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ABSTRACT

Objectives This study aimed to assess whether the
combined use of proton pump inhibitors (PPls) with
non-steroidal anti-inflammatory drugs (NSAIDs) or
antibiotics (penicillins, macrolides, cephalosporins or
fluoroquinolones) was associated with an increased risk of
acute kidney injury (AKI).

Design A nested case—control study.

Setting A health insurance claims database constructed
by the Japan Medical Data Center.

Participants Patients were eligible if they were
prescribed a PPI, NSAID and antibiotic at least once
between January 2005 and June 2017. The patients who
were new PPl users and did not have any history of renal
diseases before cohort entry were included (n=219082).
The mean age was 45 and 44% were women.
Interventions Current use of PPIs, NSAIDs, or antibiotics.
Primary outcome measures Acute kidney injury.
Results During a mean follow-up of 2.4 (SD, 1.7)

years, 317 cases of AKI were identified (incidence rate

of 6.1/10 000 person-years). The current use of PPls

was associated with a higher risk of AKI compared with
past PPl use (unadjusted OR, 4.09; 95% Cl, 3.09 to

5.44). The unadjusted ORs of AKI for the current use of
PPIs with NSAIDs, cephalosporins and fluoroquinolones,
compared with the current use of PPIs alone, were 3.92
(95% Cl, 2.40 to0 6.52), 2.57 (1.43 t0 4.62) and 3.08 (1.50
10 6.38), respectively. The effects of concurrent use of
PPIs with NSAIDs, cephalosporins or fluoroquinolones
remain significant in the adjusted model. The analyses on
absolute risk of AKI confirmed the results from the nested
case—control study.

Conclusions Concomitant use of NSAIDs with PPIs
significantly increased the risk for AKI. Moreover, the
results suggested that concomitant use of cephalosporins
or fluoroquinolones with PPIs was associated with
increased risk of incident AKI.

INTRODUCTION

Previous studies have shown a possible associ-
ation between the use of proton pump inhib-

itors (PPIs) and the increased risks of acute
kidney injury (AKI), acute tubulointerstitial
nephritis (AIN) or chronic kidney disease." *
Particularly, the interrelation between the use
of PPIs and the pathogenesis of AKI has been

Strengths and limitations of this study
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» This is the first study to investigate the association
between concomitant use of non-steroidal anti-
inflammatory drugs (NSAIDs) or antibiotics with
proton pump inhibitors (PPIs) and the risk of acute
kidney injury among patients who were first-time or
restarting PPI users.

» We used a health insurance claims database that
enabled us to track data for each patient, even if the
patient visited multiple medical institutions.

» The severity of acute kidney injury could not be eval-
uated because the database did not include serum
creatinine level and glomerular filtration rate.

» The patients in this study were relatively younger
than those in previous studies.

» The number of identified cases who concomitantly
used NSAIDs or antibiotics with PPIs was relatively
small.

suggested in several large-scale observational
studies.” " Recently, it has been reported that
the use of PPIs is an independent risk factor
of AKI in patients administered with immune
checkpoint inhibitors."" '* This finding has
highlighted a notion that concomitant drugs
affect the risk of AKI in PPI users. PPI is often
co-prescribed with potentially nephrotoxic
drugs, such asnon-steroidal anti-inflammatory
drugs (NSAIDs) and antibiotics. However,
the effect of concomitant drugs on the risk of
adverse renal outcome in PPI users has been
less investigated. Two studies have assessed
risks of AKI when NSAIDs were concomi-
tantly used with PPIs.'"™* Although the results
suggested that NSAIDs did not affect the risk
of AKI in PPI users, these studies were limited
by their insufficient statistical power'’ and
possible selection bias."> Moreover, no study
has evaluated the effect of concomitant use of
antibiotics with PPIs.

Based on these backgrounds, we conducted
a nested case—control study to determine
whether the concomitant use of NSAIDs or
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antibiotics with PPIs was associated with an increased risk
of AKI. This study was designed on the assumption that
PPI-related AKI might develop rapidly and that current
PPI use was associated with an increased risk of AKI. In
contrast, previous studies have not considered the dura-
tion between the end of PPI use and the onset of AKI*™”
or assessed the risk of PPI-related AKI with relatively wide
risk windows of 90 or 120 days.*'" Therefore, we further
evaluated a relative risk of AKI for current PPI use in
comparison with past use.

