 have been reported to avoid developing AKI by 
discontinuing tolvaptan, normalizing urine output, and 
carefully monitoring weight and fluid administration (27). 
However, the findings of the current study can be used to 
support future clinical research. 

 
Conclusion 
 
The results of the current study suggest that nirmatrelvir/ 
ritonavir use may be associated with AKI development in 
patients with COVID-19 and these findings may be useful in 
helping patients with COVID-19 avoid AKI complications. 
However, the results require validation in future studies.  
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