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Introduction

Proton-pump inhibitors (PPIs) are widely pre-
scribed as acid-suppression therapy and have
transformed the management of conditions
affecting the upper gastrointestinal (GI) tract,
including  gastroesophageal reflux disease
(GERD), Barrett’s esophagus (BE), eosinophilic
esophagitis (EoE), and other related disorders.
These agents have been of great benefit to patients
who are at risk of upper GI ulceration and bleed-
ing from aspirin or nonsteroidal anti-inflamma-
tory drugs (NSAIDs).! In the United States alone,
it is estimated that 15 million Americans used a
prescription PPI in 2013,2 and PPIs represent
one of the most prescribed drug classes in the
United States.? Moreover, PPI use among the US
population has increased over time, from 5.7% in
2002-2003 to 6.73% in 2016.4 In addition, the
use of non-prescription over-the-counter (OTC)
PPIs is considered to be substantial in the United
States.!»2

Although this drug class has historically been rec-
ognized as safe given the low risk of ulceration
and GI bleeding, results from mostly observa-
tional studies suggest that long-term use of PPIs
may be associated with serious local and systemic
adverse health outcomes.> Furthermore, PPIs are
increasingly being prescribed off-label by health
care professionals and are rarely deprescribed
when no longer medically necessary.® Without
appropriate oversight, some experts argue that
they are prone to long-term misuse.”

Limited data are available from randomized con-
trol trials (RCTs) on the long-term use of PPIs
and adverse kidney outcomes. An RCT by
Moayyedi et al.8 reported that PPI (pantoprazole)
was not associated with any adverse event [includ-
ing chronic kidney disease (CKD)] when used for
3 years. However, a subsequent commentary
identified several limitations in this study, includ-
ing CKD ascertainment, potential exposure mis-
classification, reliance on intention-to-treat
analysis, and failure to consider alternative induc-
tion periods, which may have biased the results
toward the null.® Nevertheless, using the gold
standard study design for causal evidence in med-
icine, this RCT by Moayyedi er al. provides
insight into potential causality for several reported
PPI associations using experimental data.

A number of non-randomized epidemiologic
studies have suggested a potential association

between PPIs and adverse kidney outcomes,
including acute kidney injury (AKI), acute inter-
stitial nephritis (AIN), CKD, progression of
CKD, and risk of end-stage renal disease
(ESRD).%10 It has also been observed that patients
with CKD are prescribed PPIs for longer dura-
tions and in higher quantities than patients with-
out CKD, which may contribute to worsening
kidney outcomes in this high-risk population.!!
Prevalence and duration of PPI treatment are
reported to increase with age; thus, the risk of the
adverse kidney outcomes is likely higher among
older adults.!213

Although there is no physiologic explanation for
the effect, some studies report that these associa-
tions are well established.? Non-randomized
studies (NRS) of the effects of interventions (ben-
efits or harm) are important to many areas of
health care decision-making. However, critical
limitations inherent to the data sources (lack of
detailed information on clinical parameters, OTC
medications, lifestyle, etc.) and study design of
observational studies can lead to an increased risk
of residual confounding (surveillance bias, chan-
neling bias) and selection bias. Across NRS, it is
possible to find many different types of data
sources, each with unique strengths and limita-
tions, and various methodologic and analytic
approaches. Many times, the likelihood of resid-
ual confounding cannot be ruled out, particularly
in cases where only weak associations were
observed. More importantly, a review by Vaezi
er al.! has questioned the value of recent meta-
analyses of observational studies on this topic
because of the presence of potential bias and con-
founding in individual studies. The authors made
a plea to the research community for future sys-
tematic reviews to evaluate the trustworthiness of
the individual studies in terms of the presence of
bias and confounding.!

Given the importance of these data for evidence-
based practice and specific need for a different
approach, a more detailed, comprehensive, and
critical systematic review of the existing observa-
tional literature is needed to evaluate the quality
of non-randomized observational studies report-
ing on potential associations between PPIs and
adverse kidney outcomes. Specifically, the pre-
sent study systematically reviews the literature
and assesses the risk of bias using the Risk Of Bias
In Non-randomized Studies of Interventions
(ROBINS-I) tool for NRS, to allow, for the eval-
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uation of the strength of the evidence on the asso-
ciation of PPIs and adverse kidney outcomes.4

Materials and methods

Study protocol

This systematic literature review was performed as
outlined in guidelines of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement for systematic reviews and
meta-analyses.!> The study protocol was devel-
oped with input from clinical experts and regis-
tered with the International Prospective Register
of Systematic Reviews (PROSPERO; registration
number CRD42021227555).

Search strategy and data sources

Two electronic data sources (PubMed and
Embase) were searched to identify potentially rel-
evant studies published within 10 years of the
search date, 17 December 2020. The search
strategy included terms for AKI, AIN, or chronic
interstitial nephritis (CIN), acute tubular necrosis
(ATN), CKD, ESRD, PPIs (including individual
brand names), observational studies, and meas-
ures of association. All terms were searched using
title/abstract and relevant Medical Subject
Headings (MeSH) terms in PubMed (details in
Supplemental Table 1) and title/abstract and
database-recommended candidate terms in
Embase (details in Supplemental Table 2). A
manual search of key publications and references
was also conducted.

Study selection process and criteria

Dual process screening was individually con-
ducted by two trained epidemiologist reviewers,
with any disagreements in screening resolved dur-
ing consensus or through consultation with a
third senior reviewer. Titles and abstracts of arti-
cles identified using the search strategy were indi-
vidually screened, and studies that included
information on the Population, Intervention,
Comparator, Outcomes, Timeframe, and Study
Design/Setting (PICOTS)!6 according to inclu-
sion criteria were carried forward to the full-text
review. All studies that were considered out-of-
scope based on the inclusion criteria during the
full-text review were excluded with a documented
rationale.

Studies included in the final extraction met the fol-
lowing criteria: (1) adult patients (=18 years), (2)
an original observational study (i.e. case-control,
cohort/registry), (3) included PPI(s) as an inter-
vention, (4) included H, blockers and/or non-users
of PPIs as a comparator, and (5) measured at least
one of the outcomes of interest (AKI, AIN, CIN,
ATN, CKD, ESRD) with a measure of association
[hazard ratio (HR), odds ratio (OR), risk ratio
(RR), risk difference (RD)] (detailed eligibility
requirements in Supplemental Table 3).

Data extraction

A standardized data extraction spreadsheet form
was developed in advance of data collection. Two
reviewers extracted study data independently on
separate spreadsheets. A third reviewer filled in
briefly with extraction when one reviewer was
unavailable. Reviewers extracted information on
source, study design, population(s), exposure(s),
outcome(s), confounders, results, and study limi-
tations using spreadsheet software. Both review-
ers examined the extraction spreadsheet forms
together and synthesized the extracted data into
one master spreadsheet. Any disagreements in
data extraction were resolved during consensus or
through consultation with a senior reviewer.

