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Aims: Chronic kidney disease consumes a huge amount of medical resources and proton

pump inhibitors may be a potential factor for the increasing prevalence. This population-

based cohort study investigates the risk of chronic kidney disease in a diabetic population

using proton pump inhibitors in Taiwan.

Methods: This study is based on a specific diabetic database obtained from the National

Health Insurance Research Database. Individuals with a new diagnosis of diabetes from

2002 to 2013 were enrolled. ‘‘Exposure” to proton pump inhibitors was defined as at least

one prescription and dosage over 180 DDD (defined daily dose) in one year after the index

date. A multivariable Cox proportional hazard model and competing-risk regression model

were applied.

Results: There were 5994 patients in the final cohort of proton pump inhibitor users and

23,976 patients in the matched controlled cohort based on 1:4 propensity score matching.

Compared with no exposure users, PPIs exposure group had more anemia prevalence, anti-

hypertension medication and NSAIDs prescriptions.

The multivariable Cox proportional hazard model showed that the adjusted hazard ratio

of chronic kidney disease was 1.52 (95% CI 1.40–1.65) in diabetic individuals with PPIs expo-

sure, compared with no exposure users.

Conclusions: Proton pump inhibitors use is associated with 1.52-fold increased risk of

chronic kidney disease in diabetic patients when the dosage is over 180 DDD in one year

in Taiwan.
� 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

In Taiwan, the overall prevalence of chronic kidney disease

(CKD) was 1.99% in 1996 and gradually increased to 9.83% by

2003 [1]. CKD is mostly an irreversible process and consumes

huge amounts of medical resources. According to the United

States Renal Data System (USRDS), the total spending for

Medicare beneficiaries with kidney disease alone is nearly

$100 billion [2]. This includes over $64 billion in spending for

all Medicare beneficiaries who have CKD and another $34 bil-

lion for beneficiaries with end-stage renal disease. Hence,

trends in the prevalence of chronic kidney disease and end-

stage renal disease are important for health care policy and

planning.

Diabetes mellitus is considered themost common cause of

end-stage renal disease [3]. The increasing prevalence of

CKD is partly explained by the increasing prevalence of dia-

betes and hypertension [4,5]. However, medication use may

be a potential factor contributed to the disease process. Cur-

rent possible strategies for kidney health care are reducing

drug-induced nephropathy and identifying possible factors

that can delay dialysis, especially in high-risk populations.

Proton pump inhibitors (PPIs) are currently one of the most

popular medications for treating diseases related to gastric

acid. However, it has been estimated that between 25 and

70% of the PPI prescriptions in United States have no appro-

priate indication [6]. Although there are several restrictions

according to the National Health Insurance (NHI) regulations

in Taiwan, the prescription of PPIs is gradually increasing

[7]. More andmore adverse outcomes of PPIs are being discov-

ered, such as hip fracture [8] and acute kidney injury [9]. Thus,

it seems that the use of these drugs in high-risk patients

should be re-examined.

To date, there are no relevant warnings about CKD risk in

the instructions for the use of current proton pump inhibi-

tors, especially in diabetic populations which are priority can-

didates for end-stage renal disease. According to USRDS data,

Taiwan has the highest annual incidence and prevalence of

end-stage renal disease in the world (458 people per million

population and 3138 people per million population in 2013,

respectively), followed by the USA and Japan [5]. When CKD

is diagnosed, potentially nephrotoxic drugs should be used

very cautiously [10]. Furthermore, from the perspective of pre-

vention, drugs that increase CKD risk during non-pathogenic

stages should also be used with caution. Therefore, we con-

ducted this population-based cohort study to investigate the

risk of CKD in a diabetic population using PPIs in Taiwan.

2. Materials and methods

2.1. Data source

The present study is based on data obtained from the NHI

Research Database (NHIRD). Data from the NHI program are

sorted into files, including registration files and original claim

data for reimbursement. These data files were de-identified

by scrambling the identification codes of both patients and
medical facilities. The NHI program collects almost 95% of

hospitals’ healthcare data, and 99% of the entire population

of 23 million in Taiwan are enrolled. Diseases are defined

using the International Classification of Diseases codes (Ninth

Revision, Clinical Modification; ICD-9-CM). ICD-9-CM codes

for CKD diagnosis were applied in this study (016.0, 042,

095.4, 189, 223, 236.9, 250.4, 271.4, 274.1, 403–404, 440.1,

442.1, 446.21, 447.3, 572.4, 580–589, 590–591, 593, 642.1, 646.2,

753, and 984). Data on diagnostic codes, medication prescrip-

tions, and medical procedures were also included in the data-

base. The diabetic population was sorted as a specific

database for further analysis.

