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Abstract: Proton pump inhibitors (PPIs) use may be associated with

nephritis and acute renal injury. The risk of PPIs and deterioration of

renal function, in patients with renal diseases, needs to be investigated.

A case-control study was conducted in a nation-wide data setting

from the Taiwan National Health Insurance Research Database

(NHIRD). This case-control study used data extracted from NHIRD

between the years 2006 and 2011. We used propensity scores to match

3808 patients suffering from renal diseases (ICD-9-CM codes 580–

589), with patients (aged �20 years) who had had a recent diagnosis of

end-stage renal diseases (ESRDs) and had undertaken renal replacement

therapy during the period of 2006 to 2011. The 3808 control subjects

were selected from people who had a history of renal diseases, but
Yeh, MD, Chi-Sen u-Lin Wu, PhD,
g Kao, MD

The use of a PPIs was associated with a significantly higher risk

of ESRD (adjusted OR¼ 1.88, 95% CI¼ 1.71–2.06) in renal

disease patients. Of all the types of PPI combined, the adjusted

OR was 1.92 (95% CI¼ 1.74–2.13) for those on <100 cumulative

DDD and was 1.74-fold (95% CI¼ 1.52–2.00) for those on �100

cumulative DDD.

PPIs use is associated with the risk of ESRD in patients with renal

diseases. It is necessary that appropriate prescription of PPIs coordi-

nated with the close monitoring renal function of patients diagnosed

with renal disease.

(Medicine 95(15):e3363)

Abbreviations: CI = confidence interval, HR = hazard ratios, IRR

= incidence rate ratio, NHIRD = National Health Insurance

Research Database, PPIs = proton pump inhibitors.

INTRODUCTION

G astric acid suppression therapy through the use of proton
pump inhibitors (PPIs) is the mainstay for the treatment of

acid-related, gastrointestinal disease.1,2 Though PPIs are con-
sidered safe, long-term and over-utilization of PPIs has become
an important issue and needs to be investigated.3 Gastric
mucosa change, enteric infection, outside of gastrointestinal
infection, osteoporosis, nutritional deficiency, and hypomagne-
semia are all considered to be serious complications resulting
from the use of PPIs.4

Regarding concern over renal adverse effects, PPIs
therapy has shown to cause an increased risk of acute kidney
injury along with acute interstitial nephritis.5 The most com-
mon etiology of acute interstitial nephritis is drug-induced
diseases, which are believed to underlie 60% to 70% of cases.
PPI is also considered one of the drugs producing adverse
effects related to nephritis.5–7 PPI-related acute interstitial
nephritis is rare, idiosyncratic, and difficult to predict. Till
now, most studies have focused on acute interstitial nephri-
tis.5,7–11 There seemed to be lack of evidence for the associ-
ation of PPIs use and its renal effect among patients with renal
diseases, including neprhitis, nephritic syndrome, glomerulo-
nephritis, nephropathy, chronic kidney disease, and renal
function impairment. Does PPIs use associated with the risk
of deterioration within patients suffering from renal diseases
leading to end-stage renal disease (ESRD) need to investi-
gated? And while this condition may be less closely
monitored, more attention should be given by the gastroen-
terologist.12–15

To address this question, we conducted a nationwide

analyze the risk of developing ESRD
renal diseases and the use of PPIs
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MATERIALS AND METHODS

Data Source
Data analyzed in this case-control study was retrieved from

the Taiwan National Health Insurance Research Database
(NHIRD). Taiwan launched a compulsory, social insurance
program, the NHI program, to provide health care for >99%
of the 23.75 million residents in 1995.16 The details of the NHI
program have been well documented in previous high-quality
studies.17,18 For this study, we used a subset of the NHIRD
containing its health care data, including files from the Longi-
tudinal Health Insurance Database 2000 (LHID 2000), the
Registry for Catastrophic Illness Patient Database (RCIPD),
and the Registry of Beneficiaries. In the NHI program, there are
certain subgroups, including cancer, autoimmune diseases, and
uremia patients, that possess the catastrophic illness card, which
can exempt them from the need to make a co-payment. The
application for the catastrophic illness card should be scruti-
nized by a peer review group according to clinical, laboratory,
image, or pathological data. Patients with ESRD who were
identified from the RCIPD include those who require long-term
renal replacement therapy, such as dialysis or a
kidney transplant.