Risk of bias assessment

Two reviewers independently evaluated risk of
bias on an outcome-specific basis in each study
using the ROBINS-I tool for observational stud-
ies.1# This tool was developed by members of the
Cochrane Bias Methods Group and the Cochrane
Non-Randomized Studies Methods Group (avail-
able from https://www.riskofbias.info/). The
ROBINS-I is based on the principle that a non-
randomized observational study of an interven-
tion should be compared with a hypothetical,
‘ideal’ RCT. Specifically, the ROBINS-I tool
allows assessors to evaluate the methodological
quality of NRS and provides a systematic way to
evaluate the risk of bias in seven pre-specified
domains (i.e. confounding, selection of partici-
pants, classification of interventions, deviations
from intended interventions, missing data, meas-
urement of outcomes, and selection of reported
result). Each of these seven domains contains sev-
eral ‘signaling questions’ with five response
options (yes, probably yes, no, probably no, or no
information) to guide reviewer judgment of risk
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of bias within each domain. The overall risk of
bias is categorized as low risk, moderate risk, seri-
ous risk, critical risk, or no information. A recent
review of assessment tools for evaluating the
validity of NRS on comparative safety and effec-
tiveness of medications led by the Comparative
Effectiveness Research Special Interest Group
(CER SIG) of the International Society for
Pharmacoepidemiology (ISPE) found that
ROBINS-I assessed a higher number of major
methodological elements compared with several
other tools evaluated, and thus could be prior-
itized for reviewing the risk of bias.!?

For studies with multiple outcomes, we evaluated
the risk of bias separately for each outcome. A list
of variables used for the evaluation of the con-
founding domain is included in Supplemental
Table 4. The overall risk of bias judged for each
adverse kidney outcome reported in a study was
based upon the lowest domain rating (i.e. poorest
performing) assigned for that particular outcome.
For example, if an outcome had a ‘serious’ risk of
bias for the confounding domain, but a ‘low’ or
‘moderate’ risk of bias for all other domains, the
overall risk of bias would be ‘serious’ for the out-
come being assessed. Disagreements were
resolved with consensus or a consultation with a
third senior reviewer when consensus could not
be achieved.

Patient involvement. Patients and/or the public
were not involved in the design, conduct, report-
ing, or dissemination plans of this research.

Results

Systematic literature search

Figure 1 displays the PRISMA diagram. Our
electronic search initially returned 615 articles; an
additional five were identified from a manual
search of other sources (e.g. review articles) and
100 duplicates were deleted. Of the 520 records
screened based on their titles and abstracts, we
excluded 448 (primarily due to ineligible study
design, intervention, or outcome), and included
72 in the full-text assessment. Of those, 46 were
excluded based on the inclusion/exclusion crite-
ria (reasons for exclusion included in Figure 1).
We included a total of 26 studies for final quali-
tative synthesis for PPI-related adverse kidney
outcomes.

Study characteristics

Sixteen were retrospective cohort studies, three
were prospective cohort studies, six were case-
control studies (of which three were nested), and
one study was a case-cohort design (see Table 1).
Fifteen of the studies assessed AKI!8-32; 10 stud-
ies assessed CKIDD21:23,24,31,33-38;  geyen studies
assessed ESRID?23:31,37,39:40 end-stage kidney dis-
ease (ESKD),2% or major adverse renal events
(MARE)#; three studies assessed AIN!825:42; one
study assessed acute kidney failure*3; one study
included ATN as part of their definition of AKI?8;
and one study?® combined AKI or CKD in the same
outcome. A total of nine studies!®?1,23-26,29,31,37
assessed more than one adverse kidney outcome
in relation to PPL.

Study quality and risk of bias

Study findings are organized below by the overall
risk of bias of the adverse kidney outcome reported.
Select study characteristics are summarized in
Table 1, with detailed study descriptions (design,
sample size, country/data source, demographics,
inclusion/exclusion criteria, adverse kidney out-
come definitions) provided in Supplemental Table
5. International Classification of Diseases (ICD)
codes used by study authors to identify patients
with adverse kidney outcomes are listed within the
outcome definition in Supplemental Table 5 and
defined in Supplemental Table 6. Domain-specific
and overall risk of bias assessments are presented
in Table 2 and Figure 2. Risk of bias findings by
outcome are included in the Supplemental mate-
rial for AKI (Figure S1), CKD (Figure S2), and
ESRD/ESKD studies (Figure S3).

Moderate risk of bias

The overwhelming majority of studies (z=19;
73%) were judged as having a moderate risk of
bias for the adverse kidney outcomes assessed.
Among these 19 studies, 14 were cohort (retro-
spective, prospective), with the remainder being
case-control. Across the 19 studies, confounding
bias was assessed as moderate due to the lack of
control for potential critical confounders of inter-
est (i.e. age, sex, race, baseline eGFR, diabetes
mellitus, systolic blood pressure/hypertension,
cardiovascular disease, heart failure, liver disease,
and NSAID use), which varied across the studies.
In addition, 10 of the 19 studies?0,24-26,28,29,34,36,40,43
were judged as having a moderate risk of selection
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Figure 1.

bias for the adverse kidney outcomes assessed,
mostly due to the inclusion of patients with PPI
use prior to study initiation (i.e. prevalent users).

The description of individual PPI (or a specific
PPI) used by participants was not uniformly
reported across studies. For those studies report-
ing this information, PPI type generally com-
prised omeprazole, lansoprazole, pantoprazole,
and rabeprazole; the limited information on dos-
age differed by PPI type (15 mg/day or 30 mg/day
of lansoprazole, 20 mg/day of esomeprazole, 10
mg/day of rabeprazole, and 20 mg/day of omepra-
zole).22 The length of follow-up varied widely,

Preferred reporting items for systematic reviews and meta-analyses flow diagram.

ranging from 14 days to approximately 14 years
for AKI, 120 days to approximately 16 years for
CKD, and 1 to 5 years for ESRD.

Among the 19 studies, nine reported more than
one outcome,!8:21,23-26,29,31,37 AKT was the most
frequently assessed outcome assessed as having a
moderate risk of bias with 12 studies identi-
fied.18,20-26,28,29,32,:43 n total, they represented
7,958,698 patients from the United States,
Canada, China, Japan, Denmark, France,
Sweden, New Zealand, and the United Kingdom,
with 65% of patients stemming from a large
aggregation of three national databases in New
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Table 1. Select characteristics of studies included in the SLR (n = 26).

Study

Study design

Sample Size

Country/years of study

Age
(mean/median, SD/IQR)

Adverse kidney
outcome

Antoniou et al.'8

Arora et al.®

Chen et al.3?

Cortazar et al."?

Grant et al.4!
Guan et al.20

Guedes et al.3

Hart et al.?!

Hennessey et al.%

Hung et al.3¢

lkemura et al.22

Klatte et al.23

Klepser et al.42

Lazarus et al.24

Leonard et al.?®

Liabeuf et al.26

Peng et al.40

Seethapathy
etal.?

PC

c-C

RC

C-Co?

