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ABSTRACT

Background. To characterize the use of nephrotoxic medications in patients with chronic kidney disease (CKD) Stages
G3–5 in routine care.
Methods. We studied cohorts of adults with confirmed CKD G3–5 undergoing routine care from 1 January 2016 through
31 December 2018 in two health systems [Stockholm CREAtinine Measurements (SCREAM), Stockholm, Sweden
(N = 57880) and Geisinger, PA, USA (N = 16255)]. We evaluated the proportion of patients receiving nephrotoxic
medications within 1 year overall and by baseline kidney function, ranked main contributors and examined the
association between receipt of nephrotoxic medication and age, sex, CKD G-stages comorbidities and provider
awareness of the patient’s CKD using multivariable logistic regression.
Results. During a 1-year period, 20% (SCREAM) and 17% (Geisinger) of patients with CKD received at least one
nephrotoxic medication. Among the top nephrotoxic medications identified in both cohorts were non-steroidal
anti-inflammatory drugs (given to 11% and 9% of patients in SCREAM and Geisinger, respectively), antivirals (2.5% and
2.0%) and immunosuppressants (2.7% and 1.5%). Bisphosphonate use was common in SCREAM (3.3%) and fenofibrates in
Geisinger (3.6%). Patients <65years of age, women and those with CKD G3 were at higher risk of receiving nephrotoxic
medications in both cohorts. Notably, provider awareness of a patient’s CKD was associated with lower odds of
nephrotoxic medication use {odds ratios [OR] 0.85[95% confidence interval (CI) 0.80–0.90] in SCREAM and OR 0.80 [95% CI
0.72–0.89] in Geisinger}.
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Conclusions. One in five patients with CKD received nephrotoxic medications in two distinct health systems. Strategies
to increase physician’s awareness of patients’ CKD and knowledge of drug nephrotoxicity may reduce prescribing
nephrotoxic medications and prevent iatrogenic kidney injury.
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INTRODUCTION

Preventing adverse drug events is a public health priority.
In the USA alone, adverse drug events lead to 2 million
hospitalizations annually [1], cause 3.5 million office visits
and 1 million emergency department visits [2, 3] and add
$3.5 billion to annual healthcare costs [4]. A large proportion
of adverse drug events are preventable, such as those resulting
from inappropriate use or dosing errors [5].

A number of drugs and drug metabolites, hereby referred to
as nephrotoxic,may exert adverse effects on the kidney through
one or more common pathogenic mechanisms [6]. For example,
nonsteroidal anti-inflammatory drugs (NSAIDs) can cause sev-
eral types of acute kidney injury (AKI), including hemodynami-
cally mediated AKI and acute interstitial nephritis. Other drugs
may elicit nephrotoxicity by damaging tubular cells or causing
crystal nephropathy, rhabdomyolysis and thrombotic microan-
giopathy [6–8]. Sometimes these medications may be indicated
if the benefit from using them surpasses the potential harm in
the kidney. However, other times these medications may not
be indicated and/or could be replaced with non nephrotoxic
alternatives.

Individuals with chronic kidney disease (CKD) are partic-
ularly susceptible to toxic insults that lead to an acceler-
ated reduction in glomerular filtration rate (GFR). Exposure to
‘nephrotoxic medications’ has been associated with adverse
drug events, with more emergency department visits and hos-
pitalizations, longer hospital stays and a higher risk of mortality
in persons with CKD [9, 10].

The Kidney Disease: Improving Global Outcomes (KDIGO)
clinical practice guideline recommends avoidance or dosage re-
duction of nephrotoxic medications for persons with CKD Stage
≥ G3 [estimated GFR (eGFR) <60mL/min/1.73 m2] [11]. However,
the uptake of this recommendation in routine clinical settings
is unknown. Previous studies have focused on a small selected
list of nephrotoxic medications in patients referred to nephrolo-
gist care and/or were based on self-reported use of medications,
which is subject to recall bias [12–16].

To bridge this knowledge gap, we aimed to quantify the
extent of nephrotoxic medication use among patients with CKD
≥G3 followed in the outpatient care setting from twodistinct and
geographically diverse health systems. We identified those that
could potentially be avoided or replaced by non-nephrotoxic
alternatives and evaluated explanatory factors, including
provider awareness of kidney disease that could inform clinical
practice towards safer medication use.