METHODS

Data source

We used a health insurance claims database constructed
by the Japan Medical Data Center (JMDC) Co Ltd, Tokyo,
Japan. The JMDC database is based on monthly medical
claims submitted to health insurance societies from hospi-
tals and community pharmacies in Japan since January
2005, and covers approximately 4million corporate
employees and their families. Personal identifier, age,
gender, medical procedures, diagnostic codes using the
International Classification of Diseases 10" version (ICD-
10) in the data were encrypted. This database consisted
of brand name, class according to the Anatomical Ther-
apeutic Chemical Classification System (ATC index),
total number of units, daily dose and medication days of
prescribed drugs. The database has been widely used in
pharmacoepidemiological studies.'*™°

Study cohort

The patients were eligible if they were prescribed a PPI,
NSAID and antibiotic at least once between January
2005 and June 2017. The patients were excluded if they
had incomplete information on data of prescribed PPIs,
NSAIDs, penicillins, macrolides, cephalosporins and fluo-
roquinolones. Additionally, the patients were excluded if
their medical histories before the first prescribing of PPIs
were less than 6 months. The cohort entry was defined
as the date when PPIs were prescribed for the first time.
Finally, we excluded the patients who had history of renal
dysfunction before the cohort entry. The definitions of
renal diseases excluded from this study are shown in
online supplemental table 1.

Cases and controls

The primary outcome was the development of AKI. We
identified all patients who were potentially diagnosed
with AKI after the cohort entry using the ICD-10 diag-
nostic codes (N17X). A previous study had shown that the
ICD-10 code N17X for AKI has a moderate sensitivity and
high speciﬁcity.17 The diagnosis date of AKI was defined as
the index date for each case. The patients were excluded
from cases if they had any episode of other renal diseases
before the index date and if they were diagnosed with
pyelonephritis or contrastinduced nephropathy at the
index date. Up to 10 controls were randomly selected and
matched to each case on the birth year (+1year), gender

and follow-up period (+180 days). The date of the risk set
was the index date for the controls.

Measurement of exposure

The drugs of interest were PPIs (lansoprazole, esome-
prazole, rabeprazole, omeprazole and vonoprazan),
NSAIDs' ' and four classes of antibiotics (penicil-
lins,* *' macrolides,” ** cephalosporins® *' and fluoro-
quinolones).** We considered class effects of these drugs,
regardless of daily dose or formulation types excluding
topical agents. The ATC index codes to identify the study
drugs are shown in online supplemental table 2. We
divided the number of prescribed units by the daily dose
to estimate the duration of drug use. In a previous nested
case—control study that evaluated the effect of PPI use on
the development of AIN, it has been shown that the use
of PPIs within 30 days before the index date, compared
with the other exposure status, was associated with an
increased risk of AIN.% Therefore, the exposure status
was classified into three categories: current use, the drug
use within 30 days before the index date; recent use, the
drug use within 90 days, but not within 30 days, before
the index date; and past use, the drug use after the cohort
entry, but not within 90 days before the index date.

Potential confounding

In addition to matching factors, we assessed confounders,
which were current use of nephrotoxic drugs, comor-
bidity and Charlson comorbidity index (CCI). The neph-
rotoxic drugs were selected from the drugs available in
Japan, according to the drug formulary described in ‘the

A
Cohort entry or Censored:
a new prescribing i) A new prescribing
ii) Diagnosis of AKI
r iii) End of observation
Duration of | Maximum ’ iv) Death
Maximum 60 days
PPI use 30 days ¥
Current use Recent use Past use
B )
Maximum
30 days
«—Overlap — «—Overlap —

Maximum Maximum
30 days 30 days
—>

L J L J

Concomitant use of NSAIDs or antibiotics with PPIs
D Duration of PPl use . Duration of NSAID or antibiotic use

Figure 1 Determination of person-years of exposure. (A)
Total person-years of each patient were divided into three
categories: current use of PPIs, recent use of PPIs and past
use of PPlIs. (B) The duration of concomitant use of NSAIDs
or antibiotics with PPIs was defined as the amount of time
when the current use of PPIs overlapped with the current use
of NSAIDs or antibiotics. AKl,acute kidney injury; NSAIDs,
non-steroidalanti-inflammatory drugs; PPIs, proton pump
inhibitors.
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Patients prescribed a PPI, NSAID and
antibiotic between January 2005 and
June 2017 (n = 375,601)

Excluded (n = 156,519)
Incomplete information on data of
prescribing PPIs, NSAIDs or antibiotics

(n=70,874)

Medical history before the cohort entry
> less than 6 months

(n = 46,520)

Any episode of renal diseases before
the cohort entry

(n=39,125)

‘ Study cohort (n = 219,082) ’

| NoAKI (n=218675)

’ Patients diagnosed with AKI (n = 407)’ Excluded (n = 90)

Any episode of other renal diseases
before the index date (n = 80)
Diagnosis of pyelonephritis or
contrast-induced nephropathy at the
index date (n = 10)

[

AKI cases (n =317)

Figure 2 Flow diagram of cohort and case selection
process. AKl,acute kidney injury; NSAIDs, non-steroidalanti-
inflammatory drugs; PPIs, proton pump inhibitors.