RC

RC

RC

RC

c-C

RC

RC®

Nested C-C

PC

Nested C-C

PC

c-C

RC

581,184

76,462

24,555

414

3,824
1,900

199

93,335
84,600
544,253

33,408

133

114,883

4,143

ARIC cohort: 10,482

Geisinger cohort: 248,751

ARIC cohort: 11,145

Geisinger cohort: 248,751

3,415

1,351,832

3,023

7,616

1,016

Canada/2002-2011

US/2001-2008

Taiwan/1997-2012

US, Canada/2011-2018

Scotland, UK/2006-2018
China/2012-2017

Brazil/2016-2017

US/1993-2008

US/2006-2017

Taiwan/2000-2013

Japan/2007-2016

Sweden/2006-2011

US/2002-2005

US/ARIC cohort: 1996-2011
Geisinger cohort: 1997-2014

UK/1997-2002

France/2013-2019

Taiwan/2006-2011

US/2011-2016

PPI: 74 (69-80)
Non-PPI: 74 (69-80)

PPI: 56.3 (13.7)
No PPI: 56.94 (15.38)

NR

ICPi-AKI: 67 (58-74)
Controls: 65 (56-73)

66.3(14.2)
CSA-AKI: 62.08 (10.76)

72 (62.0-80.0)

44.1(16.7)
44.2(16.7)
NR

Cases: 64.3 (13.0)
Controls: 64.3 (12.9)

65 (33-79)

61.3(47.3-72.9)

Cases: 51.09 (9.53)
Controls: 51.10 (9.40)

ARIC cohort:

63.0 (5.6)

Geisinger cohort:

PPIc: 50.0 (15.9)

H, blockers: 50.3 (16.3)
Non-users: 49.5 (16.3)

Cases: 60.2 (46.3-67.9)

Controls: 60.0 (46.4-68.3)

Cases: 68.6 (44.4-79.4)

Controls: 66.9 (42.4-77.8)

PPI: 70 (64-77)
No PPI: 68 (58-76)

Cases: 65.4 (13.1)
Controls: 66.1(13.8)

63 (13)

HA for AKI and
AIN

CKD

ESRD

ICPi-AKI

MARE
CSA-AKI

CKD stage
evolution

AKI
CKD
CKD

CKD

AKI

CKD progression,
ESRD or renal
death, AKI

AIN

Incident CKD

Incident AKI

AIN

AKI

Progression to
ESKD
AKI

ESRD

AKI

(Continued)]

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

P Rajan, K Iglay et al.

Table 1. (Continued)

Study Study design  Sample Size Country/years of study Age Adverse kidney
(mean/median, SD/IQR) outcome
Sutton et al.28 RC 21,643 US/2005-2012 PPI: 54.13 (9.32) AKI
No PPI:50.99 (10.11) ATN (included as
part of definition
of AKI)
Svanstrom etal.?? RC 122,809 Denmark/2004-2015 Before matching: First diagnosis
PPI: 63 (12) of AKI
Non-PPI: 61 (13) Any serious
After matching: renal event (1st
PPI: 63 (12) diagnosis of AKI
Non-PPI: 63 (12) or CKD)
Tergast et al.3® RC 613 Germany/2012-2016 All participants: AKI
56.05 (48.30-63.19)
In patients with SBP:
56.75 (49.71-65.14)
Tomlin et al.43 Nested C-C 5,194,256 New Zealand/2007-2014 Cases: 71.5(17.6) Acute kidney
Controls: 70.8 (17.7) failure
Xie et al.37 RC PS matched cohorts: US/1999-2013 Full cohort: CKD (incident,
CKD outcomes 40,540 and 346,642 PPI: 56.85 (11.85) progression)
H, blockers: 55.40 (12.81) ESRD
PS matched: ESRD or>50%
PPI: 55.42 (12.60) decline in eGFR
H, blockers: 55.40 (12.81)
Xie et al.3! RC 144,032 US/2006-2008 57.82 (13.57) AKI
Incident CKD
CKD progression
ESRD or eGFR
decline >50%
Xie et al.3? RC 214,467 US/2002-2004 65.10(12.25) AKI
Yang et al.38 RC 29,970 Taiwan/2002-2013 PPI: 59.1 (11.9) CKD

No PPI: 59.1(11.9)

AIN, acute interstitial nephritis; AKI, acute kidney injury; ARIC, Atherosclerosis Risk in Communities Study; ATN, acute tubular necrosis; C-C, case-control; C-Co, case-
cohort; CKD, chronic kidney disease; CSA-AKI, cardiac surgery-associated acute kidney injury; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney
disease; ESRD, end-stage renal disease; HA, hospital admission; ICPi, immune checkpoint inhibitor; IQR, interquartile range; MARE, major adverse renal events; NR,
not reported; PC, prospective cohort; PPI, proton-pump inhibitor; PS, propensity score; RC, retrospective cohort; SBP, spontaneous bacterial peritonitis; SLR, systematic

literature review; UK, United Kingdom; US, United States.

aCortazar et al.'? reported an RC design, but the PPI/AKI analysis was a case-cohort design.
bKlatte et al.2 did not report the study design. Design determined by abstractors as RC.
Participants using both a PPl and an H, blocker were classified as PPI users.

dEpisodes of use and non-use of PPIs.

Zealand. Patients were more likely to be older,
with 11 studies reporting a mean or median age
over 60 years at baseline.

The results abstracted from included studies are
presented in Table 3 and Figure 3, organized
according to the overall risk of bias rating for the
reported outcome. A complete listing of study
results is provided in Supplemental Table 7.
Patients treated with PPI (compared with non-
PPI users or H, blocker users) were reported to
have a significantly higher risk of AKI in 10 of the

12 studies, with adjusted HRs ranging from 1.16
[95% confidence interval (CI) 1.01-1.33]32 to
2.52 (95% CI 2.27-2.79),'% and adjusted ORs
ranging from 1.78 (95% CI 1.72-1.83)%3 to 3.93
(95% CI 2.61-5.93)2! with the magnitude of the
association (HR) similar by individual PPIs
(Supplemental Table 7). A single study by
Ikemura er al.?? found a protective association
[OR=0.239 (95% CI 0.06-0.89)] between PPI
and AKI. However, the study had a small number
of patients with PPI exposure (n=33), failed to
adjust or balance baseline estimated glomerular
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Table 2. Evaluation of the risk of bias using the ROBINS-I tool.2

Study Bias due to Bias due to Bias in Bias due to Bias Bias in Bias in Overall
confounding selection of classification of deviations due to measurement selection of risk of

participants interventions from intended missing  of outcomes the reported bias
into the study interventions data result

Antoniou et al.’8 [ ) o o ([ ] o

AKI

AIN o o [ [ J ([

Arora et al.3 o o o o o o o

CKD

Chen et al.¥ ) ( [ o o o

ESRD

Cortazar et al."? [ o o o o ([ o

ICPi-AKI

Grant et al.4! o o o o o

MARE

Guan et al.?0 o o o o

CSA-AKI

Guedes et al.3 o ([ o

CKD SEs

Hart et al.2! [ } o o o o o

AKI

CKD o ([ J [ J ([ [ J o

Hennessey et al.3 o o ([ ([ [ ([

CKD

Hung et al.36 o o o [ J o

CKD

Ikemura et al.?? (] ([ ] ([ ([ J o o

AKI

Klatte et al. ( } o o o o ([

AKI

CKD o o ([ [ J ([ o

ESRD/renal death ( } o o o o ([

Klepser et al.*2 [ J o o ([ J ] ([

AIN

Lazarus et al.% o o o [ o

AKI

CKD o [ [ ] [ [ J

Leonard et al.2s o o o o o

AKI

AIN o [ [ o ([ J

Liabeuf et al.2¢ o (] o ([ o

AKI

(Continued]
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Table 2. (Continued)

Study Bias due to Bias due to Bias in Bias due to Bias Bias in Bias in Overall

confounding selection of classification of deviations due to measurement selection of risk of
participants interventions from intended missing  of outcomes the reported bias
into the study interventions data result

ESKD o ([ [ J ([ J o

Peng et al.40 o ([ J ([ J [ J o

ESRD

Seethapathy o o ([ ] o [ J o ([

etal?