MATERIALS AND METHODS

Data sources

This study includes two parallel cohorts of patients with
CKD undergoing routine clinical care. The Swedish cohort
is derived from the Stockholm CREAtinine Measurements
(SCREAM) project, an extraction of routine care data of all
patients undergoing creatinine testing in Region Stockholm.
Region Stockholm is the sole provider of universal care to
>2 million residents [17]. Healthcare data are cross-linked to
several national data sources, with complete information on
demographics, dispensed drugs and vital status, with no loss

to follow-up. The US cohort was derived from >3 million adults
receiving primary care at Geisinger, a large, predominantly ru-
ral, integrated healthcare system serving 44 counties in central
and northeast Pennsylvania. This study was approved by the
Stockholm Ethics Review Board, the Geisinger Medical Center
Institutional Review Board and the Johns Hopkins Institutional
Review Board.

Study population

In both cohorts we utilized deidentified patient data from out-
patient encounters from 2016 to 2018 and included all adult
(>18 years) patients with confirmed CKD G3–G5, in accordance
with current KDIGO criteria [9]. We required patients with CKD
to have at least two outpatient serum/plasma creatinine mea-
surements denoting an eGFR <60mL/min/1.73 m2 and imposed
the gap between the two measurements to be >90 days but <1
year. The date of their second eGFR <60 mL/min/1.73 m2 re-
sult was defined as the index date. We excluded participants
undergoing maintenance dialysis at baseline and those with a
history of any organ transplant, because immunosuppression,
although nephrotoxic in some cases, is necessary in those pa-
tients. Patients were followed up prospectively for 12 months or
until kidney failure (dialysis or kidney transplantation) or death,
whichever came first.

Nephrotoxic medications

During the 12-month observation period, we extracted infor-
mation on outpatient drug prescriptions in Geisinger and in-
formation on pharmacy dispensations in SCREAM. Whereas
drug prescriptions in Geisinger were identified in medical
records, SCREAMascertainedmedication use by linkagewith the
Swedish drug register, a government-run nationwide register
with >99% coverage of all prescribed dispensations at Swedish
pharmacies, which are connected to each citizen’s unique per-
sonal identification number [18].

We composed a list of 115 singlemedications provided in am-
bulatory care with proven or purported nephrotoxicity (detailed
in Supplementary data, Table S1). We created this list based on
a literature review, warnings issued by the US Food and Drug
Administration (FDA) or the European Medicines Agency (EMA)
and statements in the US/Swedish pharmacopeias, followed by
panel discussion and consensus [6, 9, 12, 14, 19–23].We excluded
ophthalmic, topical and inhaled formulations, as well as single
medication dosages provided in nursing homes, and focused ex-
clusively on oral and intravenous ambulatory medications. For
simplicity, single medications were grouped into pharmacolog-
ical classes according to the Anatomical Therapeutic Chemi-
cal (ATC) classification system of the World Health Organiza-
tion [24]. Thus, when we refer to a certain drug class, we refer
to the medications considered nephrotoxic (as listed in Supple-
mentary data, Table S1) within that drug class. Whenever a sin-
gle medication contained more than one nephrotoxic chemical
substance in its composition, we computed the pharmacologi-
cal class of each nephrotoxic chemical substance therein. Thus
participants taking combination medications containing two or
more nephrotoxic substances contributed to multiple different
pharmacological classes.
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Covariates

Covariates at baseline included demographics (e.g. sex, age),
body mass index (BMI, in Geisinger only), CKD G-stages, co-
morbidities, type of prescribing unit (i.e. primary healthcare
provider or other) and an indicator of providers’ awareness of
their patients’ CKD status. We used the index creatinine mea-
surement to estimate GFR with the 2009 Chronic Kidney Dis-
ease Epidemiology Collaboration creatinine-based equation [25]
and categorized it into G-stages (G3a, 45–59 mL/min/1.73 m2;
G3b, 30–44 mL/min/1.73 m2; G4/5, <30 mL/min/1.73 m2) ac-
cording to KDIGO criteria. In SCREAM, all patients were as-
sumed to be white for GFR estimation, as information on race
was not available. BMI was available in Geisinger and catego-
rized into <18.5 kg/m2 (underweight), 18.5–24.9 kg/m2 (normal
weight), 25.0–29.9 kg/m2 (overweight) and ≥30.0 kg/m2 (obese).
Comorbidities were defined by the presence of relevant di-
agnostic codes [International Classification of Diseases (ICD)
revisions 9 and 10] before the index date and used to cal-
culate the Charlson comorbidity index, excluding the cate-
gory of kidney disease [26, 27]. We determined the history of
AKI by the presence of relevant diagnostic codes (ICD-9 code
584.x and ICD-10 code N17) before the index date. Finally,
we created an indicator of providers’ awareness of their pa-
tients’ CKD status. In SCREAM, this was defined as the com-
posite of either the presence of a CKD diagnostic code or a
nephrology consultation before the index date. In Geisinger,
the ICD codes in medical records were automated for reim-
bursement purposes and did not reflect physicians’ awareness
of CKD. We thus used a conservative definition and assessed
provider awareness by preceding nephrology consultations
only. Finally, for each drug dispensation/prescription, we classi-
fied their corresponding prescribing units as primary healthcare
and other outpatient healthcare providers.