Clinical Practice Guideline for Drug-induced Kidney
Injury in Japan 2016’ published by the Japanese Society
of Nephrology (online supplemental table 3). We used
the ATC index codes or the specific names to identify the
drugs suspected to increase the risk of AKI. We assumed
that comorbidity influences exposure to study drugs
and the risk of AKI and its detection. Since a correlation
between higher CCI and the AKI has been shown,?**
we used CCI as an indicator of comorbidities. We identi-
fied records of comorbidities (peptic ulcer, liver disease,
congestive heart failure, cerebrovascular disease, periph-
eral vascular disease, myocardial infarction, diabetes,
pulmonary disease, connective tissue disorder, cancer and
renal disease) within 6 months before the index date. The
classification of diseases using the ICD-10 codes and the
calculation of CCI were performed according to previous
reports.”’ ¥ Moreover, we identified patients diagnosed
with hypertension using the ICD-10 codes of 110X.

Person-years of exposure

We determined person-years at risk for drug use by
summarising the dispensing data (figure 1A), in accor-
dance with the method described in a previous report.”
We divided the study period into three categories: current
use (durations of drug use and 1-30 days thereafter),
recent use (31-90 days after the end of drug use) and
past use (more than 90 days after the end of drug use). All
episodes were censored if a new prescription was started
or the patients reached the end of observation, died or
were diagnosed with AKI. The durations of all episodes
of current and recent PPI use were summed to determine
the person-years of current and recent PPI uses, respec-
tively. We estimated the person-years of past PPI use by
subtracting those of current and recent use from the total
person-years of the study period. Furthermore, we calcu-
lated the person-years for drug combinations (figure 1B).
The duration of concomitant use of NSAIDs or antibiotics
with PPIs was defined as the amount of time when the

Table 1 Characteristics of cases and matched controls at
the index date

Cases Controls
Characteristics (n=317) (n=3150)
Age, years, mean (SD) 52 (13) 52 (13)
Female, n (%) 117 (36.9) 1161 (36.9)
Duration of follow-up, days, 478 (512) 487 (483)
mean (SD)
Comorbidity, n (%)
Hypertension 71 (22.4) 707 (22.4)
Congestive heart failure 0(6.3) 84 (2.7)
Diabetes 52 (16.4) 331 (10.5)
Liver disease 31(9.8) 230 (7.3)
Pulmonary disease 20 (6.3) 183 (5.8)
Cancer 56 (17.7) 132 (4.2)
Charlson comorbidity index, 0(0to2) 0(0to1)
median (IQR)
PPIs prescribed at the last time, n (%)
Lansoprazole 118 (37.2) 1148 (36.4)
Esomeprazole 86 (27.1) 758 (24.1)
Rabeprazole 70 (22.1) 737 (23.4)
Omeprazole 25(7.9) 249 (7.9)
Vonoprazan 8 (5.7) 258 (8.2)
Current use of nephrotoxic 199 (62.8) 1000 (31.8)
drugs, n (%)*
Current use of NSAIDs, n (%) 87 (27.4) 297 (9.4)
Current use of penicillins, n (%) 24 (7.6) 84 (2.7)
Current use of macrolides, n (%) 20 (6.3) 157 (5.0)
Current use of cephalosporins, 43 (13.6) 149 (4.7)
n (%)
Current use of fluoroquinolones, 26 (8.2) 94 (3.0)
n (%)

*Four cases (1.3%) had missing data.
NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump
inhibitors.;

current PPI use overlapped with the current NSAID or
antibiotic use.