The study was approved by the Institutional Review Board

(IRB) at Taichung Tzu Chi Hospital (IRB: REC140-30). Since the

original identification numbers have been encrypted to pro-

tect patients’ privacy in NHIRD, the IRB agreed that the inform

consent of the patient could be waived.

2.2. Study design and population

A population-based cohort study was designed to investigate

the risk of CKD associated with PPI use in diabetic patients in

Taiwan. Individuals in the diabetic population database of the

NHIRD with a new diagnosis of diabetes from 2002 to 2013

were enrolled. The day on which diabetes mellitus was diag-

nosed was defined as the index day. The analysis was done

using the diagnosis codes for diabetes mellitus, CKD, hyper-

tension, gout, cerebrovascular disease, ischemic heart dis-

ease, peripheral arterial disease, and congestive heart failure.

The study also included PPIs available in Taiwan from 2002

to 2013 (esomeprazole, lansoprazole, omeprazole, pantopra-

zole, and rabeprazole). ‘‘Exposure” to PPIs was defined as sub-

jects who had at least one prescription for PPIs after the index

date and dosage over 180 DDD in one year. ‘‘No exposure” to

PPIs was defined as never having any prescriptions for PPIs

or not exceeding 180 DDD in one year after the index date.

The average daily maintenance dose for an average of 70 kg

of adults against the primary indication is the definition of

the basic unit of defined daily dose (DDD). DDD is just a stan-

dardized unit and does not reflect the recommended or pre-

scribed dose. The data on drug consumption is expressed in

DDD using only the estimated consumption of the popula-

tion. However, DDD provides a fixed reference unit that allows

researchers to assess trends in drug consumption and com-

pare different ethnic group. Besides, we also included the

prescription history of antihypertensive medications, non-

steroid anti-inflammation drugs (NSAIDs), and oral antihy-

perglycemic medication, and matched them with individuals.

This study selected patients with incident diabetes from

2002 to 2013 and excluded patients with CKD that occurred

before the diabetes index date. Individuals with PPI prescrip-

tions before the diabetes index date or whose follow up dura-

tion was <60 days during the study period were excluded. For

matching between cases and controls by comorbidities, the

propensity score with 1:4 matching was used for comparison

to a group with no exposure to PPIs. A flow chart is shown in

Fig. 1.



Fig. 1 – Flow chart of patient selection.
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2.3. Statistical analysis

Qualitative variables are presented as numbers and percent-

ages, and quantitative variables are expressed as the mean

and standard deviation (SD). Pearson’s v2 test and a t-test

were used to examine the distributions of categorical vari-

ables and differences between continuous variables, respec-

tively. A Cox proportional hazards regression model was

used to estimate the hazard ratios (HRs) and 95% confidence

intervals (CIs) of incident CKD associated with PPI use. Multi-

variate analyses were used to adjust for potential confound-

ing between comorbidities and the risk of CKD.

A multivariable adjusted competing-risk regression (CRR)

model was introduced for further analysis. The most com-

monly used regression model for analyzing event-time data

is the Cox proportional hazardsmodel. In the presence of com-

peting risks, however, the standard Coxmodel is not adequate

because it treats competing risks for the event of interest as

censored observations. Since the diabetic population has a

higher risk of major adverse cardiac events (MACEs: cardiac

death, nonfatal myocardial infarction, or a re-intervention
procedure) [11],we considereddeath as a competing risk factor

in our study.

The results of hazard ratios are presented as a forest plot.

The cumulative risk of CKD was plotted as a Kaplan-Meier

survival curve and stratified by PPI exposure.

SAS for Windows (version 9.3, SAS Institute Inc., Cary, NC,

USA) and SPSS (version 19.0, SPSS Inc., Chicago, IL, USA) were

used for the statistical analyses. The significance threshold

was set at 0.05. Differences with a P-value of <0.001 were con-

sidered extremely statistically significant.

