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Abstract: This retrospective cross-sectional study aims to investigate the prevalence and seriousness
of drug-induced nephrotoxicity and to identify clinical predictors intensifying the seriousness of
nephrotoxicity. Adverse drug events (ADEs) reported to the Korean Adverse Event Reporting System
Database (KAERS DB) from January 2012 to December 2021 were investigated. The association
between the seriousness and the etiologic drug was estimated in reporting odds ratio (ROR) based on
disproportionality analysis. Logistic regression was utilized to recognize predictors associated with
serious nephrotoxicity. The majority of ADEs were reported in ages 30 to 59, and immunosuppressants
were the most etiologic medications. ADEs involving antibiotics, including vancomycin (ROR 0.268;
95% CI 0.129–0.557), were less likely to be serious. More than 93% of cyclosporine-related ADEs were
serious nephrotoxicity, whereas tacrolimus was less likely to report serious nephrotoxicity (ROR 0.356;
95% CI 0.187–0.680). The risk of serious nephrotoxicity was decreased with aging (ROR 0.955; 95% CI
0.940–0.972) while increased in women (OR 2.700; 95% CI 1.450–5.008). Polypharmacy was associated
with increased risk of interstitial nephritis (OR 1.019; 95% CI 1.001–1.038). However, further studies
investigating the impact of clinical practice on ADE incidences as well as clinical prognosis related to
nephrotoxicity are obligated.

Keywords: antibiotics; drug safety; gaps in patient care; immunosuppressants; nephrotoxicity;
pharmacovigilance; KAERS DB; real-world data

1. Introduction

Pharmacotherapy is considered a fundamental treatment modality in most acute and
chronic disorders, including cardiovascular, endocrinological, psychiatric, infectious, and
even autoimmune disorders. As the incidences of chronic disorders such as hyperten-
sion, dyslipidemia, diabetes mellitus (DM), and cancer generally increase with age, the
prevalence of multimorbidity tends to escalate with aging, leading to an increase in the
number of concomitant medications [1,2]. Recent studies have indeed demonstrated a
multimorbidity prevalence of 62% and 81.5% in patients aged 65 to 74 years and 85 years or
older, respectively, implying a continuous increase in drug exposure in aged populations [3].
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Moreover, considering that the elderly patients are more vulnerable to acute communicable
diseases, such as pneumonia, secondary to underlying comorbidities and declined immune
functions, the number of concomitant medications as well as drug exposures may be greater
than estimated [4].

Polypharmacy, characterized by daily administration of at least five concomitant
medications, has become a significant healthcare issue worldwide, especially in elderly
populations [5]. Polypharmacy is associated with substantial adverse clinical prognoses
such as increased mortality, falls, drug interactions, and adverse drug events (ADEs) [6].
Hence, decreasing inappropriate drug use as well as providing optimal pharmacotherapy
are warranted to promote patient safety and improve clinical prognoses. Nevertheless,
myriad factors including genetics, pharmacokinetic and pharmacodynamic characteris-
tics, polypharmacy, and comorbidities may play critical roles as determinants of altered
responses to the medications, consequently increasing the risk of ADEs [7]. The ADE
incidences, including serious adverse events (SAEs), remain high, especially in hospitalized
patients, despite substantial under-reporting of ADEs in real clinical practice [8]. Moreover,
the majority of preventable ADEs are associated with polypharmacy, drug interactions, and
multimorbidity, accounting for at least 19 to 32.3% of all ADE cases, highlighting the clinical
significance of gaps in patient care [9], defined as a discrepancy between recommended
evidence-based care and the care that is actually provided to the patient [9–12].

The kidney is an essential organ responsible for xenobiotic excretion including med-
ications, electrolyte and fluid homoeostasis, erythropoietin production, and vitamin D
metabolism [13]. With a large number of medications being excreted renally, the kidneys
are more prone to developing medication-related toxicity [14]. Drug-induced nephrotoxi-
city, primarily manifested as rapid deterioration of renal functions [15,16], subsequently
induces numerous functional impairments, including glomerular or tubular dysfunction,
blood pressure control, or renal endocrine function [17]. The apparent incidence of drug-
induced nephrotoxicity is usually underestimated due to ambiguous causality and the
broad clinical spectrums associated with nephrotoxicity [18], and this may contribute to
gaps in patient care. Studies suggest the estimated prevalence of drug-induced acute
kidney injury (AKI) is 14 to 66% of all AKI cases, indicating the significant clinical impact
of drug-induced nephrotoxicity associated with pharmacotherapy [18].

Numerous medications such as antibiotics, nonsteroidal anti-inflammatory drugs
(NSAIDs), and chemotherapeutic agents are known to be highly nephrotoxic [14]. More-
over, previous studies recognized old age, primarily 60 or older, underlying renal insuffi-
ciency, volume depletion, and comorbidities, including DM, heart failure, and sepsis as
potential risk factors associated with drug-induced nephrotoxicity [19]. Nevertheless, phar-
macovigilance studies utilizing real-world data (RWD) on drug-induced nephrotoxicity
are lacking despite substantial factors associated with ADEs along with the broad clinical
spectrum of drug-induced nephrotoxicity [20–22]. This gap leaves clinical significance as
well as seriousness of these ADEs in clinical practice unanswered. Thus, this study aimed
to assess the prevalence and seriousness of drug-induced nephrotoxicity, identify etiologic
medications associated with nephrotoxicity, and investigate clinical predictors that may
amplify the seriousness of nephrotoxicity using a nationwide voluntary ADE reporting
system to convey clinical evidence on drug safety.

2. Materials and Methods
2.1. Data Source and Definition

This study was conducted in accordance with Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) guideline [23]. This is a cross-sectional study
analyzing the risk of drug-induced nephrotoxicity using ADE records spontaneously re-
ported to the Korean Institute of Drug Safety & Risk Management (KIDS)—Korea Adverse
Event Reporting System Database (KAERS DB), a nationwide voluntary spontaneous ADE
reporting system available to the public and healthcare professionals including doctors,
pharmacists, and nurses, from January 2012 to December 2021. All ADE cases reported to
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the KAERS DB undergo causality assessment, which are further verified by the healthcare
professionals appointed by the Korean Institute of Drug Safety & Risk Management (Mistry
of Food and Drug Safety). This verification is based on patients’ medical history and charts,
interviews with patient and healthcare professionals, and scientific pharmacovigilance
data from manufacturers to minimize biases [24,25]. All ADEs were reported using either
included terms or preferred terms in accordance with the Medical Dictionary for Regulatory
Activities (MedDRA) terminology, an international medical terminology used to describe
ADEs [26], and ADEs were further categorized into system organ class (SOC). All ADE
reports related to drug-induced nephrotoxicity [27], primarily reported as urinary system
disorder per SOC, were collected from KAERS DB. The prespecified MedDRA terminology
for drug-induced nephrotoxicity is summarized in Table 1. MedDRA terminology for “toxic
nephropathy” refers to any adverse functional or structural changes in the kidney sec-
ondary to the effect of a chemical, including medication [28]. ADE records with “certain”,
“probable/likely”, and “possible” causality per the World Health Organization-Uppsala
Monitoring Centre (WHO-UMC) criteria were included in the analysis [29]. Any irrelevant
ADE cases as well as masked etiologic medications (MSK coded) were excluded from the
analysis. Irrelevant ADE cases were defined as any ADE reports with WHO-UMC causality
of “unlikely”, “conditional/unclassified”, or “unassessable/unclassifiable” [29]. KAERS
DB assigns an MSK code to medication products that have been marketed by a single or
two pharmaceutical companies. The following information was extracted from the KAERS
DB for the analysis: (1) patient demographic information including age and sex; (2) medical
history including indication and comorbidity; (3) information of medication administra-
tions; (4) ADE information with causality results; and (5) seriousness of ADEs. SAE were
classified by the International Conference on Harmonization (ICH) E2D guideline: death,
life-threatening conditions, persistent or significant disability or incapacity, hospitalization
or prolongation of existing hospitalization, congenital abnormalities or birth defects, and
other medically significant events [30]. The study protocol for utilizing the KAERS DB
database was approved by the Korea Institute of Drug Safety & Risk Management (No.
2301A0004) (Ministry of Food and Drug Safety) and the institutional review board (IRB) of
Kyung Hee University (NO. KHSIRB-23-133) (Seoul, South Korea), and informed consents
were exempted by the board.