Statistical analysis

Since all available cases in the database were included,
and the study sample size was governed by the disease
incidence, a formal power calculation was not performed.
All statistical analyses were performed using JMP software
V.14 (SAS Institute Inc, Cary, North Carolina). A condi-
tional logistic regression model was used to compute
an OR and 95% CI, which, for the nested case—control
study, provides unbiassed estimates of the rate ratio.!
An adjusted OR was estimated by entering the poten-
tial confounders (current use of nephrotoxic drugs and
CCI) into the model. To estimate the effect of concom-
itant drugs, we studied the influence of concomitant
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Table 2 Effect of proton pump inhibitor (PPI) use on the risk of acute kidney injury (AKI)

Exposure of PPIs  Cases (%), n=317

Controls (%), n=3150

OR (95% CI)* OR (95% Cl), adjustedt

Current use 148 (46.7) 655 (20.8)
Recent use 23 (7.3) 416 (13.2)
Past use 146 (46.1) 2079 (66.0)

4.09 (3.09 to 5.44) 2.79 (2.06 to 3.79)
1.26 (0.72 t0 2.13) 1.02 (0.57 t0 1.76)
Reference Reference

Current use, the drug use within 30 days before the index date; recent use, the drug use within 90 days, but not within 30 days, before the
index date; past use, the drug use after the cohort entry, but not within 90 days before the index date.

*ORs of AKI for current/recent PPI users compared with past users were estimated using a conditional logistic regression model.
TAdjusted ORs were estimated by entering the potential confounders into the model.

use of NSAIDs or antibiotics among current PPI users.
This analytical method was employed with reference to
previous studies™ * that have assessed risks of AKI asso-
ciated with combined use of either antihypertensive
drugs and NSAIDs. A crude incidence rate was calcu-
lated dividing the total number of cases in each exposure
category by the category’s person-years of follow-up. The
Poisson distribution was used to determine 95% ClIs for
incidence rates.

Sensitivity analyses

We performed several sensitivity analyses to evaluate the
robustness of the results. First, since it was considered
that diagnosis of AKI might be delayed from the onset
of the disease, we set time windows that the index date
was lweek before the diagnosis. Second, we followed
the patients for up to only 120 days from the cohort
entry, since most symptoms of drug-induced acute renal
dysfunction were reported to occur early in the course
of the therapy.* Third, we explored whether including
patients who had diagnostic codes of AIN (N10X or
N14X) into cases altered the risk estimates. Fourth, we
repeated the analyses without excluding patients who had
diagnostic codes of renal diseases (online supplemental
table 1) before the cohort entry; however, the patients
who experienced AKI or dialysis before the entry were
excluded from the analyses.

Patient and public involvement
Patients and the public were not involved in the study
design and the conduct of the study.

RESULTS

Study participants

Among the patients eligible for this study, 58.3%
(n=219082) had medical history more than 6 months
before the first prescription of PPIs and did not have any
history of renal disease before cohort entry (figure 2).
The age on cohort entry was 45+13 years (mean+SD),
and 44% were women. Patients were followed for a mean
of 2.4+1.7 years, generating a total of 519359 person-
years of follow-up. There were 317 AKI cases during the
follow-up period, yielding an overall crude incidence rate
of 6.1/10000 person-years (95% CI, 5.5 to 6.8). We identi-
fied 3150 controls in this study cohort. The characteristics
of the cases and controls are summarised in table 1. The
types of PPIs prescribed at the last time before the index
data were comparable between cases and controls. Lanso-
prazole was the most common PPI used in this popula-
tion. The proportions of current users of nephrotoxic
drugs, NSAIDs, penicillins, cephalosporins and fluoro-
quinolones in cases were significantly higher than those
in controls.

Table 3 Effect of NSAID or antibiotic use on the risk of AKI among current PPl users

Current use

Cases (n=317) Controls (n=3150) OR (95% CI)*

OR (95% Cl), adjustedt

PPIs with NSAIDs 51 95
PPIs without NSAIDs 97 560
PPIs with penicillins 15 73
PPIs without penicillins 133 582
PPIs with macrolides 12 83
PPIs without macrolides 136 572
PPIs with cephalosporins 25 55)
PPIs without cephalosporins 123 600
PPIs with fluoroquinolones 17 31
PPIs without fluoroquinolones 131 624

3.92(2.40t06.52)  3.12 (1.84 t0 5.37)

Reference Reference
0.75 (0.39 to 1.39) 0.83 (0.42 to 1.59)
Reference Reference
0.46 (0.21 to 0.89) 0.47 (0.21 to 0.96)
Reference Reference
2.57 (1.43 t0 4.62) 1.88 (1.02 to 3.47)
Reference Reference
3.08 (1.50 to 6.38) 2.35 (1.12 to 4.95)
Reference Reference

