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ABSTRACT 

Background. We sought to comprehensively describe drug-related components associated with acute kidney injury 
( AKI) in patients with chronic kidney disease ( CKD) , describing the incidence of drug-related AKI, the proportion of 
preventable AKI, identified the various drugs potentially associated with it, explored the risk factors, and assessed the 
1-year incidences of the recurrence of drug-related AKI, kidney failure, and death. 
Methods. CKD-REIN is a French national prospective cohort of 3033 nephrology outpatients with a confirmed diagnosis 
of CKD ( eGFR < 60 ml/min/1.73 m²) . AKIs and adverse drug reactions ( ADRs) were prospectively identified from hospital 
reports, medical records, and patient interviews. Expert nephrologists used the KDIGO criteria to adjudicate all stages of 
AKI, and expert pharmacologists used validated tools to adjudicate ADRs ( including drug-related AKIs) . 
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Results. Over a median [interquartile range] period of 4.9 [3.4–5.1] years, 832 cases of AKI were reported in 639 ( 21%) of 
the 3033 study participants. The drug-related component associated with AKI accounted for 236 cases, and 28% were 
judged to be preventable or potentially preventable. The three most frequently implicated drug classes were diuretics, 
renin-angiotensin system inhibitors, and contrast agents. A history of cardiovascular events, diabetes, lower levels of 
hemoglobin and eGFR, poor medication adherence, and ≥5 drugs taken daily were associated with a greater risk of 
drug-related AKI. Full recovery was not attained in 64 ( 27%) of the 236 cases of drug-related AKI. The 1-year cumulative 
incidences of recurrence of drug-related AKI, kidney replacement therapy, and death were 7%, 15%, and 11%, 
respectively, after the first drug-related AKI. 
Conclusions. Drug-related AKI is prevalent among patients with CKD. Even though a substantial proportion of these 
events were classified as stage 1, our findings point to a poor prognosis. 

Keywords: acute kidney injury, adverse drug reaction, chronic kidney disease, drugs, pharmacoepidemiology 
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KEY LEARNING POINTS 

What was known: 

• Acute kidney injury ( AKI) and chronic kidney disease ( CKD
other.

• Drugs are a common cause of AKIs in both hospital and c

This study adds: 

• In a French national prospective cohort of 3033 nephrolog
the drug-related component associated with AKI accounte
cohort, and 28% of these events were judged to be preven

• At least two concomitant medications were implicated in 
and diuretics, two diuretics, and diuretics and antibiotics 

Potential impact: 

• Within 1 year of the episode, having undergone a first dr
related AKI, 16% of the cases required KRT, and 12% died.

NTRODUCTION 

cute kidney injury ( AKI) is a worldwide public health issue 
ssociated with increased morbidity and mortality rates and 
ealthcare expenditure [1 , 2 ]. Each episode of AKI is associ- 
ted with a significant higher risk of death and adverse long- 
erm outcomes, including cardiovascular complications, chronic 
idney disease ( CKD) , and kidney failure [3 –6 ]. 

It is increasingly acknowledged that AKI and CKD are in- 
ricately interconnected and that one probably exacerbates the 
ther. Underlying CKD is now considered to be a risk factor for 
KI [6 , 7 ]. Diverse risk factors have been identified for acute-on- 
hronic kidney disease [7 , 8 ], with certain factors being inher- 
ntly non-modifiable, while others belong to the modifiable cat- 
gory, notably including drug-induced AKI, warranting focused 
nvestigation. 

Indeed, drugs are a common cause of AKIs in both hospital 
nd community settings. The injuries can be attributed to a vari- 
ty of mechanisms, including tubular injury, interstitial nephri- 
is, intratubular crystal precipitation, parenchymal damage from 

ascular/glomerular injuries, and hemodynamic effects that re- 
uce the GFR. Furthermore, the AKI-related accumulation of a 
arent drug or its metabolites usually excreted by the kidneys 
ay be harmful. The avoidance of medications with renal tox- 

city is a crucial means of preventing AKI or reducing its dura- 
ion [9 ]. It is essential to thoroughly assess exposure to drugs 
nown to be linked to kidney impairment, detect potential drug 
 intricately interconnected and one probably exacerbates the 

unity settings.

tpatients with a confirmed diagnosis of CKD, we found that 
 over a quarter of the acute-on-chronic kidney disease in the 
 or potentially preventable.
 than half of the AKIs with a drug-related component, RASis 
 the three most frequent associations.

lated AKI, 7% of patients experienced a recurrence of drug- 

nteractions, and identify individuals at risk of drug-related AKI 
 especially those with underlying CKD) [10 ]. However, there is 
 lack of quantitative data regarding the contribution of drugs 
o the occurrence of AKI in CKD patients, and detailed infor- 
ation on specific drugs, including drug combinations, as well 
s the preventability of these events in this specific population,
s limited. 