Statistical analysis

Baseline characteristics were presented as percentage and num-
ber for categorical variables and mean with standard deviation
(SD) or median with interquartile range (IQR) for continuous
variables as appropriate.

We first reported the proportion of individuals receiving
at least one nephrotoxic medication during a 1-year follow-
up, overall and by CKD G-stages. Next, we calculated the
proportion of individuals receiving nephrotoxic medications
grouped in pharmacological classes and ranked the order. We
next estimated the volume of nephrotoxic medication dispen-
sations/prescriptions out of the total number of nephrotoxic
medications identified within 1 year. We further evaluated the
volume of dispensations and prescriptions being issued by pri-
mary healthcare providers versus other outpatient healthcare
providers.

We evaluated whether selected sociodemographic or clinical
variables were associated with the use of nephrotoxic medica-
tions using multivariable logistic regression models, adjusting
for individual’s follow-up time. Clinical predictors included age,
sex, ethnicity (African American versus non–African American,
only in Geisinger), CKD G-stage, Charlson comorbidity index,
BMI (only in Geisinger), history of AKI and provider awareness
of the patient’s CKD. We did not consider single comorbidities
as predictors of nephrotoxic medication use because they may
be the indications for suchmedications.As a sensitivity analysis,
we evaluated the consistency of clinical predictors among indi-
viduals receiving NSAIDs (the most common nephrotoxic medi-

cation identified in both cohorts) and among individuals receiv-
ing nephrotoxic medications other than NSAIDs.

Because there is still controversy about whether proton
pump inhibitors (PPIs) and warfarin exert nephrotoxicity [23,
28], we did not include these medications in our main analysis
but evaluated as a sensitivity analysis the number of patients
affected should these two drugs be included in our listing.
Analyses in Geisinger were performed using SAS, version 9.4
(SAS Institute, Cary, NC, USA), and analyses in SCREAM were
performed using R version 3.4.1 (R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

Cohort characteristics

After applying inclusion and exclusion criteria (flow charts in
Supplementary data, Figures S1 and S2), we identified 57 880 pa-
tients with confirmed CKD G3–5 attending routine outpatient
healthcare in SCREAM. Their mean age was 79 years (SD 11)
and mean eGFR was 46 mL/min/1.73 m2 (SD 11). Of these, only
23% had a diagnosis of CKD or had ever visited a nephrologist
(Table 1). Likewise, we identified 16 255 patients in Geisinger,
who had a mean age of 76 years (SD 11), a mean eGFR of 44
mL/min/1.73 m2 (SD, 11) and 27% with a documented visit to
nephrology care (Table 2).

Receipt of nephrotoxic medications within 1 year

Over the 1 year of follow-up, 20% of patients in SCREAM and 17%
of patients in Geisinger received at least one nephrotoxic medi-
cation. Comparedwith patients not receiving nephrotoxicmedi-
cations, those receiving nephrotoxic medications were younger,
more often women and had a higher baseline eGFR in both
cohorts. Patients with a history of AKI or provider awareness
of their CKD status were less likely to receive nephrotoxic
medications.

Main nephrotoxic medications in SCREAM

Table 3 describes and ranks the main drug classes of nephro-
toxic medications dispensed, overall and by baseline eGFR
category, in SCREAM. The most common nephrotoxic medica-
tions dispensed were NSAIDs (dispensed to 11% of participants
at least once). Of these, 59% received only one dispensation,
19% received two dispensations and 22% received three or
more dispensations within the 1-year observation period. Other
nephrotoxic medications dispensed to >1% of individuals
were bisphosphonates (3.3%), immunosuppressants (2.7%) and
antivirals (2.5%). The use of most drug classes decreased with
lower eGFR categories, with the exception of the proportion of
nephrotoxic antibiotics, which showed an increasing trend.