*ORs of AKI for current drug combinations compared with PPIs alone were estimated using the conditional logistic regression model.
TAdjusted ORs were estimated by entering the potential confounders into the model.
AKI, acute kidney injury; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump inhibitors.
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Table 4 Crude incidence rates of AKI

Exposure Number of cases Person-year Incidence rate per 10000 person-year (95% ClI)
Current use of PPIs 148 78780 18.8 (15.9 to 22.1)
Recent use of PPIs 23 43399 5.3(3.4108.0)
Past use of PPIs 146 397180 3.7 (3.1 t0 4.3)
Concomitant use
PPIs with NSAIDs 51 13315 38.3 (28.5 to 50.4)
PPIs with penicillins 15 7926 18.9 (10.6 to 31.2)
PPIs with macrolides 12 9904 12.1 (6.3t0 21.2)
PPIs with cephalosporins 25 5555 45.0 (29.1 to 66.4)
PPIs with fluoroquinolones 17 3970 42.8 (24.9 to 68.6)

Crude incidence rates were calculated by dividing the total number of cases in each exposure category by the category’s person-years of
follow-up. The Poisson distribution was used to determine 95% Cls for incidence rates.
AKI, acute kidney injury; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump inhibitors.

Effect of PPl use on the risk of AKI

Initially, we assessed whether current use of PPIs was
related to an increased risk of AKI (table 2). The estimated
OR of AKI for current PPI users compared with past PPI
users was 4.09 (95% CI, 3.09 to 5.44). After adjusting for
potential confounders (current use of nephrotoxic drugs
and CCI), the estimated OR of AKI for current PPI users
was 2.79 (95% CI, 2.06 to 3.79). The effects of the recent
use of PPIs compared with past use were not significant.

Effect of NSAID or antibiotic use on the risk of AKI among
current PPl users

The characteristics of current PPI users in cases and
controls are summarized in online supplemental table
4. Table 3 shows the summary of the primary analysis.
The combined use of NSAIDs, cephalosporins and fluo-
roquinolones significantly increased the risks of AKI in
current PPI users. The adjusted ORs for combined use of
NSAIDs, cephalosporins and fluoroquinolones in current
PPI users were 3.12 (95% CI, 1.84 to 5.37), 1.88 (95% CI,
1.02 to 3.47) and 2.35 (95% CI, 1.12 to 4.95), respectively.
In the sensitivity analyses, the significantly increased risks
of AKI were still observed by concomitant use of NSAIDs
or cephalosporins in current PPI users (online supple-
mental table 5). Additionally, the primary analysis showed
that current use of PPIs with macrolides reduced the
risk of AKI (the adjusted OR, 0.47; 95% CI, 0.21 to 0.96)
(table 3); however, the direction of effect was inconsistent
in the sensitivity analyses (online supplemental table 5).

Absolute incidence rate of AKI

Table 4 shows the crude incidence rates of AKI per 10000
person-years in the study cohort. The estimated incidence
rates of AKI for current, recent and past use of PPIs were
18.8 (95% (I, 15.9 to 22.1), 5.3 (95% CI, 3.4 to 8.0) and
3.7 (95% CI, 3.1 to 4.3), respectively. The incidence rates
for concomitant use of NSAIDs, cephalosporins or fluoro-
quinolones with PPIs were substantially higher than those
with other drug combinations or sole (incidence rate for

current use of PPIs without NSAIDs or antibiotics, 15.3
(95% CI, 12.1 to 19.1)).

DISCUSSION

We assessed the association between the concomitant use
of PPIs with NSAIDs or antibiotics (penicillins, macro-
lides, cephalosporins and fluoroquinolones) on the risk
of AKI. As the results of this study, we found that concom-
itant use of NSAIDs, cephalosporins or fluoroquinolones
significantly increased the risk of AKI development in
current PPI users. The significant effects of concomitant
drugs were detected by several sensitivity analyses, and
even when adjusting for potential confounders.