Indeed, patients with CKD have a significant comorbidity 
urden, which often leads to polypharmacy and complex drug 
rescriptions [11 , 12 ]. We have shown that CKD patients are at 
 high risk of developing adverse drug reactions ( ADRs) [13 ].
rospective data regarding the factors influencing and the prog- 
osis of drug-induced AKI in individuals with CKD are currently 
navailable. 
The primary objective of the present study was to thoroughly 

xamine the contribution of drugs to the occurrence of acute- 
n-chronic kidney disease in a CKD cohort. We documented 
he incidence of drug-related AKI, the proportion of preventable 
KIs, identified drugs potentially associated with drug-related 
KI, explored the risk factors, and assessed the 1-year outcomes.

ATERIALS AND METHODS 

he results of this cohort study are reported in accordance with 
he Strengthening the Reporting of Observational Studies in 
pidemiology ( STROBE) guidelines [14 ]. 
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tudy design and participants 

KD-REIN is a prospective cohort study conducted in 40 na-
ionally representative outpatient nephrology centers in France.
ligible adult patients had a confirmed diagnosis of moderate 
r advanced CKD with an estimated glomerular filtration rate 
 eGFR) < 60 ml/min per 1.73 m²; they were not on dialysis and had
ot undergone kidney transplantation. Between July 2013 and 
arch 2016, the CKD-REIN investigators enrolled 3033 patients,
ll of whom gave their written, informed consent. Details of the
tudy protocol and study flow chart have been published previ-
usly [15 , 16 ]. The study was approved by the institutional review
oard at the French National Institute of Health and Medical
esearch ( INSERM; reference: IRB00003888) and was registered 
t ClinicalTrials.gov ( NCT03381950) . 

tudy data 

ata were collected at baseline and then annually by trained
linical research associates ( CRAs) from patient interviews and 
edical records. The study data included baseline sociodemo- 
raphic characteristics and any history of diabetes, cirrhosis,
ardiovascular disease or AKI, as defined in the Table S1. Medica-
ion adherence was assessed with the validated, questionnaire- 
ased Girerd score ( Table S1) [17 ]. Health literacy was evaluated 
rom the answer to a question in the patient interview ‘How of-
en do you need to seek assistance from someone when you
ead prescriptions, instructions, brochures, or other written doc- 
ments from your doctor or pharmacist?’. Low health literacy 
as defined as an answer of ‘rarely’, ‘often’ or ‘always’. Par-
icipants underwent blood and urine tests, including measure- 
ents of serum creatinine, hemoglobin, and albumin, and uri- 
ary albumin-to-creatinine ratio ( Table S1) . We used the 2009 
reatinine-based Chronic Kidney Disease Epidemiology Collabo- 
ation equation to estimate the baseline GFR [18 ]. Patients were
sked to bring all their drug prescriptions for the preceding
 months ( for the enrollment visit) or all the year’s prescrip- 
ions ( for each annual follow-up visit) . Accordingly, drug pre- 
criptions were continuously recorded from 3 months preced- 
ng study inclusion to the end of the follow-up period, includ-
ng the drugs prescribed at the time of ADRs ( if any) . We used
he Anatomical Therapeutic and Chemical ( ATC) thesaurus [19 ] 
o code medications, and we recorded the drug start and stop
ates ( with reasons for stopping, if recorded) . Longitudinal data 
 appointments with the nephrologist, hospital admissions, labo- 
atory tests—whether prescribed annually as per the study pro- 
ocol or routinely by the nephrologist or by any other physician—
nd medications) were recorded at 1-year intervals. 

dentification and staging of AKI events 

uring the study follow-up, all AKI episodes in outpatients or
npatients were identified. Several sources were used to iden- 
ify AKI episodes: ( i) the study’s CRAs were trained to identify 
ny mention of AKI in hospital reports, and ( ii) a study physi-
ian reviewed all the hospital discharge reports for any mention
f elevated serum creatinine levels, regardless of whether or not
KI was specified. Additional data on the AKI adjudication pro-
ess in the CKD-REIN cohort have been published elsewhere [7 ].
he AKI classification was based on the 2012 KDIGO-AKI crite-
ia, using the baseline and peak serum creatinine levels as fol-
ows: Stage 1: 1.5–1.9 × baseline serum creatinine or ≥0.3 mg/dl
ncrease in serum creatinine; Stage 2: 2.0–2.9 × baseline serum 
reatinine; Stage 3: 3 × baseline serum creatinine or ≥4.0 mg/dl
ncrease, or dialysis initiation [1 ]. For AKIs that occurred in hos-
ital, the timeframe for diagnosis and staging was based on an
ncrease in serum creatinine of 50% within a week or 0.3 mg/dl
ithin 48 h, as recommended in the guidelines [1 ]. For AKIs con-
idered as community-acquired AKI, we assumed that the base-
ine serum creatinine was the mean of all values measured the
ear before each episode; according to the literature, this is the
est approximation [20 ]. Urine output was not considered to cap-
ure AKI events. The baseline serum creatinine corresponded to
he average of the values measured in the year preceding the
KI. All patients who developed AKI had at least one serum cre-
tinine measurement in the previous year. For those with only
ne measurement in the year preceding the event, that value
as used as the baseline. Hospital-acquired AKI referred to AKI
hat occurs during a hospital stay, whereas community-acquired 
KI referred to events that did not involve a hospital or were re-
orted as a cause of hospital admission. 