AKI

Sutton et al.?8 o o (] [ ] ([

AKI, ATN

Svanstrom et al.?? o o o o o o

AKI

AKl or CKD o ([ o ([ J (

Tergast et al.30 o o o o [ J ( o

AKI

Tomlin et al.43 ([ ([ ([ J ([ J o

AKI
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@ Low risk of bias

Moderate risk of bias ®Serious risk of bias @ Critical risk of bias ®@Not enough information to assess risk of bias. AIN, acute
interstitial nephritis; AKI, acute kidney injury; ATN, acute tubular necrosis; CKD, chronic kidney disease; CSA-AKI, cardiac surgery-associated
acute kidney injury; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; ESRD, end-stage renal disease; ICPi, immune
checkpoint inhibitor; MARE, major adverse renal events; ROBINS-I, Risk of Bias in Non-randomized Studies of Interventions; SE, stage evolution.
aNine studies (Antoniou et al.'8; Hart et al.2'; Klatte et al.23; Lazarus et al.?4; Leonard et al.25; Liabeuf et al.2¢; Svanstrom et al.?%; Xie et al.37; Xie et al.31)
with multiple outcomes were evaluated for risk of bias on an outcome-specific basis.

filtration rate (eGFR) (beyond exclusion of
with eGFR<60 ml/min/1.73 m?2),

patients

comorbidities (e.g. hypertension, liver failure,

heart failure), and lifestyle factors (e.g. smoking,
alcohol consumption), and there were potential

rating,

differences in the duration of PPI use prior to
study initiation.

Among the 19 studies with an overall moderate
risk of bias

eight assessed CKD

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

Therapeutic Advances in Gastroenterology 15

100.0%

90.0%

80.0%

70.0%

60.0%

50.0%

40.0%

30.0%

20.0%

10.0%

0.0%

Confounding Selection Intervention Intervention Missing Data Outcome
Classification Deviation

Reported
Result

Overall

ROBINS-I Domain

H Low Moderate

Serious

M Critical M No Information

Figure 2. Evaluation of the risk of bias using the ROBINS-| tool.

outcomes.21:23,24:29,31,34,36,37 Iy total, they represented
1,146,346 patients from the United States, Brazil,
Taiwan, Sweden, and Denmark. Effect estimates for
the association between PPI treatment (compared
with non-PPI users or H, blocker users) and CKD
ranged from an adjusted HR of 1.12 (95% CI 1.08—
1.17)3! to 7.34 (95% CI 3.94-13.71),*° and an
adjusted OR of 1.20 (95% CI 1.11-1.29)?! to 1.42
(95% CI 1.35-1.49).3% A single study reported that
the magnitude of the association was similar between
individual PPIs and CKD (Supplemental Table
7).3¢ Furthermore, a study in the Geisinger Health
System found that twice daily dosing of a PPI was
associated with a higher risk of CKD relative to once
daily dosing.24

We also identified six studies?3:26:31.37:40:41 ith a
moderate risk of bias that assessed ESRD out-
comes (e.g. MARE, ESRD, ESRD, or >50%
decline in eGFR, ESKD). In total, they repre-
sented 660,560 patients from the United States,
United Kingdom, Sweden, France, and Taiwan.
Effect estimates for the association between PPI
treatment (compared with non-PPI users or H,
blocker users) and ESRD-related outcomes
ranged from an adjusted HR of 1.13 (95% CI

1.02-1.25)4 to 5.32 (95% CI 1.53-18.55),23
with a single study reporting an adjusted OR of
1.88 (95% CI 1.71-2.06).%° Finally, three stud-
ies!8:25:42 reported on the association between
PPIs and AIN, with an adjusted HR of 3.00 (95%
CI 1.47-6.14)18 reported in a single study among
581,184 patients in Canada and adjusted ORs
ranging from 2.05 (95% CI 1.52-2.72)%2 to 3.20
(95% CI 0.80-12.79)%> among 4143 patients
from the United States and 3415 patients from
the United Kingdom, respectively.

Serious risk of bias

A total of six studies (four cohort, one case-con-
trol, one case-cohort)1927:30,33,:35,38 reported out-
comes that were assessed as having a serious risk
of bias (see Table 2). Adverse kidney outcomes
included three studies of AKI!%2730 in 2043
patients and three studies of CKD?33:35%38 in
650,685 patients. The primary reasons for an
overall serious risk of bias judgment for these six
studies included potential bias due to confound-
ing,30:33 gelection bias,!%:27:35 and classification of
interventions.38 Across these six studies, PPI treat-
ment (compared with non-users) was moderately
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Table 3. Reported association between PPl use and kidney outcomes by risk of bias.

Study Adverse kidney outcome PPl-adverse kidney outcome

Effect estimate (95% Cl)a:b

Moderate risk of bias

Antoniou et al.'8 HA for AKI HR=2.52 (2.27-2.79)¢

HA for AIN HR =3.00 (1.47-6.14)c
Grant et al.4! MARE HR=1.13(1.02-1.25)
Guan etal.?0 CSA-AKI OR =2.24(1.39-3.61)

Guedes et al.3

CKD stage evolution

HR =7.34 (3.94-13.71)d

Hartetal.?! AKI OR=3.93(2.61-5.93)c
CKD OR=1.20 (1.11-1.29)c

Hung et al.% CKD Use of PPIs: OR = 1.42 (1.35-1.49)
Cumulative duration of PPI (increase per
month): OR=1.02 (1.01-1.02)
Cumulative dosage of PPI (increase in dosage
per mg): OR=1.23(1.19-1.28)

Ikemura et al.?2 AKI OR=0.24(0.06-0.89)e

Klatte et al.23

CKD progression

ESRD or renal death

CKD (defined as doubling of SCr): HR=1.18
(0.93-1.51)cf

CKD (defined as >30% decline in eGFR):
HR=1.21(1.10-1.34)f

HR =5.32 (1.53-18.55)f

AKI HR=1.14 (0.84-1.54)<
Klepser et al.2 AIN OR =2.05(1.52-2.72)
Lazarus et al.? Incident CKD ARIC cohort: HR=1.76 (1.13-2.74)c
Geisinger cohort: HR =1.16 (1.09-1.24)c
ARIC cohort: HR=1.39 (1.01-1.91)f
Geisinger cohort: HR = 1.29 (1.19-1.40)f
Incident AKI ARIC cohort: 2.00 (1.24-3.22)c
Geisinger cohort: 1.29 (1.16-1.43)c
ARIC cohort: 1.58 (1.05-2.40)f
Geisinger cohort: 1.30 (1.13-1.48]f
Leonard et al.?® AIN OR=23.20(0.80-12.79)
AKI OR=1.05(0.97-1.14)

Liabeuf et al.26

Progression to ESKD

AKI

ESKD in 2900 patients with e6GFR =15 ml/
min/1.73 m2 at baseline
Overall HR=1.28 (1.06-1.55)

AKI in 2900 patients with eGFR=15 ml/
min/1.73 m? at baseline
Overall HR=1.60 (1.31-1.96)

(Continued)
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Table 3. (Continued)

Study

Adverse kidney outcome

PPl-adverse kidney outcome
Effect estimate (95% Cl)ab

Peng et al.%0

Sutton et al.28

Svanstrom et al.??

Tomlin et al.43

Xie et al.37

Xie et al.3

Xie et al.3?

Serious risk of bias

Arora et al.33
Cortazar et al.’?
Hennessey et al.%

Seethapathy et al.?’