Main nephrotoxic medications in Geisinger

In Geisinger (Table 4), NSAIDs were also the most commonly
prescribed nephrotoxic medication (prescribed to 8.7% of
participants). Of these, 43% received only one prescription, 20%
received two prescriptions and 37% received three or more pre-
scriptions within the 1-year observation period. Other nephro-
toxic medications prescribed to >1% of individuals were fenofi-
brates (3.6%), antivirals (2.0%), immunosuppressants (1.5%),
antibiotics (1.5%) and antineoplastic agents (1.4%). The use of
some but not all nephrotoxic medication classes decreased with
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Table 1. Baseline characteristics of the cohort in SCREAM, overall and by nephrotoxic medication use within 1 year

Any nephrotoxic medication

Characteristics Overall (N = 57880) Never users (n = 46548) Ever users (n = 11332)

Age (years), mean (SD) 79 (11) 79 (11) 75 (11)
<65 9 (5302) 8 (3785) 13 (1517)
65–74 23 (13044) 21 (9649) 30 (3395)
75–84 37 (21242) 36 (16896) 38 (4346)
≥85 32 (18292) 35 (16218) 18 (2074)

Women 55 (31600) 53 (24636) 62 (6964)
eGFR (mL/min/1.73 m2), mean (SD) 46 (11) 46 (11) 49 (10)
45–59 62 (36121) 60 (27926) 72 (8195)
30–44 28 (16004) 29 (13432) 23 (2572)
<30 10 (5755) 11 (5190) 5 (565)

History of acute kidney injury 7 (4001) 7 (3418) 5 (583)
Provider awareness of CKD 23 (13482) 25 (11432) 18 (2050)
Charlson comorbidity indexa, median (IQR) 2 (1–3) 2 (1–3) 2 (1–3)
0 13 (7415) 12 (5572) 16 (1843)
1 24 (13743) 23 (10686) 27 (3057)
≥2 63 (36722) 65 (30290) 57 (6432)

Diabetes 29 (16845) 30 (13819) 27 (3026)
Hypertension 82 (47684) 84 (38875) 78 (8809)
Cardiovascular disease (coronary heart disease, stroke,
peripheral vascular disease)

39 (22710) 42 (19458) 29 (3252)

Congestive heart failure 28 (16277) 31 (14200) 18 (2077)
Cancer 29 (16758) 29 (13515) 29 (3243)

Values are presented as % (n) unless stated otherwise.
aCharlson comorbidity index is a sum of item scores for comorbid conditions except kidney disease.

Table 2. Baseline characteristics of the cohort in Geisinger, overall and by nephrotoxic medication use within one year

Any nephrotoxic medication

Characteristics Overall (N = 16255) Never users (n = 13438) Ever users (n = 2817)

Age (years), mean (SD) 76 (11) 77 (11) 73 (11)
<65 15 (2512) 14 (1854) 23 (658)
65–74 29 (4638) 28 (3698) 33 (940)
75–84 34 (5519) 35 (4673) 30 (846)
≥85 22 (3586) 24 (3213) 13 (373)

Women 59 (9648) 59 (7889) 62 (1759)
White race 97 (15835) 97 (13101) 97 (2734)
Body mass index (kg/m2), mean (SD) 31.2 (7.4) 31.0 (7.3) 32.3 (7.8)
Underweight (<18.5) 1 (144) 1 (122) 1 (22)
Normal (18.5–24.9) 16 (2565) 16 (2203) 13 (362)
Overweight (25.0–29.9) 27 (4309) 27 (3666) 23 (643)
Obese (≥30) 44 (7162) 43 (5758) 50 (1404)

eGFR (mL/min/1.73 m2), mean (SD) 44 (11) 44 (11) 46 (10)
45–59 53 (8597) 51 (6877) 61 (1720)
30–44 35 (5657) 36 (4781) 31 (876)
<30 12 (2001) 13 (1780) 8 (221)

History of AKI 22 (3586) 23 (3038) 19 (548)
Provider awareness of CKD 27 (4446) 28 (3792) 23 (654)
Charlson comorbidity indexa, median (IQR) 2 (1–3) 2 (1–3) 2 (1–3)
0 17 (2700) 16 (2159) 19 (541)
1 24 (3850) 24 (3193) 23 (657)
≥2 60 (9705) 60 (8086) 57 (1619)

Diabetes 44 (7225) 44 (5948) 45 (1277)
Hypertension 90 (14566) 90 (12093) 88 (2473)
Cardiovascular disease (coronary heart disease, stroke,
peripheral vascular disease)

55 (8974) 56 (7577) 50 (1397)

Congestive heart failure 27 (4370) 28 (3795) 20 (575)
Cancer 23 (3803) 23 (3157) 23 (646)