dentification and adjudication of ADRs 

ccording to the World Health Organization ( WHO) , an ADR is
efined as ‘an appreciably harmful or unpleasant reaction, re-
ulting from an intervention related to the use of a medicinal
roduct, which predicts hazard from future administration and
arrants prevention or specific treatment, or alteration of the
osage regimen, or withdrawal of the product’ [21 ]. An ADR is
onsidered to be serious when the outcome is death, a life-
hreatening situation, hospital admission, disability, permanent 
amage, or another important medical event ( i.e. the ADR was
onsidered to be serious but did not require hospitalization, only
equired a short stay in the emergency room, or occurred during
 hospital stay but did not prolong it) [22 ]. 

Over a 5-year follow-up period, we collected essential data on
DRs via a study-specific electronic case report form. We used
everal sources to identify potential ADRs: ( i) medical records 
 examined by CRAs) ( ii) patient interviews with CRAs, ( iii) hos- 
ital reports, and ( iv) AKI adjudication. Thus, the event iden-
ifier could be the patient, a medical record, or both. All drugs
rescribed to the patient at the time of an ADR were recorded.
wo expert pharmacists ( S.L. and S.M.L.) contributed to adjudica- 
ion of the identified ADRs, although each ADR was reviewed by
 single expert. The expert evaluated the potential causal rela-
ionship with the patient’s drugs, coded the event according to
he Medical Dictionary for Regulatory Activities ( MedDRA) and 
ated the seriousness of the ADR ( nonserious or serious) , the
rug( s) thought to be responsible for the ADR, the dose level,
nd the immediate drug management action ( discontinuation,
ose adjustment, or no change) . When the ADR was consid-
red to be serious, a committee of four expert pharmacologists
rom the Amiens Pharmacovigilance center ( V.G.-C., J.M., S.L. and
.M.L.) applied Bégaud’s method for the imputability assessment 
f ADRs [23 , 24 ]. This algorithmic method attributes an intrinsic
core on the basis of chronological and semiological criteria. The
ause and effect relationship is assessed independently for each
rug taken by the patient before the occurrence of the event and
s not influenced by the extent of imputability to other drugs.
his method allows us to identify the drug most responsible for
DRs with the highest degree of imputation ( i.e. that with the
ighest intrinsic score) . A first drug-related AKI was defined as
he first occurrence of an AKI potentially associated with a drug
uring the CKD-REIN study follow-up. 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae357#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae357#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae357#supplementary-data
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AKIs, acute kidney injuries

862 AKIs reported

832 AKIs
included

• Duplicates, n=8
• No recorded onset date, n=1
• AKIs occurring after transplantation or dialysis
initiation, n=21

236 drug-related
AKIs

596 AKIs with no
drugs involved

Figure 1: AKI flowchart. 
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ssessment of the preventability of serious ADRs 

rug-related AKIs that met the criteria for a serious ADR 
ere assessed for preventability ( ‘preventable’, ‘potentially pre- 
entable’, ‘not assessable’, or ‘not preventable’) on a seven- 
tem scale by the pharmacovigilance committee [25 ]. This pre- 
entability scale is based on several criteria: compliance with 
rescription guidelines, the presence or absence of risk factors 
or ADRs at the time of the prescription, adjustment of the pre- 
cription to the patient’s condition and environment, and the ab- 
olute need to take the implicated drug ( Table S2) . When ther e 
as doubt concerning the prescriber’s or patient’s compliance 
ith treatment guidelines and/or the patient’s real need for the 
rescription, the expert committee rated the preventability as 
not assessable’. When preventable or potentially preventable,
he preventability criteria were assessed: the appropriateness 
f the prescription, a medication error by the patient, and self- 
edication ( i.e. self-administration of a medication in the ab- 
ence of a current prescription and/or without consulting a 
ealthcare professional) . 

ecovery and one-year outcomes after a first 
rug-related AKI during study follow-up 

e evaluated the rate of kidney function recovery in the year fol- 
owing AKI. Full renal recovery was defined as a decrease in the 
erum creatinine level to below 1.10 × baseline serum creatinine 
26 ]. 

