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Rationale & Objective: Adverse drug reactions
(ADRs) are common in patients with chronic
kidney disease (CKD). The impact of kidney
function decline on serious ADR risk has been
poorly investigated. We  comprehensively
describe ADRs and assess the relationship be-
tween estimated glomerular filtration rate (eGFR)
and serious ADR risk.

Study Design: Prospective cohort study.

Setting & Participants: 3,033 participants in
French Chronic Kidney Disease-Renal Epidemiology
and Information Network (CKD-REIN) cohort study,
a nationwide sample of nephrology outpatients with
moderate to advanced CKD.

Predictors: Demographic and biological data
(including eGFR), medication prescriptions.

Outcome: ADRs (preventable or not) were pro-
spectively identified from hospital discharge re-
ports, medical records, and patient interviews.
Expert pharmacologists used validated tools to
adjudicate ADRs.

Analytical Approach: Restricted cubic splines in
fully adjusted cause-specific Cox proportional
hazard models were used to evaluate the

relationship between eGFR and the risk of
serious ADRs (overall and by subtype).

Results: During a median follow-up period of 4.7
years, 360 patients experienced 488 serious
ADRs. Kidney and urinary disorders (n=170)
and hemorrhage (n=170) accounted for 70%
of serious ADRs. The most common
medications classes were antithrombotics and
renin-angiotensin system inhibitors. The majority
of those serious ADRs were associated with
hospitalization (n =467), with 32 directly or
indirectly associated with death and 22
associated with a life-threatening event. More
than 27% of the 488 serious ADRs were
preventable or potentially preventable. The
eGFR is a major risk factor for serious ADRs.
The risk of acute kidney injury was 2.2% higher
and risk of bleeding ADRs was 8% higher for
each 1 mL/min/1.73 m? lower baseline eGFR.

Limitations: The results cannot be extrapolated
to patients who are not being treated by a
nephrologist.

Conclusions: ADRs constitute a major cause of
hospitalization in CKD patients for whom lower
eGFR level is a major risk factor.
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Drugs provide therapeutic benefits but can also cause
adverse drug reactions (ADRs), which range from
frequent but nonserious events with mild symptoms to
rare, serious events including disability and death. Ran-
domized clinical trials, pharmacovigilance, and pharma-
coepidemiology studies enable the initial and continuous
assessment of a drug’s risk-benefit ratio—the balance be-
tween safety risks and therapeutic effectiveness. Patients
with chronic kidney disease (CKD) are excluded from
many clinical trials, and they are highly susceptible to
ADRs." "

Older age and polypharmacy are common in patients
with CKD and raise the risk of ADRs.” However, it is not
clear whether the level of kidney function per se affects the
risk of ADRs. Relative to patients with normal kidney
function, the pharmacodynamic and pharmacokinetic pa-
rameters of many medications change in CKD. For
instance, various uremic toxins that accumulate as kidney
function deteriorates can alter drug bioavailability, effec-
tiveness, and safety.®®
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In this study, our hypothesis is that lower kidney
function is associated with an elevated risk of serious
ADRs independent of age and polypharmacy in patients
with moderate to advanced CKD. We tested this hy-
pothesis in the French Chronic Kidney Disease-Renal
Epidemiology and Information Network (CKD-REIN)
cohort study, a national sample of patients with mod-
erate to advanced CKD and 5 years of prospective
follow-up observation. The objectives of this study were
to (1) provide a comprehensive description of serious
ADRs and their short-term consequences, (2) identify
ADRs that were preventable, and (3) determine the
relationship between kidney function and the most
common serious ADRs.

Methods

Study Design and Participants
CKD-REIN is a prospective cohort study conducted in 40
nationally representative outpatient nephrology centers in
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PLAIN-LANGUAGE SUMMARY

Patients with chronic kidney disease (CKD) have com-
plex clinical presentations, take multiple medications,
and often receive inappropriate prescriptions. Using
data from a large, prospective CKD cohort, we found a
high incidence of serious adverse drug reactions
(ADRs). The 2 most common serious ADRs were drug-
induced acute kidney injury and bleeding. A large
proportion of serious ADRs required hospital admis-
sion, and 11% led to death or were life threatening.
Lower kidney function was a major risk factor for
serious ADRs. Many of these serious ADRs were deter-
mined to be partly preventable through greater adher-
ence to prescription guidelines. This report enhances
our understanding of the potential toxicity of drugs
taken by patients with moderate to advanced CKD. It
emphasizes the importance of monitoring kidney
function when prescribing drugs, particularly for high-
risk medications such as antithrombotic agents.

France. Eligible patients were at least 18 years of age, had a
confirmed diagnosis of moderate or advanced CKD with an
estimated glomerular filtration rate (eGFR) < 60 mL/min
per 1.73 m?, were not on dialysis, and had not received a
kidney transplant. From July 2013 to March 2016, CKD-
REIN enrolled 3,033 patients, who gave their written,
informed consent. Details of the study protocol and flow
chart have been published previously.”'? The study was
approved by the institutional review board at the French
National Institute of Health and Medical Research
(INSERM; reference: IRBO0003888) and was registered at
ClinicalTrials.gov (NCT03381950). The results of this
cohort study are reported in accordance with the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines. "'

Study Data

Data were collected at baseline and then annually by
trained clinical research associates (CRAs) from patient
interviews and medical records. The study data included
baseline sociodemographic characteristics and any history
of hypertension, diabetes, heart disease (such as heart
failure and coronary disease), peripheral artery disease,
cerebrovascular disease, stroke or transit ischemic attack,
dyslipidemia, or acute kidney injury (AKI), as defined in
the Table S1. Patients were classified with heavy alcohol
use if they reported drinking at least 10 g per day (for
women) or 20 g per day (for men). Medication adherence
was assessed with the validated, questionnaire-based Gir-
erd score (Table S1).'” Blood hemoglobin and serum
creatinine and albumin levels were measured, as were
urinary albumin-creatinine or protein-creatinine ratios
(Table S1). We used the 2009 creatinine-based Chronic
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Kidney Disease Epidemiology Collaboration equation to
estimate the baseline GFR."’

Patients were asked to bring all their current drug
prescriptions for the 3 months preceding their enrollment
visit and all the year’s prescriptions to each annual follow-
up visit. Accordingly, drug prescriptions were continu-
ously recorded from 3 months preceding study inclusion
through the end of the follow-up period. We used the
international Anatomical Therapeutic and Chemical (ATC)
thesaurus'* to code medications and recorded their start
and discontinuation dates (with causes, if any). Kidney
replacement therapy (KRT) initiation (defined as dialysis
initiation or preemptive kidney transplantation) and deaths
were reported by the patients or their families or were
identified from medical records or linkage to the French
national death registry and that of patients receiving
KRT."”

Identification and Adjudication of Adverse Drug
Reactions

According to the World Health Organization, an ADR is
defined as “an appreciably harmful or unpleasant reaction,
resulting from an intervention related to the use of a
medicinal product, which predicts hazard from future
administration and warrants prevention or specific treat-
ment, or alteration of the dosage regimen, or withdrawal
of the product.”'® An ADR is considered serious when the
patient’s outcome is death or a life-threatening situation,
hospitalization, disability or permanent damage, or
another important medical event (the ADR was considered
serious but did not require hospitalization, required a short
stay in the emergency department, or occurred during a
hospital stay without prolonging it).'” A serious ADR was
considered to be the cause of the hospital admission when
the medical condition was the reason the patient was
admitted, and it was considered to occur during the hos-
pital stay when the patient did not present with the
medical condition on admission to the hospital.

Considering the high risk of drug-induced AKI and
bleeding in patients with CKD, these events have been
defined further as follows. Drug-linked AKIs were defined
according to the 2012 Kidney Disease: Improving Global
Outcomes (KDIGO) AKI criteria: “an increase in serum
creatinine (SCr) by = 0.3 mg/dL (= 26.5 pmol/L) within
48 hours or an increase in SCr to =1.5 times baseline,
which is known or presumed to have occurred within the
prior 7 days.”'® A hemorrhage was considered to be
serious if it was fatal, symptomatic in a critical area or
organ, or caused anemia (according to the International
Society on Thrombosis and Haemostasis definition of
major bleeding)."”

We collected data on ADRs over a 5-year follow-up
period via an electronic form designed specifically to
include essential information for this study. The workflow
involved an initial process to identify potential ADRs,
followed by pharmacist review for confirmation. We used
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several sources to identify potential ADRs: (1) medical
records (examined by CRAs), (2) patient interviews with
CRAs, and (3) hospital reports. The causes of hospital
admissions were coded by a study physician according to
the International Classification of Diseases, Tenth Revision (ICD-10)
and on the basis of the hospital reports. Each drug pre-
scribed to the patient at the time of each ADR was recor-
ded. The medical record for each identified ADR was
reviewed by 1 of 2 pharmacists (S.L. and S.M.L.), who
evaluated the potential causal relationship with the pa-
tient’s drugs, coded the event according to the Medical
Dictionary for Regulatory Activities (MedDRA), and rated the
seriousness of the ADR (nonserious or serious), the drug
thought to be responsible for the ADR, the dose level, and
the immediate drug management action (discontinuation,
dose adjustment, or no change).

For serious ADRs, a larger committee of expert phar-
macologists from the Amiens Pharmacovigilance Center
(V.G-C, J.M,, S.L, and S.M.L.) further evaluated (1) the
potential causal relationships between the ADR and the
drugs prescribed before and/or at the time of occurrence;
(2) the short-term consequence of the ADR (hospitaliza-
tion, death, life-threatening situation, disability, perma-
nent damage) and the course of ADR (resolved with no
sequelae or with sequelae, ongoing recovery, unresolved,
death, unknown); and (3) the preventability of the ADR.
Consensus among the committee was used to classify these
features.