Since PPIs are widely prescribed for the prevention
or treatment of peptic ulcer caused by NSAIDs,” these
two classes of medicines are often co-prescribed. Thus,
it would be necessary to evaluate the effect of concomi-
tant use of these drugs on the risk of AKI. There are two
studies in which risks of AKI have been assessed when
PPIs and NSAIDs had been concomitantly used;'® '?
however, the findings have been limited. Svanstréom et al'®
have focused on the association between PPI use and inci-
dent AKI and evaluated the effect of concomitant use of
NSAIDs as a subgroup analysis. However, the number of
observed outcome events in the subgroup analysis was too
small to have an adequate power to investigate the asso-
ciation between NSAID use and the risk of AKL'" In the
other study by Leonard et al'” patients’ medication history
before the study entry have not been evaluated; thus, the
risk of AKI in PPI users could be underestimated and the
result might be affected by selection bias. We conducted
a nested-case control study within a cohort of PPI users
who were first-time users and restarting users to reduce
the effect of confounding by indication. Our findings
indicated that concomitant use of NSAIDs with PPIs was
associated with an increased risk of incident AKI, which
were consistent in the sensitivity analyses.
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Penicillins, cephalosporins and fluoroquinolones
are frequently prescribed antibiotics that are known to
evoke AKI?’ 4% and AIN.2' %% In additions, macrolides are
suspected to increase the risk of AKL**** We hypothesised
that these classes of antibiotics might affect the risk of inci-
dent AKI in PPI users. To prove this hypothesis, we evalu-
ated the effect of concomitant use of antibiotics with PPIs.
Although the present analyses were limited due to small
number of cases examined, the results suggested that
the concomitant use of cephalosporins or fluoroquino-
lones with PPIs was associated with increased risk of inci-
dent AKI. In contrast, penicillins and macrolides might
not increase the AKI risk in PPI users. A previous study
investigated the risk of AKI associated with antibiotics
commonly prescribed in the community and showed a
reduction in the incident rate ratio of AKI for macrolides
(0.79; 95% CI, 0.66 to 0.95).2° Moreover, in our study, the
results of the main analysis also suggested a reduction in
the relative risk of AKI for current use of macrolides in
PPI users. These results might represent the direct effect
of macrolides on the development of AKI and the differ-
ence in severe systemic diseases between the macrolide
users and the groups of other antibiotics or NSAID users.
The validity of our results should be elucidated in future
studies.

PPIs examined in this study ranged from classical types
to a novel potassium-competitive acid blocker, vono-
prazan. With a small number of vonoprazan users in our
cohort, we could not find any significant difference in
the AKI risks among types of PPIs. This result indicated
that the inhibition of acid secretion is a possible causative
factor to increase the risk of AKI. Given that the risk of
adverse renal outcomes with vonoprazan use remained
uncertain, a further pharmacovigilance study on the use
of vonoprazan should be warranted.

Our study had significant limitations. First, the data-
base used here did not include serum creatinine and
glomerular filtration rate. Although previous reports have
shown that the definition of AKI using the ICD-10 codes
is specific for moderate-to-severe AKL'" " the selection
using this code limits the ability to evaluate the severity
of AKI. It has been pointed out that measuring AKI using
the ICD-10 codes underestimates the true risk of AKL™
Second, patients’ renal functions at baseline, a major
risk factor for AKI,38 could not be evaluated. Third, the
index date was usually behind the onset of AKI. The time
delay from the onset of AKI to its diagnosis might result
in misclassification of the exposure status and reverse
causation. Nevertheless, both the primary and sensitivity
analyses gave consistent results in the effect of current
PPI use, suggesting that this limitation could be unlike
to be critical. Fourth, we could not account for over-the-
counter (OTC) use of the study drugs. However, PPIs and
antibiotics of interest in this study have not been avail-
able as OTC drugs in Japan. Although NSAIDs were avail-
able as OTC drugs, we expected that long-term users of
NSAIDs from the OTC were quite few in Japan. Fifth, the
patients’ medication adherence was uncertain. Sixth, we

were unable to collect claims data of patients before their
enrolment in the database. Some patients were possibly
diagnosed with renal diseases and treated with PPIs before
entry into the database. Seventh, residual confounding by
unmeasured or imprecisely measured confounders may
exist. Considering that subspecification of the exposure
would limit the power of this study, we did not distinguish
specific classes of nephrotoxic drugs and comorbidities.
In addition, confounding by indications or confounding
by contraindication are also possible. Eighth, the rarity of
the outcome led to limited number of cases. This affected
the precision of the estimates as shown by the wide ClIs.
Finally, generalisation of these results should be done
with caution since the patients in this study were relatively
younger than those in previous studies.”""

In conclusion, concomitant use of NSAIDs with PPIs
significantly increased the risk of AKI. Thus, physicians
should be aware that patients who concomitantly use
PPIs and NSAIDs would have a pronounced risk for AKI.
Furthermore, our findings suggested that concomitant
use of cephalosporins or fluoroquinolones with PPIs was
associated with increased risks of AKI. These results moti-
vate the need for further studies to confirm the associa-
tions and investigate the biological mechanisms.
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Supplemental Table 1 International Classification of Disease 10" (ICD-10) version codes and standardized

procedural codes to identify renal diseases.

