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Purpose: Potential adverse outcomes of Proton pump inhibitors (PPIs) have increasingly been reported. The potential risks to PPIs 
include hypomagnesemia and chronic kidney disease (CKD). Unlike a real-world electronic medical record (RW-EMR) with active- 
comparator design, claim databases and special population cohort with non-user design, using in previous studies, resulted in a wide 
range of strength of association with indication bias. This study aimed to measure the total effect of association between PPIs use and 
CKD incidence using Thai RW-EMR.
Patients and Methods: A retrospective hospital-based cohort was applied into this study. Electronic medical records and admin
istrative data of out- and inpatient were retrieved from October 1st, 2010 to September 30th, 2017. On-treatment with grace period as 
well as propensity score matching was used in data analysis. Cox proportional hazard models were applied to evaluate the PPIs-CKD 
association.
Results: Of all 63,595 participants, a total of 59,477 new PPIs and 4118 Histamine 2-receptor antagonist (H2RA) users were eligible 
for follow-up. As compared with H2RA, the PPI users were non-elderly and more likely being female. The association of PPIs with 
CKD was statistically significant (adjusted hazard ratio [HR] = 3.753, 95% CI = 2.385–5.905). The HR were not statistically different 
by concomitant use PPIs with NSAIDs and by medication possession ratio levels.
Conclusion: The association between PPIs and CKD incidence was statistically significant in this hospital-based cohort. However, 
self-treatment with over-the-counter PPIs, as well as, smoking, drinking alcohol and body mass index could not be fully retrieved, 
affecting the estimation of treatment effect.
Keywords: proton-pump inhibitors, chronic kidney disease, retrospective cohort, hospital-based medical database

Introduction
Proton-pump inhibitors (PPIs) is a class of medication, which decrease gastric acid by inhibiting the parietal cell H+/K+ 
ATP pump. Pharmacologically, PPIs demonstrate superior efficacy to histamine-2 receptor antagonists (H2RAs) in order 
to treat acid-related disorders. Accordingly, the United States Food and Drug Administration (US FDA) approved PPIs 
for the treatment of duodenal ulcers, gastric ulcers, erosive esophagitis, gastroesophageal reflux disorder (GERD), 
Helicobacter pylori eradication and pathological hypersecretory conditions, such as Zollinger–Ellison syndrome.1–4

Since the World Health Organization included PPIs in the list of essential medicines and health products, PPIs were 
globally given to millions of patients.5 In US, the prevalence of ambulatory care visits in which patients receiving PPIs 
increased by 5% between 2002 and 2009. In addition, 46.7% of those patients taking PPIs were 65 years and older, while, 
PPIs were prescribed in the ambulatory setting by a three-fold increase during the study period.6 In Thailand, PPIs were 1 
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out of 5 most prescriptions among 33 hospitals during the fiscal year of 2009, while, it was dispensed to patients with 
regardless of the diagnoses of gastrointestinal diseases or none of indication to use in medical records.7

Potential adverse outcomes due to PPIs use have been observed since the PPIs initiated to market. The US FDA 
announced safety warnings for potential risks to PPIs, including hypomagnesemia and kidney disease.1,8 The number of 
evidence of PPIs safety has alarmed public consumers, who have a likelihood of exposing PPIs as they are over-the- 
counter drugs in many countries, including Thailand.1,7 However, a couple of scientific gaps need to be further explored 
and clarified.

Firstly, the previous observational studies related with PPIs and adverse effects were studied in US and European 
countries, as well as, different types of data set may lead to different outcomes due to its confounders. In addition, some 
cohort studies9,10 were to use no-PPIs as comparator that might lead to confounding by indication. Secondly, many 
studies could not fully generalize the association between PPIs use and CKD incidence among the general population due 
to selection bias. For instance, Lazarus et al,11 using population with registered atherosclerosis, studied the association 
between PPIs and CKD incident. Other than that, Xie et al,12 using US veteran hospital database, was limited in 
generalizability because there were more male (93.4%) than female (6.6%) participants. Thirdly, based on literature 
review,13–15 there were none of studies taking individual medication persistent use of PPIs into real-world data analysis 
and observed its effect to the strength of association between PPIs and CKD events.

To address these issues, the study aims to observe the effect of PPIs associated with CKD among Thai population 
using Thai real-world clinical data as compared with other observational studies.