Assessment of the Causes and Preventability of
Serious Adverse Drug Reactions

The pharmacovigilance committee applied the method of
Bégaud et al’’ *” for the causality assessment of ADRs. The
causal relationship was assessed independently for each
drug taken by the patient before the occurrence of the
event and was not influenced by possible causal links to
other drugs. This method allowed us to identify the drug
most likely to be responsible for a serious ADR. During the
overall ADR validation process, we evaluated all the risk
factors for ADRs; this included a review of all the drugs
prescribed at the time of the ADR and an evaluation of
potential pharmacokinetic/pharmacodynamic interactions.
We also used the 10-item algorithm of Naranjo et al”’ to
assess the causal relationship between a drug and a serious
ADR. Finally, we selected only ADRs categorized as being
at least possible with both the Bégaud and Naranjo
methods.

The preventability of ADRs was rated on a 7-item
scale’” that classified ADRs into 4 categories: preventable,
potentially preventable, not assessable, and not prevent-
able. The preventability scale is based on criteria of
compliance with prescription guidelines, the presence or
absence of risk factors for ADRs at the time of prescription,
adaptation of the prescription to the conditions of the
patient’s life and environment, and the inescapable nature
of taking the implicated drug. When there was doubt
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concerning the prescriber’s or patient’s compliance with
treatment guidelines and/or the patient’s real need for the
prescription, the expert committee rated the preventability
as “not assessable.” When preventable or potentially pre-
ventable were in question, the criteria of preventability
were searched: appropriateness of the prescription,
medication error from patient, self-medication (ie, self-
administration of a medication in the absence of a cur-
rent prescription and/or without consulting a health care
professional).

Statistical Analyses

Baseline characteristics were described for all participants.
Data were expressed as the mean & SD, median [IQR], or
number (percentage). The crude incidence rates (95% CI)
for all serious ADRs, and by type of ADRs, per 100 person-
years were estimated for the overall study population.
Quasi-Poisson model deviance tests were used to compare
incidence rates according to baseline eGFR (=30
vs <30 mL/min/1.73 m?).

We used cause-specific Cox proportional hazard
models to report the association between the baseline
eGFR and the first-occurring serious ADR after adjust-
ment for patients’ baseline characteristics. Data were
censored at the date of death or KRT or the date of last
follow-up visit, whichever came first (ie, competing
events). Variables implemented in models were pre-
selected through literature review, and variables with a
P > 0.1 in the crude model were excluded from the
multivariable analyses. Hazard ratios were adjusted for
multiple variables according to the outcome studied.
Hazard ratios were adjusted for age at baseline, sex,
serum albumin, diabetes, hypertension, history of heart
failure, coronary disease, peripheral artery disease, stroke
or transient ischemic attack, number of drugs per pa-
tient, and adherence to medication. Hazard ratios for
serious ADRs (whatever the type) were further adjusted
on education level, alcohol misuse, serum albumin,
anemia, history of AKI, history of gastrointestinal
bleeding, and cirrhosis. Hazard ratios for AKI were
further adjusted for anemia, albumin-creatinine or
protein-creatinine ratio, and history of cerebrovascular
disease. Hazard ratios for drug-induced bleeding were
further adjusted for alcohol misuse, history of gastro-
intestinal bleeding, and cirrhosis. The proportional haz-
ard assumption was checked by testing the Schoenfeld
residuals. We used restricted cubic splines in adjusted
Cox models to explore the functional form of the
relationship between baseline eGFR and the risks of
serious ADRs, drug-linked bleeding, and drug-linked AKI
(using the rms package in R software””). We performed
a secondary analysis of first-occurring preventable
serious ADRs and first-occurring nonpreventable serious
ADRs.

To address missing data, we performed multivariate
imputation by chained equations (20 iterations and 40
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Table 1. Baseline Characteristics of Study Participants

eGFR, mL/min/1.73 m?
Total <30 30-45 245 Imputed data
(N = 3,033) (n =1,367) (n=1,127) (n =539) (n = 3,033)
Age at baseline, y 69 [60-76] 70 [61-78] 69 [62-76] 65 [67-72] —
Male 65 % 63 % 66 % 70 % —
High school diploma or higher 35 % 33 % 36 % 42 % 1.7%
Smoking 0.8%
Never smoker 41% 41% 42% 42%
Current smoker 12% 12% 11% 13%
Former smoker 47% 47% 47% 45%
Alcohol consumption 6% 6% 5% 6% 0.2%
Body mass index, kg/m? 28.7 £ 5.85 28.8 £5.95 28.8 £5.90 28.1£5.44 2.1%
eGFR at baseline, mL/min/1.73 m? 33.0+12.2 22.1+4.92 36.9+4.19 52.3+6.16 —
ACR or PCR 9.1%
A1, normal to mildly increased 28% 16% 35% 44%
A2, moderately increased 31% 30% 33% 31%
A3, severely increased 41% 54% 32% 26%
Anemia 41% 55% 33% 21% 0.8%
Serum albumin, g/L 40.1 £4.33 39.7 £ 4.38 40.4 +4.34 40.7 £ 4.04 16.1%
Comorbidities
Diabetes 43% 44% 44% 39% 0.2%
Hypertension 91% 92% 91% 86% 0.2%
Dyslipidemia 74% 74% 74% 70% 0.5%
History of AKI 24% 26% 23% 17% 8.0%
Coronary artery disease 25% 27% 24% 20% 2.1%
Heart failure 13% 15% 13% 8% 0.3%
Peripheral artery disease 17% 18% 17% 14% 2.2%
Cerebrovascular disease 12% 13% 11% 10% 2.5%
History of stroke or TIA 10% 12% 9% 9% 2.5%
Gl bleeding 4% 5% 4% 4% 5.8%
Cirrhosis 2% 1% 2% 2% 5.7%
Medications
Prescriptions at baseline
Antithrombotic 52% 54% 52% 46% 0.3%
NSAID 1% 1% 1% 2% 0.3%
SSRI 5% 5% 4% 4% 0.3%
PPI 33% 35% 34% 26% 0.3%
Diuretic 55% 62% 52% 42% 0.3%
RAS inhibitor 76% 75% 77% 76% 0.3%
Antibacterial 6% 6% 6% 7% 0.3%
No. of daily drugs 8 [5-10] 8 [6-11] 7 [5-10] 6 [4-9] 0.3%
<5 20% 13% 23% 30%
5-10 56% 57% 54% 55%
>10 25% 30% 23% 15%
Poor adherence to medications 62% 65% 62% 57% 1.0%

Values for continuous variables given as mean + SD or median [IQR], and for categorical variables as percentage. Abbreviations: AKI, acute kidney injury; ACR, albumin-
creatinine ratio; eGFR, estimated glomerular filtration rate; Gl, gastrointestinal; NSAID, nonsteroidal anti-inflammatory drug; PCR, protein-creatinine ratio; PPI, proton
pump inhibitor; RAS, renin-angiotensin system; SSRI, selective serotonin reuptake inhibitor; TIA, transient ischemic attack.

datasets) and included all patient variables used in adjusted

26
models.”*

The data patterns suggested that the “data

missing at random” assumption was plausible. In 37% of
patients, at least 1 missing data occurred. The proportion

of missing data by variable is presented in Table 1. Fitted

Cox models were generated for each dataset, and pooled
regression coefficients were obtained using Rubin’s rules.
All statistical analyses were performed with R software.”’
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Results

Baseline Characteristics

Two-thirds of the study participants were men (Table 1).
At baseline, the median age was 69 years (IQR, 60-76),
and patients were taking a median of 8 medications (IQR,

5-10); hence, the prevalence of polypharmacy (5 or more

drugs per day) and hyperpolypharmacy (10 or more drugs

AJKD Vol 83 | Iss 5 | May 2024
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Table 2. Description of Adverse Drug Reactions According to Their Seriousness

All
(N=1,672)

Adverse Drug Reaction

Nonserious (n = 1,184)

Serious (n = 488)

Kidney and urinary disorders
Acute kidney injury®
Creatinine serum increased?
Aggravated chronic kidney failure®
Gastrointestinal disorders
Diarrhea®
Gastrointestinal disorder (not specified)®
Nausea®
Hemorrhages and bleeding
Epistaxis®
Hematuria®
Rectal bleeding®
Musculoskeletal and connective tissue disorders
Muscle spasms?
Myalgia®
Arthralgia®

General disorders and administration site
conditions

Peripheral edema®
Drug intolerance (not specified)?
Fatigue®
Metabolism and nutrition disorders
Injury, poisoning and procedural complications
Skin and subcutaneous tissue disorders
Vascular disorders
Nervous system disorders
Respiratory, thoracic and mediastinal disorders
Blood and lymphatic system disorders
Cardiac disorders
Psychiatric disorders
Ear and labyrinth disorders
Endocrine disorders
Infections and infestations
Immune system disorders
Hepatobiliary disorders
Reproductive system and breast disorders
Investigations
Eye disorders

310 (18.5%)
224

140 (11.8%)
64

170 (34.8%)
160

66 65 1
11 4 7

253 (15.1%) 2925 (19.0%) 28 (5.7%)
105 93 12

43 42 1

29 27 2

213 (12.7%) 43 (3.6%) 170 (34.8%)
26 6 20

19 3 16

15 4 11

137 (8.2%) 134 (11.3%) 3 (0.6%)
81 81 0

35 35 0

7 7 0

137 (8.2%) 134 (11.3%) 3 (0.6%)
70 70 0

20 20 0

16 16 0

118 (7.1%) 95 (8.0%) 23 (4.7%)
85 (5.1%) 79 (6.7%) 6 (1.2%)
78 (4.7%) 61 (5.2%) 17 (3.5%)
73 (4.4%) 70 (5.9%) 3 (0.6%)
63 (3.8%) 55 (4.6%) 8 (1.6%)
40 (2.4%) 37 (3.1%) 3 (0.6%)
32 (1.9%) 13 (1.1%) 19 (3.9%)
26 (1.6%) 16 (1.4%) 10 (2.0%)
25 (1.5%) 16 (1.4%) 9 (1.8%)
18 (1.1%) 18 (1.5%) 0 (0%)
17 (1.0%) 12 (1.0%) 5 (1.0%)
11 (0.7%) 8 (0.7%) 3 (0.6%)
10 (0.6%) 7 (0.6%) 3 (0.6%)
9 (0.5%) 6 (0.5%) 3 (0.6%)
7 (0.4%) 6 (0.5%) 1 (0.2%)
6 (0.4%) 6 (0.5%) 0 (0%)

4 (0.2%) 3 (0.3%) 1 (0.2%)

2Three most frequently reported disorders: 1,184 nonserious adverse drug reactions were reported in 773 patients, and 488 serious adverse drug reactions were reported

in 360 patients.

per day) was high (81% and 25%, respectively). Hyper-
tension was very common (91%), as were diabetes (43%)
and cardiovascular disease (53%).