3. Results

Using the NHIRD sorted diabetic population file, we identified

605,769 patients with incident diabetes from 2002 to 2013 by

ICD-9 diagnosis code, and excluded 40,761 individuals who

had CKD before the diabetes index date. Therefore, 565,008

patients who had been newly diagnosed with diabetes with-

out CKD were selected. Furthermore, to clarify the effect of

PPIs during the study period, 62,835 individuals with PPI use

before the diabetes index date were also excluded. In
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addition, 25,449 patients were excluded for having a follow-

up duration <60 days. Finally, 476,724 patients were enrolled.

A total 5994 patients who had a record of PPI use were in

the PPI group, and 470,730 patients without a record of PPIs

were in the no-PPI group. The PPI group was defined by having

at least one PPI dosage over 180 DDD in one year. Using the

propensity score with 1:4 matching, 23,976 patients were

selected for the comparison cohort from the no-PPI group.

The total matched cohort including the PPI cohort (5994)

and no-PPI cohort (23,976) comprised 29,970 patients. A flow

chart of the patient selection is presented in Fig. 1.

There were no significant differences between the expo-

sure and no-exposure cohorts in age, gender, and comorbidi-

ties (including hypertension, gout, cerebrovascular disease,

ischemic heart disease, peripheral arterial disease, and con-

gestive heart failure). Except for anemia, the prevalence in

the exposure cohort seemed slightly elevated. The exposure

cohort also had more anti-hypertension medication and

NSAIDs prescriptions. Almost 95% of patients in both the

exposure and no-exposure cohorts had prescriptions for oral

anti-hyperglycemic medication. The baseline characteristics

of the subjects are listed in Table 1.
Table 1 – Baseline characteristics.

Characteristics Exposure

Patient no. 5994
Age (mean ± SD) 59.1 ± 11.9
Gender

Male 3565(59.5)
Female 2429(40.5)

Comborbidities
Hypertension 2127(35.5)
Gout 355(5.9)
CVA 358(6.0)
IHD 567(9.5)
PAD 87(1.5)
CHF 196(3.3)
Anemia 56(0.9)

Drug
Antihypertensive medications

None-prescribed 1873(31.2)
Prescribed 4121(68.8)

NSAIDs medications
None-prescribed 409(6.8)
Prescribed 5585(93.2)

OAM
None-prescribed 46(0.8)
Prescribed 5948(99.2)

SES
Low 1907(31.8)
Moderate and high 4087(68.2)

Urbanization
Urban 1664(27.8)
Un-urban 4330(72.2)

Geographic region
Northern/Central 3759(62.7)
Southern/Eastern 2235(37.3)

Abbreviation: SES, socioeconomic status; NSAIDs, nonsteroidal anti-in

cerebrovascular disease; IHD, ischemic heart disease; PAD, peripheral ar

Antihypertensive medications: ACEI and ARB.

NSAIDs medications: naproxen, diclofenac, indomethacin, niflumic, mefe

dolac, meloxicam, nimesulide, rofecoxib OAM: alpha-glucosidase, biguani
A multivariable Cox proportional hazard model was

applied for the hazard ratios of CKD in diabetic patients with

PPIs exposure (Table 2). Using the no-exposure as a reference,

the PPI exposure group had a CKD rate of 12.6 per 100 people.

Diabetic individuals using PPIs had a hazard ratio for develop-

ing CKD of 1.52 (CI 1.40–1.65, p < 0.001). Patients who had

hypertension or gout also had hazard ratios of 1.23 (CI 1.14–

1.32, p < 0.001) and 1.42 (CI 1.26–1.60, p < 0.001) for developing

CKD, respectively. The cumulative CKD risk stratified by PPI

exposure in diabetic patients is shown as Kaplan-Meier sur-

vival curves in Fig. 2. The results of a log rank test with

p < 0.001 are also presented.

The results of multivariable adjusted CRR model of CKD in

diabetic patients with PPI exposure are shown in Table 3. The

results were obtained after adjustment for age, gender, hyper-

tension, gout, cerebrovascular disease, ischemia heart dis-

ease, peripheral arterial disease, congestive heart failure,

socioeconomic status, urbanization, and region. After adjust-

ing and considering death as a competing risk, diabetic indi-

viduals with PPI exposure (with the no-exposure group as a

reference) had a hazard ratio of 2.22 (CI 2.10–2.36, p < 0.001)

for developing CKD. In the multivariable adjusted CRR model,
No exposure p-value

23,976
59.1 ± 11.9 0.628

0.967
14,267(59.5)
9709(40.5)