Values are presented as % (n) unless stated otherwise.
aCharlson comorbidity index is a sum of item scores for comorbid conditions except kidney disease.
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Table 3. Proportion of unique individuals receiving nephrotoxic medications in SCREAM and ranking of most commonly prescribed drug
classes, overall and by eGFR category

Medications
Overall

(N = 57880)
G3a eGFR 45–59

(n = 36121)
G3b eGFR 30–44

(n = 16004)
G4/5 eGFR < 30

(n = 5755) P-value

Any nephrotoxic medication 19.6 (11332) 22.7 (8195) 16.0 (2572) 9.8 (565) <0.001
Drug class
NSAIDs 11.0 (6382) 12.9 (4668) 9.1 (1454) 4.5 (260) <0.001

1 dispensationa, % 58.9 58.4 58.7 68.1 <0.001
2 dispensationsa, % 18.7 18.5 19.5 16.9 <0.001
3 or more dispensationsa, % 22.4 23.1 21.8 15.0 <0.001

Bisphosphonates 3.3 (1923) 3.9 (1438) 2.7 (431) 0.9 (54) <0.001
Immunosuppressants 2.7 (1577) 3.3 (1184) 1.8 (286) 1.9 107 <0.001
Antivirals, systemic use 2.5 (1444) 2.9 (1038) 2 (324) 1.4 (82) <0.001
Psycholeptics 0.8 (479) 1.0 (370) 0.5 (87) 0.4 (22) <0.001
Intestinal anti-inflammatory drugs 0.8 (439) 0.9 (330) 0.6 (90) 0.3 (19) <0.001
Antiprotozoals 0.5 (278) 0.5 (174) 0.4 (68) 0.6 (36) 0.17
Antibiotics 0.2 (128) 0.2 (63) 0.2 (39) 0.5 (26) <0.001
Othersb 0.6 (112) 0.2 (82) 0.1 (23) 0.1 (7) 0.17
Fenofibrates 0.1 (75) 0.1 (48) 0.2 (25) 0.03 (2) 0.08
Antimycobacterials 0.08 (48) 0.10 (38) 0.05 (8) 0.03 (2) 0.05
Antineoplastic agents 0.07 (41) 0.09 (33) 0.04 (7) 0.02 (1) 0.04
Non-NSAIDs analgesics 0.06 (36) 0.07 (25) 0.06 (10) 0.02 (1) 0.34
Immunostimulants 0.02 (11) 0.03 (10) 0.01 (1) 0 0.14

Values are presented as % (n) unless stated otherwise.
aAmong NSAID users, proportions receiving one/two/three or more dispensations, overall and by eGFR category.
bMedications included in others: isotretinoin, amphotericin B, normal human immunoglobulins, deferasirox and palifermin.

Table 4. Proportion of unique individuals receiving nephrotoxic medications in Geisinger and ranking of most commonly prescribed drug
classes, overall and by eGFR category

Medications
Overall

(N = 16255)
G3a eGFR 45–59

(n = 8597)
G3b eGFR 30–44

(n = 5657)
G4/5 eGFR < 30

(n = 2001) P-value

Any nephrotoxic medications 17.3 (2817) 20.0 (1720) 15.5 (876) 11.0 (221) <0.001
Drug class
NSAIDs 8.7 (1409) 11.2 (963) 7.1 (403) 2.1 (43) <0.001

1 prescriptiona, % 42.8 40.7 46.4 55.8 0.03
2 prescriptionsa, % 19.7 20.9 16.6 20.9 0.19
3 or more prescriptionsa, % 37.5 38.4 37.0 23.3 0.13

Fenofibrates 3.6 (578) 3.3 (286) 3.8 (213) 4.0 (79) 0.23
Antivirals, systemic use 2.0 (331) 2.2 (190) 1.9 (106) 1.7 (35) 0.24
Immunosuppressants 1.5 (246) 2.1 (178) 1.0 (55) 0.6 (13) <0.001
Antibiotics 1.5 (239) 1.3 (114) 1.4 (77) 2.4 (48) 0.001
Antineoplastic agents 1.4 (226) 2.0 (170) 0.9 (51) 0.2 (5) <0.001
Intestinal anti-inflammatory drugs 0.6 (102) 0.6 (54) 0.7 (37) 0.5 (11) 0.88
Bisphosphonates 0.5 (80) 0.6 (54) 0.4 (25) 0.1 (1) 0.003
Psycholeptics 0.3 (53) 0.4 (32) 0.3 (18) 0.2 (3) 0.29
Antimycobacterials 0.1 (18) 0.1 (12) 0.1 (6) 0 0.24
Immunostimulants 0.06 (9) 0.09 (8) 0.02 (1) 0 0.09
Othersb 0.06 (9) 0.07 (6) 0.04 (2) 0.05 (1) 0.69
Antiprotozoals 0.02 (4) 0.03 (3) 0 0.05 (1) 0.32