The National Health Research Institute has encrypted all of
the patient identification numbers for the protection of their
privacy. The criteria of diseases were defined according to the
International Classifications of Disease, 9th Revision, Clinical
Modification (ICD-9-CM). This study was approved to fulfill
the condition for exemption by the Institutional Review Board
(IRB) of China Medical University (CMUH-104-REC2–115).
The IRB also specifically waived the consent requirement.

Subject Selection
Figure 1 shows the procedure for selecting cases and

controls. This case-control study used data extracted from
the LHID2000 and RCIPD from the years 2006 to 2011.
Subjects with gastroesophageal reflux disease (GERD) (ICD-
9-CM codes 530.81, 530.11) or peptic ulcer disease, including
gastric ulcers, duodenum ulcers, or other unspecified ulcers
(ICD-9-CM codes 531–533), constituted the base population.

Peng et al
In Taiwan’s NHI system, patients with ESRD undergoing renal
replacement therapy are registered in the RCIPD using ICD
codes (ICD-9 codes 580–589).

FIGURE 1. The flow chart for selecting chronic renal disease cases,
with end-stage renal disease and without end-stage renal disease.
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We identified patients with renal diseases, including nepr-
hitis, nephritic syndrome, glomerulonephritis, nephropathy,
chronic kidney disease, and renal function impairment (coded
by ICD-9-CM code 580–589), and GERD and/or peptic ulcer
diseases. Those renal disease patients (age �20 years) who
subsequently developed ESRD were identified from RCIPD
during the years 2006 to 2011. The ESRD diagnosis date was
defined as the index date. Control subjects were selected from
people with a history of renal diseases and who did not develop
ESRD in the LHID 2000. The ESRD cases and controls were
selected using a ratio of 1:1 matching on propensity score. We
used a logistic regression model to calculate the propensity
score.19 The potential confounders to be considered were
gender, age, the years of renal disease diagnosis and ESRD
diagnosis, medication with H2 receptor antagonists (H2RA),
angiotensin-converting-enzyme inhibitors (ACE-i), angioten-
sin-receptor blockers (ARB), beta blockers, calcium channel
blockers (CCB), aldosterone inhibitors, nonsteroidal anti-
inflammatory drugs (NSAID) and comorbidities of diabetes
(ICD-9-CM code 250), hypertension (ICD-9-CM codes 401–
405), chronic obstructive pulmonary disease (COPD)(ICD-9-
CM 491, 492, 496), coronary artery disease (CAD) (ICD-9 code
410–414), congestive heart failure (CHF) (ICD-9 code 428),
and cancer (ICD-9 code 140–208).

Measurements of PPIs
Five commercially available PPIs in Taiwan were ana-

lyzed, including omeprazole, pantoprazole, lansoprazole, rabe-
prazole, and esomeprazole. According to the total supply in
days and quantity of PPI, we calculated the cumulative defined
daily dose (DDD) of each type of PPI for each PPI user,
including omeprazole (ATC A02BC01), pantoprazole (ATC
A02BC02), lansoprazole (ATC A02BC03), rabeprazole (ATC
A02BC04), and esomeprazole (ATC A02BC05). For each type
of PPI, the cumulative DDD was partitioned into two levels at
the 75th percentile.