8546(35.6) 0.819
1367(5.7) 0.511
1467(6.1) 0.673
2216(9.2) 0.605
295(1.2) 0.172
645(2.7) 0.015
144(0.6) 0.005

<0.001
9148(38.2)
14,828(61.8)

<0.001
3840(16.0)
20,136(84.0)

<0.001
1268(5.3)
22,708(94.7)

0.946
7639(31.9)
16,337(68.1)

0.361
6515(27.2)
17,461(72.8)

0.976
15,031(62.7)
8945(37.3)

flammatory drugs; OAM, oral anti-hyperglycemic medication; CVA,

terial disease; CHF, congestive heart failure.

namic, nabumetone, tiaprofenic, tenoxicam, sulindac, celecoxib, eto-

des, DPP4, meglitinides, sulfonylureas, thiazolidnediones.



Table 2 – Multivariable cox proportional hazard model hazard ratios of CKD in diabetes patients.

Characteristics Event, n Rate (per 100 persons) Multivariate HR [95% CI] p-value

PPIs usage
No exposure 2892/23,976 12.1 1
Exposure 758/5994 12.6 1.52(1.40–1.65) <0.001

Age 1.01(1.01–1.01) <0.001
Gender

Female 1461/12,138 12.0 1
Male 2189/17,832 12.3 1.03(0.97–1.11) 0.344

Comborbidities
Hypertension 1463/10,673 13.7 1.23(1.14–1.32) <0.001
Gout 297/1722 17.2 1.42(1.26–1.60) <0.001
CVA 207/1825 11.3 0.75(0.65–0.87) <0.001
IHD 370/2783 13.3 0.96(0.85–1.07) 0.436
PAD 57/382 14.9 1.12(0.86–1.46) 0.384
CHF 128/841 15.2 1.11(0.93–1.34) 0.242
Anemia 24/200 12.0 1.16(0.77–1.73) 0.484

Drug
Antihypertensive 2619/18,949 13.8 1.23(1.14–1.33) <0.001
NSAIDs 2981/25,721 11.6 0.43(0.39–0.47) <0.001
OAM 3363/27,024 12.4 1.30(1.15–1.47) <0.001

SES
Low 1214/9546 12.7 1
Moderate and high 2436/20,424 11.9 0.91(0.85–0.98) 0.008

Urbanization
Urban 915/8179 11.2 1
Un-urban 2735/21,791 12.6 1.10(1.02–1.19) 0.014

Geographic region
Northern/Central 2199/18,790 11.7 1
Southern/Eastern 1451/11,180 13.0 1.08(1.01–1.16) 0.021

The adjusted HR was calculated after controlling for age, gender, hypertension, gout, CVA, IHD, PAD, CHF, socioeconomic status, urbanization

and region.

Abbreviation: HR, hazard ratio; CI, confidence interval; CVA, cerebrovascular disease; IHD, ischemic heart disease; PAD, peripheral arterial disease;

CHF, congestive heart failure.

PPIs exposure definition: over 180 DDD in one year after prescription.

Fig. 2 – CKD cumulative risk stratified by with and without

PPIs exposure.
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the effect of hypertension (HR 1.17, CI 1.10–1.24, p < 0.001) and

gout (HR 1.21, CI 1.09–1.33, p < 0.001) seemed weakened.

We also analyzed the effect of different types of PPIs

(esomeprazole, lansoprazole, omeprazole, pantoprazole, and

rabeprazole). Supplement table 1 shows the results of multi-

variable Cox proportional hazard model of CKD in the expo-

sure and no-exposure group. Lansoprazole had the highest

hazard ratio of 1.49 (CI 1.26–1.77, p < 0.001). Esomeprazole

had a hazard ratio of 1.39 (CI 1.22–1.57, p < 0.001), while the

hazard ratio of omeprazole was 1.12 but without statistical

significance (CI 0.64–1.98, p = 0.687).

In the multivariable adjusted CRR model (supplement

table 2), esomeprazole had the highest hazard ratio of 2.08

(CI 1.91–2.26, p < 0.001), and lansoprazole had a hazard ratio

of 1.94 (CI 1.72–2.18, p < 0.001). The effect of pantoprazole

(HR 1.58, CI 1.33–1.88) and rabeprazole (HR 1.81, CI 1.49–2.22)

were also amplified in the CCR model compared to the Cox

proportional hazard model. Fig. 3 shows a forest plot for com-

parison of the exposure factor.