Materials and Methods
Data Source
The health information of study patients was primarily retrieved from medical and administrative databases at 
Songklanagarind hospital. Databases consist of inpatient and outpatient information, medication data, laboratory, and 
administrative data. This study was reviewed by institutional review boards of National Yang Ming Chiao Tung 
University, as well as, by study site’s human research ethical committee.

Study Design
A retrospective cohort study was conducted (Figure 1). We retrieved data of PPIs and H2RAs users from out- and 
inpatient-departments from October 1, 2010 to September 30, 2012 followed through September 30, 2017, and the 
maximum follow-up duration was 7 years (Figure 1A in Supplementary Material).

Study Sample and Disease Diagnosis
For inclusion criteria, all participants, who were over 20 years old and given either PPIs or H2RAs between Thai 
fiscal year 2011 (from October 1, 2010 to September 30, 2011) and 2012 (from October 1, 2011 to September 30, 2012), 
were recruited. At least 6 months prior to each fiscal year, PPIs, H2RAs prescription, acute kidney injury (AKI), 
hypomagnesemia and CKD were not recorded among these participants.

Exposure and Comparator Definitions
New PPIs or H2RAs (as an active comparator) user was defined as any participants who were given the first PPIs 
prescription or the first H2RAs prescription since the entry periods. Details of drug’s codes were informed in 
Supplementary Data 1. “As treated” or “on treatment” scheme was applied in the main analysis, while, we only follow- 
up exposure-comparator during treatment episode. Discontinuation of medication date is unknown in observational 
database. Therefore, we defined discontinuation date of medication regarding the last prescription dispensing date plus 
the days’ supply and grace period (Figure 2). A person who did not refill a prescription of PPIs or H2RAs before 
discontinuation date was censored. We pre-defined 30, 90, 180, and 365 days of grace period. Eventually, the main 
analyses relied on a 90-day grace period because a steady increase in 3-month prescriptions dispensed were observed, 
whereas, this dispensing plan has evidently improved medication persistence as compared to a 30-day refill plan.16
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Covariates Assessment and Adjustment
Individual characteristics including hospital service uses, medications, and diagnoses were retrieved and presented as 
baseline characteristics. Individual serum creatinine and serum magnesium levels before the index time (T0) were 
collected based on the availability of data.

At baseline covariates with their absolute standardized difference (Table 1), we eventually adjusted for sex, age, 
Charlson comorbidity index (CCI), number of hospitalizations, hypertension (I10-I16), nephrotoxic drugs (Clopidogrel, 
Non-steroidal Anti-inflammatory drugs [NSAIDs], Steroids), and drugs-induced hypomagnesemia (Statin, Diuretics, 

Patients with aged > 20 at 
recruited years (2011-

2012)

N=154,056

H2RAs users at index year

N=4,118

PPIs users at index year

N=59,477

Eligible but not recruited 

• Neither PPIs or H2RAs use = 
89,784

• Incomplete data in Sex and/or 
Date of Birth and/or amounts 
of medication= 501

Exclusion at index time

• AKI, Hypomagnesemia, Death, 
or CKD before index date = 626Study Participants

N= 63,595

Figure 1 Flowchart of Participant’s Selection.

T0=Date of first 
prescription Date of last prescription

Baseline 
Period

Time

Drug administration period

Grace period = 90 days

Figure 2 On-treatment scheme with grace period = 90 days.
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Table 1 Baseline Demographic and Health Characteristics of Overall Cohort Between Proton-Pump Inhibitors (PPIs) and Histamine-2-Receptor Antagonist (H2RAs) Users, at Index 
Time

Before Propensity Score Matching (N=63,595) After 1:1 Propensity Score Matching (N=8174)

H2RAs PPIs Absolute 
Standardized 
DifferenceŦ

H2RAs PPIs Absolute 
Standardized 
DifferenceŦ

Number of Participants (%) 4118 (6.48) 59,477 (93.52) 4087 (50%) 4087 (50%)

Age group

<=60 (%) 2976 (72.27) 40,208 (67.60) 0.102 2957 (72.4) 2962 (72.5) 0.003

>60 (%) 1142 (27.73) 19,269 (32.40) 0.102 1130 (27.6) 1125 (27.5) 0.003

Sex

Female (%) 2720 (66.05) 37,458 (62.98) 0.064 2706 (66.2) 2819 (69.0) 0.059

Male (%) 1398 (33.95) 22,019 (37.02) 0.064 1381 (33.8) 1268 (31.0) 0.059

Entry Years (Fiscal years**)