The DDD is defined by the ATC/DDD system from the
WHO’s Collaborating Center for Drug Statistics and Method-
ology. Each product has to be referred to the appropriate ATC
code and DDD. The unit of DDD is defined as the assumed
average maintenance dose per day for a drug used for its major
indication in adults.19 It could provide a fixed unit of measure-
ment independent of price and dosage form, thus the trends in
drug consumption could be assessed, the comparisons between
population groups could be performed, and standardizing drug
dose across multiple types of drugs, thus they could be com-
pared.20 The number of DDDs is calculated as the total amount
of drugs divided by amount of drug in a DDD. The cumulative
DDD, which expresses dosage and duration of exposure, could
be use to estimate the sum of the dispensed DDD of different
type of PPIs. Thus, we could correlate PPIs use and the ESRD
risk in renal disease patients by cumulative DDD.

Statistical Analysis
The baseline characteristics between ESRD cases and

controls were examined using the chi-square test for categorical
variables, along with the Student’s t test, which was used for
continuous variables. The univariable and multivariable uncon-
ditional logistic regression analyses were used to calculate odds
ratios (ORs) and 95% confidence intervals (95% CIs) for the
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association between the uses of PPI and ESRD. ORs (95% CIs)
associated with the uses of PPI individual were analyzed. The
cumulative DDD for all PPIs and each type of PPI were
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stratified into a third quartile for dose–response relationship
analyses. All analyses were performed using SAS statistical
software (version 9.4; SAS Institute, Inc., Cary, NC), and the
results were considered statistically significant when two-tailed
P values were <0.05.

RESULTS

Patient Characteristics
Among patients with renal diseases, we identified 3808

ESRD patients and 3808 controls (without ESRD) between the
years 2006 and 2011. The follow-up duration from the diagnosis
of renal diseases to the diagnosis of ESRD was 3.99� 3.46
years in the ESRD group and 4.02� 3.04 years in the control
group (P¼ 0.67). Of the 3808 ESRD patients, 52.2% of them
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were women and 42.8% were <64 years (Table 1). The mean
ages of patients in the ESRD and non-ESRD groups were 65.4
(�13.1) and 66.1 (�13.8) years, respectively. Patients with

TABLE 1. Baseline Characteristics Between End-Stage Renal
Disease Group and Non-End-Stage Renal Disease Group

ESRD

No,
N¼ 3808

Yes,
N¼ 3808

N % n % P Value
�

Gender 0.98
Women 1822 47.9 1821 47.8
Men 1986 52.2 1987 52.2

Age group (year) 0.001
264 1545 40.6 1629 42.8
65–74 1021 26.8 1107 29.1
�75 1242 32.6 1072 28.2
Mean (SD) (year)

�
66.1 13.8 65.4 13.1 0.03

Medications
PPI 2102 55.2 2647 69.5 <0.001
H2RA 3304 87.8 3295 86.5 0.76
ACE-i 1887 49.6 1870 49.1 0.70
ARB 1554 40.8 1576 41.4 0.61
Beta blockers 2932 77.0 2907 76.3 0.50
CCB 3395 89.2 3307 86.8 0.002
Aldosterone inhibitors 945 24.8 918 24.1 0.47
NSAID 3736 98.1 3743 98.3 0.55

Baseline co-morbidities
Diabetes 1769 46.5 1772 46.5 0.95
Hypertension 3185 83.6 3110 81.7 0.02
COPD 1692 44.4 1628 42.8 0.14
CAD 1929 50.7 1871 49.1 0.18
CHF 838 22.0 807 21.2 0.39
Cancer 368 9.66 354 9.30 0.58

ACE-i¼ angiotensin-converting-enzyme inhibitors, ARB¼
angiotensin-receptor blocker, CAD¼ coronary artery disease,
CCB¼ calcium channel blocker, CHF¼ congestive heart failure,
COPD¼ chronic obstructive pulmonary disease, ESRD¼ end-stage
renal disease, H2RA¼H2 receptor antagonist, NSAID¼ nonsteroidal
anti-inflammatory drugs, PPI¼ proton pump inhibitor, SD¼ standard
deviation,�

Chi-square test and t test comparing subjects with and without end-
stage renal disease.Data are presented as the number of subjects in each
group, with percentages also given.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
ESRD tended to have a higher prevalence of PPI use than those
in the non-ESRD group (P< 0.001).