4. Discussion

The results indicated that PPI use was associated with

increased risk of CKD in diabetic patients in Taiwan. When



Table 3 – Multivariable adjusted competing-risk regression (CRR) model of CKD in diabetes patients.

Characteristics Multivariate HR 95% CI P value

PPIs usage
No exposure 1
Exposure 2.22 2.10–2.36 <0.001

Age 1.03 1.02–1.03 <0.001
Gender

Female 1
Male 1.28 1.21–1.35 <0.001

Comborbidities
Hypertension 1.17 1.10–1.24 <0.001
Gout 1.21 1.09–1.33 <0.001
CVA 0.95 0.85–1.05 0.281
IHD 0.93 0.85–1.02 0.110
PAD 1.07 0.87–1.31 0.537
CHF 1.18 1.03–1.36 0.016
Anemia 1.63 1.25–2.11 <0.001

Drug
Antihypertensive 1.03 0.97–1.09 0.356
NSAIDs 0.52 0.49–0.56 <0.001
OAM 1.39 1.26–1.53 <0.001

SES
Low 1
Moderate and high 0.83 0.79–0.88 <0.001

Urbanization
Urban 1
Un-urban 1.09 1.02–1.15 0.011

Geographic region
Northern/Central 1
Southern/Eastern 1.11 1.05–1.17 <0.001

The adjusted HR was calculated after controlling for age, gender, hypertension, gout, CVA, IHD, PAD, CHF, socioeconomic status, urbanization

and region.

Abbreviation: HR, hazard ratio; CI, confidence interval; CVA, cerebrovascular disease; IHD, ischemic heart disease; PAD, peripheral arterial disease;

CHF, congestive heart failure.

PPIs exposure definition: over 180 DDD in one year after prescription.
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using a PPI dosage over 180 DDD in one year, CKD risk

increased by almost 52% in diabetic patients. After separating

the different types of PPIs, the results were still sound and

statistically significant. Lansoprazole and esomepraozle had

higher risk than the other PPIs. The outcome was amplified

in the multivariable adjusted CRR model.

Recently, an observational US study found that PPI use is

associated with a 20–50% higher risk of incident CKD [12].

The hazard ratio of baseline PPI use vs. propensity score-

matched no PPI use was 1.76 (CI 1.13–2.74) in ARIC

(Atherosclerosis Risk in Communities Study) cohort and 1.16

(CI 1.09–1.24) in Geisinger Health System replication cohort.

The DM subgroup analysis revealed the hazard ratio for

CKD remains significant. But the number of DM patients in

each cohort was 14.9% of 322 patients & 10.8% of 16,900

patients in PPI users. Besides, another retrospective case–con-

trol study conducted by Arora et al. [13] has set CKD as PPI risk

outcome and got an odds ratio (OR) 1.66 (CI 1.59 1.74) in DM

subgroup (PPI with DM, n = 3976). However, these articles’

DM study numbers are less than our study.

Furthermore, Xie et al. [14] suggested that PPI exposure

associates with increased risk of incident chronic kidney dis-

ease with HR 1.28 (CI 1.23–1.34). Klatte et al. [15] addressed

that initiation of PPI therapy and prolonged PPI use is associ-

ated with increased risk of CKD progression. Although the
study numbers are in a large scale (PPI with DM, n = 72,309

& n = 14,319 in each study), there is neither dose effect nor

PPIs difference discussed in those articles.

Hung et al. [16] claimed that the OR for CKD is 1.41 (CI 1.34,

1.48) for subjects using PPIs. Besides, the odds ratio of CKD in

relation to the cumulative duration of different proton pump

inhibitor is also clearly announced. Peng et al. [17] disclosed

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

with renal diseases. Odds ratio of ESRD associated with

cumulative DDD of individual PPIs with third quartile seg-

ments were shown. But no clear cut off dose with safety is

set up for clinical general practice and both are case control

study essentially.

Comparing our study to previous findings, we had same

conclusion that the use of PPIs is risk for chronic kidney dis-

ease. In addition, there are some differences and some new

findings in our study. First, national wide relatively large scale

population cohort study is achieved by NHIRD diabetic popu-

lation database. Although it would be possible to analyze the

association between PPIs use and CKD incidence in the over-

all population with subgroup analysis according to the pres-

ence or absence of diabetes, we have some considerations.