2011 (%) 3486 (84.71) 48,932 (82.29) 0.066 3468 (84.9) 3487 (85.3) 0.013

2012 (%) 629 (15.29) 10,533 (17.71) 0.066 619 (15.1) 600 (14.7) 0.013

Index Years (Calendar years)

2011 (%) 690 (16.76) 18,887 (31.75) 0.355 687 (16.8) 710 (17.4) 0.015

2012 (%) 861 (20.91) 15,988 (26.88) 0.140 852 (20.8) 830 (20.3) 0.013

2013 (%) 1117 (27.12) 7911 (13.30) 0.349 1103 (27.0) 1108 (27.1) 0.003

2014 (%) 491 (11.92) 5540 (9.31) 0.085 489 (12.0) 499 (12.2) 0.008

2015 (%) 424 (10.30) 4390 (7.38) 0.103 422 (10.3) 449 (11.0) 0.021

2016 (%) 303 (7.36) 3753 (6.31) 0.042 303 (7.4) 269 (6.6) 0.033

2017 (%) 232 (5.63) 3008 (5.06) 0.026 231 (5.7) 222 (5.4) 0.010

Charlson Co-morbidity 
Index (SD)

1.52 (0.82) 1.30 (0.67) 0.296Ŧ 1.52 (0.82) 1.48 (0.77) 0.054

Diagnoses Malignant neoplasms of digestive 
organs (C15-C26) (%)

20 (0.49) 173 (0.29) 0.031 20 (0.5) 25 (0.6) 0.017

Infectious gastroenteritis and colitis, 
unspecified (A09) (%)

15 (0.36) 369 (0.62) 0.037 15 (0.4) 30 (0.7) 0.050

Hypertension (I10-I16) 79 (1.92) 2325 (3.91) 0.119Ŧ 71 (1.7) 114 (2.8) 0.071
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Cardiovascular diseases (I20-I25, I60- 
I69) (%)

15 (0.36) 60 (0.10) 0.055 15 (0.4) 2 (0.0) 0.070

Diabetes Mellitus (E08-E11, E13) (%) 12 (0.29) 318 (0.53) 0.038 12 (0.3) 30 (0.7) 0.062

Metabolic Disorders (E70-E88) 5 (0.12) 52 (0.09) 0.011 5 (0.1) 7 (0.2) 0.013

Osteoporosis (M81) (%) 0 (0.00) 12 (0.02) 0.020 0 (0.0) 1 (0.0) 0.022

Co-Prescription Angiotensin-Converting Enzyme 
Inhibitors (ACEIs) (%)

195 (4.73) 3242 (5.45) 0.033 186 (4.6) 261 (6.4) 0.081

Angiotensin Type II Receptor 
Antagonist (AIIA) (%)

74 (1.80) 1315 (2.21) 0.030 72 (1.8) 90 (2.2) 0.032

Clopidogrel (%) 166 (4.03) 918 (1.54) 0.152Ŧ 152 (3.7) 157 (3.8) 0.006

Diuretics (%) 257 (6.24) 4418 (7.43) 0.047 253 (6.2) 323 (7.9) 0.067

Non-steroidal Anti-inflammatory 
drugs (NSAIDs) (%)

974 (23.65) 35,196 (59.17) 0.773Ŧ 965 (23.6) 950 (23.2) 0.009

Steroids (%) 1059 (25.72) 5953 (10.01) 0.419Ŧ 1046 (25.6) 1077 (26.4) 0.017

Insulin (%) 33 (0.80) 451 (0.76) 0.005 33 (0.8) 50 (1.2) 0.041

Beta-2 adrenergic Agonist (%) 204 (4.95) 2055 (3.45) 0.075 203 (5.0) 311 (7.6) 0.109

Digoxin (%) 20 (0.48) 466 (0.78) 0.038 19 (0.5) 25 (0.6) 0.020

Aminoglycosides (%) 27 (0.66) 363 (0.61) 0.006 27 (0.7) 28 (0.7) 0.003

Polyene Antifungals (%) 5 (0.12) 24 (0.04) 0.029 5 (0.1) 6 (0.1) 0.007

eGFR* [mL/min/1.73m²] ≥ 90 2606 (63.28) 34,230 (57.55) 0.117Ŧ 2589 (63.3) 2565 (62.8) 0.012