Description ICD-10 code
Acute nephritic syndrome NO00X
Rapidly progressive nephritic syndrome NO1X
Recurrent and persistent haematuria N02X
Chronic nephritic syndrome NO03X
Nephrotic syndrome N04X
Unspecified nephritic syndrome NO05X
Isolated proteinuria with specified morphological lesion N06X
Hereditary nephropathy, not elsewhere classified NO07X
Glomerular disorders in diseases classified elsewhere NO08X
Acute tubulo-interstitial nephritis N10X
Chronic tubulo-interstitial nephritis N118, N119
Tubulo-interstitial nephritis, not specified as acute or chronic NI12X
Obstructive and reflux uropathy N13X
Drug- and heavy-metal-induced tubulo-interstitial and tubular conditions N14X
Other renal tubulo-interstitial diseases N15X
Renal tubulo-interstitial disorders in diseases classified elsewhere N16X
Acute renal failure N17X
Chronic kidney disease N18X
Unspecified kidney failure N19X
Other disorders resulting from impaired renal tubular function N258
Disorder resulting from impaired renal tubular function, unspecified N259
Unspecified contracted kidney N26X
Other disorders of kidney and ureter, not elsewhere classified N28X

Description

Procedural codes

Hemodialysis, Peritoneal dialysis or renal replacement therapy

C102, J038, J038-2, J039,
J0o41, J042
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Supplemental Table 2 Definition of the study drugs.

Class or drug name

ATC index code

Proton pump inhibitors (PPIs)
Esomeprazole
Lansoprazole
Omeprazole
Rabeprazole
Vonoprazan
Non-steroidal anti-inflammatory drugs
(NSAIDs) f

Penicillin antibiotics®

Macrolide antibiotics®
Cephalosporin antibiotics’

Fluoroquinolone antibiotics'

(WHO) A02BC05

(WHO) A02BC03, A02BD03, A02BD07, BO1AC56
(WHO) A02BCO1

(WHO) A02BC04, A02BD12, A02BD13

(WHO) A02BC08, A02BD14, A02BD15
(EphMRA) MO1A1

(EphMRA) JOIC1, JO1C2; (WHO) A02BD03, A02BD07,
A02BD12, A02BD13, A02BD14, A02BD15

(EphMRA) JOIF-; (WHO) A02BD07, A02BD12, A02BD14
(EphMRA) J01D1, J01D2

(EphMRA) JO1G1, J01G2

The study drugs were identified using the ATC index codes developed by the European Pharmaceutical Market
Research Association (EphMRA) or World Health Organization (WHO). "Topical agents were excluded.
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Supplemental Table 3 Drugs suspected to increase risk of AKI.

EphMRA ATC _
Class name ) Class name EphMRA ATC index code
index code
H2 blocker A02B1 Fluoroquinolone antibiotic ~ J0O1G1, JO1G2
Loop diuretic C03A2 Aminoglycoside antibiotic =~ JO1K-
Thiazide diuretic CO03A3 Monobactam antibiotic JO1P1
Tetracycline antibiotic JOTA- Carbapenem antibiotic JO1P2
Penicillin antibiotic JO1C1, Jo1C2 NSAIDs MO1A1, MO1A3, M0O2A-
Cephalosporin antibiotic =~ JO1D1, JO1D2 Contrast media TO1A-, TO1B-
Macrolide antibiotic JO1F-
Drug name
Miconazole Polymyxin B Amphotericin B Vancomycin
Sulfasalazine Mesalazine Acetylsalicylate Dextran
Hydroxyethyl starch Mannitol Ephedrine Triamterene
Polidocanol Captopril Acyclovir Tacrolimus
Trimethoprim-Sulfamethoxazole Teicoplanin Fluconazole Itraconazole
Voriconazole Rifampicin Foscarnet Indinavir
Telaprevir Simeprevir Tenofovir Adefovir
Oseltamivir Immunoglobulin Ifosfamide Streptozocin
Methotrexate Pemetrexed Cytarabine Tegafur
Bleomycin Mitomycin C Cisplatin Imatinib
Sunitinib Sorafenib Temsirolimus Interferon alfa
Interferon beta Sirolimus Cyclosporine Azathioprine
Allopurinol Alendronate Zoledronic acid Cocaine
Acetaminophen Phenytoin Carbamazepine Valproic acid
Clozapine Lithium Edaravone Pentamidine
Deferasirox

This list of drugs is based on the formulary described in the ‘Clinical Practice Guideline for Drug-induced

Kidney Injury in Japan 2016’ published by the Japanese Society of Nephrology. To identify the nephrotoxic

drugs in database, the EphMRA ATC codes or the specific drug names were used.
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Supplemental Table 4 Characteristics of current PPI users in cases and controls.