Characteristics of Adverse Drug Reactions

Over a median follow-up time of 4.7 (IQR, 3.0-5.1) years,
1,672 ADRs were reported in 973 (32%) of 3,033 par-
ticipants; 488 ADRs in 360 participants (12%) were clas-
sified as serious (Table 2).

When considering nonserious ADRs only (n=1,184)
(Table 2), gastrointestinal disorders (n=225) were the
most frequent, followed by kidney and urinary disorders
(n=140) and then musculoskeletal and connective tissue
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disorders (n=134). The incidence rate of nonserious
kidney and urinary disorders was significantly higher in
patients with a baseline eGFR < 30 mL/min/1.73 m” than
in patients with an eGFR =30 mL/min/1.73 m”
(P=10.003; Table S2). This difference of incidence rate
according to baseline eGFR was not significant for
gastrointestinal disorders (P = 0.3).

When considering serious ADRs only (n = 488), kidney
and urinary disorders (n=170) and bleeding events
(n=170) were most frequent and together accounted for
70% of the reactions (Table 2). The incidence rates of
serious kidney and urinary disorders and bleeding events
were significantly higher in patients with a baseline
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Renal and urinary disorders (n=310
Gastrointestinal disorders (n=253 41%

Hemorrhage and bleeding (n=213,

( 36%

(

53%

)
)
)
Musculoskeletal and connective tissue disorders (n=137)
General disorders and administration site conditions (n=137)
Metabolism and nutrition disorders (n=118)

)

)

)

)

)

Type of ADRs

Injury, poisoning and procedural complications (n=85
Skin and subcutaneous tissue disorders (n=78
Vascular disorders (n=73

Nervous system disorders (n=63,

Others disorders (n=205

50%
58%
54%

76% 9% g

61%

91% B2 7%
37% 22%
90% 6%
45% 20%
29% 19%

How was the ADR reported ?
. By the patient and in the medical records
By the patient only

o
L0020 In the medical records only

33% 7%
32% 11%
32% 1
21% 18

3 o
x

2

o

2
B

0 25

50 75 1

o

0

Proportion of ADRs according to
the source of declaration (%)

Figure 1. Distribution of source of adverse drug reaction report, by type of ADR (n = 1,672). Abbreviation: ADR, adverse drug

reaction.

eGFR <30 mL/min/1.73 m”® than in patients with an
eGFR > 30 mL/min/1.73 m” (P < 0.001; Table S3). Of the
145 patients with a serious drug-induced bleeding events,
19 (13%) experienced at least 1 further event of this type
during the follow-up period: 15 patients had 2 events, 3
patients had 3 events, and 1 patient had 5 events. Of the
149 patients with a serious drug-linked AKI, 21 (14%)
experienced at least 1 further injury of this type during the
follow-up period.

Patients reported only one-third of total ADRs. Nonse-
rious ADRs were more frequently reported by patients (44%
of nonserious ADRs), especially gastrointestinal, musculo-
skeletal, and connective tissue disorders, compared with
serious ADRs (mainly AKI and bleeding) which were re-
ported by patients in only 8% of cases (Fig 1; Table S4).

Regardless of the seriousness of ADRs, antithrombotic
agents (18%) and renin-angiotensin system (RAS) inhibitors
(14%) were the main drugs responsible for ADRs (Table 3).
A single drug was implicated for 237 of the 488 serious
ADRs, and 2 or 3 drugs were implicated for the remaining
251 serious ADRs. Of these 251 serious ADRs, 179 (71%)
featured a drug interaction—most of which were additive,
synergy-type pharmacodynamic interactions (Table S5).
Drug-related AKI and hemorrhages accounted for 90% of
the ADRs with interactions. Concomitant use of multiple
diuretics, the combination of a diuretic with RAS inhibitors,
and the combination of nonsteroidal anti-inflammatory
drugs (NSAIDs) with a RAS inhibitor or a diuretic were
the main pharmacodynamic interactions noted in drug-
related AKI. The concomitant use of 2 antithrombotic
agents (ie, an oral anticoagulant and an antiplatelet agent)
and the combination of an oral anticoagulant with a selective
serotonin reuptake inhibitor (SSRI) were the drug in-
teractions most often noted in bleeding ADRs.

In 224 of the serious ADRs (46%), the implicated drug
had been taken by the patient for more than 1 year. In 73
serious ADRs (15%), the patient had been taking the
implicated drug for between 31 and 365 days before the
reaction. In 20 cases (4%), the drug had been introduced
on the same day as the ADR. In 63 cases (13%), the drug
had been introduced in the 7 days preceding the ADR.

606

Lastly, in 108 cases (22%), the drug had been introduced
between 7 and 30 days previously. In the majority of cases,
the treatment was chronic. Acute clinical situations often
disturbed the sometimes precarious balance and made the
chronic treatment toxic.

Discontinuation (at least temporarily) of the drug
responsible for ADRs was the most frequently reported
response (68%), followed by dose adjustment (14%) and,
lastly, no change (12%). Discontinuation was more
frequent (80%) when the ADR was serious.

Short-term Consequences and Preventability of
Serious Adverse Drug Reactions

Among 488 serious ADRs, only 21 were not associated with
hospitalization but were considered medically significant.
Within the 467 serious ADRs associated with hospitaliza-
tion, the most common short-term consequence of serious
ADRs was hospitalization or prolonged hospitalization
(n=365). A number of life-threatening ADRs were re-
ported (n=22), and 32 ADRs were directly or indirectly
linked to the death of 30 patients (2 patients had 2 ADRs
that could independently have contributed indirectly to
death) (Table S4). Nearly a third of the serious ADRs (and
notably 38% of the drug-induced AKIs) occurred during
hospitalization (Table 4). After a serious ADR, patients
recovered without sequelae in 73% of cases (Table S4).

More than 27% of the serious ADRs were preventable
(n=54) or potentially preventable (n = 78), with the 2
most common reactions being drug-related AKI (n = 48)
and bleeding (n = 23). Another 250 were not preventable;
but, again, the 2 most common reactions were drug-
related AKI (n=82) and bleeding (n=107) (Table S6).
Preventability differed slightly according to whether the
serious ADR was the cause of hospitalization or occurred
during the hospital stay. Indeed, 32% of ADRs causing a
hospitalization were preventable or potentially prevent-
able, whereas this was the case for only 18% of ADRs that
occurred during hospitalization (Table 4).

The most frequent preventability criteria were pre-
scriptions that did not comply with the summary of
product characteristics (SPC), such as contraindications

AJKD Vol 83 | Iss 5 | May 2024
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Table 3. Drug Classes and Active Compounds Responsible for Adverse Drug Reactions According to the Latter's Seriousness

Total
(N =1,672)

Adverse Drug Reaction

Nonserious
(n=1,184)

Serious
(N = 488)

BO1 Antithrombotic agents
Fluindione®
Warfarin®
Heparin®

C09 Agents acting on the
renin-angiotensin system
Ramipril®
Irbesartan®
Candesartan®

Co03 Diuretics
Furosemide®
Hydrochlorothiazide®
Spironolactone?

C10 Lipid-modifying agents
Atorvastatin®
Rosuvastatin®
Pravastatin®

cos Calcium channel blockers
Amlodipine?
Lercanidipine®
Manidipine®

Jo1 Antibacterials for systemic use
Amoxicillin and B-lactamase inhibitor®
Amoxicillin?
Sulfamethoxazole and trimethoprim?

A10 Drugs used in diabetes
Metformin?
Insulin®
Repaglinide®

NO2 Analgesics

Mo04 Antigout preparations

LO1 Antineoplastic agents

LO4 Immunosuppressants

vos Contrast media

Co7 B-Blocking agents

B03 Antianemic preparation

Co2 Antihypertensives

V03 Drugs for treatment of hyperkalemia
and hyperphosphatemia

Co1 Cardiac therapy

HO3 Thyroid therapy

HO2 Corticosteroids for systemic use

NO3 Antiepileptics

Other therapeutic classes

302 (18.1%)
128

54

38

238 (14.2%)

125 (10.6%)
36
19
10
161 (13.6%)

177 (36.3%)
92

35

28

77 (15.8%)

44 25 19

36 20 16

27 15 12

155 (9.3%) 2 (7.8%) 63 (12.9%)

95 33 62

20 14 6

18 13 5

105 (6.3%) 104 (8.8%) 1 (0.2%)

35 25 10

24 16 8

11 7 4

96 (5.7%) 4 (7.9%) 2 (0.4%)

54 25 29

22 13 9

10 8 2

78 (4.7%) 51 (4.3%) 27 (5.5%)

15 6 9

12 5 7

11 8 3

68 (4.1%) 7 (4.8%) 11 (2.3%)

21 20 1

11 6 5

8 3 5
7 (3.4%) 2 (3.5%) 15 (3.1%)
6 (3.3%) 5 (3.8%) 11 (2.3%)
4 (3.2%) 0 (3.4%) 14 (2.9%)
0 (2.4%) 9 (2.4%) 11 (2.3%)
0 (2.4%) 2 (1.9%) 18 (3.7%)
9 (2.3%) 1 (2.6%) 8 (1.6%)
3 (2.0%) 32 (2.7%) 1 (0.2%)
2 (1.9%) 31 (2.6%) 1 (0.2%)
0 (1.8%) 29 (2.4%) 1 (0.2%)
7 (1.6%) 1 (1.8%) 6 (1.2%)
2 (1.3%) 8 (1.5%) 4 (0.8%)
9 (1.1%) 7 (1.4%) 2 (0.4%)
7 (1.0%) 3 (1.1%) 4 (0.8%)

130 (11.0%) 34 (7.0%)

2Three most frequently reported active ingredients.