We also assessed the cumulative incidence rates of recur- 
ent drug-related AKI, KRT, and death within 12 months of the 
rst drug-related AKI. KRT events were defined as initiation 
f maintenance dialysis or pre-emptive kidney transplantation,
dentified from medical records, patient interviews, or by link- 
ge with the national REIN ( Renal Epidemiology and Informa- 
ion Network) registry [27 ]. Deaths were identified from medical 
ecords or the French national death registry [27 ]. 

tatistical analyses 

aseline characteristics were described for the participants as 
hole and according to the number of prescription drugs taken 
aily. The data were expressed as the mean [standard devi- 
tion ( SD) ], median [interquartile range ( IQR) ], or the number 
 percentage) . The crude incidence rates [95% confidence interval 
 CI) ] per 100 person-years for all AKI episodes and by AKI subtype 
 hospital or community acquired) were estimated for the study 
opulation as a whole. 
We used cause-specific Cox proportional hazard models to 

nvestigate the patients’ baseline clinical characteristics associ- 
ted with the risk of drug-related AKI. Data were censored at the 
ate of death, the date of KRT initiation or the date of last follow-
p, whichever came first ( i.e. the first of these competing events) .
ariables were preselected via a literature review and were ana- 
yzed in a crude model that included age, sex, health literacy, ed- 
cational level, history of cardiovascular disease, diabetes, AKI,
r cirrhosis, baseline eGFR, baseline hemoglobin, baseline serum 

lbumin, number of prescription drugs taken daily, and med- 
cation adherence. The proportional hazards assumption was 
hecked by testing the Schoenfeld residuals. 

Long-term outcomes were analyzed by estimating the cumu- 
ative incidence [95%CI] of the competing risks of recurrence of 
rug-related AKI, kidney failure, and death after the first drug- 
elated AKI. The cumulative incidence [95%CI] of these compet- 
ng risks was further investigated after a first hospital-acquired 
rug-related AKI and after a first community-acquired drug- 
elated AKI. 

To handle missing data, we performed multiple imputation 
y chained equations ( 20 iterations and 25 datasets) and in- 
luded all the patient variables used in the adjusted models [28 ].
he data patterns suggested that the ‘data missing at random’ 
ssumption was plausible. Out of the patients, 26% had at least 
ne missing data item. The proportions of missing data by vari- 
ble are listed in Table 1 . Fitted Cox models were generated for
ach dataset, and pooled regression coefficients were obtained 
sing Rubin’s rules. All statistical analyses were performed with 
 software [29 ]. 

ESULTS 

aseline characteristics 

wo thirds of the study participants were male ( Table 1 ) . At 
aseline, the median age was 69 years [IQR, 60–76] and patients 
ere taking a median of eight medications [IQR, 5–10] per day.

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae357#supplementary-data
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Table 1: Baseline characteristics of the study participants. 

Number of drugs taken daily 

Total ( n = 3033) < 5 ( n = 595) 5–10 ( n = 1685) > 10 ( n = 753) Imputed data ( n = 3033) 

Age at baseline ( years) 69 [60–76] 61 [48–70] 69 [62–77] 71 [66–77] 
Men 65% 63% 67% 63% 

Health literacy 81% 87% 82% 75% 

Educational level ( years) 1% 

< 9 15% 8% 15% 21% 

9–12 49% 40% 51% 53% 

≥ 12 36% 52% 35% 26% 

Smoking 0.8% 

Never-smokers 41% 50% 40% 38% 

Current smokers 12% 15% 11% 10% 

Former smokers 47% 35% 49% 52% 

Hypertension 96% 90% 97% 99% 0.2% 

Diabetes 43% 11% 43% 70% 0.2% 

Dyslipidemia 73% 43% 76% 91% 0.5% 

History of AKI 23% 16% 22% 32% 8% 

Cardiovascular disease 53% 21% 54% 76% 1% 

Coronary artery disease 25% 5% 22% 45% 2% 

Heart failure 13% 3% 12% 24% 0.3%
Cerebrovascular disease 12% 4% 13% 17% 2% 

History of stroke or TIA 10% 3% 11% 14% 2% 

Peripheral artery disease 17% 4% 16% 28% 2% 

Body mass index ( kg/m2 ) 28.7 ( 5.86) 26.0 ( 4.63) 28.5 ( 5.43) 31.3 ( 6.51) 2% 

Systolic blood pressure ( mmHg) 142 ( 20) 137 ( 17) 142 ( 20) 144 ( 20) 0.6% 

Diastolic blood pressure ( mmHg) 78 ( 12) 81 ( 11) 78 ( 12) 76 ( 12) 0.7% 

eGFR at baseline ( ml/min/1.73 m2 ) 34.1 ( 13.1) 38.2 ( 13.4) 33.9 ( 13.2) 31.2 ( 11.8) 
uACR ( mg/g) 109 [21.8–509] 54.1 [14.3–293] 112 [22.3–508] 182 [31.4–680] 12% 

Normal or slightly elevated ( A1) 30% 38% 30% 24% 

Moderately elevated ( A2) 35% 37% 35% 34% 

Severely elevated ( A3) 35% 25% 35% 42% 

Serum albumin ( g/l) 40.1 ( 4.32) 41.2 ( 3.84) 40.2 ( 4.32) 39.3 ( 4.52) 16% 

Hemoglobin ( g/dl) 13.0 ( 1.65) 13.5 ( 1.59) 13.1 ( 1.63) 12.5 ( 1.60) 0.7% 

Diuretic 55% 20% 56% 79% 0.3% 

Renin-angiotensin system inhibitor 76% 67% 77% 80% 0.3% 

Beta-blocker 42% 14% 43% 63% 0.3% 

Calcium channel inhibitor 48% 24% 49% 64% 0.3% 

Proton pump inhibitor 33% 7% 29% 61% 0.3% 

Antiplatelet therapy 41% 8% 43% 63% 0.3% 

Anticoagulant 15% 4% 13% 26% 0.3% 

Nonsteroidal anti-inflammatory drug 2% 1% 2% 3% 0.3%
Allopurinol 26% 12% 26% 38% 0.3%
Colchicine 2% 1% 2% 3% 0.3%
Poor adherence to medication 62% 47% 61% 76% 1% 