Risk of ESRD With Individual PPI in Renal
Diseases

Table 2 shows the ORs of estimated risk of ESRD based on
PPI use. Use of a PPI was associated with a significantly higher
risk of ESRD (adjusted OR¼ 1.88, 95% CI¼ 1.71–2.06).
Results that measured for individual PPI were significant for
omeprazole (adjusted OR¼ 1.14, 95% CI¼ 1.02–1.26), panto-
prazole (adjusted OR¼ 1.63, 95% CI¼ 1.39–1.90), lansopra-
zole (adjusted OR¼ 1.23, 95% CI¼ 1.02–1.81), rabeprazole
(adjusted OR¼ 1.36, 95% CI¼ 1.02–1.81), and for esomepra-
zole (adjusted OR¼ 1.69, 95% CI¼ 1.45–1.98).

Dose–Response Relationship between PPI use
and the Risk of ESRD in Renal Diseases

Table 3 shows the dose–response relationship between
individual PPI use and the risks of ESRD in patients with renal
diseases, compared with controls (non-PPIs users). Of all the
types of PPI combined, the OR was 1.92 (95% CI¼ 1.74–2.13)
for those on <100 cumulative DDD and was 1.74-fold (95%
CI¼ 1.52–2.00) for those on �100 cumulative DDD. The risk
of ESRD of individual PPI in whichever stratification was
higher than in the control group.

DISCUSSION
In the population-based nationwide study, we demon-

strated a significant difference of PPIs use in patients with
renal diseases who developed ESRD, which was not associated
with H2RA. PPIs use was associated with the risk of ESRD in
renal disease patients who possessed an adjusted OR¼ 1.88
(95% CI¼ 1.71–2.06) upon measuring all PPIs combined. ORs
measured by the cumulative DDD of individual PPIs also
showed an increased risk of developing ESRD for most sub-
groups within the individual PPIs. There is also increased ESRD
risk for those who have taken omeprazole, lansoprazole, rabe-
prazole, or esomeprazole. Our results demonstrated that PPIs
use is associated with an increased risk of developing ESRD in
patients afflicted with renal diseases. The estimated risk for
ESRD in PPI users was 1.88, but when risk was analyzed for
individual PPI it was <1.88. It could be explained that some
patients may took more than one kind of PPIs.

GERD is more common in patients with renal diseases than
those in the general population. However, there is limited data
for PPIs in patients with renal diseases.14 The study demon-
strated the association between PPI and ESRD in patients with
renal diseases, including neprhitis, nephritic syndrome, glomer-
ulonephritis, nephropathy, chronic kidney disease, and renal
function impairment. The NHRID houses a large computerized
database, making the studied population sufficient in size and
highly representative. The details, including stage or glomerular
filtration rates of chronic renal diseases and creatinine levels,
could not be obtained from the NHRID. We could only follow
extracted patients with renal diseases coded by ICD-9 580-589.
With the same follow-up duration from the diagnosis of renal
diseases to whether the patient was diagnosed with ESRD or
not, the variations of chronic renal function stage may be
minimized. There is an association between PPIs use and the

PPI and the Risk of ESRD
risk of deterioration of renal diseases becoming ESRD. The data
on PPIs use was collected from a computerized database
containing all available prescription information, rendering

www.md-journal.com | 3



TABLE 2. Odds Ratio and 95% Confidence Intervals of End-Stage Renal Disease Associated with Individual PPI

Variable Case No./ Control No. Crude OR (95%CI) Adjusted ORy (95%CI)

Medications
PPI 2647/2104 1.85 (1.68,2.03)

���
1.88 (1.71, 2.06)