(n=35) and an inappropriately high dose level (n=28)
relative to the patient’s level of kidney function (Table S7).
The patient was causally involved in 22 preventable cases
because of medication errors (n=14), self-medication
(n=6 of which 4 involved NSAIDs, 1 involved trama-
dol, and 1 involved colchicine), and self-induced drug
intoxication (n = 2).
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Kidney Function and Serious Adverse Drug
Reactions

The incidence rate of serious ADRs was significantly higher
in patients with a baseline eGFR <30 mL/min/1.73 m”
than in patients with eGFR =30 mL/min/1.73 m”
(P <0.001; Table S8). The incidence rate for serious ADRs
associated with antithrombotics (the drugs primarily
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Table 4. Preventability of Serious Adverse Drug Reactions Causing or Resulting From Hospitalization (n = 488)

Did the Serious ADR Cause the Hospital Admission or Occur During the
Hospital Stay?

Total Cause of Hospitalization Occurred During

(N =488) (n=317) the Stay (n =150) NA (n=21)°
Preventable or potentially 132 (27%) 100 (32%) 27 (18%) 5 (24%)
preventable
Not preventable 250 (51%) 142 (45%) 95 (63%) 13 (62%)
Not assessable 106 (22%) 75 (24%) 28 (19%) 3 (14%)

Abbreviations: ADR, adverse drug reaction; NA, not applicable.

%n 21 cases of serious ADR, management of the ADR did not require hospitalization.

responsible for bleeding events) was significantly higher in
patients with eGFR < 30 mL/min/1.73 m? than in patients
with eGFR =30 mL/min/1.73 m* (P <0.001); the inci-
dence rate of serious ADRs associated with RAS inhibitors
did not significantly differ according to the baseline eGFR
(P=10.4) (Table S8).

After multiple adjustment and a modeling of the rela-
tionship between baseline eGFR and hazard ratio of serious
ADR globally and by subtypes (serious bleeding ADR and
serious drug-linked AKI) by 4-knot restricted cubic splines
regressions, we graphically investigated the shapes of the
relationships with a reference value at 45 mL/min/1.73 m”.

Graphical inspection of the relationship led us to consider
a linear relationship between eGFR and hazard ratio of
serious ADRs of any type only between 25 and 38 mL/min/
1.73 m” and not over the whole range of eGFR values (Fig
2). Within this range, each decrease in baseline eGFR of
1 mL/min/1.73 m” resulted in a 2.8% increase in the risk of
serious ADRs. Beyond this interval, the confidence intervals
go in opposite directions, making the trend of the relation-
ship unclear. Risk factors and the associated hazard ratios
(both unadjusted and adjusted) are shown in Table S9.

When focusing on the 2 main subtypes of serious ADRs,
(1) the risk of serious drug-induced AKI was increased by
2.2% for each decrease of 1 mL/min per 1.73 m” in
baseline eGFR, with nonsignificant nonlinearity test
(P=0.8) indicating a linear relationship (Fig 3); (2) the
relationship between hazard ratio of serious bleeding ADR
and baseline eGFR was nonlinear (global nonlinearity test,
P=0.01). However, Figure 4 led us to estimate a range of
eGFR (between 25 and 38 mL/min/1.73 m”) where a
linear relationship could be considered: each decrease of
1 mL/min/1.73 m” increased the risk of serious bleeding
ADR by 8%. Risk factors and the associated hazard ratios
(both unadjusted and adjusted) for both outcomes are
shown in Tables S10 and S11.

The results of the secondary analysis according to pre-
ventability are given in Tables S12 and S13. The risk factors
identified were very similar to those found in the overall
analysis of serious ADRs.

Discussion
In a large cohort of well-characterized patients with non-

dialysis CKD, we used validated measurement tools
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(including measures of causality and preventability) to
adjudicate ADRs and provide a comprehensive, in-depth
description of the ADRs that occurred over a 5-year
active follow-up period. ADRs and serious ADRs in
particular were common (respectively, 32% and 12% of
patients were affected). Many serious ADRs were consid-
ered preventable, and noncompliance with prescription
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Figure 2. Adjusted hazard ratio for serious adverse drug reac-
tions according to the baseline eGFR (mL/min/1.73 m?). Re-
ported were 360 first-occurring serious adverse drug
reactions. The continuous line represents predictions with
restricted cubic splines in Cox models (95% CI). Ticks on the
x-axis represent the distribution of the baseline eGFR. The
shaded areas represent areas where the confidence intervals
are too wide to interpret the relationship. Due to nonsignificant
nonlinearity test, we add a red curve corresponding to the rela-
tionship between hazard ratio and baseline eGFR, when eGFR
is considered as a linear continuous variable in the model (e,
no spline applied). Hazard ratios are adjusted for age at baseline,
sex, education level, alcohol misuse, serum albumin, anemia, dia-
betes, hypertension, history of acute kidney injury, history of heart
failure, coronary disease, peripheral artery disease, stroke or
transient ischemic attack, history of gastrointestinal bleeding,
cirrhosis, number of drugs per patient, and adherence to medica-
tion. Abbreviation: eGFR, estimated glomerular filtration rate.
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Figure 3. Adjusted hazard ratio for serious drug-linked acute kid-
ney injury events according to the baseline eGFR (mL/min/
1.73 m?). Reported were 149 first-occurring serious drug-
linked acute kidney injury. The continuous line represents predic-
tions with restricted cubic splines in Cox models (95% CI). Ticks
on the x-axis represent the distribution of the baseline eGFR. The
shaded areas represent areas where the confidence intervals
are too wide to interpret the relationship. Due to nonsignificant
nonlinearity test, we add a red curve corresponding to the rela-
tionship between hazard ratio and baseline eGFR, when eGFR
is considered as a linear continuous variable in the model (e,
no spline applied). Hazard ratios are adjusted for age at baseline,
sex, albumin-creatinine or protein-creatinine ratio, serum albumin,
anemia, diabetes, hypertension, history of heart failure, coronary
disease, peripheral artery disease, cerebrovascular disease,
stroke or transient ischemic attack, number of drugs per patient,
and adherence to medication. Abbreviation: eGFR, estimated
glomerular filtration rate.

guidelines was the main factor in preventability. The 2
most common serious ADRs were drug-induced AKI and
bleeding. A large proportion of serious ADRs required
hospitalization, and 11% led to death or were life threat-
ening. In this population of patients with CKD, lower eGFR
level was a major risk factor for serious ADRs, especially
for serious bleeding ADRs and serious drug-linked AKI
after accounting for other risk factors such as age and
polypharmacy.

We reported high incidence rates for serious ADRSs,
mainly driven by AKI and bleeding events. Furthermore,
our results showed that ADRs can have major conse-
quences in a CKD population, such as hospitalization, life-
threatening events, or death. Even though the majority of
serious ADRs were not fatal in the present study, the
markedly elevated incidence of serious ADRs in patients
with CKD compared with the general population will
result in a substantial number of fatal events at the popu-
lation level. This proportion is also in line with literature
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Figure 4. Adjusted hazard ratio for serious adverse drug-linked
bleeding events according to the baseline eGFR (mL/min/
1.73 m?). Reported were 145 first-occurring serious adverse
drug-linked bleeding events. The continuous line represents pre-
dictions with restricted cubic splines in Cox models (95% CI).
Ticks on the x-axis represent the distribution of the baseline
eGFR. The shaded areas represent areas where the confidence
intervals are too wide to interpret the relationship. Hazard ratios
are adjusted for age at baseline, sex, alcohol misuse, serum albu-
min, diabetes, hypertension, history of heart failure, coronary dis-
ease, peripheral artery disease, stroke or transient ischemic
attack, history of gastrointestinal bleeding, cirrhosis, number of
drugs per patient, and adherence to medication. Abbreviation:
eGFR, estimated glomerular filtration rate.

reports on ADRs in hospitalized patients whose CKD status
was unknown.”® " A retrospective US study based on the
Mortality Statistics Database found that anticoagulants were
the drug most often responsible for ADR-related deaths.””
In France, a recent prospective study in a sample of public
hospitals, collecting causes of hospitalization over 14 days,
reported that 8.5% of hospitalizations were linked to an
ADR, the most common ADR being bleeding.33 A large
part of reported serious ADRs led to hospitalization in our
study. In addition to their impact on patient’s health, ADRs
are a significant burden on the health care systems. A
recent US study showed that hospitalizations linked to
antithrombotic ADRs were the most expensive,34 which is
consistent with a French analysis of the economic burden
of serious ADRs.”® However, the true burden of ADRs is
difficult to estimate and generalize.

We judged that more than a quarter of the serious ADRs
were preventable or potentially preventable. This propor-
tion is in line with other literature, although the methods
used to assess preventability differ significantly.”®**>¢*”
In a large meta-analysis, Hodkinson et al*’ found that
the highest prevalence rate of preventable ADRs was
observed in elder care units, which often involved patients
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with high comorbidity and polypharmacy rates in addition
to a potential age-associated decline of eGFR; however, the
meta-analysis did not consider CKD status. We found that
the most frequently encountered preventability criteria
were prescriptions that did not comply with the SPC, such
as contraindications and an inappropriately high dose level
relative to the patient’s level of kidney function. A recent
study of the preventability of ADRs inducing hospital
admission in the general population found that insufficient
monitoring and inappropriate dosing were the factors
most frequently associated with preventable ADRs.”' In the
present study, self-medication was a preventability crite-
rion in 4.5% of ADRs. In the general population, self-
medication is often inappropriate and is associated with
drug-related problems.”” *° Furthermore, self-medication
is prevalent among CKD patients,”” and some specific
drugs are particularly harmful for the kidney; these include
painkillers, which accounted for most of the preventable
serious ADRs linked to self-medication in the present
study. Given the elevated risk of ADRs (and especially AKI)
in a CKD setting, patient education about non-
recommended drugs needs to be improved.

Another important aspect of patient education is the
instruction on how to identify the signs and symptoms
that herald an ADR. Indeed, we found that only 33% of
ADRs were reported by patients and that the majority of
patient-reported ADRs were nonserious (eg, muscle
cramps and gastrointestinal symptoms). Serious ADRs such
as the bleeding associated with antithrombotic agents and
drug-induced AKI were only reported by the patient in 10
and 8 cases, respectively. Better education could help pa-
tients identify early signs of ADRs, allowing for earlier
management. Moreover, patient awareness could increase
the ADR notification rate and reduce ADR underreporting.