Based on the database we have obtained previously (LHID

2010, NHI million people sample file), it is hard to produce a

large number of DM patients which can overcome other



Fig. 3 – Multivariable cox proportional hazard model (A) and competing-risk model hazard ratios of CKD (B) by different PPIs

exposure in diabetes patients.
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studies. Therefore, we tried to use NHIRD diabetic population

database to generate a confident number. Honestly speaking,

it is our limitation and adaptation in database acquisition.

Second, among the related topic of CKD risks with PPIs use

in Taiwan NHIRD studies, Hung et al. and Peng et al. both

exploited case control design. But we have followed world’s

trend and conducted a retrospective cohort study instead of

case control study. Third, multivariable adjusted competing-

risk regression (CRR) model was introduced. It is not seen in

other related studies. Forth, a clear cut of 180 DDD is generally

practicable in clinical. It is plausible that limiting PPI use

reduces the incidence of CKD. On the other hand, it is impor-

tant to use the lowest doses and shortest duration of treat-

ment necessary for the condition being treated. We have

announced the reasonable results. Instead of one or none

exposure to PPIs, we have selected a practicable method

under clinical indication.

To explain the possible pathogenesis and mechanisms of

CKD, some studies have linked PPI use with acute interstitial

nephritis [18–22] and acute kidney injury [23–27], which cause

CKD and lead to end-stage renal disease. What is the cause of

discrepancy between PPIs left room for discussion. Though

PPIs share the core structures, their pharmacokinetics and

pharmacodynamics are a little different. Area under the

plasma concentration curve (AUC) and the gastric pH profile

are very good indicators for evaluating PPI efficacy. Omepra-

zole has smaller AUC and T1/2 (elimination half-life) than

other PPIs [28], which may somehow explain the consequence

of difference between PPIs in our study.
PPI usage was associated with adverse kidney outcomes;

however, these findings were based on observational studies

and low-quality evidence [29]. Even though the evidence

power is inferior to that of randomized controlled studies,

observational cohort studies are one of the best methods to

study the adverse effects of medications in real-world set-

tings. Therefore, we have followed the trends of previous

investigations and further focused on diabetic individuals.

Different regression model were also used to enhance the

results and minimize confounders. The aim of this study is

to clarify the effect of possible drug-induced risk, and

although there is insufficient evidence to establish a causal

relationship with certainty, there does appear to be a preva-

lent association.

One of the strengths in this study is that it is the first

population-based observational cohort study to examine the

occurrence of CKD in diabetic individuals who use PPIs in Tai-

wan. Although there may be some flaws (methodological lim-

itations such as selection bias, detection bias) in the design,

the results cannot be ignored. Second, we analyzed the expo-

sure effect of different types of PPIs to give a clearer view of

drug selection and comparisons. Even with the same kind

of medicine, there are still different degrees of differences.

Third, the results showed that the hazard ratios of PPIs

seemed to be amplified after adjusting in the competing risk

model. Death as a competing risk factor makes our study dif-

ferent than others.

Nevertheless, there were several inevitable limitations to

our study. First, creatinine levels are not available, and there
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is lack of laboratory examination data in the NHIRD database.

However, the diagnosis of CKD was accurate. Nearly all Tai-

wanese patients with a principal diagnosis of CKD have

received a multidisciplinary care (MDC) program since 2004

[30–32], thus reducing the probability of misdiagnosis.

Second, this study design was not a randomized clinical

trial. A large-scale randomized controlled trial is impractica-

ble in Taiwan, but well-designed observational studies can

also yield comparable outcomes [33,34]. Although observa-

tional cohort studies cannot provide causative explanations,

a national database such as the NHIRD can show trends and

help to explore possible interventions and provide oriental

results.

Third, information on the use of self paid medications and

over-the-counter drugs remains unavailable in the NHIRD.

The results of this study may therefore under-estimate the

actual use of PPIs. A sensitivity analysis is also required.

Fourth, because glycosylated hemoglobin (HbA1c) data are

not available, the association between glycemic control and

CKD cannot be explored.

Given the widespread use of PPIs, even a small effect on

kidney outcomes could result in a large public health burden.

PPIs should be used at the lowest effective dose, and inappro-

priate use should be avoided. Timely cessation of PPI therapy

is recommended when there is no clear indication for use. We

hope that such efforts might reduce the population burden of

CKD in Taiwan.

5. Conclusion

PPIs increase the risk of CKD by 52% in diabetic patients when

the dosage is over 180 DDD in one year in Taiwan. Lansopra-

zole and esomepraozle have higher risk than other PPIs.
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