Tergast et al.30

Yang et al.38

ESRD

AKI, ATN (part of definition
of AKI)

AKI (first diagnosis)

Any serious renal event (AKI
or CKD)

AKI

CKD (incident, progression)

ESRD

ESRD or >50% decline in
eGFR

CKD (incident, progression)

ESRD or eGFR decline >50%

AKI

CKD
ICPi-AKI
CKD

AKI

AKI

CKD

OR=1.88(1.71-2.06]¢

HR=2.12 (1.46-3.10)¢

At 30 days: HR =3.37 (1.13-10.02)
At 60 days: HR =2.40 (0.99-5.78)
At 120 days: HR =2.30 (1.26-4.20)

At 120 days: HR=2.61 (1.80-3.80)

All users: OR=1.78 (1.72-1.83)

Incident CKD: HR 1.28 (1.18-1.38)c

Doubling of SCr: HR = 1.63 (1.47-1.81)cf
>30% decline in eGFR: HR =1.32 (1.25-1.39)c
Incident CKD: HR=1.81 (1.76-1.86])¢

Doubling of SCr: HR = 1.86 (1.80-1.93)c

>30% decline in eGFR: HR =1.67 (1.64-1.70)¢

HR = 1.48 (0.49-4.50)<f
HR=1.61(1.26-2.04)¢

HR=1.59 (1.45-1.74)1

HR = 1.83 (1.77-1.89]c

Incident eGFR < 60 ml/min per 1.73 m?
HR=1.12(1.08, 1.17])%h

Incident CKD

HR=1.18 (1.11, 1.24])%.h

>30% decline in eGFR
HR=1.18(1.12, 1.24])%h

ESRD or>50% decline in eGFR
HR=1.25(1.10, 1.43)%h

HR=1.16 (1.01-1.33)f

OR=1.10(1.05-1.16)
OR =2.85(1.81-4.48)

HR=1.13(1.07-1.19)

Sustained AKI before follow-up time of 2.5
months: HR =0.82 (0.40-1.67)

Sustained AKI after follow-up time of 2.5
months: HR = 2.85 (1.34-6.08)

HR =2.1(95% Cl not reported), p=0.002

HR =2.22 (2.10-2.36)

[Continued]
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Table 3. (Continued)

Study Adverse kidney outcome

PPl-adverse kidney outcome
Effect estimate (95% Cl)ab

No information risk of bias
Chen et al.3? ESRD

Xie et al.3 AKI

HR = 4.44 (1.83-10.78)
HR = 1.47 (1.41-1.54)%

AIN, acute interstitial nephritis; AKI, acute kidney injury; ARIC, Atherosclerosis Risk in Communities Study; ATN, acute
tubular necrosis; Cl, confidence interval; CKD, chronic kidney disease; CSA-AKI, cardiac surgery-associated acute kidney
injury; DDD, average daily maintenance dose for an average 70 kg adult for the primary indication; eGFR, estimated
glomerular filtration rate; ESKD, end-stage kidney disease; ESRD, end-stage renal disease; HA, hospital admission;

HR, hazard ratio; ICPi, immune checkpoint inhibitor; MARE, major adverse renal events; NSAID, nonsteroidal anti-
inflammatory drug; OR, odds ratio; PPI, proton-pump inhibitor; PS, propensity score; SCr, serum creatinine; TDF,

tenofovir disoproxil fumarate.

aResults were selected from PS analyses if available; if PS was not used, the maximally adjusted model for PPI-adverse

kidney outcome was selected.

bPPI users versus non-users unless otherwise specified.
cPropensity-matched result

d0meprazole (20 mg) versus non-users.

eAll users treated with cisplatin (CDDP) and fluorouracil (5-FU).

fPPI users versus H,-blocker users.
9PPI users versus No PPI/NSAID/TDF.

"High-dimensional propensity score models for the association of PPl and risk of chronic kidney outcomes in absence of
AKI [model controlling for deciles of high-dimensional propensity score).

iAt least one prescription for PPIs after the index date and dosage over 180 DDD in 1 year versus never having any
prescriptions for PPls or not exceeding 180 DDD in 1 year after the index.

iUnclear from study whether this is a crude or adjusted result.

associated with AKI and CKD outcomes, respec-
tively, with adjusted HRs ranging from 0.82 (95%
CI 0.40-1.67) to 2.85 (95% CI 1.34-6.08)?7 and
adjusted ORs ranging from 1.10 (95% CI 1.05—
1.16)33 t0 2.85 (95% CI 1.81-4.48).1°

No information to assess risk of bias

There were two studies with insufficient informa-
tion to evaluate the overall risk of bias for the
adverse kidney outcome assessed. In one study of
PPI treatment (compared with non-users) and
ESRD, there was insufficient information pre-
sented on adjustment for potential confounders
and selection of reported results [adjusted
HR=4.44 (95% 1.83-10.78)].3° However, we
were able to assess the risk of bias as moderate for
the selection and missing data domains, respec-
tively. In addition, a study assessing the potential
association between PPI (compared with non-
users) and AKI3! as a sensitivity analysis
[HR=1.47 (95% 1.41-1.54)] did not provide
sufficient information to evaluate the risk of bias
due to confounding for this particular outcome.
Per ROBINS-I criteria, the overall risk of bias was
graded as no information. However, it should be

noted that the risk of bias was graded as low for
the remaining six domains.

Discussion

To the best of our knowledge, this is the first sys-
tematic literature review evaluating potential bias
using the ROBINS-I tool in non-randomized
observational studies reporting on putative asso-
ciations between PPIs and adverse Kkidney
outcomes. We applied the ROBINS-I, a compre-
hensive risk of bias assessment tool, because it is
based on essential principles of causal inference
and addresses the common problem of confound-
ing in non-randomized observational treatment
comparisons, relying on a transparent framework
that evaluates sources of bias.** Several systematic
reviews and meta-analyses have applied the
ROBINS-I tool to assess the risk of bias in other
conditions, including reviews on GI function,*
cardiovascular disease,*® and treatment of
Coronavirus Disease 2019 (COVID-19).47

The current review identified 26 epidemiological
studies published within the last 10 years for the
assessment of risk of bias. The important finding
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Figure 3. Forest plot of the reported associations between PPl use and

Effect measures
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kidney outcomes.

AIN, acute interstitial nephritis; AKI, acute kidney injury; Cl, confidence interval; CKD,
chronic kidney disease; ESRD, end-stage renal disease; PPI, proton-pump inhibitor.
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of this work is that the majority of studies (7 =19)
were deemed to have an overall risk of bias rating
of moderate for the reported adverse kidney out-
comes, which according to ROBINS-I criteria
indicates that across domains ‘the study appears
to provide sound evidence for a non-randomized
study but cannot be considered comparable to a
well-performed randomized trial’.14 Studies with
a moderate risk of bias generally reported a posi-
tive association between PPI and adverse kidney
outcomes, but the magnitude of effect estimates
varied widely (0.24-7.34). Another critical find-
ing of this work is that a total of six studies were
viewed as having serious risk of bias for the
reported adverse kidney outcomes, primarily in
the confounding and selection bias domains.
According to ROBINS-I criteria, a serious risk of
bias rating across domains indicates ‘the study
has some important problems’.!* The magnitude
of the association between PPI and adverse kid-
ney outcomes was weak to moderate for these six
studies, with effect estimates ranging from 0.82 to
2.85. It is unclear whether the potential magni-
tude of bias is large enough to overwhelm the
association observed in these six studies. Finally,
we could not evaluate the overall risk of bias for
adverse kidney outcomes reported in two studies
(one of which was judged as having a moderate
risk of bias for a different adverse kidney outcome
in the same study), although the risk of bias was
judged as low to moderate for individual domains.