Values are presented as % (n) unless stated otherwise.
aAmong NSAID users, proportions receiving one/two/three or more dispensations, overall and by eGFR category.
bMedications included in others: quinidine, isotretinoin, amphotericin B, normal human immunoglobulins, deferasirox and palifermin.

lower eGFR categories. Antibiotics that showed an increasing
trend and no decreasing trends were observed with lower
eGFR for fenofibrates or antivirals. Among NSAID users, the
proportion of one-time NSAID use increased with lower eGFR.

Volume of nephrotoxic medications

In SCREAM, there were a total of 33964 nephrotoxic medication
dispensations within 1 year in 11332 patients and NSAIDs
represented 36.6% of them (Figure 1, Panel A). Other medica-

tions accounting for >10% of total nephrotoxic dispensations
were immunosuppressants (20.8%), bisphosphonates (16.1%)
and antivirals (10.3%). As many as 41% of all nephrotoxic
drug dispensations were done in connection with a primary
healthcare encounter (Supplementary data, Table S2). In
Geisinger, there were a total of 8924 nephrotoxic medications
prescribed in 2817 patients. NSAIDs represented 45.5% of all
nephrotoxic drug prescriptions (Figure 1, Panel B), followed
by fenofibrates (16.2%). Approximately half of the identified
nephrotoxic drug prescriptions (52%) were done in connection
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eGFR

eGFR

eGFR

eGFR

eGFR

eGFR

FIGURE 1: Volume (in percentage) of dispensations (in SCREAM, Panel A) or prescriptions (in Geisinger, Panel B), grouped in drug classes, out of the total number of
nephrotoxicmedications identified (N= 33964 dispensations in SCREAM,N= 8924 prescriptions in Geisinger). Shaded polygons are proportional to the total areawithin
each diamond for the indicated percentage. Medications included in the ‘Others’ class are isotretinoin, amphotericin B, normal human immunoglobulins, deferasirox

and palifermin for SCREAM (Panel A) and quinidine, isotretinoin, amphotericin B, normal human immunoglobulins, deferasirox and palifermin for Geisinger (Panel B).
Differences are due to market availability in each country.

with a primary healthcare encounter (Supplementary data,
Table S3).

Sensitivity analyses

Including PPIs and warfarin in our listing increased the num-
ber of patients receiving nephrotoxic medications in SCREAM to
48%; PPIs ranked as the main prescribed nephrotoxic drug class
(provided to 29% of participants; Supplementary data, Table S4)
followed by warfarin (provided to 14% of participants). Likewise,
in Geisinger, the proportion of patients receiving nephrotoxic
medications increased to 56%, with PPIs being prescribed to
38% of participants and warfarin to 17% (Supplementary data,
Table S4). These two classes of medications represented the
largest volume of prescriptions/dispensations (Supplementary
data, Figure S3).

Factors associated with the receipt of nephrotoxic
medications

In both cohorts, younger age and female sex were associated
with a higher likelihood of nephrotoxic drug receipt (Figure 2).
Conversely, more severe CKD and a history of AKI were as-
sociated with a lower likelihood of nephrotoxic drug use.
Notably, participants with a diagnosis code for CKD or a
documented visit to nephrology care were less likely to use
nephrotoxic drugs in both cohorts, and this was mainly ex-
plained by lower use of NSAIDs, not by lower use of other
nephrotoxic drugs (Supplementary data, Table S5).Women were
more likely to use NSAIDs as well as other nephrotoxic drugs in
both cohorts. Both NSAIDs and other nephrotoxic medications
were less frequently used withmore severe CKD in SCREAM, but
this trend was not observed in Geisinger.

DISCUSSION

We performed a comprehensive evaluation of the poten-
tially inappropriate use of >100 nephrotoxic medications

across the spectrum of CKD G3– in outpatient care of two
distinct and geographically diverse health systems. We re-
fer to these nephrotoxic medications as ‘potentially inap-
propriate’, as we cannot exclude the possibility that the
benefit of using such medications exceeds the potential
harm in the kidney. We observed that approximately one in
five patients received at least one nephrotoxic medication
within 1 year. NSAIDs were the most commonly prescribed
medications, together with nephrotoxic antivirals and immuno-
suppressants.Other potentially inappropriate nephrotoxicmed-
ications were cohort specific (bisphosphonates in SCREAM,
fenofibrates in Geisinger). Nearly half of all nephrotoxic medi-
cations were prescribed in connection with primary healthcare
consultations. Women were at higher risk of receiving nephro-
toxic medications compared with men and patients with a CKD
diagnosis or attending nephrology visits were at consistently
lower risk of nephrotoxic medication use.