Table 1. MedDRA terminology for drug-induced nephrotoxicity.

MedDRA Terminology for
Drug-Induced Nephrotoxicity

MedDRA Terminology Related to
Renal Function Abnormality

acute interstitial nephritis (AIN) creatine renal clearance abnormal
acute nephritis creatine renal clearance decreased

acute tubular necrosis (ATN) creatinine renal clearance increased
chronic interstitial nephritis creatine renal clearance low

disorder kidney renal clearances low
disorder renal renal clearance decreased

glomerulonephritis
kidney tubular necrosis

nephritic syndrome
nephritis

nephrosclerosis
nephrotic syndrome

nephrotic syndrome worsened
nephrotoxicity

nephropathy toxic
nephrosis

renal hypoperfusion
renal interstitial disorder

syndrome nephrotic
toxic nephropathy

toxic renal
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2.2. Statistical Analysis

SPSS Statistics 26.0 (IBM SPSS Statistics for Windows, Armonk, NY, USA) was utilized
for all statistical analyses. Descriptive statistic methods were applied to summarized pa-
tient demographics and ADE frequency. Continuous variables such as age were expressed
as median (range) based on the results of Kolmogorov–Smirnov normality test. The associa-
tion of seriousness of drug-induced nephrotoxicity and causative drugs or drug classes was
estimated using disproportionality analysis and was expressed in reporting odds ratios
(RORs) with corresponding 95% confidence intervals (CIs) and Mantel–Haenszel adjusted
p-values. RORs were estimated for specific offending medications or drug classes with at
least three SAE reports [31,32]. Univariate analysis was conducted to identify predictors
associated with SAEs and certain types of drug-induced nephrotoxicity, and factors in-
cluded age, causality, sex, and polypharmacy (concurrent administration of at least 5 daily
medications). Multiple logistic regression analysis with an enter method was utilized to
identify predictors associated with risk of certain types of drug-induced nephrotoxicity
as well as SAE risks including overall SAEs and hospitalizations based on the univariate
logistic regression. Clinical plausibility was considered for all statistical analyses. Any
p-values < 0.05 were considered statistically significant.

3. Results
3.1. Baseline Demographics

Among 21,081 ADE reports obtained by the Korean Institute of Drug Safety& Risk
Management (Ministry of Food and Drug Safety) from January 2012 to December 2021,
304 drug-induced nephrotoxic ADE reports were included in the analysis after excluding
ADE cases with irrelevant causality or MSK coded medications. The data extraction was
performed in February 2023 from the database. The baseline characteristics of patients
included in the analysis are described in Table 2. More than 60% of patients were men. The
most ADE cases were reported in patients aged 50 to 59 (n = 53; 24.4%), followed by the
age group 60 to 69 (n = 31; 14.3%). The most commonly reported types of drug-induced
nephrotoxicity were toxic nephropathy (n = 90; 29.6%), followed by kidney failure (acute
and chronic) (n = 72; 23.7%) and interstitial nephritis (n = 45; 14.8%). The number of SAE
reports was higher than nonserious ADE reports, and the majority of ADE cases were
reported by doctors and pharmacists (n = 239; 78.6% and n = 42; 13.8%, respectively). A total
of 143 patients (47.0%) reported only 1 medication, and 28 patients (9.2%) reported at least
5 concurrent medications, otherwise referred to as polypharmacy. Infection was the most
prevalent comorbidity (n = 101; 33.2%), followed by cancer (n = 38; 12.5%), cardiovascular
disease (n = 16; 5.3%), and transplantation (n = 16; 5.3%).

Table 2. Baseline demographics.

Sex a n (%)

Male 206 (67.8%)
Female 97 (31.9%)

Age b 55 (0–88)

<10 9 (3.0%)
10 to 19 9 (4.6%)
20 to 29 11 (5.1%)
30 to 39 20 (9.2%)
40 to 49 40 (18.4%)
50 to 59 53 (24.4%)
60 to 69 31 (14.3%)
70 to 79 30 (13.8%)
≥80 16 (7.4%)
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Table 2. Cont.

Causality

Certain 5 (1.6%)
Probable/Likely 120 (39.5%)
Possible 179 (58.9%)

ADE types

Nonserious 141 (46.4%)
Serious 163 (53.6%)

Concomitant Medications

1 143 (47.0%)
2 105 (34.5%)
3 17 (5.6%)
4 11 (3.6%)
≥5 (polypharmacy) 28 (9.2%)

Nephrotoxicity types

Toxic nephropathy 90 (29.6%)
Nephritis 17 (5.6%)
Nephrosis 18 (5.9%)
Interstitial nephritis 45 (14.8%)
Kidney failure (acute and chronic) 72 (23.7%)
Nephrotic syndrome 18 (5.9%)
Reduced renal function 27 (8.9%)
Others 17(5.6%)

Reporter Types c

Doctors 239 (78.6%)
Pharmacist 42 (13.8%)
Nurses 7 (2.3%)
Others 6 (2.0%)

Comorbidities d

Cancer 38 (12.5%)
Multiple myeloma 12 (31.6%)
Gastrointestinal tract 9 (23.7%)
Central nervous system 8 (21.1%)
Breast 2 (5.3%)
Non-Hodgkin’s lymphoma 2 (5.3%)
Skin/Cutaneous 2 (5.3%)
Lung 1 (2.6%)
NOS (not otherwise specified) 2 (5.3%)

Skin disorders 10 (3.3%)
Infection 101 (33.2%)
Transplantation 16 (5.3%)
Cardiovascular disease 16 (5.3%)
Gastrointestinal disease 11 (3.6%)
Musculoskeletal disease 11 (3.6%)
Renal disease 11 (3.6%)
Pain 3 (1.0%)
Pulmonary disease 2 (0.7%)
Others 17 (5.6%)

This table elaborates demographic information of ADE reports included in the analysis. Serious adverse events
were classified based on the International Conference on Harmonization (ICH) E2D guideline and included
any ADE reports involving death, life-threatening conditions, persistent or significantly disability or incapacity,
hospitalization, or prolongation of existing hospitalization, congenital abnormalities or birth defects, and other
medically significant events. a Missing 1 case (0.3%); b reported in median (range); missing 85 cases (28.0%);
c missing 10 cases (3.3%); d missing 68 cases (22.4%).
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3.2. Etiologic Medications Implicated in Seriousness of ADEs

The medication class most associated with drug-induced nephrotoxicity was immuno-
suppressants (n = 79; 26.0%), followed by glucocorticoids (n = 73; 24.0%) and antibiotics
(n = 69; 22.7%) (Table 3). The most etiologic agents for nephrotoxicity were dexamethasone
(n = 72; 23.7%) and tacrolimus (n = 49; 16.1%), where all ADE reports associated with dexam-
ethasone were SAE. ADE cases induced by immunosuppressants, including cyclosporine,
tacrolimus, and everolimus, were frequently reported in patients ages between 40 and 59,
whereas antibiotic-induced ADE cases were more prevalent in elderly patients ages greater
than 70 (Figure 1). The association between etiologic medication case and seriousness of
ADEs is summarized in Table 4. Antibiotics and antimycobacterial agents were less likely
to report SAEs (ROR 0.24; 95% CI 0.133–0.433, p < 0.001), especially vancomycin (ROR
0.268; 95% CI 0.120–0.557; p < 0.001), whereas other common etiologic medications such as
analgesics, chemotherapy agents, and immunosuppressants seem to have an insignificant
risk of reporting SAEs (Table 4). However, tacrolimus-related nephrotoxic ADE cases were
less likely to be associated with serious nephrotoxic ADEs (ROR 0.356; 95% CI 0.187–0.680,
p = 0.002).