Notably, non-randomized observational studies
are subject to the limitations inherent to the data-
bases used. The studies reviewed in this assess-
ment utilized patient databases that were not
specifically designed to assess a putative associa-
tion between PPI and adverse kidney outcomes.
In most studies, the potential associations with
PPIs were modest and the likelihood of residual
confounding was high. In general, confounding
bias was assessed as moderate due to the lack of
control through study design or analysis methods
for all critical confounders of interest, which
included age, sex, race, baseline eGFR, diabetes,
hypertension, cardiovascular disease, heart fail-
ure, liver disease, and NSAID use. Furthermore,
confounding due to non-prescription OTC use of
NSAIDs is also of potential concern as most stud-
ies did not account for this potential source of
exposure. Importantly, the association between
PPI use and adverse kidney outcomes may be
confounded by indication in cancer patients who
are being treating with nephrotoxic medications

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

P Rajan, K Iglay et al.

[e.g. immune checkpoint inhibitors (ICPi)-AKI].
Several studies were also judged as having a mod-
erate risk of selection bias for the reported out-
come due to the inclusion of patients with PPI
use prior to study initiation. These patients could
have experienced events prior to study initiation
that would not have been captured.

Although we generally evaluated the intervention
and outcome domains as having a low risk of bias,
there remains the potential for exposure misclas-
sification arising from OTC use of PPIs and a
lack of information on medication adherence.
Evaluation of OTC use of medications could be
facilitated in part by electronic medical records
(EMRs) or by querying patients about such use.
Potential outcome misclassification may have
arisen in studies that used administrative billing
coding in place of laboratory indices of kidney
function. It should be noted that some AKI meas-
ures were combined with other measures, such as
cardiac surgery associated (CSA)-AKI,2° or
included ATN as part of the definition of AKI.28
Also, studies utilized different definitions of CKD
(e.g. <60 ml/min per 1.73 m2, >30% decline in
eGFR) orincluded ESRD as part of major adverse
events, which likely contributed to variability in
effect estimates observed across studies.
Furthermore, most studies collected data retro-
spectively, which may have contributed to an
underestimation of AKI frequency if patients had
AKI events managed at hospitals outside of the
setting (e.g. health care network). These potential
sources of error are likely to have underestimated
the effect of PPI on assessed kidney outcomes.

Taking into consideration the sources of bias
described above makes it challenging to establish
causality and may clarify many of the observed
potential associations. A review published in 2018
considered the available evidence from non-rand-
omized observational studies and potential under-
lying pathophysiological mechanisms for the
development of AKI and CKD with PPI use.4®
The authors observed that the association between
CKD and PPI use, although consistent for the
studies reviewed, did not meet the Hill criteria for
causation?*® and may have been confounded by
NSAID use and underlying comorbidities (i.e.
hypertension, diabetes). In contrast, the associa-
tion between AKI and PPI was described as incon-
sistent based on the studies reviewed, but also
potentially confounded by NSAID use and failing
to meet the Hill criteria. Overall, these findings

suggest that it is important to distinguish associa-
tions from causality in the interpretation of results
from non-randomized observational studies.

We also found that effect estimates for the evalu-
ation of reported associations were largely of
small magnitude and uncertain clinical relevance;
thus, these results should not prevent prescribers
from using appropriate doses of PPIs for proper
indications. Results from our study, combined
with other literature reviews,>® should support
recommendations for clinical prudence. For
instance, health care professionals should avoid
unnecessary long-term PPI use by being cautious
in their initial decision-making for prescribing
PPI, and by periodically revisiting the need for
continued PPI therapy to ensure medical indica-
tion.>! There is considerable variation in defining
long-term PPI use in prior studies, ranging from
more than 8 weeks of regular daily use to greater
than 1 year.#750 Few studies selected for this
review defined long-term PPI use. Among the
eight studies that reported on the association
between long-term PPI use or duration of PPI
use, respectively, and associated kidney effects,
long-term PPI use was described as ranging from
as low as 3 months34 to over 3 years.33 Using rec-
ommendations outlined in guidelines on prescrib-
ing PPIs and how to mitigate the potential harms
of long-term PPI therapy for three common indi-
cations (GERD, BE, and NSAID bleeding
prophylaxis),>? physicians can safely and appro-
priately balance the evidence on the benefits and
harms of PPI use in managing their patients.

This study has several notable strengths. This is
the first systematic review to assess the risk of bias
in NRS reporting on putative associations
between PPIs and adverse kidney outcomes. To
accomplish this, a complete and thorough litera-
ture search with explicit eligibility criteria was
undertaken across several databases with articles
subsequently screened for inclusion in this review.
Selection, data extraction, and adjudication of
risk of bias were done by two independent review-
ers. Additional strengths of the review include its
compliance with established guidelines for sys-
tematic literature reviews (i.e. PRISMA state-
ment), including the use of a pre-specified
protocol and search criteria. In addition, we used
the ROBINS-I tool, which assesses a higher num-
ber of major methodological elements compared
with several other risk of bias assessment tools.
The study protocol was registered with
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PROSPERO to promote transparency and allow
for future replication or updates. Furthermore,
this review includes more recently published data,
and is consistent with seven previously published
systematic literature reviews and meta-analyses,
which showed a positive association with adverse
kidney outcome (with OR/RR estimates ranging
from 1.20 to 3.76).4451-56

We recognize our review has some limitations.
Although this review was designed to capture a
wide range of literature, it is limited to recent pub-
lications in the last 10 years, as well as publica-
tions in the English language, and may therefore
be limited by a lack of representativeness for the
full body of published literature. Some of the stud-
ies were based on a single facility and/or included
small sample sizes of PPI-treated patients. Also,
several studies evaluated were limited by short
follow-up duration. Finally, these findings may
not be generalizable to patients of different age
groups, races, or patients living in different coun-
tries. For example, four studies in the US
Department of Veterans Affairs databases identi-
fied adverse kidney outcomes among users of PPIs
relative to users of H, blockers.?8:31:3237 In addi-
tion, several of the studies identified describe older
cohorts, where the use of PPIs and the incidence
of kidney outcomes may be greater due to aging.!2
Moreover, these patient populations are poten-
tially more likely to experience comorbidities and
be treated with several concomitant medications
compared with younger populations. Despite
these limitations, our study is the first systematic
review using the ROBINS-I tool to indicate that
potential reported associations between PPI and
adverse kidney outcomes, although generally posi-
tive, are likely influenced by inadequate control of
confounders and the selection of participants with
prior PPI treatment.

Conclusion

Using the ROBINS-I tool, we evaluated the qual-
ity of currently available data and found that non-
randomized observational studies suggesting
kidney harm by PPI have a moderate to serious
risk of bias, making it challenging to establish cau-
sality. Additional high-quality, real-world studies
among generalizable populations are needed to
better understand the association between PPI
treatment and acute and chronic kidney outcomes,
taking into account the effects of varying time peri-
ods of PPI treatment, potential self-treatment with

OTC PPIs, and adequate control for potential
critical confounders. Our study brings important
new evidence that may influence evidence-based
prescribing decisions and patterns for practicing
health care physicians.

Acknowledgements

Oluwaseun Akinyede was involved in literature
screening, and in conducting the abstraction
and risk of bias assessment. Kamika Reynolds
was involved in conducting the literature search
and abstraction, and provided support for the
writing of this manuscript. Claire Su conducted
a quality check of the manuscript. We also thank
our clinical experts, Dr Michael Carter and Dr
John Petan for providing input on the study
protocol.

Author contributions

Pradeep Rajan: Formal analysis; Investigation;
Methodology; Visualization; Writing — original
draft; Writing — review & editing.