Our study uses data from contemporary cohorts and adds
knowledge to previous literature: Ingrasciotta et al. [14] reported
that 50% of patients received nephrotoxic medication prescrip-
tions within 1 year prior to or after the first CKD diagnosis in
southern Italy between 2006 and 2011. The higher prevalence in
this study may be explained by the, in our opinion, incorrect in-
clusion of medications such as angiotensin-converting enzyme
inhibitors/angiotensin II receptor blockers in their listing, based
on the summary of product characteristics that states to ‘use
with caution’ in persons with CKD because of potential AKI risk.
Davis-Ajami et al. [9] reported that 72% of patients with a CKD
diagnosis in the 2006–2012 US Medical Expenditure Panel Sur-
vey data received nephrotoxic medications; the long ascertain-
ment period (12 years) and the inclusion of PPIs and diuretics
in their listing probably also explain the high prevalence re-
ported. Schmidt-Mende et al. [29] evaluated the dispensation of
contraindicated medications among older adults (>65 years) ac-
cessing healthcare in Stockholm in 2010 with CKD Stages 3–4,
which included both nephrotoxic medications and medications
that should be avoided because of a high risk of adverse events
(e.g. hyperkalemia due to spironolactone in CKD Stage 4). In this
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FIGURE 2: Odds ratios of nephrotoxic medication use in SCREAM (in blue) or Geisinger (in brown) by baseline demographic and clinical characteristics. Charlson
comorbidity index is a sum of item scores for comorbid conditions listed in the table except CKD. Covariates included in both cohorts included age, sex, baseline eGFR,

history of AKI, Charlson comorbidity index and awareness of CKD; additional covariates in Geisinger include race and BMI.

context, 9% of older adults with CKD Stage 3 and 38% with CKD
Stage 4 received contraindicated drugs. They did not report on
nephrotoxic medications separately.

In both cohorts, the most commonly used nephrotoxic med-
ications were NSAIDs, which were given to 9–11% of patients.
This proportion is in the lower range of what has been reported
by previous studies, with NSAIDs being used by 9–49% of stud-
ied subjects [9, 30, 31]. Since over-the-counter use was not eval-
uated in our study, it is possible that the true NSAID use is
higher. For example, in the Atherosclerosis Risk in Communities
study, Secora et al. [12] observed that 24% of participants with
CKD Stage 3 and 11% of participants with CKD Stages 4–5 self-
reported the use of NSAIDs at a study visit.We add to this knowl-
edge by reporting that more than one-third of NSAIDs users had
chronic use (three dispensations or more within 1 year). Non-
nephrotoxic alternatives, such as acetaminophen, may be pre-
ferred in this case.

Other common nephrotoxic medications varied by cohort,
possibly reflecting differences in clinical practice or in the per-
ception of risks between countries. In SCREAM,bisphosphonates
were commonly dispensed. However, their use is contraindi-
cated or they should be used with caution in patients with CKD,
primarily because of a lack of information about their safety
and effectiveness in settings of low eGFR. Although nephrotox-
icity has traditionally been associated with the less-used injec-
tion formulations, a recent study of new oral bisphosphonate
users from the UK and Spain observed a modest (15%) increased
risk of CKD progression compared to non use [32]. In the USA,
consecutive drug safety announcements by the FDA were fol-
lowed by a significant decline in bisphosphonate use in recent
years [33, 34].Nonnephrotoxic osteoporoticmedications, such as
denosumab, may be an alternative in some cases. In Geisinger,
fenofibrate use was high, in line with the reported dramatic in-

crease in fenofibrate prescribing in recent years [35]. Although
alternative lipid-lowering agents are available,we recognize that
the exact effect of fenofibrates in kidney function is not clear and
recent reports suggest that increases in serum creatininemay be
reversible [36], explained by hemodynamic changes rather than
actual tubular injury [37, 38]. Finally, we felt that the evidence
was not solid enough as to where PPIs or warfarin exert nephro-
toxicity [23, 28] and decided not to include these medications in
our primary analyses. This being said, a large proportion of par-
ticipants in both cohorts used these medications and we note
that alternative kidney-safer antiacids, like histamine-2 recep-
tor antagonists, or direct oral anticoagulants may be a choice for
patients with CKD if/when indicated.