Table 3. Etiologic agents of drug-induced nephrotoxicity.

Drug Class Non-SAE
(n = 141)

SAE
(n = 163)

Total
(n = 304)

Antibiotics 50 (35.7%) 19 (11.7%) 69 (22.7%)

Amikacin 1 (0.7%) 1 (0.6%) 2 (0.7%)
Amoxicillin 1 (0.7%) 1 (0.6%) 2 (0.7%)
Aztreonam 1 (0.7%) 0 (0.0%) 1 (0.3%)
Cefazolin Sodium 1 (0.7%) 0 (0.0%) 1 (0.3%)
Cefradine 1 (0.7%) 0 (0.0%) 1 (0.3%)
Ceftriaxone Sodium Hydrate 2 (1.4%) 0 (0.0%) 2 (0.7%)
Ciprofloxacin 4 (2.8%) 0 (0.0%) 4 (1.32%)
Erythromycin 1 (0.7%) 0 (0.0%) 1 (0.3%)
Metronidazole 0 (0.0%) 2 (1.2%) 2 (0.7%)
Minocycline Hydrochloride 0 (0.0%) 1 (0.6%) 1 (0.3%)
Piperacillin Sodium · Tazobactam Sodium 3 (2.1%) 0 (0.0%) 3 (1.0%)
Rifampicin 3 (2.1%) 3 (1.8%) 6 (2.0%)
Sulfamethoxazole 1 (0.7%) 0 (0.0%) 1 (0.3%)
Trimethoprim 1 (0.7%) 0 (0.0%) 1 (0.3%)
Vancomycin Hydrochloride 30 (21.3%) 11 (6.7%) 41 (14.5%)

Analgesics 8 (5.7%) 9 (5.5%) 17 (5.6%)

Aceclofenac 2 (1.4%) 0 (0.0%) 2 (0.7%)
Acetaminophen 0 (0.0%) 1 (0.6%) 1 (0.3%)
Aspirin 1 (0.7%) 0 (0.0%) 1 (0.3 %)
Dexibuprofen 0 (0.0%) 1 (0.6%) 1 (0.3%)
Ibuprofen 0 (0.0%) 2 (1.2%) 2 (0.7%)
Ketorolac Tromethamine 2 (1.4%) 0 (0.0%) 2 (0.7%)
Loxoprofen Sodium 2 (1.4%) 0 (0.0%) 2 (0.7%)
Meloxicam 0 (0.0%) 4 (2.5%) 4 (1.32%)
Naproxen 0 (0.0%) 1 (0.6%) 1 (0.3%)
Pethidine Hydrochloride 1 (0.7%) 0 (0.0%) 1 (0.3%)

Antifungal/Antiviral 5 (3.5%) 1 (0.6%) 6 (2.0%)

Adefovir Dipivoxil 2 (1.4%) 0 (0.0%) 2 (0.7%)
Amphotericin B 2 (1.4%) 0 (0.0%) 2 (0.7%)
Entecavir 1 (0.7%) 0 (0.0%) 1 (0.3%)
Famciclovir 0 (0.0%) 1 (0.6%) 1 (0.3%)
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Table 3. Cont.

Drug Class Non-SAE
(n = 141)

SAE
(n = 163)

Total
(n = 304)

Chemotherapy 5 (3.5%) 13 (8.0%) 18 (5.9%)

Carboplatin 0 (0.0%) 1 (0.6%) 1 (0.3%)
Cisplatin 3 (2.1%) 3 (1.8%) 6 (2.0%)
Cyclophosphamide 1 (0.7%) 0 (0.0%) 1 (0.3%)
Doxorubicin Hydrochloride 0 (0.0%) 2 (1.2%) 2 (0.7%)
Oxaliplatin 0 (0.0%) 3 (1.8%) 3 (1.0%)
Vincristine Sulfate 1 (0.7%) 4 (2.5%) 5 (1.6%)

Immunosuppressants 37 (26.2%) 42 (25.8%) 79 (26.0%)

Cyclosporine 1 (0.7%) 14 (8.6 %) 15 (4.9%)
Everolimus 0 (0.0%) 5 (3.1%) 5 (1.6%)
Mycophenolate Mofetil 3 (2.1%) 7 (4.3%) 10 (3.3%)
Tacrolimus Hydrate 33 (23.4%) 16 (9.8%) 49 (16.1%)

ACEi/ARB/Spironolactone 6 (4.3%) 0 (0%) 6 (2.0%)

Candesartan Cilexetil 1 (0.7%) 0 (0.0%) 1 (0.3%)
Enalapril Maleate 1 (0.7%) 0 (0.0%) 1 (0.3%)
Irbesartan 1 (0.7%) 0 (0.0%) 1 (0.3%)
Spironolactone 3 (2.1%) 0 (0.0%) 3 (1.0%)

Contrast agents 1 (0.7%) 2 (1.2%) 3 (1.0%)

Iodixanol 0 (0.0%) 1 (0.6%) 1 (0.3%)
Iohexol 1 (0.7%) 1 (0.6%) 2 (0.7%)

Glucocorticoids 1 (0.7%) 72 (44.2%) 73 (24.0%)

Dexamethasone 0 (0.0%) 71 (43.6%) 71 (23.4%)
Prednisolone 1 (0.7%) 1 (0.6%) 2 (0.7%)

Diuretics 5 (3.5%) 0 (0%) 5 (1.6%)

Furosemide 3 (2.1%) 0 (0.0%) 3 (1.0%)
Hydrochlorothiazide 2 (1.4%) 0 (0.0%) 2 (0.7%)

ETC 23 (16.3%) 5 (3.1%) 28 (9.2%)

This table elaborates the number of non-SAE and SAE ADE cases per medication and medication group. Abbrevi-
ations: ACEi: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blocker.
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Table 4. Association between drug class and seriousness of nephrotoxicity.

WHO-ATC Code ROR 95% CI p-Value

Antibiotics/Antimycobacterial J01/J04 0.24 0.133–0.433 <0.001

Rifampin 0.862 0.171–4.343 0.815
Vancomycin 0.268 0.129–0.557 <0.001

Analgesics M01 0.972 0.365–2.589 0.847

NSAIDs 1.161 0.393–3.431 0.997

Chemotherapy L01 2.357 0.819–6.785 0.166

Cisplatin 0.862 0.171–4.343 0.815
Vincristine 3.522 0.389–31.883 0.46

Immunosuppressants L04 1.484 0.891–2.473 0.165

Mycophenolate mofetil 2.064 0.524–8.137 0.464
Tacrolimus 0.356 0.187–0.680 0.002

This table elaborates the risk of reporting SAEs per each medication and medication class. ROR was estimated by
the disproportionality analysis. Abbreviation: WHO-ATC: World Health Organization-Anatomical Therapeutic
Chemical Classification System; ROR: reporting odds ratio; CI: confidence interval.