Kristy Iglay: Conceptualization; Formal analy-
sis; Investigation; Methodology; Project adminis-
tration; Supervision; Resources; Writing — original
draft; Writing — review & editing.

Thomas Rhodes: Formal analysis; Investigation;
Methodology; Writing — original draft; Writing —
review & editing.

Cynthia J Girman: Investigation; Methodology;
Writing — original draft; Writing — review &
editing.

Dimitri Bennett: Conceptualization;
Methodology; Writing — review & editing.

Kamyar Kalantar-Zadeh: Methodology;

Writing — review & editing.

Conflict of interest statement

The authors declared the following potential con-
flicts of interest with respect to the research,
authorship, and/or publication of this article:
Takeda Pharmaceuticals contracted with CERobs
Consulting, LLLC, a consulting firm with focus on
real-world evidence observational research, com-
parative effectiveness research, pragmatic rand-
omized trials, outcomes research, epidemiology,
and clinical outcome assessments, including
patient-reported outcomes. PR, KI, TR, and CJG
consulted on this project through CERobs
Consulting, LLLC. KK-Z has received honoraria
and/or support from Abbott, Abbvie, ACI Clinical

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

P Rajan, K Iglay et al.

(Cara Therapeutics), Akebia, Alexion, Amgen,
Ardelyx, ASN (American Society of Nephrology),
Astra-Zeneca, Aveo, BBraun, Chugai,
Cytokinetics, Daiichi, DaVita, Fresenius,
Genentech, Haymarket Media, Hofstra Medical
School, IFKF (International Federation of
Kidney Foundations), ISH (International Society
of Hemodialysis), International Society of Renal
Nutrition & Metabolism (ISRNM), JSDT
(Japanese Society of Dialysis Therapy), Hospira,
Kabi, Keryx, Kissei, Novartis, OPKO, NIH
(National Institutes of Health), NKF (National
Kidney Foundations), Pfizer, Regulus, Relypsa,
Resverlogix, Dr Schaer, Sandoz, Sanofi, Shire,
VA (Veterans’ Affairs), Takeda, Vifor, UpToDate,
ZS-Pharma. DB is a salaried employee of Takeda
Pharmaceuticals.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: This study was
sponsored by Takeda Pharmaceuticals USA, Inc.
Editorial support was provided by Cactus
Communications, Inc, and was supported by
Takeda Pharmaceuticals USA, Inc.

Ethics approval
Ethical approval was not required.

Study registration number
The study protocol was published on the
PROSPERO international prospective register of

systematic reviews (Registration number:
CRD42021227555).

ORCID iD

Dimitri  Bennett https://orcid.org/0000-

0002-8387-9342

Data availability statement
All data relevant to the study are included in the
article or uploaded as Supplemental information.

Supplemental material
Supplemental material for this article is available
online.

References
1. Vaezi MF, Yang YX and Howden CW.
Complications of proton pump inhibitor therapy.
Gastroenterology 2017; 153: 35-48.

10.

11.

12.

13.

Li T, Xie Y and Al-Aly Z. The association of
proton pump inhibitors and chronic kidney
disease: cause or confounding? Curr Opin Nephrol
Hypertens 2018; 27: 182—-187.

Gawron AJ, Feinglass J, Pandolfino JE, ez al.
Brand name and generic proton pump inhibitor
prescriptions in the United States: insights from
the national ambulatory medical care survey
(2006-2010). Gastroenterol Res Pract 2015; 2015:
689531.

Mishuk A, Chen L, Gaillard P, ez al. National
trends in prescription proton pump inhibitor use
and expenditure in the United States in 2002-
2017. ¥ Am Pharm Assoc 2020; 61: 87-94.

Abbas MK, Zaidi ARZ, Robert CA, et al. The
safety of long-term daily usage of a proton pump
inhibitor: a literature review. Cureus 2019; 11:
e5563.

Jaynes M and Kumar AB. The risks of long-term
use of proton pump inhibitors: a critical review.
Ther Adv Drug Saf 2019; 10: 1-13.

Heidelbaugh JJ, Goldberg KL and Inadomi
JM. Adverse risks associated with proton pump
inhibitors: a systematic review. Gastroenterol
Hepatol (N Y) 2009; 5: 725-734.

. Moayyedi P, Eikelboom JW, Bosch ], et al. Safety

of proton pump inhibitors based on a large,
multi-year, randomized trial of patients receiving
rivaroxaban or aspirin. Gastroenterology 2019;
157: 682-691.e2.

Gerstman BB. Proton pump inhibitors and
chronic kidney disease: reevaluating the
evidence from a randomized controlled trial.
Pharmacoepidemiol Drug Saf 20215 30: 4-8.

Al-Aly Z, Maddukuri G and Xie Y. Proton pump
inhibitors and the kidney: implications of current
evidence for clinical practice and when and

how to deprescribe. Am ¥ Kidney Dis 2020; 75:
497-507.

Lee HJ, Lee H, Oh SH, ez al. Chronic kidney
disease (CKD) patients are exposed to more
proton pump inhibitor (PPI)s compared to non-
CKD patients. PLoS ONE 2018; 13:

¢0203878.

Maes ML, Fixen DR and Linnebur SA. Adverse
effects of proton-pump inhibitor use in older
adults: a review of the evidence. Ther Adv Drug
Saf2017; 8: 273-297.

Halfdanarson OO, Pottegard A, Bjornsson ES,
et al. Proton-pump inhibitors among adults: a

nationwide drug-utilization study. Therap Adv
Gastroenterol 2018; 11: 1-11.

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

Therapeutic Advances in Gastroenterology 15

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Sterne JA, Hernan MA, Reeves BC, er al.
ROBINS-I: a tool for assessing risk of bias in
non-randomised studies of interventions. BM¥
20165 355:14919.

Moher D, Liberati A, Tetzlaff ], ez al. Preferred
reporting items for systematic reviews and meta-
analyses: the PRISMA statement. BM¥ 2009;
339: b2535.

Graves RS. Users’ guides to the medical
literature: a manual for evidence-based clinical
practice. ¥ Med Libr Assoc 2002; 90: 483.

D’Andrea E, Vinals L, Patorno E, er al. How
well can we assess the validity of non-randomised
studies of medications? A systematic review of
assessment tools. BMY Open 2021; 11: e043961.

Antoniou T, Macdonald EM, Hollands S, ez al.
Proton pump inhibitors and the risk of acute
kidney injury in older patients: a population-
based cohort study. CMAY¥ Open 2015; 3:
E166-E171.

Cortazar FB, Kibbelaar ZA, Glezerman

IG, et al. Clinical features and outcomes of
immune checkpoint inhibitor-associated AKI: a
multicenter study. ¥ Am Soc Nephrol 2020; 31:
435-446.

Guan C, Li C, Xu L, ez al. Risk factors of
cardiac surgery-associated acute kidney injury:
development and validation of a perioperative
predictive nomogram. ¥ Nephrol 2019; 32:
937-945.

Hart E, Dunn TE, Feuerstein S, ez al. Proton
pump inhibitors and risk of acute and chronic
kidney disease: a retrospective cohort study.
Pharmacotherapy 2019; 39: 443-453.

Ikemura K, Oshima K, Enokiya T, ez al.
Co-administration of proton pump inhibitors
ameliorates nephrotoxicity in patients receiving
chemotherapy with cisplatin and fluorouracil:

a retrospective cohort study. Cancer Chemother
Pharmacol 2017; 79: 943-949.