< 90 1512 (36.70) 25,247 (42.40) 0.117Ŧ 1498 (36.7) 1522 (37.2) 0.012

Number of hospital  
visits (SD)

6.70 (8.20) 7.93 (10.36) 0.132Ŧ 6.71 (8.20) 7.62 (9.45) 0.103

Serum Magnesium  
[mg/dl] (SD)

N (%) = 1170 (1.84) 1.71 (0.40) 1.70 (0.49) 0.010 1.71 (0.41) 1.70 (0.40) 0.012

Number of serum creatinine 
tests [median (IQR)]

N (%) = 22,015 (34.62) 2 (1–4) 2 (1–4) 0.037 2 (1–4) 2 (1–4) 0.075

BMI [kg/m2] (SD)*** N (%) = 9209 (14.48) 26.68 (6.58) 24.90 (4.89) 0.307Ŧ 26.70 (6.59) 24.54 (5.17) 0.365Ŧ

Notes: ŦStandardized difference= difference in means or proportions divided by standard error; imbalanced defined as absolute value greater than 0.10; *CKD_Epi formulation; **Thai fiscal year 2011 is during October 1, 2010 and 
September 30, 2011 and Thai fiscal year 2011 is during October 1, 2011 and September 30, 2012; ***BMI was obtained only 14.48 per-cent of all participants that it was not used in adjusted models. 
Abbreviations: H2RAs, Histamine Receptor 2 Antagonists; PPIs, Proton pump inhibitors; SD, Standard Deviation; eGFR, Estimated Glomerular Filtration Rate; IQR, Inter Quartile Range; BMI, Body Mass Index.
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Insulin, Digoxin, Aminoglycosides, Polyenes antifungals). We included baseline covariates leading to hypomagnesemia 
due to the potentially hypomagnesemia patients linking with renal impairment.17,18 Estimated glomerular filtration rate 
(eGFR) was calculated from the observed serum creatinine (Scr) with CKD-Epi formula. Due to missing baseline serum 
creatinine in some participants, we, therefore, imputed the rest of participants’ eGFR whose serum creatinine were 
unobserved in accordance with sex and age. Details of ICD-10 for covariates and outcomes were informed in 
Supplementary Data 1.

Statistical Analysis
All individuals who developed either CKD events, hypomagnesemia, or death before their index date were excluded, while, 
those who were given by PPIs or H2RAs, considering exposed and comparator under the allowable gap. Switching between 
exposure and comparator, as well as, death during the follow-up period will be right-censored (Supplementary Figure 1A).

Baseline characteristics of cohort patients for the PPI and H2RAs users were reported as frequency, percentage, 
mean and standard deviation, or median and interquartile range, as appropriate. In addition, baseline characteristics 
of the exposure group and active comparator were compared using absolute standardized difference19 between 2 
groups for continuous and categorical data. The strength of association between PPIs and CKD was assessed with 
stratified Cox-proportional hazard (CPH) because the CPH assumption complied with Global Schoenfeld residuals 
test (p = 0.1407), including a separate test for each covariate (Supplementary Figure 2A). Collinearity assessment 
with variance inflation factor (VIF) was less than 4, assumingly none of multicollinearity among covariates using in 
CPH model (Supplementary Figure 3A).

In addition, we used propensity score matching to estimate the treatment effect of PPIs on those who received it 
accounting for confounding by the included covariates. The propensity score was estimated using 1:1 nearest neighbor 
matching without replacement20 of PPIs on the baseline covariates– sex, age category (<=60;>60), baseline eGFR, 
Steroids, Clopidogrel, NSAIDs, Charlson comorbidity index (CCI), hypertension, index year, and hospital visits 
(Supplementary Data 1, Figures 1B and 2B). To balance covariates between PPIs and H2RAs user, propensity score 
matching (PSM) was applied and modeled with time-to-event analysis.

Subgroup and Sensitivity Analysis
To assess if the HR would be differed by some covariates, subgroup analyses were conducted with sub-categories–baseline age 
(elderly or not), concomitant use of NSAID and PPIs and individual medication persistent use. On the basis of medication 
persistent use, we adopted “Medication Possession Ratio (MPR)”, defined as ratio between the days of medication supply of all 
prescriptions fills within a time interval.21 AdhereR package in R was used to calculate MPR, which takes the first medical event 
and accounts for carry over within observational window and excluding the supply left22 (Figure 4A in Supplementary Material). 
R software (version 4.0.5) was used for data management and analysis. A p-value of <0.05 was considered as statistical 
significance.