3.3. Predictors Associated with Increased Risk of Drug-Induced Nephrotoxic ADEs

The logistic analysis demonstrated significance associated with drug-induced nephro-
toxicity with sex, age, and polypharmacy (Table 5). Aging was the significant predictor
for increased odds of reports of interstitial nephritis and SAEs including hospitalization
(Table 5); aging increased the odds of reporting interstitial nephritis (OR 1.019; 95% CI
1.001–1.038; p = 0.041). However, the risks of reporting overall serious drug-induced
nephrotoxicity (OR: 0.955; 95% CI 0.940–0.972; p < 0.001), including hospitalization or
prolonged hospitalization (OR 0.968; 95% CI 0.952–0.984; p < 0.001), were substantially
lower with aging (Table 5). Women were more likely to have increased risks of reporting
SAEs including mortality, hospitalization, life-threatening conditions, and disability (OR
2.700; 95% CI 1.450–5.008; p = 0.002). On the other hand, polypharmacy increased the risk of
reporting drug-induced interstitial nephritis (OR 4.190; 95% CI 1.768–9.926; p = 0.001) while
decreasing the risk associated with toxic nephrotoxicity (OR 0.054; 95% CI 0.007–0.408;
p = 0.005).

Table 5. Factors associated with drug-induced nephrotoxicity.

Predictors OR 95% CI p-Value

Interstitial
Nephritis

Men 1 (reference)
0.300Women 1.440 0.723–2.873

Aging 1.019 1.001–1.038 0.041
Polypharmacy 4.190 1.768–9.926 0.001

Toxic
Nephrotoxicity

Men 1 (reference)
0.845Women 1.0598 0.593–1.895

Aging 1.002 0.988–1.016 0.765
Polypharmacy 0.0543 0.007–0.408 0.005

Overall SAE

Men 1 (reference)
0.002Women 2.700 1.450–5.008

Aging 0.955 0.940–0.972 <0.001
Polypharmacy 0.726 0.293–1.798 0.621

Hospitalization
SAE

Men 1 (reference)
0.139Women 1.663 0.848–3.261

Aging 0.968 0.952–0.984 <0.001
Polypharmacy 2.087 0.863–5.047 0.102

This table elaborates the predictors that have clinical significance of increasing the risk of interstitial nephritis,
toxic nephropathy, overall SAE, and hospitalization SAEs. The OR was estimated with multivariate logistic
regression. Abbreviation: OR: odds ratio; SAE: serious adverse event.



Healthcare 2024, 12, 95 9 of 14

4. Discussion

Most cases of drug-induced nephrotoxicity were associated with immunosuppres-
sants (26.0%), followed by glucocorticoids (24.0%) and antibiotics (22.7%). The prevalence
of serious drug-induced nephrotoxicity was 53.6%. The primary causative agents for
drug-induced nephrotoxicity were dexamethasone and tacrolimus, where all ADE re-
ports related to dexamethasone were SAEs. However, antibiotics and antimycobacterial
agents, including vancomycin, were less likely to report serious nephrotoxicity. In the cases
of immunosuppressants, cyclosporine was more likely to result in severe drug-induced
nephrotoxicity than tacrolimus. The majority of ADE cases reported by immunosuppres-
sants were from patients aged between 40 and 59, while ADE cases involving antibiotics
were reported more frequently in elderly patients aged over 70. Polypharmacy is one of the
predictors that can substantially increase the risk of interstitial nephritis; however, the risk
of toxic nephrotoxicity was substantially reduced with polypharmacy. Female sex is one of
the predictors that can substantially increase the risk and severity of nephrotoxicity. On
the other hand, decreasing age is the major contributing predictor associated with serious
drug-induced nephrotoxicity, including ADE cases related to hospitalizations, whereas
aging significantly increased the risk of interstitial nephritis.

Many antibiotics and antimycobacterial drugs are known to be nephrotoxic agents [14].
The clinical spectrum of renal toxicity induced by antibacterial agents ranges from acute
minor tubular damage to severe tubular necrosis and cell death [33]. In this study, ap-
proximately 22.7% of nephrotoxic ADE cases were related to antibiotics, and vancomycin
was the most etiologic antibiotic agent with 41 nephrotoxic ADE cases, including 11 SAE
cases. Among variable antibiotic agents, vancomycin as well as aminoglycosides are well
known for drug-induced nephrotoxicity. However, this study revealed that the risk of
reporting nephrotoxic SAEs such as mortality and hospitalization or prolonged hospital-
ization was substantially lower with antibiotics, including vancomycin, despite the high
numbers of reported ADE cases. This finding may be correlated with successful therapeutic
drug monitoring (TDM) programs endorsed in clinical settings [34]. Appropriate TDM,
as well as optimal antibiotic dosing guidelines, have substantially reduced the number
of antibiotic-induced nephrotoxic ADEs [35,36] including serious cases. Previous studies
indeed demonstrated a higher incidence of mild vancomycin-induced nephrotoxicity cases
over serious events after implementing TDM in institutions [37]. Nonetheless, the majority
of antibiotic-related nephrotoxicity cases were reported in the elderly populations who
were already predisposed to an elevated risk of infectious diseases and ADEs secondary to
polypharmacy, as well as declined renal function. Thus, further studies on risk stratification,
in addition to optimal TDM guidelines geared towards geriatric patients, are warranted to
improve clinical prognoses in the elderly populations.

On the contrary, immunosuppressants showed a statistically insignificant association
between drug class and the seriousness of ADE despite the highest number of nephrotoxic
ADE cases. However, cyclosporine is more likely to report serious nephrotoxicity when
compared to tacrolimus despite the relatively low number of cyclosporine-related nephro-
toxicity. Despite significant potential to induce nephrotoxicity, calcineurin inhibitors (CNIs)
such as cyclosporine and tacrolimus are considered first-line treatments for preventing graft
rejection after organ transplantation, including renal transplantation. Moreover, the Kidney
Disease Improvement Global Outcomes (KDIGO) guideline recommends tacrolimus over
cyclosporine, primarily in renal transplantation patients, due to significantly lower risk of
nephrotoxicity [38]. Furthermore, meta-analyses have suggested better cost-effectiveness
of tacrolimus in relation to an improved graft loss rate as well as a lower incidence of
ADEs including nephrotoxicity [39,40], and this study may reinforce potentially reduced
incidence of serious nephrotoxicity with tacrolimus. Additionally, potential drug–drug
interactions may have potentiated the risk of serious nephrotoxicity from cyclosporine use.
Both cyclosporine and tacrolimus are metabolized by the cytochrome P450 enzymes (CYP),
primarily CYP3A4; however, cyclosporine tends to interact with a wider range of medica-
tions, including anti-infective agents and anti-inflammatory drugs [41]. Moreover, UDP-
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glucuronosyltransferase (UGTs) and transporters, including organic anion transporting
polypeptides (OATPs), P-glycoproteins (P-gp), and multidrug resistance-associated protein
(MPR2), may also have contributed to potential drug–drug interactions of cyclosporine
with rifampin, statins, and calcium channel blockers [42–44]. Nonetheless, considering that
the number of tacrolimus-related ADE cases is greater than cyclosporine, further studies
on definitive clinical impact on seriousness of nephrotoxicity of each immunosuppressant
are required. Additionally, optimal monitoring as well as prophylactic parameters related
to nephrotoxicity, including the clinical impact of drug–drug interactions, are required,
as most immunosuppressant-induced ADE cases were reported in patients aged 30 to
60 years.