TIA: transient ischemic attack; uACR: urinary albumin-to-creatinine ratio. 
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ost patients were taking at least five medications at base-
ine ( 80%) . The more medications patients were taking at base- 
ine, the more comorbidities they had ( hypertension, diabetes,
yslipidemia, AKI history, a history of cardiovascular disease) ,
nd the lower the eGFR, serum albumin, and hemoglobin 
evels. 

haracteristics of the AKIs 

ver a median follow-up period of 4.9 years [IQR, 3.4–5.1], 832
KIs were reported in 639 ( 21%) of the 3033 participants ( Fig. 1 ) ;
36 AKIs in 208 participants were classified as drug-related 
 Table 2 ) . The incidence rates [95%CI] for AKI and drug-related
KI were 7.1 [6.2; 8.1] and 2.0 [1.7; 2.4], respectively. Most ( n = 615;
4%) of all the AKIs were classified as stage 1 ( of which 173 cor-
esponded to a 50% rise in creatinine from the baseline) , and
5% were categorized as stage 3. The proportion of stage 3 events
as greater for non-drug-related AKI than for drug-related AKI

 Fig. 2 ) . 
Of the drug-related AKIs, 126 were classified as commu-

ity acquired [incidence rate ( IQR) : 1.1 ( 0.9; 1.3) ], and 110 were
ategorized as hospital-acquired [incidence rate 0.9 ( 0.7; 1.2) ].
he number of medications associated with the occurrence of
KI was higher in community-acquired cases than in hospital-
cquired cases. The proportion of drug-related AKIs involv-
ng three drugs was 26% for community-acquired cases and
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Table 2: Incidence rates of AKI. 

Total 
n = 3033 

AKI 
Person-years 11 737 
Number of events 832 
Incidence rate per 100 person-years [95%CI] 7.1 [6.2; 8.1] 
Drug-related AKI 
Person-years 11 737 
Number of events 236 
Incidence rate per 100 person-years [95%CI] 2.0 [1.7; 2.4] 
Drug-related community-acquired AKI 
Person-years 11 737 
Number of events 126 
Incidence rate per 100 person-years [95%CI] 1.1 [0.9; 1.3] 

Drug-related hospital-acquired AKI 
Person-years 11 737 
Number of events 110 
Incidence rate per 100 person-years [95%CI] 0.9 [0.7; 1.2] 

CI: confidence interval. 
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5% for hospital-acquired cases. The proportion of drug-related 
KIs involving a single drug was over 50% for hospital-acquired 
ases. The drugs most frequently implicated in drug-related 
KI cases were diuretics ( 34%) , renin-angiotensin system in- 
ibitors ( RASis) ( 32%) , and contrast agents ( 13%) ( Fig. 3 ) . How- 
ver, the drug class distribution depended on whether the 
KI was hospital or community acquired. While RASis, diuret- 
cs and anti-inflammatory drugs were the classes most com- 
only implicated in community-acquired AKI ( 43%, 34%, and 
% respectively) , diuretics, contrast agents and RASis were most 
ommonly implicated in hospital-acquired cases ( 35%, 25%, and 
0% respectively) ( Table S3) . 

Among the cases of drug-related AKI with at least two drugs 
mplicated, the three most frequent associations were RASis and 
iuretics, two diuretics, and diuretics and antibiotics ( Fig. 4 ) .
ost of these drug interactions were additive or synergistic 
harmacodynamic interactions. 
In most cases, the drug primarily implicated in the AKI ( i.e.

ith the highest degree of imputation) was discontinued ( 83%) ; 
his happened more frequently in community-acquired AKIs 
 88%) than in hospital-acquired AKIs ( 76%) . Dose adjustment 
as more frequent when the drug-related AKI occurred in hospi- 
al ( in 17% of cases, compared with 9% for community-acquired 
KIs) . 
Of the 236 drug-related AKIs, 168 ( 71%) were considered se- 

ious ADRs ( according to the WHO definition) , 28% were pre- 
entable or potentially preventable, and 48% were not pre- 
entable. The most frequent preventability criteria were pre- 
criptions that did not comply with the summary of prod- 
ct characteristics, such as contraindications ( n = 18) and an 
nappropriately high-dose level ( n = 10) relative to the pa- 
ient’s level of kidney function ( Table S4) . Comm unity-acquir ed 
rug-related AKIs were more often judged to be preventable 
r potentially preventable ( 35%) than hospital-acquired drug- 
elated AKIs ( 17%) . Most serious drug-related AKIs were men- 
ioned solely in medical documents ( 95%) : only eight cases 
f drug-related AKI were also reported by patients during 
he annual interview, and these were all community-acquired 
ases. 
isk factors for drug-related AKI 