Results
During the 2-year entry periods, 154,056 participants age 20 years old or more were included in the study cohort. There 
were 90,285 participants who were excluded with reasons, such as incomplete of socio-demographic data and people 
who were diagnosed either AKI, hypomagnesemia, or CKD events before their index dates. A total of 59,477 new PPIs 
and 4118 H2RAs users were eligible for follow-up (Figure 1).

Baseline health characteristics and socio-demographics are described in Table 1. As compared with H2RAs, the 
number of PPI users who aged under or equal 60 years was higher and more often in women. Of all eligible participants, 
there were 22,015 (34.62%) users, whose baseline serum creatinine (Scr.) were provided in the hospital database. The 
individual measures of Scr were converted to eGFR, while, eGFR were imputed by sex and age for any participants 
whose baseline eGFRs were not measured. In this study, among of H2RAs users had higher CCI score at baseline than 
PPIs users. A small proportion of participants (4.70%) were diagnosed with diseases of esophagus, stomach and 
duodenum for PPIs or H2RAs use with regard to ICD codes. After matching on propensity score, there were 8174 
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matched-pairs, as well as, standard mean difference of age, hypertension, clopidogrel, NSAIDs, steroids, eGFR and 
number of hospital visits was balanced by SMD less than 10%.

The Strength of Association Between PPIs and CKD Events
Table 2 describes the number of events–AKI, Hypomagnesemia, and CKD, crude incidence rates of each study event. 
The median follow-up time was 0.25 years for before and after PSM. As many as 745 participants were diagnosed as 
CKD, as well as, 326 individuals were diagnosed as hypomagnesemia. The crude incidence rates and the proportion of 
participants developing CKD and hypomagnesemia events were higher among PPI users than among H2RAs users.

To comply with Cox proportional hazard (Cox-PH) regression’s assumption, different Cox-PH regressions were 
modeled (Supplementary Table 1A). As shown in Table 3, a stratified Cox-PH adjusted for baseline characteristics was 
proposed, and the hazard ratio for PPI users, as compared with H2RA users was 3.753 (95% CI:2.385–5.905) for the 
CKD events in accordance with 90 days of grace period, whereas, HR on the basis of 1:1 PSM was 5.164 (95% 
CI:3.110–8.574). The association was consistent in both stratified Cox-PH and propensity score matching models with 
different grace periods (Supplementary Table 2A).

Table 2 Number of Events, Follow-Up and Incidence Rate for the Study Mediators and Outcomes Between PPI and H2RA Users 
(Grace Period = 90 Days)

Measures Before Propensity Score Matching 
(N=63,595)

After 1:1 Propensity Score Matching 
(N=8174)

H2RAs PPIs H2RAs PPIs

Total number of participants (%) 4118 (64.75) 59,477 (93.52) 4087 (50) 4087 (50)

Total Follow-up (person-years) 1802 22,594 1784.16 1742.58

Median Follow-up years (IQR) 0.25 (0.24) 0.25 (0.01) 0.25 (0.24) 0.25 (0)

Number of participants with events

Acute Kidney Injury [AKI] 0 1 0 0

Hypomagnesemia [Hypomag] 16 310 16 43

Chronic Kidney Diseases [CKD] 20 725 19 73

Crude incidence rate per 100 person- 
years (95% CI)

Acute Kidney Injury [AKI] 0.000 (0.000–0.209) 0.000 (0.000–0.002) - -

Hypomagnesemia [Hypomag] 0.888 (0.518–1.473) 1.372 (1.224–1.530) 0.897 (0.512–1.456) 2.467 (1.785–3.323)

Chronic Kidney Diseases [CKD] 1.110 (0.678–1.714) 3.209 (2.979–3.451) 1.065 (0.641–1.663) 4.188 (3.283–5.266)

Table 3 Multivariable Cox Proportional Hazards: Overall Survival Following CKD for PPIs and H2RAs 
Users by Null, and Stratified Cox-PH, with Grace Periods = 90 Days

Model Crude HR [95% CI] Adjusted HR [95% CI]

Null 4.242 [2.718–6.619] -

Stratified Cox-PH adjusted for baseline covariates* - 3.753 [2.385–5.905]