Polypharmacy, defined as concurrent daily administration of at least five medications,
is another potential contributor for a substantial increased risk of ADEs and poor clinical
prognoses, including mortality, falls, and drug interactions [6]. The multivariate logistic
regression reported a substantially elevated risk of drug-induced interstitial nephritis
with polypharmacy. Although this study was not able to determine the clinical impact of
drug–drug interaction on the potential drug-induced nephrotoxicity, polypharmacy may
have indeed contributed to drug-drug interactions, consequently inducing drug-induced
nephrotoxicity, as the majority of medications are metabolized and distributed by CYP450
and transporters [42,43]. Moreover, numerous clinical studies suggested polypharmacy
as an independent contributor to increased ADE risks [45]. However, caution should be
exercised when interpreting the data because the risk of toxic nephropathy was substantially
lowered with polypharmacy, and this may be due to potential under-reporting, resulting in
the relatively small number of patients on polypharmacy, approximately 9%. Hence, further
investigation into the impact of polypharmacy and drug–drug interaction on potential
ADEs is necessary.

The most intriguing finding of this study is associated with the highest prevalence of
SAEs from dexamethasone use. Dexamethasone, a synthetic steroid with anti-inflammatory,
antiallergic, and immunosuppressive properties, has been in clinical use for many years [46].
However, the risk of dexamethasone-induced nephrotoxicity is substantially low [14]. In
this study, the majority of patients who reported serious dexamethasone-induced nephro-
toxicity were diagnosed with multiple myeloma and other chronic disorders that may
induce nephropathy such as DM and hypertension. Multiple myeloma is the second
most common hematological malignancy after lymphoma, and accounts for 1% of all
cancers [47]. In this study, dexamethasone-induced nephrotoxicity may be contributed
by disease-specific pathology, as renal failure is fairly common in multiple myeloma pa-
tients [48]. The concomitant administration of dexamethasone and novel agents prescribed
for multiple myeloma, such as thalidomide or bortezomib, usually increases the reversibility
rate of renal failure within less than a year after treatment [48,49]. Nonetheless, considering
that multiple myeloma being commonly diagnosed in elderly patients who are already
experiencing renal insufficiency and polypharmacy, the contribution of aging as well as
altered medication response should not be neglected in dexamethasone-induced nephro-
toxicity. Furthermore, dexamethasone-related nephrotoxicity in patients with chronic
disorders should be re-evaluated for the severity and the pathology to establish optimal
guidelines for safe dexamethasone use.

The multivariate analysis demonstrated that female sex, aging, and polypharmacy
are independent risk factors for increasing seriousness of drug-induced nephrotoxicity.
Consistent with previous findings, women are at elevated risk of developing drug-induced
nephrotoxicity, especially serious nephrotoxicity [50]. However, despite substantial con-
tributing impact of female sex to the risk of nephrotoxicity, treatment and monitoring
guidelines geared towards sex-related risks are lacking [16]. On the contrary, the most
distinctive finding of this study was a substantially decreased risk of serious nephrotoxicity
including those requiring hospitalizations, with aging. Although the rationale is not evi-
dent, this finding may reflect a gap in patient care closely associated with current clinical
practice. Evidence has suggested a substantially increased risk of hospitalizations as well
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as emergency room visits secondary to ADEs in the elderly populations [51,52]. Clinicians
tend to pay closer attention to the elderly population while dosing medications, as aging
not only alters pharmacokinetic and pharmacodynamic characteristics, but also involves
multiple comorbidities and polypharmacy, which subsequently increases the risk of ADEs.
Practically, healthcare providers should aware of potential ADEs as well as drug–drug
interaction regardless of the patient’s age. However, limited resources, especially limited
time to care for patients, may have resulted in prioritizing patients who need more focused
care, primarily elderly patients, subsequently leaving young adults with relatively limited
attention [53]. Aging usually make patients vulnerable to renal toxicity, but it does not
indicate that younger patients with normal renal function are safe from ADEs. In this study,
the majority of ADEs reported from young adults aged less than 65 years were associated
with immunosuppressants, implying that young adults are also predisposed to the risk of
drug-induced nephrotoxicity regardless of age. Therefore, further studies investigating the
gap in patient care on ADE incidences in regard to the clinical practice in young adults
are recommended to improve clinical prognoses in these patients. Meanwhile, healthcare
providers should be aware of potential drug-induced nephrotoxicity in younger adults,
and perform risk stratification for every patient regardless of age.

The greatest benefit of pharmacovigilance, a surveillance on detection, assessment,
and prevention of ADEs, involves improvement of the healthcare system and clinical out-
comes [54], and RWD-derived pharmacovigilance assessments are suitable for detecting
ADEs associated with long-term drug use as well as providing a reflection on current
clinical practice [54]. Until now, a comprehensive RWD-derived pharmacovigilance on
drug-induced nephrotoxicity was limited, despite its substantial clinical impact on pharma-
cotherapy. The valuable aspects of this study include determination of clinical significance
on nephrotoxicity induced by immunosuppressants as well as glucocorticoids, particularly
dexamethasone, in addition to conveying implications on potential gaps in patient care
associated with current clinical practice in young adults who have a relatively low number
of underlying diseases, including renal dysfunction, over elderly patients. Nonetheless,
this study has several limitations to be acknowledged. First, with the Korean Institute
of Drug Safety & Risk Management (KIDS)—Korea Adverse Event Reporting System
Database (KAERS DB) being a voluntary ADE reporting pharmacovigilance system, cau-
tious interpretation of the study results is required because of potential under-reporting
patterns. As we have stated in the introduction, drug-induced nephrotoxicity has broad
clinical spectrums as well as clinical presentations from acute to chronic renal disorders,
thereby making causality obscure. Moreover, limited information regarding indications,
concurrent medication therapy, and comorbidities along with MSK coded medications may
hinder the reliability of this study’s results. Additionally, the interpreted results may not
be generalized to determine apparent drug-induced nephrotoxicity due to the nature of
the study design and small sample size, and the KAERS DB is limited to investigate the
actual incidence, prevalence, associations, or seriousness of ADEs. Moreover, this study
was not able to detect the clinical significance of drug–drug interactions, including herbal
interactions, as well as underlying renal insufficiency on drug-induced nephrotoxicity.
However, considering that KAERS DB is a nationwide spontaneous pharmacovigilance sys-
tem, the number of ADE cases included in this study were estimated to be greater than the
institution-based pharmacovigilance study. Moreover, considering that almost all reported
ADEs were investigated by medical professionals appointed by the Korean Institute of
Drug Safety & Risk Management (Ministry of Food & Drug Safety) in regards to accuracy,
causality, and reporting bias, inter-reporter variability may be trivial, subsequently enhanc-
ing the validity of the results. Nonetheless, large-scaled pharmacovigilance investigations
are strongly required to elaborate clinical significance of nephrotoxicity induced by other
nephrotoxic medications and to endorse clinical practice that narrows gaps in patient care.
Moreover, integration of RWD databases including KAERS DB, National Health Insurance
Claims data, and electronic medical health data from multiple institutions may provide
more outright clinical evidence on the ADE landscape associated with these drugs.
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5. Conclusions