Our results identified populations where more stringent ef-
forts are needed to reduce nephrotoxic medication use.While it
was reassuring that in SCREAM almost all nephrotoxic medica-
tionswere less usedwithmore severe CKD, this decreasing trend
was not consistently observed in Geisinger. Individuals with
younger age (<65 years) or with CKD Stage G3a were at higher
risk of receiving nephrotoxic drugs, which might reflect lesser
concern by physicians in prescribing these medications to pa-
tients perceived as healthier.Womenweremore likely thanmen
to receive both NSAIDS and nephrotoxic medications other than
NSAIDs.Reasons behind this observation are unknown,butmul-
tiple studies have shown differences in drug utilization between
women and men in the general population, especially with re-
gard to the use of psychotropic drugs and analgesics [39–41].
Gender modifies the perception of disease, healthcare-seeking
behavior, utilization of medical services, interaction with
healthcare providers and decision making [42–46]. Our most in-
teresting finding is perhaps that patients identified as having
CKD were less likely to receive nephrotoxic medications, sug-
gesting that increased provider awareness may reduce inappro-
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priate nephrotoxic drug use. This is in line with the analysis by
Kurani et al. [15] of participants with CKD Stages 3–5 from the
2011–2016 National Health and Nutrition Examination Surveys;
they observed higher use of NSAIDs among patients unaware of
their CKD compared with those who were aware [15]. We note
that they assessed awareness using the patients’ self-reports
and the engagement of patients in prescribing and medication
management was unknown.

Finally, in both cohorts, about half of all prescriptions of
nephrotoxic medications were from primary care physicians.
This was also seen in a small Italian study [31] and likely re-
flects the fact that most outpatient medications are de facto pre-
scribed by primary care providers. However, it also points to-
wards a segment of healthcarewheremore stringent effortsmay
be needed to screen and diagnose CKD (to increase both provider
and patient awareness) and to alert to the risks of inappropri-
ately prescribing nephrotoxic medications when safer alterna-
tive choices are available. Several interventions are available to
prevent inappropriate prescribing, including the involvement of
pharmacists or the establishment of manual or computer-aided
alerts [10]. Chertow et al. [47] evaluated a real-time computer-
ized decision support system for drug prescription for inpatients
with CKD; after a 2-month implementation, the frequency of in-
appropriate drug use decreased from 59% to 35% and the length
of hospital stay was also significantly reduced. In Sweden, a
clinical decision support system was implemented to support
kidney-related drug prescribing (alerting on both nephrotoxic-
ity or the need for dose adjustment to prevent adverse effects)
based on the patient’s eGFR and integrated in the electronic
health record system, which was made available to primary and
outpatient specialist care [21]. Likewise, digital applications in-
tended to improve outpatient medication safety are available.
Stephanie et al. [48] evaluated a community-based digital inter-
vention involving both patient and clinician and found the 1-
year implementation largely reduced the rate and severity of
medication discrepancies (proximal cause of medical errors) in
high-risk CKD patients.

A strength of our study is ascertainment of the population
using persistently low eGFR levels as opposed to CKD diagnoses,
which have poor sensitivity. Another strength is the prospec-
tive examination of medication claims and dispensations as op-
posed to self-reports. Lastly, we believe that our analysis of two
distinct health systems from two different countries increases
generalizability. However, there are also limitations, including
the lack of information on whether patients actually filled the
prescription (in Geisinger) or purchased over-the-counter med-
ications (in both cohorts). Thus our results may, if any, under-
estimate the real use of nephrotoxic medications in the CKD
population. Second, we used referrals to nephrologists only as a
surrogate for the provider’s CKD awareness in the Geisinger co-
hort due to the automatic loading of CKD diagnostic codes with-
out the physician’s approval. Because management of moderate
CKD may be done in the absence of a nephrologist consultation,
this definition probably underestimates the true proportion of
CKD patients identified by their physicians. Finally, our findings
are representative of clinical practice during 2016–2018 in the
two health systems assessed; extrapolation to other systems,
countries or periods should be done with caution.

To conclude, we found that the use of nephrotoxic medi-
cations (mainly NSAIDs) by patients with CKD G3–5 was com-
mon. Strategies to increase the physician’s awareness of pa-
tients’ CKD status and knowledge of drug nephrotoxicity may
reduce nephrotoxic medication prescriptions and prevent iatro-
genic kidney injury.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.
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