���

Individual PPI
Omeprazole 986/900 1.13 (1.02, 1.25)

�
1.14 (1.02, 1.26)

�

Pantoprazole 443/286 1.62 (1.39, 1.90)
���

1.63 (1.39, 1.90)
���

Lansoprazole 654/551 1.23 (1.08, 1.39)
��

1.23 (1.09, 1.40)
���

Rabeprazole 112/83 1.36 (1.02, 1.81)
�

1.36 (1.02, 1.81)
�

Esomeprazole 452/282 1.68 (1.44, 1.97)
���

1.69 (1.45, 1.98)
���

CI¼ confidence interval, OR¼ odd ratios, PPI¼ proton pump inhibitor.�
P< 0.05.��
P< 0.01.���
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the potential for bias with regard to medication as being
minimized. The PPIs prescriptions were required to be in

P< 0.001.
yAdjusted for gender, age, CCB, diabetes, and hypertension.
accordance with the National Health Insurance regulations,
assuring that there was a definite diagnosis of peptic ulcer
disease, including gastric ulcer or duodenal ulcer, reflux

TABLE 3. Odds Ratio and 95% Confidence Intervals of ESRD A
Inhibitors

Case Number/ Control Number Crude Odds R

Non-use of PPI 1161/1706 1.00

Overall PPIz

<100 DDD 2022/1562 1.90
�100 DDD 625/540 1.70
p for trend <0.001

Omeprazolez

<80 DDD 791/679 1.58
�80 DDD 1916/1423 1.98
p for trend <0.001

Pantoprazolez

<70 DDD 350/202 2.55
�70 DDD 2297/1900 1.78
p for trend <0.001

Lansoprazolez

<110 DDD 449/397 1.85
�110 DDD 2148/1705 1.85
p for trend <0.001

Rabeprazolez

<105 DDD 38/25 2.23
�105 DDD 2569/2048 1.84
p for trend <0.001

Esomeprazolez

<140 DDD 338/208 2.39
�140 DDD 2309/1894 1.79
p for trend <0.001

CI¼ confidence interval, DDD¼ defined daily dose, ESRD¼ end-stage��
P< 0.01.���
P< 0.001.

yAdjusted for age, H2 receptor antagonists, gastric disease, and gastric p
zThe cumulative DDD is partitioned into two segments by third quartile

4 | www.md-journal.com
esophagitis, or gastro-esophagus reflux disease diagnosed by
an upper gastrointestinal endoscopy.
We were able to demonstrate a dose-dependent risk for
ESRD by OR of cumulative DDDs in omeprazole and lanso-
prazole. However, the results demonstrated a variation of OR

ssociated with Cumulative DDD of Individual Proton Pump

atio (95% CI) Adjusted Odds Ratioy (95% CI)

(Reference) 1.00 (Reference)

(1.72, 2.10)
���

1.92 (1.74, 2.13)
���

(1.48, 1.95)
���

1.74 (1.52, 2.00)
���

<0.001

(1.39, 1.80)
���

1.60 (1.41, 1.82)
���

(1.79, 2.19)
���

2.01 (1.81, 2.22)
���

<0.001

(2.11, 3.07)
���

2.58 (2.14, 3.12)
���

(1.61, 1.96)
���

1.80 (1.64, 1.99)
���

<0.001

(1.59, 2.15)
���

1.87 (1.61, 2.18)
���

(1.68, 2.04)
���

1.88 (1.70, 2.07)
���

<0.001

(1.34, 3.72)
��

2.19 (1.31, 3.65)
��

(1.68, 2.03)
���

1.87 (1.70, 2.06)
���

<0.001

(1.98, 2.88)
���

2.41 (2.00, 2.91)
���

(1.63, 1.97)
���

1.82 (1.65, 2.00)
���

<0.001

renal disease, PPI¼ proton pump inhibitor.

olyp:
�
P< 0.05.