fter adjusting for other associated variables, the risk of a 
rst drug-related AKI significantly increased with the partici- 
ant’s baseline number of prescribed drugs, a history of car- 
iovascular disease, a history of diabetes, and poor treatment 
dherence ( Table 3 ) . Lower levels of eGFR and hemoglobin level 
 but not serum albumin) were associated with an increased risk 
f first drug-related AKI. Men were at a higher risk of first drug-
elated AKI than women. After adjustment, there was no signif- 
cant associations with age, a history of AKI, cirrhosis, and ed- 
cation level. Literacy was significantly associated with a lower 
isk of first drug-related AKI in the univariable model but not 
fter adjustment. An exploratory analysis of factors linked to 
reventable drug-related AKI identified sex, decrease in eGFR,
nd urinary albumin-to-creatinine ratio as statistically signifi- 
ant associations ( Table S5) . 

ecovery from an AKI 

f the 832 AKI episodes ( and regardless of their relationship to a 
rug) , 563 ( 68%) led to a full renal recovery within the following 
ear. Full recovery was not attained in 64 ( 27%) of the 236 cases 
f drug-related AKI and 205 ( 35%) of the 596 cases of non-drug- 
elated AKI.

ne-year outcomes after a first drug-related AKI 

ne year after the first episode of drug-related AKI during study 
ollow-up, 7% [95%CI, 4; 11] of patients had experienced a recur- 
ence of drug-related AKI, 15% [95%CI, 10; 20] required KRT, and 
1% [95%CI, 6; 15] had died ( Fig. 5 a) . 

The incidence rates depended slightly on the setting of the 
rst drug-related AKI. After a community-acquired drug-related 
KI, respectively, 6% [95%CI, 2; 10], 15% [95%CI, 8; 21], and 10% 

95%CI, 4; 15] of the patients experienced a recurrence of drug- 
elated AKI, required KRT, or died ( Fig. 5 b) . By contrast, af- 
er a first hospital-acquired drug-related AKI, respectively, 14% 

95%CI, 7; 21], 14% [95%CI, 7; 21], and 11% [95%CI, 5; 17] of the
atients experienced a recurrence of drug-related AKI, required 
RT, or died ( Fig. 5 c) . 

ISCUSSION 

n the basis of data from a French cohort of 3033 CKD pa-
ients followed up by a nephrologist, we found that the drug- 
elated component associated with AKI accounted for 236 of 
he 832 cases of acute-on chronic AKI in the cohort ( of which 
7% were hospital-acquired AKI and 53% were community ac- 
uired AKI) , and 28% of the 168 serious AKIs were judged to 
e preventable or potentially preventable. The three most fre- 
uently implicated drug classes were diuretics ( 35%) , contrast 
gents ( 25%) , and RASis ( 20%) , for hospital-acquired drug-related 
KIs and RASis ( 43%) , diuretics ( 34%) , and anti-inflammatory 
rugs ( 5%) for community-acquired drug-related AKIs. At least 
wo concomitant medications were implicated in more than half 
f the AKIs with a drug-related component, RASis and diuret- 
cs, two diuretics, and diuretics and antibiotics were the three 
ost frequent associations. Furthermore, we found that certain 
atient-related characteristics increased the risk of developing 
 first drug-related AKI; these included a history of cardiovas- 
ular disease, diabetes, poor medication compliance, ≥5 drugs 
aken daily, and lower baseline eGFR and hemoglobin level.

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae357#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae357#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae357#supplementary-data
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Figure 2: Stage of AKI, according to the medication component. 

Figure 3: Medications primarily implicated in drug-related acute kidney injuries, by setting of occurrence. 
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ithin 1 year of the episode, patients having undergone a first
rug-related AKI experienced in 7% a recurrence of drug-related 
KI, required KRT in 16% of the cases, when 12% died. 

he incidence of drug-related AKI and implicated 

edication classes 

ver a median follow-up of 4.9 years, the incidence rates [95%CI]
or AKI and drug-related AKI were 7.1 [6.2; 8.1] and 2.0 [1.7; 2.4],
espectively. To the best of our knowledge, this information on
rug-related AKI has not been previously reported for a CKD
opulation. 
Our analyses revealed that the medication with the highest 

ntrinsic imputability depended on the setting of occurrence. For 
ospital-acquired AKIs, diuretics were most frequently impli- 
ated. For community-acquired AKIs, RASi were most frequently 
mplicated. Most drugs we identified as being associated with 
KI are well known for their propensity to induce functional AKI
10 , 30 ]. However, these were clinically important medications,
.g. diuretics in cases of heart failure decompensation, and con-
rast agents for life-saving diagnostic tests or coronary interven- 
ions. Indeed, we found that most hospital-acquired AKIs were 
ot preventable, due to the clinical context and the essential na-
ure of the prescription. 