One of the main findings of our study was that lower
eGFR is a major risk factor for serious ADRs in patients
with CKD. This association was evident even after adjusting
for well-known factors to be linked to the ADR risk in
various populations, such as age and polyphaurrnacy.S"j"s’“{’SO
Most of the studies evaluating ADR risk factors have been
performed in non-CKD patients in hospitals; some studies
found that impaired kidney function was associated with
ADRs,”'* whereas others failed to find an association.”*""
To the best of our knowledge, our study is the first to have
assessed the relationship between eGFR and ADRs (overall
and by subtype) in a large cohort of CKD patients. Indeed,
we have also demonstrated inverse associations of eGFR with
the 2 main subtypes of serious ADRs (ie, bleeding reactions
and AKI). This finding has an important clinical implication:
the risk-benefit ratio for antiplatelet agents and anticoagulants
must be systematically reassessed when kidney function de-
teriorates in patients with CKD.

It is well known that patients with CKD present a high
risk of bleeding. The main abnormalities concern primary
hemostasis and platelet-platelet or platelet—vessel-wall in-
teractions.”” The use of antithrombotic agents increases
this bleeding risk in patients with CKD, especially when 2

610

antithrombotic agents are prescribed concomitantly.”®
CKD patients are at high risk of toxic drug events due to
alterations in pharmacokinetics and pharmacodynamics
and even for drugs that are not cleared by the kidneys.””***
Although warfarin is metabolized and eliminated by the
liver and not directly excreted by the kidney,”” a recent
study indicated that moderate to severe renal impairment
was associated with a reduction in the required dose of
warfarin.®” Although, direct oral anticoagulants seem to
have a better safety profile, there is a need to improve the
benefit-risk ratio of anticoagulants.®’

Baseline eGFR was inversely and linearly associated with
the risk of drug-induced AKI. The majority of these events
were related to RAS inhibitors and loop diuretics. RAS
inhibitors and diuretics are well-known risk factors for
hemodynamically mediated AKL.°*® RAS inhibitors lead
to AKI by inhibiting efferent arteriolar vasoconstriction
and reducing the eGFR, whereas loop diuretics decrease
the effective circulating volume through venodilation/
diuresis and can cause a decrease in renal blood flow and
the GFR."°" In our present study, most of the AKIs
associated with RAS inhibitors or diuretics did not have
sequelae. Indeed, volume-related AKI has a good prog-
nosis, and a rapid recovery is usually observed after the
discontinuation of potentially nephrotoxic drugs and
adequate management (volume support).®® However, ev-
idence suggests that the consequences of AKI (drug-
induced or not) are not trivial, especially in relation to the
progression of CKD and all-cause mortality.®’

Regarding the clinical management of RAS inhibitors
and because this drug class is strongly indicated for use in
many CKD patients (notably for reducing the disease
progression), different reports have suggested that these
drugs could be reinitiated after an episode of AKI so long
as kidney function is closely monitored.”®”? Many cases of
drug-linked AKI were related to acute illness (with volume
depletion), which momentarily increased the drug’s
toxicity. A randomized clinical trial in a population of
veterans with stages 3-5 CKD who were taking RAS in-
hibitors, diuretics, metformin, or NSAIDs did not high-
light a significant reduction in AKI episodes or kidney
function loss when a sick day protocol was imple-
mented.”' However, reinforcing patient education on
medication management in a sick day protocol (eg, during
vomiting and episodes of diarrhea) could prevent some
ADRs. Primary care providers such as family physicians and
pharmacists should advise CKD patients on drugs that
induce volume depletion on these situations.””

The main strengths of our study include the compre-
hensive, standardized, and adjudicated evaluation of a
large number of patients with CKD and the generation of
data on both serious and nonserious adjudicated ADRs in
inpatients and outpatients. Although other studies have
provided information on ADRs in patients with CKD, the
process used to capture and check data in our study pro-
vided additional insights. In particular, the inclusion of
several sources of data on ADRs and the review of these
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data by expert pharmacologists enhanced the robustness of
our findings. Lastly, the quantity and quality of the data
collected enabled us to assess many cases reported in
hospital discharge reports and medical records, and/or by
patients. The long period of active follow-up observation
enabled us to better model the relationship between the
baseline eGFR and the risk of the most frequently observed
serious ADRs.

The study had some limitations. Even though our ADR
identification process was rigorous, we may have missed
some events—especially out-of-hospital events that might
not have been recognized clinically, were not reported by
physicians in medical records, were not mentioned by
participants to physicians or during study coordinator in-
terviews, or were an ADR was so well known that it tended
to be underreported. Underreporting is likely more perti-
nent to nonserious ADRs, though some hospital-associated
ADRs may also have been uncaptured. Finally, given the
nature of the CKD-REIN cohort, we cannot extrapolate our
results to (1) patients who did not have follow-up visits
with a nephrologist and so might have experienced more
ADRs, and (2) patients with an eGFR greater than 60 mL/
min/1.73 m or less than 15 mL/min/1.73 m”.

Our results (1) highlight the high burden of serious
ADR, (2) show that serious ADRs are a major cause of
hospital admission in this population, and (3) emphasize
the importance of monitoring kidney function over time
when prescribing drugs, especially antithrombotic agents.
Greater awareness among clinicians of the heightened risk
of ADRs in advanced CKD, more resources directed toward
support for patients, and implementation of other
pharmaceutical-related risk mitigation strategies should be
targeted to improve safety and outcomes in this high-risk
population.

Supplementary Material

Supplementary File (PDF)
Table S1: Definitions of variables.

Table S2: The most common types of nonserious ADRs according
to eGFR.

Table S3: The most common types of serious ADRs according to
eGFR.

Table S4: Course and source of serious ADRs by type and by drug
involved.

Table S5: Description of pharmacological interactions in ADR cases.

Table S6: Description of serious ADRs type according to
preventability.

Table S7: Preventability criteria for preventable serious ADRs.

Table S8: Incidence rates of ADRs according to seriousness or to
the drug class involved.

Table S9: Hazard ratios for first serious ADR.
Table S10: Hazard ratios for first serious drug-linked bleeding.
Table S11: Hazard ratio for serious drug-linked AKI.

Table S12: Hazard ratio for preventable serious adverse drug
events.

AJKD Vol 83 | Iss 5 | May 2024

Table S13: Hazard ratio for not preventable serious adverse drug
events.

Article Information

CKD-REIN Study Group: The CKD-REIN Study Group Steering
Committee and Coordinators include Carole Ayav, Serge
Briangon, Dorothée Cannet, Christian Combe, Denis Fouque, Luc
Frimat, Yves-Edouard Herpe, Christian Jacquelinet, Maurice Laville,
Ziad A. Massy, Christophe Pascal, Bruce M. Robinson, Bénédicte
Stengel, Céline Lange, Karine Legrand, Sophie Liabeuf, Marie

Metzger, and Elodie Speyer. The CKD-REIN Investigators/
Collaborators include Thierry Hannedouche, Bruno Moulin,
Sébastien Malilliez, Gaétan Lebrun, Eric Magnant, Gabriel

Choukroun, Benjamin Deroure, Adeline Lacraz, Guy Lambrey, Jean
Philippe, Bourdenx, Marie Essig, Thierry Lobbedez, Raymond Azar,
Hacene Sekhri, Mustafa Smati, Mohamed Jamali, Alexandre Klein,
Michel Delahousse, Christian Combe, Séverine Martin, Isabelle
Landru, Eric Thervet, Ziad A. Massy, Philippe Lang, Xavier
Belenfant, Pablo Urena, Carlos Vela, Luc Frimat, Dominique
Chauveau, Viktor Panescu, Christian Noel, Frangois Glowacki,
Maxime Hoffmann, Maryvonne Hourmant, Dominique Besnier,
Angelo Testa, Frangois Kuentz, Philippe Zaoui, Charles Chazot,
Laurent Juillard, Stéphane Burtey, Adrien Keller, Nassim Kamar,
Denis Fouque, and Maurice Laville.

Authors’ Full Names and Academic Degrees: Soléne M. Laville,
PharmD, PhD, Valérie Gras-Champel, PharmD, PhD, Aghiles
Hamroun, MD, PhD, Julien Moragny, PharmD, Oriane Lambert, MSB,
Marie Metzger, PhD, Christian Jacquelinet, MD, PhD, Christian
Combe, MD, PhD, Denis Fouque, MD, PhD, Maurice Laville, MD,
PhD, Luc Frimat, MD, PhD, Bruce M. Robinson, MD, MS, Brian
Bieber, MPH, Bénédicte Stengel, MD, PhD, Natalia Alencar De
Pinho, PhD, Ziad A. Massy, MD, PhD, and Sophie Liabeuf, PharmD,
PhD.

Authors’ Affiliations: Pharmacoepidemiology Unit (SML, SL) and
Pharmacovigilance Center (VG-C, JM), Department of Clinical
Pharmacology, Amiens-Picardie University Medical Center, and
MP3CV Laboratory, Jules Verne University of Picardie (SML, VG-C,
SL), Amiens; Nephrology Department, Lille Regional University
Medical Center, Lille (AH); Centre for Research in Epidemiology
and Population Health (CESP), INSERM UMRS 1018, Université
Paris-Saclay, Université Versailles Saint Quentin, Villejuif (AH, OL,
MM, CJ, BS, NAD, ZAM); Biomedecine Agency, Saint Denis La
Plaine (CJ); Service de Néphrologie Transplantation Dialyse
Aphérese, Centre Hospitalier Universitaire de Bordeaux (CC) and
INSERM, U1026, Université Bordeaux Segalen (CC), Bordeaux;
Nephrology Department, Centre Hospitalier Lyon Sud, Université
de Lyon, Carmen, Pierre-Bénite (DF); Université de Lyon, Carmen
INSERM 1060, Lyon (DF, ML); Department of Nephrology,
Ambroise Paré University Hospital, APHP, Boulogne-Billancourt/
Paris (ZAM); Nephrology Department, CHRU de Nancy,
Vandoeuvre-les-Nancy  (LF); Lorraine  University, APEMAC,
Vandoeuvre-les-Nancy (LF), France; University of Michigan (BMR)
and Arbor Research Collaborative for Health (BB), Ann Arbor,
Michigan.