The majority of drug-induced nephrotoxicity cases reported to KAERS DB, a na-
tionwide pharmacovigilance reporting system, were reported by immunosuppressants,
primarily tacrolimus. The prevalence of serious drug-induced nephrotoxicity was 53.6%,
and the number of serious ADE cases was the highest with dexamethasone use, followed
by tacrolimus and cyclosporine. However, cyclosporine was more likely to report severe
drug-induced nephrotoxicity than tacrolimus. Antibiotics and antimycobacterial agents
including vancomycin were less likely to report serious nephrotoxicity. The majority of
ADE cases reported in patients aged between 30 and 59 were associated with immunosup-
pressants, whereas the percentage of antibiotic-induced nephrotoxicity was higher than
the immunosuppressants in elderly patients aged greater than 70. Female sex is one of
the crucial predictors that substantially increases the risk of serious drug-induced nephro-
toxicity. Polypharmacy and aging substantially increased the risk of interstitial nephritis.
However, the risk of serious drug-induced nephrotoxicity is significantly reduced in elderly
patients, and this may imply gaps in patient care manifested as relative low awareness of
the risk of ADEs in young adults. Nonetheless, cautious interpretation and generalization
of results are required due to the small number of ADE cases. Hence, further large-scaled
studies are warranted to scrutinize the impact of current clinical practice on ADE inci-
dences in adult patients to promote patient safety. In the meantime, the use of simultaneous
pharmacovigilance monitoring practices is required.

Author Contributions: Conceptualization: Y.J.C., Y.K. and C.-Y.C.; data curation: Y.J.C., Y.K. and
Y.S.; formal analysis: Y.J.C., Y.K. and S.K.; funding acquisition: Y.J.C. and S.S.; investigation: Y.J.C.,
S.K., C.G. and S.S.; methodology: Y.J.C., Y.K., Y.S., C.G., S.K. and S.S.; project administration: Y.J.C.,
S.H.E. and S.S.; resources: Y.J.C. and S.S.; software and supervision: Y.J.C., C.-Y.C., S.H.E., Y.S.
and S.S.; validation: Y.J.C., C.-Y.C. and S.S.; visualization: Y.J.C., Y.K. and S.S., original draft: Y.K.;
writing—review and editing: Y.J.C., C.-Y.C. and S.S. All authors have read and agreed to the published
version of the manuscript.

Funding: The APC was funded by the Ministry of Education through National Research Funds
in Korea (2021R1I1A1A01044500). This study was supported by National Research Foundation
Korea, funded by Ministry of Education (2021R1I1A1A01044500), Ministry of Science and ICT (No.
2021R1C1C1003735), and Ministry of Food and Drug Safety in 2023 (No. 21153MFDS 601).

Institutional Review Board Statement: This study protocol was approved by the Korean Institute
of Drug Safety & Risk Management (Ministry of Food and Drug Safety) (No. 2301A0004) and the
institutional review board (IRB) of Kyung Hee University (No. KHSIRB 23-133) (Seoul, South Korea).

Informed Consent Statement: Informed consents were exempted by the IRB.

Data Availability Statement: The data underlying this article cannot be shared publicly due to the
ethical and privacy policies of the Korean Institute of Drug Safety & Risk Management (Ministry of
Food and Drug Safety). The data will be shared upon reasonable request to the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Divo, M.J.; Martinez, C.H.; Mannino, D.M. Ageing and the epidemiology of multimorbidity. Eur. Respir. J. 2014, 44, 1055–1068.

[CrossRef] [PubMed]
2. Marengoni, A.; Angleman, S.; Melis, R.; Mangialasche, F.; Karp, A.; Garmen, A.; Meinow, B.; Fratiglioni, L. Aging with

multimorbidity: A systematic review of the literature. Ageing Res. Rev. 2011, 10, 430–439. [CrossRef] [PubMed]
3. Salive, M.E. Multimorbidity in older adults. Epidemiol. Rev. 2013, 35, 75–83. [CrossRef] [PubMed]
4. Castle, S.C. Clinical relevance of age-related immune dysfunction. Clin. Infect. Dis. 2000, 31, 578–585. [CrossRef] [PubMed]
5. Dagli, R.J.; Sharma, A. Polypharmacy: A global risk factor for elderly people. J. Int. Oral Health 2014, 6, i–ii. [PubMed]
6. Chang, T.I.; Park, H.; Kim, D.W.; Jeon, E.K.; Rhee, C.M.; Kalantar-Zadeh, K.; Kang, E.W.; Kang, S.-W.; Han, S.H. Polypharmacy,

hospitalization, and mortality risk: A nationwide cohort study. Sci. Rep. 2020, 10, 18964. [CrossRef]

https://doi.org/10.1183/09031936.00059814
https://www.ncbi.nlm.nih.gov/pubmed/25142482
https://doi.org/10.1016/j.arr.2011.03.003
https://www.ncbi.nlm.nih.gov/pubmed/21402176
https://doi.org/10.1093/epirev/mxs009
https://www.ncbi.nlm.nih.gov/pubmed/23372025
https://doi.org/10.1086/313947
https://www.ncbi.nlm.nih.gov/pubmed/10987724
https://www.ncbi.nlm.nih.gov/pubmed/25628499
https://doi.org/10.1038/s41598-020-75888-8


Healthcare 2024, 12, 95 13 of 14

7. Alomar, M.J. Factors affecting the development of adverse drug reactions (Review article). Saudi Pharm. J. 2014, 22, 83–94.
[CrossRef]

8. Ersulo, T.A.; Yizengaw, M.A.; Tesfaye, B.T. Incidence of adverse drug events in patients hospitalized in the medical wards of a
teaching referral hospital in Ethiopia: A prospective observational study. BMC Pharmacol. Toxicol. 2022, 23, 30. [CrossRef]

9. Gurvitz, M.; Valente, A.M.; Broberg, C.; Cook, S.; Stout, K.; Kay, J.; Ting, J.; Kuehl, K.; Earing, M.; Webb, G.; et al. Prevalence and
predictors of gaps in care among adult congenital heart disease patients: HEART-ACHD (The Health, Education, and Access
Research Trial). J. Am. Coll. Cardiol. 2013, 61, 2180–2184. [CrossRef]

10. Lavan, A.H.; Gallagher, P. Predicting risk of adverse drug reactions in older adults. Ther. Adv. Drug Saf. 2016, 7, 11–22. [CrossRef]
11. Hosseini, S.R.; Zabihi, A.; Jafarian Amiri, S.R.; Bijani, A. Polypharmacy among the elderly. J. Midlife Health 2018, 9, 97–103.

[PubMed]
12. Laatikainen, O.; Miettunen, J.; Sneck, S.; Lehtiniemi, H.; Tenhunen, O.; Turpeinen, M. The prevalence of medication-related

adverse events in inpatients-a systematic review and meta-analysis. Eur. J. Clin. Pharmacol. 2017, 73, 1539–1549. [CrossRef]
[PubMed]

13. Ferguson, M.A.; Vaidya, V.S.; Bonventre, J.V. Biomarkers of nephrotoxic acute kidney injury. Toxicology. 2008, 245, 182–193.
[CrossRef] [PubMed]

14. Naughton, C.A. Drug-induced nephrotoxicity. Am. Fam. Physician 2008, 78, 743–750. [PubMed]
15. Abyar, S.; Khandar, A.A.; Salehi, R.; Abolfazl Hosseini-Yazdi, S.; Alizadeh, E.; Mahkam, M.; Jamalpoor, A.; White, J.M.; Shojaei,

M.; Aizpurua-Olaizola, O.; et al. In vitro nephrotoxicity and anticancer potency of newly synthesized cadmium complexes. Sci.
Rep. 2019, 9, 14686. [CrossRef] [PubMed]

16. Al-Naimi, M.S.; Rasheed, H.A.; Hussien, N.R.; Al-Kuraishy, H.M.; Al-Gareeb, A.I. Nephrotoxicity: Role and significance of renal
biomarkers in the early detection of acute renal injury. J. Adv. Pharm. Technol. Res. 2019, 10, 95–99.