We also found that two or more medications were implicated
n more than half of the drug-related AKIs, and we thoroughly
t

escribed the associations. In a disproportionality analysis of
he French national pharmacovigilance database ( within the 
eneral population) , Pierson-Marchandise et al . demonstrated 
hat at least two suspect medications were involved in the oc-
urrence of > 60% of AKIs [31 ]. These data are important for pre-
cribers to alert them about the potential pharmacodynamic in-
eractions posing a risk of AKI in CKD patients. 

It is noteworthy that 90% of the community-acquired AKIs
ed to the temporary discontinuation of the drug treatment. Fail-
re to reinitiate certain treatments after an AKI might consti-
ute a missed opportunity for the patient, e.g. RASis and their
ephroprotective effects [32 ]. Furthermore, the fact that self-
edication with NSAIDs accounted for 26% of the preventable,
rug-induced AKI highlights the importance of patient educa-
ion for the avoidance of this inappropriate practice. 

actors associated with drug-related AKI 

e found that a poor compliance and high number of medica-
ions were associated with the risk of drug-related AKI in CKD
atients. Chang et al . found that patients exposed to polyphar-
acy might have an increased risk of AKI [33 ]. The risk of devel-
ping AKI increases with the number of prescribed drugs. In-
eed, a meta-analysis has demonstrated that each additional
edication with potential renal toxicity increases the risk of
eveloping AKI by 53% [34 ]. Therefore, our results extended
hese literature findings to a population of patients with CKD. 



8 S.M. Laville et al.

Figure 4: Diagram of drug associations implicated in drug-related AKI. A10, drugs used in diabetes; A12, mineral supplements; B01, antithrombotic agents; B03, an- 

tianemic preparations; C01, cardiac therapy; C02, antihypertensives; C03, diuretics; C07, beta blocking agents; C08, calcium channel blockers; C09, agents acting on the 
renin-angiotensin system; C10, lipid modifying agents; J01, antibacterials for systemic use; J05, antivirals for systemic use; L01, antineoplastic agents; L04, immunosup- 
pressants; M01, anti-inflammatory and antirheumatic products; M02, topical products for joint and muscular pain; M04, antigout preparations; N02, analgesics; N03, 
antiepileptics; N05, psycholeptics; V08, contrast media. Note: Associations of therapeutic classes are shown for drug-related acute kidney injuries for which at least 

two drugs were implicated ( n = 132) . The wider the link between two therapeutic classes, the more frequently the association is found to be involved in drug-induced 
AKI. The combination of two drugs from the same therapeutic class may have contributed to drug-related AKI ( e.g. diuretics, C03) . RASis and diuretics, two diuretics, 
and diuretics and antibiotics were the three most frequent associations. 
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Furthermore, polypharmacy might reduce compliance, par- 
icularly by complicating the management of patients’ under- 
ying conditions. This complexity could manifest itself as poor 
ontrol of concurrent illnesses and could potentially lead to con- 
itions such as hypertensive crises and heart failure decom- 
ensation: both of which are risk factors for AKI [35 ]. Hence,
olypharmacy may be linked to the development of AKI directly 
y exerting the effects of medications or indirectly by altering 
atient behavior ( e.g. compliance) . When exploring factors as- 
ociated with preventable AKI, eGFR emerged as a significant 
ontributor. These findings are consistent with our identification 
f preventability causes, namely contraindicated or excessively 
igh-dose prescriptions. This emphasizes the need for regular 
eassessment of the benefit-risk balance of prescriptions, partic- 
larly as eGFR declines, to reduce the incidence of preventable 
rug-related AKI. 
Besides, we observed associations between various comor- 

idities ( such as diabetes and a history of cardiovascular disease) 
nd the risk of drug-related AKI. These associated factors have 
lready been identified in cases of AKI, although the medication 
omponent was notably absent from the published studies [36 –
8 ]. We also enhanced the role of lower eGFR as a risk factor for
cute-on-chronic kidney disease. We recently evidenced a linear 
elationship between a decrease in the eGFR and an increase in 
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Table 3: Risk factors for a first drug-related AKI ( n events = 208) . 

Crude model Adjusted model 

HR [95% CI] P value HR [95% CI] P value 

Age ( per year) 1.02 [1.00; 1.04] .02 1.01 [0.99; 1.02] .49 
Men ( ref. women) 1.76 [1.14; 2.73] .01 1.83 [1.15; 2.92] .01 
Literacy 0.82 [0.52; 1;30] .40 0.92 [0.58; 1.46] .72 
Level of education 

< 9 Ref 
9–11 0.79 [0.46; 1.34] .37 0.85 [0.49; 1.46] .55 
≥12 0.89 [0.51; 1.53] .66 1.19 [0.67; 2.11] .54 