Address for Correspondence: Sophie Liabeuf, PharmD, PhD,
Clinical Pharmacology Department, Pharmacoepidemiology Unit,
CHU Amiens-Picardie, Rond-point du Professeur Christian Cabrol,
F-80054 Amiens CEDEX, France. Email: liabeuf.sophie@
chu-amiens.fr

Authors’ Contributions: Project design: SML, SL, ZAM; serious
adverse drug reaction evaluation: SML, SL, VG-C, JM; acute
kidney injury events evaluation: AH; data analysis: SML, SL, OL,
MM; interpretation of results: SML, SL, VG-C., JM, ZAM, BS, NAP,
OL, MM; supervision: SL. Each author contributed important
intellectual content during manuscript drafting or revision and
agrees to be personally accountable for the individual's own

611


https://doi.org/10.1053/j.ajkd.2023.09.012
mailto:liabeuf.sophie@chu-amiens.fr
mailto:liabeuf.sophie@chu-amiens.fr

AJKD

Laville et al

contributions and to ensure that questions pertaining to the
accuracy or integrity of any portion of the work—even one in
which the author was not directly involved—are appropriately
investigated and resolved, including with documentation in the
literature if appropriate.

Support: CKD-REIN is funded by the Agence Nationale de la
Recherche through the 2010 “Cohortes-Investissements d'Avenir”
program (ANR) and by the 2010 national Programme Hospitalier
de Recherche Clinique. CKD-REIN is also supported through a
public-private partnership with Amgen, Fresenius Medical Care,
and GlaxoSmithKline (GSK) since 2012, Lilly France since 2013,
Otsuka Pharmaceutical since 2015, Baxter and Merck Sharp &
Dohme-Chibret (MSD France) from 2012 to 2017 Sanofi-
Genzyme from 2012 to 2015, and Vifor Fresenius and
AstraZeneca since 2018. INSERM Transfert set up and has
managed this partnership since 2011. A specific project was
funded by the National Agency for the Safety of Medicines and
Health Products (ANSM) through the EPI-PHARE group of
scientific interest. The funders had no role in study design,
conduct, reporting or the decision to submit for publication.

Financial Disclosure: Dr Fouque has received grants and lecture
fees from Sanofi, Fresenius Kabi, Astra-Zeneca, and Lilly. Dr
Massy has received grants for CKD-REIN and other research
projects from Amgen, Baxter, Fresenius Medical Care,
GlaxoSmithKline, Merck Sharp and Dohme-Chibret, Sanofi-
Genzyme, Lilly, Otsuka, and the French government, as well as
fees and grants to charities from Amgen, Daichii, and Sanofi-
Genzyme; these sources of funding are not related to the content
of the present manuscript. Dr Stengel has received grants for the
CKD-REIN cohort study from Amgen, Baxter, Fresenius Medical
Care, GlaxoSmithKline, Merck Sharp, and Dohme-Chibret, Sanofi
Genzyme, Lilly, Otsuka, and Vifor Fresenius, as well as speaker
fees from Lilly and MSD, which are unrelated to the content of this
manuscript. Dr Robinson has received consultancy fees or travel
reimbursement since 2018 from AstraZeneca, Kyowa Kirin Co.,
and Monogram Health, paid directly to his institution of
employment, and from GSK. Mr Bieber is an employee of Arbor
Research Collaborative for Health, which administers the DOPPS
Programs supported by a variety of funders. During the manuscript
production period, Dr Robinson was also employed by Arbor
Research Collaborative for Health. The DOPPS Program is
supported by a variety of funders, listed at https://www.dopps.org/
AboutUs/Support.aspx. The other authors declare that they have
no relevant financial interests.

Acknowledgements: We thank the CKD-REIN study coordination
staff for their efforts in setting up the cohort: Elodie Speyer, Céline
Lange, Reine Ketchemin, and all the clinical research associates.

Disclaimer: The authors were solely responsible for interpreting the
data; ANSM was not involved.

Prior Presentation: Presented in part at the Annual Meeting of
French Society of Pharmacology and Therapeutics; Limoges,
France; June 12, 2023.

Peer Review: Received January 20, 2023. Evaluated by 2 external
peer reviewers, with direct editorial input from a Statistics/
Methods Editor, an Associate Editor, and a Deputy Editor who
served as Acting Editor-in-Chief. Accepted in revised form
September 11, 2023. The involvement of an Acting Editor-in-Chief
was to comply with AJKD’s procedures for potential conflicts of
interest for editors, described in the Information for Authors &
Journal Policies.

References

1. Laville SM, Gras-Champel V, Moragny J, et al. Adverse drug
reactions in patients with CKD. Clin J Am Soc Nephrol.
2020;15(8):1090-1102. doi:10.2215/CJN.01030120

612

10.

11.

12.

13.

14.

15.

16.

Ginsberg JS, Zhan M, Diamantidis CJ, Woods C, Chen J,
Fink JC. Patient-reported and actionable safety events in CKD.
J Am Soc Nephrol. 2014;25(7):1564. doi:10.1681/ASN.
2013090921

Sharif-Askari  FS, Sulaiman SAS, Sharif-Askari NS,
Hussain AAS. Development of an adverse drug reaction risk
assessment score among hospitalized patients with chronic
kidney disease. PLOS One. 2014;9(4):€95991. doi:10.1371/
journal.pone.0095991

Pecoits-Filho R, Fliser D, Tu C, et al. Prescription of renin-
angiotensin-aldosterone system inhibitors (RAASI) and its de-
terminants in patients with advanced CKD under nephrologist
care. J Clin Hypertens. 2019;21(7):991-1001. doi:10.1111/
jch.13563

Al Hamid A, Ghaleb M, Aljadhey H, Aslanpour Z. A systematic
review of hospitalization resulting from medicine-related prob-
lems in adult patients. Br J Clin Pharmacol. 2014;78(2):202-
217 doi:10.1111/bcp.12293

André C, Choukroun G, Bennis Y, et al. Potential interactions
between uraemic toxins and drugs: an application in kidney
transplant recipients treated with calcineurin inhibitors. Nephrol
Dial Transplant. 2022;37(11):2284-2292. doi:10.1093/ndt/
gfab114

Cunha RS da, Azevedo CAB, Falconi CA, et al. The interplay
between uremic toxins and albumin, membrane transporters
and drug interaction. Toxins. 2022;14(3):177. doi:10.3390/
toxins14030177

Nigam SK, Wu W, Bush KT, Hoenig MP, Blantz RC,
Bhatnagar V. Handling of drugs, metabolites, and uremic toxins
by kidney proximal tubule drug transporters. Clin J Am Soc
Nephrol. 2015;10(11):2039. doi:10.2215/CJN.02440314
Stengel B, Combe C, Jacquelinet C, et al. The French
Chronic Kidney Disease-Renal Epidemiology and Information
Network (CKD-REIN) cohort study. Nephrol Dial Transplant.
2014;29(8):1500-1507. doi:10.1093/ndt/gft388

Stengel B, Metzger M, Combe C, et al. Risk profile, quality of
life and care of patients with moderate and advanced CKD. The
French Chronic Kidney Disease—Renal Epidemiology and In-
formation Network (CKD-REIN) Cohort Study. Nephrol Dial
Transplant. 2019;34(2):277-286. doi:10.1093/ndt/gfy058

Elm E von, Altman DG, Egger M, Pocock SJ, Gatzsche PC,
Vandenbroucke JP. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. Lancet.
2007;370(9596):14563-1457.  doi:10.1016/S0140-6736(07)
61602-X

Girerd X, Radauceanu A, Achard JM, et al. Evaluation of pa-
tient compliance among hypertensive patients treated by
specialists [in French]. Arch Mal Coeur Vaiss. 2001;94(8):
839-842.

Levey AS, Stevens LA, Schmid CH, et al. A new equation to
estimate glomerular filtration rate. Ann Intern Med. 2009;150(9):
604-612. doi:10.7326/0003-4819-150-9-200905050-00006
World Health Organization Collaborating Centre for Drug Sta-
tistics Methodology, Oslo. Guidelines for ATC Classification
and DDD Assignment 2016. WHO; 2016. https://web.
archive.org/web/20161019104836/http://www.whocc.no/
filearchive/publications/2016_guidelines_web.pdf
Couchoud C, Stengel B, Landais P, et al. The Renal Epidemi-
ology and Information Network (REIN): a new registry for end-
stage renal disease in France. Nephrol Dial Transplant.
2006;21(2):411-418. doi:10.1093/ndt/gfi198

Edwards IR, Aronson JK. Adverse drug reactions: definitions,
diagnosis, and management. Lancet. 2000;356(9237):1255-
1259. doi:10.1016/S0140-6736(00)02799-9

AJKD Vol 83 | Iss 5 | May 2024


https://www.dopps.org/AboutUs/Support.aspx
https://www.dopps.org/AboutUs/Support.aspx
https://doi.org/10.2215/CJN.01030120
https://doi.org/10.1681/ASN.2013090921
https://doi.org/10.1681/ASN.2013090921
https://doi.org/10.1371/journal.pone.0095991
https://doi.org/10.1371/journal.pone.0095991
https://doi.org/10.1111/jch.13563
https://doi.org/10.1111/jch.13563
https://doi.org/10.1111/bcp.12293
https://doi.org/10.1093/ndt/gfab114
https://doi.org/10.1093/ndt/gfab114
https://doi.org/10.3390/toxins14030177
https://doi.org/10.3390/toxins14030177
https://doi.org/10.2215/CJN.02440314
https://doi.org/10.1093/ndt/gft388
https://doi.org/10.1093/ndt/gfy058
https://doi.org/10.1016/S0140-6736(07)<?thyc=10?>61602-X<?thyc?>
https://doi.org/10.1016/S0140-6736(07)<?thyc=10?>61602-X<?thyc?>
http://refhub.elsevier.com/S0272-6386(23)00897-1/sref12
http://refhub.elsevier.com/S0272-6386(23)00897-1/sref12
http://refhub.elsevier.com/S0272-6386(23)00897-1/sref12
http://refhub.elsevier.com/S0272-6386(23)00897-1/sref12
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://web.archive.org/web/20161019104836/http://www.whocc.no/filearchive/publications/2016_guidelines_web.pdf
https://web.archive.org/web/20161019104836/http://www.whocc.no/filearchive/publications/2016_guidelines_web.pdf
https://web.archive.org/web/20161019104836/http://www.whocc.no/filearchive/publications/2016_guidelines_web.pdf
https://doi.org/10.1093/ndt/gfi198
https://doi.org/10.1016/S0140-6736(00)02799-9

Laville et al

AJKD

17

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

20.