1:1 Propensity score-matched [PSM] Cox-PH** - 5.164 [3.110–8.574]

Notes: *Adjusted for age category, sex, baseline eGFR(imputed), Steroids, Clopidogrel, and stratified, Charlson Comorbidity index 
(CCI), Hypertension, Steroid, and stratified by NSAID, entry year, and hospital visits assumingly different baseline hazard function 
between NSAID, entry year and hospital visit intervals at baseline. **PSM with weight score adjusting by age, NSAIDs, steroids, 
clopidogrel, CCI, Hypertension, Diseases of esophagus, stomach and duodenum (K20-K31), eGFR(imputed), Index years, and number 
of hospital visits.
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Sub-Group and Sensitivity Analysis
To measure confounding effect of concomitant use of NSAID to PPI users at baseline, in Table 4, their HRs were not 
statistically different. In addition, the HR was significant with both MPR 50% or less and with MPR over 50% (HR = 
3.880; 95% CI = 2.336–6.445 vs HR = 4.401; 95% CI = 1.184–16.356, respectively). Over 95% of Thai patients were 
given by Omeprazole, which showed a strong significant association to CKD incidence, while, the strength of association 
between non-Omeprazole and CKD was observed only before PSM (HR 3.612; 95% CI: 1.263–10.326) with a small 
number of sample size.

Discussion
In this large observational cohort study of using electronic medical record in Thailand, PPIs use associated, as compared 
with H2RAs, with diagnosed CKD outcome, was focused. Regarding the systematic reviews across countries from the 
United States, Brazil, Taiwan, Sweden, and Denmark, effect estimates for the association between PPI treatment 
(compared with non-PPI users or H2 blocker users) and CKD ranged from an adjusted HR of 1.12 (95% CI 1.08– 
1.17) to 7.34 (95% CI 3.94–13.71).23

As compared with this study, Guedes et al10 resulted the HR was 7.34 (95% CI: 3.94–13.71) (Supplementary 
Table 3A), indicating a higher risk of worse stages of CKD in omeprazole users than in non-users. This is relevant to 
our sub-group analysis (Table 4) that HR among omeprazole as compared to H2RAs was 3.783 (95% CI: 2.404–5.952). 
It is noticeable that omeprazole was most likely to be prescribed to the study participants in Thailand, which accounted 
over 90% of all gastric acid suppressants.

Most large observational databases were used in the study of PPIs associated with renal impaired outcomes that led to 
different incidence rate of CKD events, whereas, heterogeneity of data sources and baseline characteristics affected the 
magnitude of the CKD risk. For instance, Xie et al12 observed that a higher risk of CKD and CKD progression was 

Table 4 Subgroup Analysis Depicting the HR with 95% CI for CKD Events (Before and After Propensity 
Score Matching (PSM))

Subgroups Before PSM After PSM

HR 95% CI HR 95% CI

N 4118 (6.48) 59,477 (93.52) 4087 (50.00) 4087 (50.00)

Age at baseline

Non-elderly (<=60) 3.550 2.051–6.146 4.766 2.591–8.767

Elderly (>60) 4.569 2.000–10.439 5.753 2.284–14.489

Concomitant use of NSAID

No 3.040 1.685–5.484 3.805 1.963–7.377

Yes 4.544 2.208–9.353 7.670 3.421–17.196

Medication Possession Ratio

<=50% 3.880 2.336–6.445 5.211 3.003–9.042

>50% 4.401 1.184–16.356 4.842 1.310–17.901

Generic PPIs

Omeprazole vs H2RAs 3.783 2.404–5.952 5.206 3.135–8.644

Non-omeprazole vs H2RAs 3.612 1.263–10.326 NA* NA*

Notes: *Not applicable due to small number of events in this stratification.
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dependent on healthcare-related eGFR measurement. Likewise, Lazarus et al11 studied among PPI users in the 
Atherosclerosis Risk in Community cohort, where the higher odds of CKD relied on the ascertainment of ICD codes.