.
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in pantorazole, rabeprazole, and esomeprazole. This may be
explained by a reduction in the prescription dosage for
patients with renal diseases. Though dose reductions of PPI
in patients with renal diseases is recommended, it is not very
restricted owing to the rare complications stemming from
PPIs.21 The variable OR of cumulative DDD for pantoprazole
could be explained by both a wide therapeutic range along
with the prescription writing behavior of the clinical
physicians.

The knowledge of PPIs causing acute interstitial nephritis
and acute renal injury was first reported in 1992,21 and a case
series was subsequently reported in 2006.8,9 Acute interstitial
nephritis is considered as an immunologically mediated renal
injury that is estimated to account for up to one quarter of the
cases of acute kidney injury and is considered to be an idiosyn-
cratic result.6 In our data setting, the risk of patients with
renal disease, subsequently developing ESRD, is associated
with PPIs.

One additional concern is the possible mechanism of PPIs on
renal functions. The kidney is not the major site where PPIs are
metabolized, as PPIs are metabolized via the cytochrome P450
system, thus there are important differences in individual PPIs.15

Along with acute nephritis, PPIs directly cause renal function
impairment, which is not mentioned when discussing most safety
issues.4,22 Clinically, renal function deterioration in patients is
less frequently observed with normal renal function after the use
of PPIs. Drug interaction could be considered where both drugs or
PPIs combination may increase the risk of renal function impair-
ment in patients diagnosed with renal diseases.15,23 Drug
deterioration renal function may be considered as a possibility
because of medications becoming accumulated in the kidney, a
reduction in renal function, or nephrotoxicity.24 Hypomegane-
sium is one of the adverse side effects of PPIs use,22 where the
major clinical consequences include electrolyte imbalance, neu-
romuscular, neurological, and cardiovascular.22,24,25 Thus, PPI-
related hypomeganesium may be not the important factor in the
development of ESRD in renal disease cases. However, it should
be noted that the ability to excrete magnesium is impaired in
patients who have been diagnosed with renal diseases, particu-
larly those with PPIs use.26

There are several limitations in this study. First, the
chronic renal disease stage and creatinine level are not
available through the NHIRD. Therefore, we selected patients
diagnosed with renal diseases, who were experiencing ERSD,
as opposed to those diagnosed with renal disease who had no
developing ESRD during the same follow-up period. Sec-
ondly, there were variable ranges within the PPIs dosage,
where some patients received reduced dose PPIs, while some
received a full or even double dose. Thirdly, as most, patients
would be expected to ingest their medication as written on
their prescription. Owing to the rules of the NHRI, most
patients taking PPI would receive an endoscopy examination.
Over-the-counter (OTC) PPIs might to some extent impact
these results, so the information on OTC drugs remains
unavailable within the NHIRD. We assumed that OTC PPIs
are only a small portion of all PPIs, and felt this issue should
be mentioned.27 Fourth, there are several important factors
related to renal function, including blood pressure, protei-
nuria, hemoglobin A1c, creatinine, sodium, postassium, uric
acid, magnesium, calcium, phosphate, intact parathyroid hor-
mone, lipids, iron parameters, and blood counts, but all these

Medicine � Volume 95, Number 15, April 2016
data are not available through the NHIRD. Fifth, the average
cutoff period form renal disease defined to ESRD is also an
important for caring renal disease patients with PPIs use.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
However, to be retrospective case-control study, it is difficult
to define a cutoff duration for PPIs use to ESRD.

In the present study, we have demonstrated that PPIs use is
associated with the risk of developing ESRD in patients with
renal disease, but the definite mechanism could not be illumi-
nated through data analysis. Moreover, our attention should
move towards the appropriate prescription of PPIs, coordinated
with the close monitoring renal function of patients diagnosed

PPI and the Risk of ESRD
with renal disease. For patients with renal diseases who require
long-term PPIs therapy on demand or intermittent therapy
should be considered.
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