30.

31.

32.

World Health Organization, Quality Assurance and Safety of
Medicines Team. Safety of Medicines: A Guide to Detecting
and Reporting Adverse Drug Reactions: Why Health Pro-
fessionals Need to Take Action. WHO; 2002. https://iris.who.
int/handle/10665/67378

Kidney Disease: Improving Global Outcomes (KDIGO) Acute
Kidney Injury Work Group. KDIGO clinical practice guideline
for acute kidney injury. Kidney Int Suppl. 2012;2(1):1-138. doi:
10.1038/kisup.2012.1

Schulman S, Kearon C. Definition of major bleeding in clinical
investigations of antihemostatic medicinal products in non-
surgical patients. J Thromb Haemost. 2005;3(4):692-694. doi:
10.1111/j.1538-7836.2005.01204 x

Bégaud B, Evreux JC, Jouglard J, Lagier G. Imputation of the
unexpected or toxic effects of drugs: actualization of the
method used in France [in French]. Therapie. 1985;40(2):111-
118.

Arimone Y, Bidault I, Dutertre JP, et al. Cercle de Réflexion sur
I'Imputabilité (CRI). Updating the French method for the cau-
sality assessment of adverse drug reactions. Therapie.
2013;68(2):69-76. doi:10.2515/therapie/2013016
Miremont-Salamé G, Théophile H, Haramburu F, Bégaud B.
Imputabilité en pharmacovigilance : de la méthode frangaise
originelle aux méthodes réactualisées. Thérapie. 2016;71(2):
171-178. doi:10.1016/j.therap.2016.02.009

Naranjo CA, Busto U, Sellers EM, et al. A method for estimating
the probability of adverse drug reactions. Clin Pharmacol Ther.
1981;30(2):289-245. doi:10.1038/clpt.1981.154

Olivier P, Caron J, Haramburu F, et al. Validation d’'une échelle
de mesure: exemple de I'échelle frangaise d'évitabilité des
effets indésirables médicamenteux. Therapie. 2005;60(1):39-
45. doi:10.2515/therapie:2005005

Harrell FEJ. rms: Regression modeling strategies. March 18,
2021. Accessed September 2, 2021. https://CRAN.R-project.
org/package=rms

Buuren S van, Groothuis-Oudshoorn K. mice: Multivariate
imputation by chained equations in R. J Stat Softw. 2011;45:1-
67. doi:10.18637/jss.v045.i103

R Core Team. R. A language and environment for statistical
computing; 2021. Accessed March 31, 2021. https://www.R-
project.org/

Bénard-Laribiere A, Miremont-Salamé G, Pérault-Pochat MC,
Noize P, Haramburu F. EMIR Study Group on behalf of the
French Network of Pharmacovigilance Centres. Incidence of
hospital admissions due to adverse drug reactions in France:
the EMIR study. Fundam Clin Pharmacol. 2015;29(1):106-
111. doi:10.1111/fcp.12088

Alexopoulou A, Dourakis SP, Mantzoukis D, et al. Adverse drug
reactions as a cause of hospital admissions: a 6-month expe-
rience in a single center in Greece. Eur J Intern Med.
2008;19(7):505-510. doi:10.1016/j.ejim.2007.06.030

Onder G, Pedone C, Landi F, et al. Adverse drug reactions as
cause of hospital admissions: results from the Italian Group of
Pharmacoepidemiology in the Elderly (GIFA). J Am Geriatr Soc.
2002;50(12):1962-1968. doi:10.1046/}.1532-5415.2002.
50607.x

Pirmohamed M, James S, Meakin S, et al. Adverse drug re-
actions as cause of admission to hospital: prospective analysis
of 18 820 patients. BMJ. 2004;329(7456):15-19. doi:10.
1136/bmj.329.7456.15

Shepherd G, Mohorn P, Yacoub K, May DW. Adverse drug
reaction deaths reported in United States vital statistics, 1999-
2006. Ann Pharmacother. 2012;46(2):169-175. doi:10.1345/
aph.1P592

AJKD Vol 83 | Iss 5 | May 2024

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Laroche ML, Gautier S, Polard E, et al. Incidence and pre-
ventability of hospital admissions for adverse drug reactions in
France: a prospective observational study (IATROSTAT). Br J
Clin  Pharmacol. 2023;89(1):390-400. doi:10.1111/bcp.
15510

Aspinall SL, Vu M, Moore V, et al. Estimated costs of severe
adverse drug reactions resulting in hospitalization in the Vet-
erans Health Administration. JAMA Netw Open. 2022;5(2):
€2147909. doi:10.1001/jamanetworkopen.2021.47909
Tissot M, Valnet-Rabier MB, Stalder T, Limat S, Davani S,
Nerich V. Epidemiology and economic burden of “serious”
adverse drug reactions: real-world evidence research based on
pharmacovigilance data. Therapie. 2022;77(3):291-300. doi:
10.1016/j.therap.2021.12.007

Kongkaew C, Hann M, Mandal J, et al. Risk factors for hospital
admissions associated with adverse drug events. Pharmac-
other J Hum Pharmacol Drug Ther. 2013;33(8):827-837. doi:
10.1002/phar.1287

Taché SV, Sonnichsen A, Ashcroft DM. Prevalence of adverse
drug events in ambulatory care: a systematic review.
Ann Pharmacother. 2011;45(7-8):977-989. doi:10.1345/aph.
1P627

Roughead EE, Gilbert AL, Sansom LN, Primrose JG. Drug-
related hospital admissions: a review of Australian studies
published 1988-1996. Med J Aust. 1998;168(8):405-408.
doi:10.5694/).1326-5377.1998.tb138996.x

Field TS, Gurwitz JH, Avorn J, et al. Risk factors for adverse
drug events among nursing home residents. Arch Intern Med.
2001;161(13):1629-1634. doi:10.1001/archinte.161.13.1629
Hodkinson A, Tyler N, Ashcroft DM, et al. Preventable medi-
cation harm across health care settings: a systematic review
and meta-analysis. BMC Med. 2020;18(1):313. doi:10.1186/
s12916-020-01774-9

Al Damen L, Basheti I. Preventability analysis of adverse drug
reactions in a Jordanian hospital: a prospective observational
study. Int J Clin Pharm. 2019;41(6):1599-1610. doi:10.1007/
s11096-019-00925-0

Gras M, Champel V, Masmoudi K, Liabeuf S. Self-medication
practices and their characteristics among French university
students. Therapie. 2020;75(5):419-428. doi:10.1016/j.
therap.2020.02.019

Jerez-Roig J, Medeiros LFB, Silva VAB, et al. Prevalence of self-
medication and associated factors in an elderly population: a
systematic review. Drugs Aging. 2014;31(12):883-896. doi:
10.1007/s40266-014-0217-x

Montastruc JL, Bondon-Guitton E, Abadie D, et al. Pharma-
covigilance, risks and adverse effects of self-medication.
Therapie. 2016;71(2):257-262. doi:10.1016/j.therap.2016.02.
012

Berreni A, Montastruc F, Bondon-Guitton E, et al. Adverse drug
reactions to self-medication: a study in a pharmacovigilance
database. Fundam Clin Pharmacol. 2015;29(5):517-520. doi:
10.1111/fcp.12140

Eickhoff C, Hammerlein A, Griese N, Schulz M. Nature and
frequency of drug-related problems in self-medication (over-
the-counter drugs) in daily community pharmacy practice in
Germany. Pharmacoepidemiol Drug Saf. 2012;21(3):254-260.
doi:10.1002/pds.2241

Lalibert¢é MC, Normandeau M, Lord A, et al. Use of over-the-
counter medications and natural products in patients with
moderate and severe chronic renal insufficiency. Am J Kidney
Dis. 2007;49(2):245-256. doi:10.1053/j.ajkd.2006.11.023
Chan SL, Ang X, Sani LL, et al. Prevalence and characteristics
of adverse drug reactions at admission to hospital: a

613


https://iris.who.int/handle/10665/67378
https://iris.who.int/handle/10665/67378
https://doi.org/10.1038/kisup.2012.1
https://doi.org/10.1038/kisup.2012.1
https://doi.org/10.1111/j.1538-7836.2005.01204.x
https://doi.org/10.1111/j.1538-7836.2005.01204.x
http://refhub.elsevier.com/S0272-6386(23)00897-1/sref20
http://refhub.elsevier.com/S0272-6386(23)00897-1/sref20
http://refhub.elsevier.com/S0272-6386(23)00897-1/sref20
http://refhub.elsevier.com/S0272-6386(23)00897-1/sref20
http://refhub.elsevier.com/S0272-6386(23)00897-1/sref20
https://doi.org/10.2515/therapie/2013016
https://doi.org/10.1016/j.therap.2016.02.009
https://doi.org/10.1038/clpt.1981.154
https://doi.org/10.2515/therapie:2005005
https://CRAN.R-project.org/package=rms
https://CRAN.R-project.org/package=rms
https://CRAN.R-project.org/package=rms
https://doi.org/10.18637/jss.v045.i03
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1111/fcp.12088
https://doi.org/10.1016/j.ejim.2007.06.030
https://doi.org/10.1046/j.1532-5415.2002.50607.x
https://doi.org/10.1046/j.1532-5415.2002.50607.x
https://doi.org/10.1136/bmj.329.7456.15
https://doi.org/10.1136/bmj.329.7456.15
https://doi.org/10.1345/aph.1P592
https://doi.org/10.1345/aph.1P592
https://doi.org/10.1111/bcp.15510
https://doi.org/10.1111/bcp.15510
https://doi.org/10.1001/jamanetworkopen.2021.47909
https://doi.org/10.1016/j.therap.2021.12.007
https://doi.org/10.1016/j.therap.2021.12.007
https://doi.org/10.1002/phar.1287
https://doi.org/10.1002/phar.1287
https://doi.org/10.1345/aph.1P627
https://doi.org/10.1345/aph.1P627
https://doi.org/10.5694/j.1326-5377.1998.tb138996.x
https://doi.org/10.1001/archinte.161.13.1629
https://doi.org/10.1186/s12916-020-01774-9
https://doi.org/10.1186/s12916-020-01774-9
https://doi.org/10.1007/s11096-019-00925-0
https://doi.org/10.1007/s11096-019-00925-0
https://doi.org/10.1016/j.therap.2020.02.019
https://doi.org/10.1016/j.therap.2020.02.019
https://doi.org/10.1007/s40266-014-<?thyc=10?>0217-x<?thyc?>
https://doi.org/10.1007/s40266-014-<?thyc=10?>0217-x<?thyc?>
https://doi.org/10.1016/j.therap.2016.02.012
https://doi.org/10.1016/j.therap.2016.02.012
https://doi.org/10.1111/fcp.12140
https://doi.org/10.1111/fcp.12140
https://doi.org/10.1002/pds.2241
https://doi.org/10.1053/j.ajkd.2006.11.023

49.