Having said that, our results were consistent as compared to those previous publications, while, we carefully control 
measurable confounders, such as a number of hospital visits among participants leading to differently ascertain eGFR measures, 
CKD incidence based on ICD coding by physician, co-prescription of nephrotoxic and hypomagnesemia-related medications 
were considered. However, baseline serum creatinine was largely missing due to unmeasured eGFR conditioning by clinical 
practice. Multiple imputation of eGFR based on sex and age was adopted to mitigate the bias estimation. Nevertheless, any other 
confounders, such as, personal health risk behaviors (smoking, drinking, sodium intakes, etc.) or time-varying confounders 
(BMI, eGFR changes along with the survival period) were not completely observed throughout our study database. This may 
cause underestimation of HR due to the modification effects between these unmeasured confounders and PPIs use to CKD.

Preceding articles have adopted many renowned study designs and advanced statistical analysis. In our study, we used 
retrospective with on-treatment analysis to determine whether being on either PPIs or H2RAs is associated with CKD 
event, assumingly the outcome was assessed on the basis of what treatments each participant actually prescribed, 
irrespective of the randomize of treatment.24 “On-treatment” with grace period approach measures CKD event that 
occurred while patients are taking PPIs or H2RAs with subsequent days after discontinuation of medication; for each 
patient who had no CKD event, time in the study is censored on 90 days after discontinuation of PPIs or H2RAs. Our 
result showed that the HR was persistent across the different grace periods (Supplementary Table 2A). However, our 
study approach excluded different periods of time for either PPIs or H2RAs, causing selection bias into the evaluation of 
risk, even if the direction of that bias remained unclear.24

Having reported from some previous studies9,10 with indication bias, H2RA as an active comparator (AC) and new user 
(NU) study design were also applied in our study. The aim of selecting AC is to mitigate confounding by indication and other 
unmeasured participant’s characteristics (eg, baseline health status, frailty, and assignment mechanism to treatment), while, 
the potential for immortal time bias is reduced as the start of follow-up time can be defined as the switch date for either PPIs 
or H2RAs.25,26 Although, H2RAs is not fully substitutable for PPIs indication, based on choices of treatment available on 
Thai health service during the study period, this is the best active comparator we had. For a new user approach, the time- 
varying hazard and temporality of covariates assessment are preserved.25 We fixed a wash-out window prior to the index date 
that individuals did not use any of either PPIs or H2RAs at least 6 months before the entry years.

The study’s result should be deliberately interpreted with its pros-and cons. Largely electronic hospital database is 
comprehensive and powerful in order to assess the safety of medication use in regular practice. As compared to previous 
cohort studies, our population is not predominant in some certain characteristics. Therefore, the study result could be 
more generalizable, particularly general population. However, our participants were patients accessing hospital, while 
reasons to measure serum creatinine could be confounders leading to selection bias.

In addition, dispensing data are more valid reflection of medication intake than claim data, particularly in terms of 
drug use continuation. However, dispensing data does not necessarily guarantee the adherence of medication. Therefore, 
a grace period approach was applied in data analysis with the concern of drug discontinuation causing the bias result, 
while, medication possession ratio (MPR) was also used in sub-group analysis to demonstrate that medication persistence 
did not affect the strength of association in this study (Table 4).

Nevertheless, there are some limitations in this study. On-treatment with exclusion of immortal time period (time 
from entry date to the index date) prone to selection bias. Potential self-treatment with over-the-counter PPIs could not be 
retrieved from our study database, which is a crucial confounder leading to misclassification of exposures. In addition, 
unmeasured confounders, particularly, smoking, drinking alcohol, and individual BMI may affect the estimation of HR. 
For further study, the additive effect of concomitant use between PPIs and other nephrotoxic drugs, particularly NSAID, 
while, potential mechanism or mediation effect between PPIs and CKD should be explored.

Conclusion
To conclude, the effect of PPIs associated with CKD was statistically significant in this hospital-based cohort. Although 
causality could not be assumed with a single study, the result is still relevant to previous publications, while, our study’s 
outcome was more generalizable to general population using active comparator new user design. PPIs should be 
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prescribed under the approval indication, while, it should be considered to remove from over-the-counter drug list in 
order to avoid long-term adverse events among general population.

Informed Consent Statement
Patient’s informed consents according to the Declaration of Helsinki and the International Conference on Harmonization 
in Good Clinical Practice were waived by institutional review boards of National Yang Ming Chiao Tung University 
(YM108156E), as well as, by study site’s human research ethical committee (REC.63-096-19-9). All retrieved data was 
anonymized and maintained with confidentiality under the study’s site regulations. Due to Thai and Taiwan restrictions 
apply to the availability of these data, raw datasets with personal identifications will not publicly shared.
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