17. Skinner, R.M. Nephrotoxicity—What Do We Know and What Don’t We Know? J. Pediatr. Hematol./Oncol. 2011, 33, 128–134.
[CrossRef]

18. Taber, S.S.; Pasko, D.A. The epidemiology of drug-induced disorders: The kidney. Expert. Opin. Drug Saf. 2008, 7, 679–690.
[CrossRef]

19. Pazhayattil, G.S.; Shirali, A.C. Drug-induced impairment of renal function. Int. J. Nephrol. Renovasc Dis. 2014, 7, 457–468.
20. Coca, S.G.; Singanamala, S.; Parikh, C.R. Chronic kidney disease after acute kidney injury: A systematic review and meta-analysis.

Kidney Int. 2012, 81, 442–448. [CrossRef]
21. Perazella, M.A. Drug-induced acute kidney injury: Diverse mechanisms of tubular injury. Curr. Opin. Crit. Care 2019, 25, 550–557.

[CrossRef] [PubMed]
22. Markowitz, G.S.; Perazella, M.A. Drug-induced renal failure: A focus on tubulointerstitial disease. Clin. Chim. Acta 2005, 351,

31–47. [CrossRef] [PubMed]
23. Strengthening the Reporting of Observational Studies in Epdiemiology (STROBE). Available online: https://www.strobe-

statement.org/ (accessed on 25 February 2023).
24. Shin, Y.S.; Lee, Y.W.; Choi, Y.H.; Park, B.; Jee, Y.K.; Choi, S.K.; Kim, E.G.; Park, J.W.; Hong, C.S. Spontaneous reporting of adverse

drug events by Korean regional pharmacovigilance centers. Pharmacoepidemiol. Drug Saf. 2009, 18, 910–915. [CrossRef] [PubMed]
25. Shin, J.Y.; Jung, S.Y.; Ahn, S.H.; Lee, S.H.; Kim, S.J.; Seong, J.M.; Chung, S.Y.; Park, B.J. New initiatives for pharmacovigilance in

South Korea: Introducing the Korea Institute of Drug Safety and Risk Management (KIDS). Pharmacoepidemiol. Drug Saf. 2014, 23,
1115–1122. [CrossRef] [PubMed]

26. Brown, E.G.; Wood, L.; Wood, S. The medical dictionary for regulatory activities (MedDRA). Drug Saf. 1999, 20, 109–117.
[CrossRef] [PubMed]

27. Ghane Shahrbaf, F.; Assadi, F. Drug-induced renal disorders. J. Ren. Inj. Prev. 2015, 4, 57–60. [PubMed]
28. Schreiner, G.E. Toxic nephropathy: Adverse renal effects caused by drugs and chemicals. JAMA 1965, 191, 849–850. [CrossRef]
29. Uppsala Monitoring Center. The Use of the WHO-UMC System for Standardised Case Causality Assessment. Available online:

https://who-umc.org/media/164200/who-umc-causality-assessment_new-logo.pdf (accessed on 18 December 2022).
30. International Conference on Harmonisation of Technical Requirements for Registration of Pharamceutical for Human Use.

Post-Approval Safety Data Management: Definitions and Standard for Expedited Reporting E2D. Available online: https:
//database.ich.org/sites/default/files/E2D_Guideline.pdf (accessed on 18 December 2022).

31. Choi, Y.J.; Choi, C.Y.; Kim, C.U.; Shin, S. A nationwide pharmacovigilance investigation on trends and seriousness of adverse
events induced by anti-obesity medication. J. Glob. Health 2023, 13, 04095. [CrossRef]

32. Choi, Y.J.; Yang, S.W.; Kwack, W.G.; Lee, J.K.; Lee, T.H.; Jang, J.Y.; Chung, E.K. Comparative safety profiles of sedatives commonly
used in clinical practice: A 10-year nationwide pharmacovigilance study in Korea. Pharmaceuticals 2021, 14, 783. [CrossRef]

33. Morales-Alvarez, M.C. Nephrotoxicity of Antimicrobials and Antibiotics. Adv. Chronic Kidney Dis. 2020, 27, 31–37. [CrossRef]
34. Ye, Z.K.; Tang, H.L.; Zhai, S.D. Benefits of therapeutic drug monitoring of vancomycin: A systematic review and meta-analysis.

PLoS ONE 2013, 8, e77169. [CrossRef] [PubMed]
35. du Toit, M.; Burger, J.R.; Rakumakoe, D.M.; Rheeders, M. Standards of aminoglycoside therapeutic drug monitoring in a South

African private hospital: Perspectives and implications. Ghana. Med. J. 2019, 53, 8–12. [CrossRef] [PubMed]

https://doi.org/10.1016/j.jsps.2013.02.003
https://doi.org/10.1186/s40360-022-00570-w
https://doi.org/10.1016/j.jacc.2013.02.048
https://doi.org/10.1177/2042098615615472
https://www.ncbi.nlm.nih.gov/pubmed/29962809
https://doi.org/10.1007/s00228-017-2330-3
https://www.ncbi.nlm.nih.gov/pubmed/28871436
https://doi.org/10.1016/j.tox.2007.12.024
https://www.ncbi.nlm.nih.gov/pubmed/18294749
https://www.ncbi.nlm.nih.gov/pubmed/18819242
https://doi.org/10.1038/s41598-019-51109-9
https://www.ncbi.nlm.nih.gov/pubmed/31604983
https://doi.org/10.1097/MPH.0b013e3181f8cac0
https://doi.org/10.1517/14740330802410462
https://doi.org/10.1038/ki.2011.379
https://doi.org/10.1097/MCC.0000000000000653
https://www.ncbi.nlm.nih.gov/pubmed/31483318
https://doi.org/10.1016/j.cccn.2004.09.005
https://www.ncbi.nlm.nih.gov/pubmed/15563870
https://www.strobe-statement.org/
https://www.strobe-statement.org/
https://doi.org/10.1002/pds.1796
https://www.ncbi.nlm.nih.gov/pubmed/19621345
https://doi.org/10.1002/pds.3715
https://www.ncbi.nlm.nih.gov/pubmed/25251052
https://doi.org/10.2165/00002018-199920020-00002
https://www.ncbi.nlm.nih.gov/pubmed/10082069
https://www.ncbi.nlm.nih.gov/pubmed/26468475
https://doi.org/10.1001/jama.1965.03080100067015
https://who-umc.org/media/164200/who-umc-causality-assessment_new-logo.pdf
https://database.ich.org/sites/default/files/E2D_Guideline.pdf
https://database.ich.org/sites/default/files/E2D_Guideline.pdf
https://doi.org/10.7189/jogh.13.04095
https://doi.org/10.3390/ph14080783
https://doi.org/10.1053/j.ackd.2019.08.001
https://doi.org/10.1371/journal.pone.0077169
https://www.ncbi.nlm.nih.gov/pubmed/24204764
https://doi.org/10.4314/gmj.v53i1.2
https://www.ncbi.nlm.nih.gov/pubmed/31138938


Healthcare 2024, 12, 95 14 of 14

36. Rybak, M.J.; Le, J.; Lodise, T.P.; Levine, D.P.; Bradley, J.S.; Liu, C.; Mueller, B.A.; Pai, M.P.; Wong-Beringer, A.; Rotschafer, J.C.; et al.
Therapeutic monitoring of vancomycin for serious methicillin-resistant Staphylococcus aureus infections: A revised consensus
guideline and review by the American Society of Health-System Pharmacists, the Infectious Diseases Society of America, the
Pediatric Infectious Diseases Society, and the Society of Infectious Diseases Pharmacists. Am. J. Health Syst. Pharm. 2020, 77,
835–864.

37. Bamgbola, O. Review of vancomycin-induced renal toxicity: An update. Ther. Adv. Endocrinol. Metab. 2016, 7, 136–147. [CrossRef]
[PubMed]

38. KDIGO clinical practice guideline for the care of kidney transplant recipients. Am. J. Transplant. 2009, 9 (Suppl. 3), S1–S155.
[CrossRef] [PubMed]

39. Webster, A.C.; Woodroffe, R.C.; Taylor, R.S.; Chapman, J.R.; Craig, J.C. Tacrolimus versus ciclosporin as primary immunosuppres-
sion for kidney transplant recipients: Meta-analysis and meta-regression of randomised trial data. BMJ 2005, 331, 810. [CrossRef]
[PubMed]

40. Liu, J.-Y.; You, R.-X.; Guo, M.; Zeng, L.; Zhou, P.; Zhu, L.; Xu, G.; Li, J.; Liu, D. Tacrolimus versus cyclosporine as primary
immunosuppressant after renal transplantation: A meta-analysis and economics evaluation. Am. J. Ther. 2016, 23, e810–e824.
[CrossRef]

41. Campana, C.; Regazzi, M.B.; Buggia, I.; Molinaro, M. Clinically significant drug interactions with cyclosporin. An update. Clin.
Pharmacokinet. 1996, 30, 141–179. [CrossRef]

42. Migliozzi, D.R.; Asal, N.J. Clinical controversy in transplantation: Tacrolimus versus cyclosporine in statin drug interactions.
Ann. Pharmacother. 2020, 54, 171–177. [CrossRef]

43. Bernard, E.; Goutelle, S.; Bertrand, Y.; Bleyzac, N. Pharmacokinetic drug-drug interaction of calcium channel blockers with
cyclosporine in hematopoietic stem cell transplant children. Ann. Pharmacother. 2014, 48, 1580–1584. [CrossRef]

44. Yang, Y.; Li, P.; Zhang, Z.; Wang, Z.; Liu, L.; Liu, X. Prediction of cyclosporin-mediated drug Interaction using physiologically
based pharmacokinetic model characterizing interplay of drug transporters and enzymes. Int. J. Mol. Sci. 2020, 21, 7023.
[CrossRef] [PubMed]

45. Bjerrum, L.; Gonzalez Lopez-Valcarcel, B.; Petersen, G. Risk factors for potential drug interactions in general practice. Eur. J. Gen.
Pract. 2008, 14, 23–29. [CrossRef] [PubMed]

46. Noreen, S.; Maqbool, I.; Madni, A. Dexamethasone: Therapeutic potential, risks, and future projection during COVID-19
pandemic. Eur. J. Pharmacol. 2021, 894, 173854. [CrossRef] [PubMed]

47. Palumbo, A.A.K. Multiple Myeloma. N. Engl. J. Med. 2011, 364, 1046–1060. [CrossRef] [PubMed]
48. Kastritis, E.; Anagnostopoulos, A.; Roussou, M.; Gika, D.; Matsouka, C.; Barmparousi, D.; Grapsa, I.; Psimenou, E.; Bamias,

A.; Dimopoulos, M.A. Reversibility of renal failure in newly diagnosed multiple myeloma patients treated with high dose
dexamethasone-containing regimens and the impact of novel agents. Haematologica 2007, 92, 546–549. [CrossRef] [PubMed]

49. Santos, M.L.C.; de Brito, B.B.; da Silva, F.A.F.; Botelho, A.; de Melo, F.F. Nephrotoxicity in cancer treatment: An overview. World J.
Clin. Oncol. 2020, 11, 190–204. [CrossRef] [PubMed]

50. Neugarten, J.; Golestaneh, L. The effect of gender on aminoglycoside-associated nephrotoxicity. Clin. Nephrol. 2016, 86, 183–189.
[CrossRef]

51. Laatikainen, O.; Sneck, S.; Bloigu, R.; Lahtinen, M.; Lauri, T.; Turpeinen, M. Hospitalizations due to adverse drug events in the
elderly—A retrospective register study. Front. Pharmacol. 2016, 7, 358. [CrossRef]

52. Chen, Y.C.; Huang, H.H.; Fan, J.S.; Chen, M.H.; Hsu, T.F.; Yen, D.H.; Huang, M.S.; Wang, C.Y.; Huang, C.I.; Lee, C.H. Comparing
characteristics of adverse drug events between older and younger adults presenting to a Taiwan emergency department. Medicine
2015, 94, e547. [CrossRef]

53. Butler, R.; Monsalve, M.; Thomas, G.W.; Herman, T.; Segre, A.M.; Polgreen, P.M.; Suneja, M. Estimating time physicians and other
health care workers spend with patients in an intensive care unit using a sensor network. Am. J. Med. 2018, 131, 972.e9–972.e15.
[CrossRef]

54. Celi, L.A.; Moseley, E.; Moses, C.; Ryan, P.; Somai, M.; Stone, D.; Tang, K.O. From pharmacovigilance to clinical care optimization.
Big Data 2014, 2, 134–141. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1177/2042018816638223
https://www.ncbi.nlm.nih.gov/pubmed/27293542
https://doi.org/10.1111/j.1600-6143.2009.02834.x
https://www.ncbi.nlm.nih.gov/pubmed/19845597
https://doi.org/10.1136/bmj.38569.471007.AE
https://www.ncbi.nlm.nih.gov/pubmed/16157605
https://doi.org/10.1097/MJT.0000000000000150
https://doi.org/10.2165/00003088-199630020-00004
https://doi.org/10.1177/1060028019871891
https://doi.org/10.1177/1060028014550644
https://doi.org/10.3390/ijms21197023
https://www.ncbi.nlm.nih.gov/pubmed/32987693
https://doi.org/10.1080/13814780701815116
https://www.ncbi.nlm.nih.gov/pubmed/18464169
https://doi.org/10.1016/j.ejphar.2021.173854
https://www.ncbi.nlm.nih.gov/pubmed/33428898
https://doi.org/10.1056/NEJMra1011442
https://www.ncbi.nlm.nih.gov/pubmed/21410373
https://doi.org/10.3324/haematol.10759
https://www.ncbi.nlm.nih.gov/pubmed/17488666
https://doi.org/10.5306/wjco.v11.i4.190
https://www.ncbi.nlm.nih.gov/pubmed/32355641
https://doi.org/10.5414/CN108927
https://doi.org/10.3389/fphar.2016.00358
https://doi.org/10.1097/MD.0000000000000547
https://doi.org/10.1016/j.amjmed.2018.03.015
https://doi.org/10.1089/big.2014.0008
https://www.ncbi.nlm.nih.gov/pubmed/26576325

	Introduction 
	Materials and Methods 
	Data Source and Definition 
	Statistical Analysis 

	Results 
	Baseline Demographics 
	Etiologic Medications Implicated in Seriousness of ADEs 
	Predictors Associated with Increased Risk of Drug-Induced Nephrotoxic ADEs 

	Discussion 
	Conclusions 
	References