50.

51.

52.

583.

54,

55.

56.

57

58.

59.

60.

614

AJKD

Laville et al

prospective observational study. Br J Clin Pharmacol.
2016;82(6):1636-1646. doi:10.1111/bcp.13081

Kongkaew C, Noyce PR, Ashcroft DM. Hospital admissions
associated with adverse drug reactions: a systematic review of
prospective  observational studies. Ann  Pharmacother.
2008;42(7-8):1017-1025. doi:10.1345/aph.1L037

Pedrés C, Quintana B, Rebolledo M, Porta N, Vallano A,
Arnau JM. Prevalence, risk factors and main features of
adverse drug reactions leading to hospital admission. Eur J
Clin Pharmacol. 2014;70(3):361-367. doi:10.1007/s00228-
013-1630-5

Leendertse AJ, Egberts ACG, Stoker LJ, van den Bemt PMLA;
HARM Study Group. Frequency of and risk factors for pre-
ventable medication-related hospital admissions in the
Netherlands. Arch Intern Med. 2008:168(17):1890-1896. doi:
10.1001/archinternmed.2008.3

Caamano F, Pedone C, Zuccala G, Carbonin P. Socio-de-
mographic factors related to the prevalence of adverse drug
reaction at hospital admission in an elderly population. Arch
Gerontol Geriatr. 2005;40(1):45-52. doi:10.1016/j.archger.
2004.05.005

Corsonello A, Pedone C, Lattanzio F, Onder G, Incalzi RA. As-
sociation between glomerular filtration rate and adverse drug re-
actions in elderly hospitalized patients. Drugs Aging. 2011;28(5):
379-390. doi:10.2165/11588280-000000000-00000

Onder G, Petrovic M, Tangiisuran B, et al. Development and
validation of a score to assess risk of adverse drug reactions
among in-hospital patients 65 years or older: the GerontoNet
ADR Risk Score. Arch Intern Med. 2010;170(13):1142-1148.
doi:10.1001/archinternmed.2010.153

Schoorl M, Grooteman MPC, Bartels PCM, Nubé MJ. Aspects
of platelet disturbances in haemodialysis patients. Clin Kidney
J. 2013;6(3):266-271. doi:10.1093/ckj/sft033

Laville SM, Lambert O, Hamroun A, et al. Consequences of oral
antithrombotic use in patients with chronic kidney disease. Clin
Trans! Sci. 2021;14(6):2242-2253. doi:10.1111/cts.13084
Pichette V, Leblond FA. Drug metabolism in chronic renal fail-
ure. Curr Drug Metab. 2003;4(2):91-108. doi:10.2174/
1389200033489532

Leblond FA, Giroux L, Villeneuve JP, Pichette V. Decreased
in vivo metabolism of drugs in chronic renal failure. Drug Metab
Dispos. 2000;28(11):1317-1320.

Fawzy AM, Lip GYH. Pharmacokinetics and pharmacody-
namics of oral anticoagulants used in atrial fibrillation. Expert
Opin Drug Metab Toxicol. 2019;15(5):381-398. doi:10.1080/
17425255.2019.1604686

Limdi NA, Beasley TM, Baird MF, et al. Kidney function in-
fluences  warfarin  responsiveness and  hemorrhagic

61.

62.

63.

64.

65.

66.

67

68.

69.

70.

71.

72.

complications. J Am Soc Nephrol. 2009;20(4):912. doi:10.
1681/ASN.2008070802

Trevisan M, Hjemdahl P, Clase CM, et al. Cardiorenal outcomes
among patients with atrial fibrillation treated with oral antico-
agulants. Am J Kidney Dis. 2023;81(3):307-317.e1. doi:10.
1053/j.ajkd.2022.07.017

Pierson-Marchandise M, Gras V, Moragny J, et al. The drugs
that mostly frequently induce acute kidney injury: a
case—noncase study of a pharmacovigilance database. Br J
Clin Pharmacol. 2017;83(6):1341-1349. doi:10.1111/bcp.
13216

Rey A, Gras-Champel V, Choukroun G, Masmoudi K, Liabeuf S.
Risk factors for and characteristics of community- and hospital-
acquired drug-induced acute kidney injuries. Fundam Clin
Pharmacol. 2022;36(4):750-761. doi:10.1111/fcp.12758
Perazella MA, Rosner MH. Drug-induced acute kidney injury.
Clin J Am Soc Nephrol. 2022;17(8):1220. doi:10.2215/CJN.
11290821

Hegde A. Diuretics in acute kidney injury. Indian J Crit Care
Med. 2020;24(suppl 3):598-S99. doi:10.5005/jp-journals-
10071-23406

Magden K, Yildirim I, Kutu M, et al. Recovery process in patients
followed-up due to acute kidney injury. Hippokratia.
2013;17(3):239-242,

Hamroun A, Frimat L, Laville M, et al. New insights into acute-
on-chronic kidney disease in nephrology patients: the CKD-
REIN study. Nephrol Dial Transplant. 2022;37(9):1700-1709.
doi:10.1093/ndt/gfab249

yuan Hsu C, Liu KD, Yang J, et al. Renin-angiotensin system
blockade after acute kidney injury (AKI) and risk of recurrent
AKI. Clin J Am Soc Nephrol. 2020;15(1):26. doi:10.2215/
CJN.05800519

Chen JY, Tsai lJ, Pan HC, et al. The impact of angiotensin-
converting enzyme inhibitors or angiotensin Il receptor
blockers on clinical outcomes of acute kidney disease patients:
a systematic review and meta-analysis. Front Pharmacol.
2021;12:665250. doi:10.3389/fphar.2021.665250

Bhandari S, Mehta S, Khwaja A, et al. Renin-angiotensin system
inhibition in advanced chronic kidney disease. N Engl/ J Med.
2022;387(22):2021-2032. doi:10.1056/NEJM0a2210639
Fink JC, Maguire RM, Blakeman T, et al. Medication holds in
CKD during acute volume-depleting illnesses: a randomized
controlled trial of a “sick-day” protocol. Kidney Med. 2022;4(9).
doi:10.1016/j.xkme.2022.100527

Duong H, Tesfaye W, Van C, et al. Sick day management in
people with chronic kidney disease: a scoping review.
J Nephrol. 2023;36:1293-1306. doi:10.1007/s40620-022-
01497-5

AJKD Vol 83 | Iss 5 | May 2024


https://doi.org/10.1111/bcp.13081
https://doi.org/10.1345/aph.1L037
https://doi.org/10.1007/s00228-013-1630-5
https://doi.org/10.1007/s00228-013-1630-5
https://doi.org/10.1001/archinternmed.2008.3
https://doi.org/10.1001/archinternmed.2008.3
https://doi.org/10.1016/j.archger.2004.05.005
https://doi.org/10.1016/j.archger.2004.05.005
https://doi.org/10.2165/11588280-000000000-00000
https://doi.org/10.1001/archinternmed.2010.153
https://doi.org/10.1093/ckj/sft033
https://doi.org/10.1111/cts.13084
https://doi.org/10.2174/1389200033489532
https://doi.org/10.2174/1389200033489532
http://refhub.elsevier.com/S0272-6386(23)00897-1/sref58
http://refhub.elsevier.com/S0272-6386(23)00897-1/sref58
http://refhub.elsevier.com/S0272-6386(23)00897-1/sref58
https://doi.org/10.1080/17425255.2019.1604686
https://doi.org/10.1080/17425255.2019.1604686
https://doi.org/10.1681/ASN.2008070802
https://doi.org/10.1681/ASN.2008070802
https://doi.org/10.1053/j.ajkd.2022.07.017
https://doi.org/10.1053/j.ajkd.2022.07.017
https://doi.org/10.1111/bcp.13216
https://doi.org/10.1111/bcp.13216
https://doi.org/10.1111/fcp.12758
https://doi.org/10.2215/CJN.11290821
https://doi.org/10.2215/CJN.11290821
https://doi.org/10.5005/jp-journals-10071-23406
https://doi.org/10.5005/jp-journals-10071-23406
http://refhub.elsevier.com/S0272-6386(23)00897-1/sref66
http://refhub.elsevier.com/S0272-6386(23)00897-1/sref66
http://refhub.elsevier.com/S0272-6386(23)00897-1/sref66
https://doi.org/10.1093/ndt/gfab249
https://doi.org/10.2215/CJN.05800519
https://doi.org/10.2215/CJN.05800519
https://doi.org/10.3389/fphar.2021.665250
https://doi.org/10.1056/NEJMoa2210639
https://doi.org/10.1016/j.xkme.2022.100527
https://doi.org/10.1007/s40620-022-01497-5
https://doi.org/10.1007/s40620-022-01497-5

Laville et al AJKD

Kidney Function Decline and Serious ADRs in Patients With CKD

Setting & Participants Analysis Results
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CONCLUSION: ADRs constitute a major cause of hospitalization in CKD
patients for whom lower eGFR level is a major risk factor.
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