Current PPI users

Characteristics
Cases (n = 148) Controls (n = 655)
Age, years, mean (SD) 54 (13) 55(13)
Female, n (%) 43 (29.1) 195 (29.8)
Duration of follow-up, days, mean (SD) 313 (404) 319 (431)
Comorbidity, n (%)
Hypertension 40 (27.0) 225 (34.4)
Congestive heart failure 12 (8.1) 39 (6.0)
Diabetes 22 (14.9) 122 (18.6)
Liver disease 15 (10.1) 78 (11.9)
Pulmonary disease 10 (6.8) 48 (7.3)
Cancer 32 (21.6) 38 (5.8)
Charlson comorbidity index, median (IQR) 1(0to3) 0(0to2)
PPIs prescribed at the last time, n (%)
Lansoprazole 54 (36.5) 222 (33.9)
Esomeprazole 48 (32.4) 180 (27.5)
Rabeprazole 29 (19.6) 140 (21.4)
Omeprazole 10 (6.8) 59 (9.0)
Vonoprazan 74.7) 54 (8.2)
Current use of nephrotoxic drugs, n (%)" 113 (77.9) 349 (53.3)

SD, standard deviation; IQR, interquartile range. "Three cases (2.0%) had missing data.
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Supplemental Table 5 Sensitivity analyses.

Current drug use

Cases

Controls

Matched odds ratio (95% CI) *

Setting the index date 1 week before the diagnosis (Cases, n = 294; Controls, n = 2,920)

Current use of PPIs

With NSAIDs (Yes/No) 44/82
With penicillins (Yes/No) 12/114
With macrolides (Yes/No) 8/118
With cephalosporins (Yes/No) 16/110
With fluoroquinolones (Yes/No) 7/119

75/422
41/456
50/447
25/472
19/478

4.04 (2.27 to 7.42)
1.54 (0.65 to 3.59)
0.76 (0.29 to 1.79)
2.63 (1.25 to 5.56)
1.66 (0.59 to 4.36)

Following patients for up to 120 days from the cohort entry (Cases, n = 99; Controls, n = 990)

Current use of PPIs

With NSAIDs (Yes/No) 29/41
With penicillins (Yes/No) 10/60
With macrolides (Yes/No) 7/63

With cephalosporins (Yes/No) 16/54
With fluoroquinolones (Yes/No) 12/58

66/318
98/286
94/290
36/348
21/363

3.50 (1.91 to 6.53)
0.49 (0.23 to 0.98)
0.32 (0.12 t0 0.72)
3.44 (1.61 to 7.40)
4.65 (1.87 to 12.10)

Including patients diagnosed with AIN into cases (Cases, n = 475; Controls, n = 4,721)

Current use of PPIs

With NSAIDs (Yes/No) 68/142
With penicillins (Yes/No) 40/170
With macrolides (Yes/No) 34/176
With cephalosporins (Yes/No) 30/180
With fluoroquinolones (Yes/No) 20/190

186/824
118/892
138/872
77/933
44/966

2.01 (1.35 to 2.99)
1.50 (0.95 to 2.35)
1.16 (0.74 to 1.78)
2.00 (1.17 to 3.40)
2.11 (1.09 to 3.96)

Including patients with previous renal diseases into the study cohort (Cases, n = 517; Controls, n = 5,143)

Current use of PPIs

With NSAIDs (Yes/No) 80/164
With penicillins (Yes/No) 27/217
With macrolides (Yes/No) 23/221
With cephalosporins (Yes/No) 54/190
With fluoroquinolones (Yes/No) 28/216

180/943
129/994
160/963
80/1,043
60/1,063

2.80 (1.96 to 4.02)
1.12 (0.68 to 1.80)
0.69 (0.41 to 1.11)
3.81 (2.46 to 5.92)
2.24 (1.31 to 3.80)

CI, confidence interval. TOdds ratios of AKI for current drug combinations compared with PPIs alone were

estimated using the conditional logistic regression model.
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