History of cardiovascular disease 2.04 [1.37; 3.04] < .001 1.29 [0.84; 1.99] .24 
History of diabetes 1.91 [1.31; 2.77] < .001 1.23 [0.82; 1.85] .31 
History of AKI 1.31 [0.85; 2.00] .22 1.11 [0.72; 1.70] .64 
eGFR ( per 5 ml/min/1.73 m2 decrease) 1.14 [1.05; 1.24] .001 1.08 [0.99; 1.15] .08 
Urinary albumin-to-creatinine ratio 

Normal or slightly elevated ( A1) Ref Ref 
Moderately elevated ( A2) 1.34 [0.81; 2.22] .25 1.14 [0.69; 1.90] .61 
Severely elevated ( A3) 1.88 [1.14; 3.08] .01 1.38 [0.81; 2.34] .23 

Hemoglobin ( per g/dl decrease) 1.19 [1.06; 1.34] .004 1.12 [1.01; 1.23] .04 
Number of daily drugs 

< 5 Ref Ref 
5–9 3.29 [1.48; 7.32] .004 2.34 [1.02; 5.39] .046 
≥10 6.06 [2.74; 13.39] < .001 3.36 [1.39; 8.12] .008 

Poor medication compliance ( ref. good) 1.74 [1.14; 2.65] .01 1.37 [0.89; 2.10] .15 
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he risk of drug-related AKI [13 ]. This identification of risk factors
aves the way for prediction studies to develop a risk stratifica-
ion tool, enabling personalized medicine approaches. 

utcomes after drug-related AKI 

e found that 12 months after the drug-induced AKI, 16% of the
atients had developed KRT and 12% had died. This result is con-
istent with other reports on AKI [7 , 39 , 40 ]. Even though 79% of
he drug-induced AKI were classified as KDIGO stage 1 and most
 73%) patients with drug-related AKI reached full renal recov- 
ry in the following year, the 1-year kidney outcomes and sur-
ival are poor. However, the current study was not designed to
ssess optimal care following drug-induced AKI. Therefore, we 
ere unable to identify the most effective strategy to prevent
KI recurrence or renal progression. Moreover, we found that 
8% of the observed drug-related AKI cases were preventable 
r potentially preventable, and the proportion was higher for 
ommunity-acquired AKIs. This finding suggests that preventive 
easures should be enhanced. The discontinuation of medica- 

ions ( as a means of preventing AKI) during episodes of acute 
llness ( e.g. following sick day guidance) or during medical pro- 
edures has also been suggested and studied [1 ]. Patient educa-
ion appears to be crucial because only eight drug-related AKIs
ere reported by the patients; the level of awareness of AKIs is

ow. This point has already been reported [41 ]. Among the strate-
ies considered for proactive identification of AKI, one involves 
he use of electronic alerts ( e-alerts) based on automated algo- 
ithms that detect changes in serum creatinine levels through 
aboratory data. While this approach is feasible in a hospital set-
ing and can facilitate early detection of AKI ( which is typically
ore severe than in the community setting) , implementing such 
 system in outpatient settings may be challenging [42 ]. 

Our study’s main strengths were the large sample size and
he representative study population ( i.e. patients with a con- 
rmed diagnosis of CKD and nationally representative of this 
opulation under nephrology follow-up) . Furthermore, the study 
eatured a long ( 5-year) follow-up period. Last, the meticulous,
xtensive data collection on patient characteristics and medica-
ions, together with a careful expertise of AKIs and ADRs, en-
anced the quality and relevance of our results. 
However, the study had some limitations. Evaluation of drug

ausality in the context of ADRs is complicated. This is particu-
arly true for cases of drug-induced AKI, as the latter is multifac-
orial. In the present study, our standardized, validated pharma-
ovigilance approach based on the individual analysis of cases
hrough a detailed review of patients’ medical records, hospital-
zation reports, and laboratory results. However, in these events,
rugs were often just one contributing factor in a multifactorial
rocess, making it difficult to establish a clear causal relation-
hip. Given that the cohort included solely patients with CKD
nder nephrology follow-up, it might not be possible to extrap-
late our results to other populations. However, the situation
ould be potentially even more serious within a population that
oes not benefit from this specialized monitoring. Even though
e actively sought to identify AKIs, the incidence might have
een underestimated because certain events might not have
een captured ( particularly within community settings) . While 
he KDIGO criteria are widely accepted, they may not capture
ll cases of AKI, particularly in patients with mild or transient
ncreases in creatinine that might be clinically relevant. Last,
he study’s observational design precluded any causal interpre-
ation, especially with regard to the association between AKI and
RT or death, and does not provide insights into the effective-
ess of interventions to prevent drug-related AKI. 
In conclusion, drug-related AKI is prevalent among patients

ith CKD. Even though a substantial proportion of these events
ere classified as stage 1, our findings point to a poor prognosis.

UPPLEMENTARY DATA 

upplementary data are available at Clinical Kidney Journal online .

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae357#supplementary-data
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A 

B C 

Figure 5: Cumulative incidence rates of various events after a first drug-related AKI, by setting of occurrence. ( a) Cumulative incidence rates of various events after a 
first drug-related AKI. ( b) After a first community-acquired drug-related AKI. ( c) After a first hospital-acquired drug-related AKI. 
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