Klatte DCF, Gasparini A, Xu H, ez al.
Association between proton pump inhibitor use
and risk of progression of chronic kidney disease.
Gastroenterology 2017; 153: 702-710.

Lazarus B, Chen Y, Wilson FP, ez al. Proton
pump inhibitor use and the risk of chronic kidney
disease. FAMA Intern Med 20165 176: 238-246.

Leonard CE, Freeman CP, Newcomb CW,

et al. Proton pump inhibitors and traditional
nonsteroidal anti-inflammatory drugs and the risk
of acute interstitial nephritis and acute kidney
injury. Pharmacoepidemiol Drug Saf 2012; 21:
1155-1172.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Liabeuf S, Lambert O, Metzger M, er al. Adverse
outcomes of proton pump inhibitors in patients
with chronic kidney disease: the CKD-REIN
cohort study. Br ¥ Clin Pharmacol 20215 87:
2967-2976.

Seethapathy H, Zhao S, Chute DF, er al. The
incidence, causes, and risk factors of acute kidney
injury in patients receiving immune checkpoint
inhibitors. Clin ¥ Am Soc Nephrol 2019; 14:
1692-1700.

Sutton SS, Magagnoli J, Cummings TH, ez al.
Risk of acute kidney injury in patients with HIV
receiving proton pump inhibitors. ¥ Comp Eff Res
2019; 8: 781-790.

Svanstrom H, Lund M, Melbye M, et al. Use
of proton pump inhibitors and the risk of acute
kidney injury among patients with rheumatoid
arthritis: cohort study. Drug Saf 2018; 41:
817-826.

Tergast TL, Wranke A, Laser H, ez al. Dose-
dependent impact of proton pump inhibitors
on the clinical course of spontaneous bacterial
peritonitis. Liver Int 2018; 38: 1602—-1613.

Xie Y, Bowe B, Li T, er al. Long-term kidney
outcomes among users of proton pump inhibitors
without intervening acute kidney injury. Kidney
Int 2017; 91: 1482-1494.

Xie Y, Bowe B, Yan Y, ez al. Estimates of all
cause mortality and cause specific mortality
associated with proton pump inhibitors among
US veterans: cohort study. BM¥ 2019; 365:
11580.

Arora P, Gupta A, Golzy M, et al. Proton pump
inhibitors are associated with increased risk of
development of chronic kidney disease. BMC
Nephrol 2016; 17: 112.

Guedes JVM, Aquino JA, Castro TLB, ez al.
Omeprazole use and risk of chronic kidney
disease evolution. PLoS ONE 2020; 15:
€0229344.

Hennessey KA, Daratha KB, Alicic RZ,
et al. 496-P: risk factors for incident CKD in
prediabetes. Diabetes 2020; 69: 496-P.

Hung SC, Liao KF, Hung HC, ez al. Using
proton pump inhibitors correlates with an
increased risk of chronic kidney disease: a
nationwide database-derived case-controlled
study. Fam Pract 2018; 35: 166—171.

Xie Y, Bowe B, Li T, ez al. Proton pump
inhibitors and risk of incident CKD and
progression to ESRD. ¥ Am Soc Nephrol 2016;
27: 3153-3163.

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

P Rajan, K Iglay et al.

38. Yang H, Juang SY and Liao KF. Proton pump
inhibitors use and risk of chronic kidney disease
in diabetic patients. Diabetes Res Clin Pract 2019;
147: 67-75.

39. Chen Y-C, Tsai S-J and Chen Y-C. Acid
suppression therapy and risk of end-stage renal
disease and mortality in Taiwanese patients with
chronic kidney disease: a nationwide population-
based cohort study. ¥ Gastroenterol Heparol 2018;
33: 385.

40. Peng YC, Lin CL, Yeh HZ, er al. Association
between the use of proton pump inhibitors and
the risk of ESRD in renal diseases: a population-
based, case-control study. Medicine (Baltimore)
2016; 95: €3363.

41. Grant CH, Gillis KA, Lees JS, et al. Proton pump
inhibitor use and progression to major adverse
renal events: a competing risk analysis. QM
2019; 112: 835-840.

42. Klepser DG, Collier DS and Cochran GL. Proton
pump inhibitors and acute kidney injury: a nested
case-control study. BMC Nephrol 2013; 14: 150.

43. Tomlin AM, Reith DM, Woods D], et al. A
pharmacoepidemiology database system for
monitoring risk due to the use of medicines by
New Zealand primary care patients. Drug Saf
2017; 40: 1259-12717.

44. Hussain S, Singh A, Habib A, er al. Proton pump
inhibitors use and risk of chronic kidney disease:
evidence-based meta-analysis of observational studies.
Clin Epidemiology Glob Health 2019; 7: 46-52.

45. Hamel JF, Sabbagh C, Alves A, et al. Comparison
of treatment to improve gastrointestinal functions
after colorectal surgery within enhanced recovery
programmes: a systematic review and meta-
analysis. Sci Rep 2021; 11: 7423.

46. Tsai M-C, Lee C-C, Liu S-C, ez al. Combined
healthy lifestyle factors are more beneficial in
reducing cardiovascular disease in younger adults:
a meta-analysis of prospective cohort studies. Sci
Rep 2020; 10: 18165.

47. Bjornsson E, Abrahamsson H, Simrén M, er al.
Discontinuation of proton pump inhibitors in

48.

49.

50.

51.

52.

53.

54.

55.

56.

patients on long-term therapy: a double-blind,
placebo-controlled trial. Aliment Pharmacol Ther
2006; 24: 945-954.

Kamal F, Khan MA, Molnar MZ, et al. The
association between proton pump inhibitor use
with acute kidney injury and chronic kidney
disease. ¥ Clin Gastroenterol 2018; 52:
468-476.

Hill AB. The environment and disease:
association or causation? Proc R Soc Med 1965;
58: 295-300.

Yang YX, Lewis JD, Epstein S, ez al. Long-term
proton pump inhibitor therapy and risk of hip
fracture. JAMA 2006; 296: 2947-2953.

Qiu T, Zhou J and Zhang C. Acid-suppressive
drugs and risk of kidney disease: a systematic
review and meta-analysis. ¥ Gastroenterol Hepatol.
Epub ahead of print 12 April 2018. DOI:
10.1111/jgh.14157.

Wijarnpreecha K, Thongprayoon C, Chesdachai
S, er al. Associations of proton-pump inhibitors
and H2 receptor antagonists with chronic kidney
disease: a meta-analysis. Dig Dis Sci 2017; 62:
2821-2827.

Yang Y, George KC, Shang WF, ez al. Proton-
pump inhibitors use, and risk of acute kidney
injury: a meta-analysis of observational studies.
Drug Des Devel Ther 20175 11: 1291-1299.

Nochaiwong S, Ruengorn C, Awiphan R, ez al.
The association between proton pump inhibitor
use and the risk of adverse kidney outcomes: a
systematic review and meta-analysis proton-pump
inhibitors use, and risk of acute kidney injury: a
meta-analysis of observational studies. Nephrol
Dial Transplant 2018; 33: 331-342.

Sun J, Sun H, Cui M, er al. The use of anti-ulcer
agents and the risk of chronic kidney disease: a
meta-analysis. Int Urol Nephrol 2018; 50:
1835-1843.

Wu B, Shang W, Li Y, ez al. Association between
proton pump inhibitors use and kidney diseases:
a meta-analysis. Int ¥ Clin Exp Med 2018; 11:
6465-6473.

Visit SAGE journals online
journals.sagepub.com/
home/tag

®SAGE journals

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag

