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Association of proton pump inhibitor use with renal
outcomes in patients with coronary artery disease
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Background: Several studies have suggested that proton pump inhibitor (PPI) use is associated with adverse renal
outcomes, but obvious evidence for this association is lacking. We investigated the association between PPl use and
adverse renal outcomes in patients who had undergone percutaneous coronary intervention.

Methods: Of the 1,284 patients hospitalized for percutaneous coronary intervention between January 2007 and
May 2012, 934 patients with baseline estimated glomerular filtration rate greater than 60 mL/min/1.73 m” were
enrolled. Multivariable Cox models were used to examine whether PPl use was associated with acute and chronic
adverse renal outcomes.

Results: In adjusted time-dependent Cox models, PPl use was associated with acute kidney injury (hazard ratio [HR],
1.46; 95% confidence interval [95% Cl], 1.05—2.02), especially in patients aged 65 years or younger (HR, 2.08;
95% Cl, 1.09-3.96) or in patients with diabetes (HR, 2.00; 95% CI, 1.23—3.25). In multivariable Cox models, the
association between duration of PPl use and chronic kidney disease development was not statistically significant
(HR of heavy users, 1.50; 95% Cl, 0.61—-3.67), but a longer duration of PPl use was associated with mild renal
progression in patients younger than 65 years (HR of heavy users, 2.24; 95% Cl, 1.09—4.60).

Conclusion: Our results suggest that PPl use increases the risk of AKI development, and that PPl use is more

significantly associated with acute and chronic renal injuries in younger patients.

Keywords: Acute kidney injury, Chronic kidney failure, Proton pump inhibitors, Risk factors

Introduction

Proton pump inhibitors (PPIs) are one of the most wide-
ly used classes of drugs and are prescribed primarily for
gastric acid-related diseases, eradication of Helicobacter
pylori, and prevention of nonsteroidal anti-inflammatory
drug (NSAID)-induced gastropathy; however, they are
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often used without any clear indication [1]. Although
PPIs have an excellent overall safety profile, some severe
adverse effects, which include bone fracture, dementia,
myocardial infarction, infections, micronutrient deficien-
cies, and kidney diseases, have been proposed with little
evidence [2,3].

An adverse renal outcome was first reported in 1992 in
a case report of PPI-associated acute interstitial nephri-
tis (AIN) [4]. Since then, several studies have reported
that PPI use is related to AIN and acute kidney injury
(AKI) [5—7]. Recently, large population studies have sug-
gested that chronic kidney disease (CKD) might also
be an important complication arising from PPI use [8—
10]. Although an immunologic reaction is the proposed
mechanism of PPI-associated renal injury [11], the exact
mechanism has not yet been clearly identified.
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Because PPI-associated renal injury is often asymp-
tomatic and requires a longer duration of drug exposure
to be detected [12], the results of current studies can
be influenced by many confounding factors, such as
concomitant medication use, bleeding, and comorbid
conditions. Furthermore, it is difficult to quantify PPI
use due to widespread prescribing habits and over-the-
counter (OTC) sales in many countries. This can also lead
to misclassification bias. Because OTC sale of PPIs is not
available in Korea, and because prescription of drugs are
strictly controlled in patients who have undergone per-
cutaneous coronary intervention (PCI), our previous ret-
rospective PCI cohort [13] is an ideal population for PPI
studies. With this well-controlled cohort, we investigated
the relationship of PPI use and the development of CKD
and AKI.

Methods
Study population

The study population consisted of 1,284 patients who
underwent PCI from January 2007 to May 2012 at Soonc-
hunhyang University Cheonan Hospital, Korea, and who
had taken part in our previous study [13]. Baseline esti-
mated glomerular filtration rate (eGFR) and baseline cre-
atinine were the median values measured between 6 and
12 months after PCI, as PCI with contrast use could affect
creatinine levels. Participants were excluded if they were
missing baseline eGFR measurements, had a baseline
eGFR less than 60 mL/min/1.73 m® or were already on

1,284 Patients who were undergoning PCI
between January 1, 2007 and May 31, 2012

hemodialysis. Participants who completed follow-up in
less than 365 days were also excluded from the analysis of
CKD outcomes because the cumulative number of days
of PPI use in the first year after PCI was used as the pri-
mary predictive variable. Finally, 934 participants were
included in the analysis for AKI outcomes, and 916 par-
ticipants were included in the analysis for CKD outcomes
(Fig. 1).

In the analysis for both CKD and AKI outcomes, all par-
ticipants were followed up for five years after PCI. Par-
ticipants were considered lost to follow-up if there was
no further creatinine value within an observation period,
and they were censored in survival analyses at the date of
the last documented serum creatinine measurement.

The present study was approved by the Institutional
Review Board of Soonchunhyang University Cheonan
Hospital (2017-09-021-002).

CKD and AKI outcomes

We used the term ‘CKD outcomes’ to combine three in-
dependent outcomes: incident CKD, incident CKD with
progression, and mild renal progression. ‘Incident CKD’
was defined as the first sustained drop in eGFR below 60
mL/min/1.73 m? for at least 90 days [9]. ‘Incident CKD
with progression’ was defined as the first drop in eGFR
below 60 mL/min/1.73 m® with a subsequent decrease
in eGFR of at least 25% [14], and ‘mild renal progression’
was defined as a sustained decrease in eGFR of at least
10%.

We also used the term ‘AKI outcomes’ to combine two

350 Excluded

213 missed data for baseline eGFR )
94 baseline eGFR < 60 mL/min/1.73 m
25 on hemodialysis

A 4

| 934 Patients eligible for AKI anaylsis |

18 Excluded

18 followed up less than 365 days

A 4

| 916 Patients eligible for CKD anaylsis |
I

Figure 1. Flow chart of patient enroll-
ment.

AKI, acute kidney injury; CKD, chronic
kidney disease; eGFR, estimated glo-

PPl use < 36 days
in first 365 days
(n=307)

PPI use 36-306 days
in first 365 days
(n =308)

PPI use > 307 days
in first 365 days
(n=301)

merular filtration rate; PCI, percutaneous
coronary intervention; PPI, proton pump
inhibitor.
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independent outcomes: ‘AKI-creatinine, which was de-
fined as at least 0.3 mg/dL or 50% increase in serum cre-
atinine within 30 days [9], and ‘AKI-eGFR, which was de-
fined as a decrease in eGFR of at least 25% within 30 days
of PCI. If multiple AKIs occurred within 120 days, only
the first was considered as the event occurrence, and all
other AKIs were ignored. If an event occurred 120 days af-
ter the first event, it was considered a second AKI. In this
mannet, each patient could have multiple AKI outcomes.

Measurement of PPl use

PPI dosing and duration of use were investigated using
the electronic medical record system of Soonchunhyang
University Cheonan Hospital. In the analysis for CKD
outcomes, ‘duration of PPI use’ was defined as cumula-
tive number of days of PPI use in the first 365 days after
PCI. Those patients prescribed PPIs were categorized as
light users (< 36 days), moderate users (37—306 days),
or heavy users (= 307 days) based on tertile, where light
user was set as the reference category. In the analysis for
AKI outcomes, ‘PPI use’ was assessed as a time-varying
covariate that was composed of time intervals and binary
values (PPI use or not). If there were more than 30 dose-
free days, two different intervals were generated.

Covariates

Demographic characteristics of the participants were
recorded at the time of admission for PCI. These were
age, gender, weight, height, body mass index (BMI), dia-
betes mellitus (DM), hypertension (HTN), dyslipidemia,
and cancer. The laboratory variables assessed on admis-
sion included serum urea nitrogen, creatinine, calcium,
phosphorus, albumin, hemoglobin, platelets, routine
urinalysis, and echocardiographic findings, such as left
ventricular ejection fraction (LVEF). NSAID use in the
first year after PCI was also measured in the same way as
PPI use.

Plasma creatinine level was measured by a modified
kinetic Jaffé method, and eGFR was computed based on
age, sex, race, and serum creatinine using the Chronic
Kidney Disease Epidemiology Collaboration equation
[15].

Statistical analysis

Statistical analyses were performed using R version 3.4.0
(The R Foundation for Statistical Computing, Vienna,
Austria). Categorical variables were expressed percent-
ages. Normally distributed continuous variables were
expressed as means + standard deviations, and non-nor-
mally distributed continuous variables were expressed as
medians (interquartile ranges).

The difference in baseline characteristics between the
three groups for the duration of PPI use was assessed
using chi-square and ANOVA tests for categorical and
continuous variables, respectively. Using a Spearman’s
correlation coefficient, we analyzed whether the duration
of PPI use in the first 365 days was associated with the
duration of PPI use in the first 730 days and 1,095 days.

Kaplan-Meier curves with log-rank tests were used for
assessing associations between duration of PPI use and
CKD outcomes. We used multivariable Cox proportional
hazards models to assess the associations between du-
ration of PPI use and CKD outcomes after adjusting for
other covariates. Nonlinear associations were examined
using restricted cubic splines to relax linearity assump-
tions for continuous variables, especially for duration of
PPI use.

Associations between PPI use and AKI outcomes were
evaluated using time-dependent Cox models with the
Andersen-Gill extension, which was used to capture the
impact of temporal changes in PPI use and to deal with
multiple events. Furthermore, in some time-dependent
Cox models, 7, 14, 28, and 42 days of time lag to time-
dependent PPI use was taken into account for a delayed
effect of PPI exposure on AKI occurrence. Subgroup anal-
yses of both CKD and AKI outcomes were performed for
participants partitioned by demographic and comorbid
conditions and by significant laboratory markers.

When selecting covariates for adjustment, univariate
Cox models were performed, and covariates whose P
value was less than 0.05 were considered to be potential
confounders. Proportional hazards assumptions were
tested using Schoenfeld residuals. In Cox regression
models, a 95% confidence interval (CI) of a hazard ratio
(HR) that did not include 1.0 was considered statistically
significant. In other analyses, a P value less than 0.05 was
considered statistically significant.
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Results
Participant characteristics

There were 934 participants in the analysis for AKI
outcomes and 916 participants in the analysis for CKD
outcomes. Their median follow up period was 3.6 years
and 3.5 years from baseline, respectively. The median
frequency of serum creatinine measurements in each
patient was six (interquartile range, 4—11) during the
follow-up period. Participant characteristics according to
the duration of PPI use are presented in Table 1. The light
user group had more male participants than the other
groups, and the other characteristics did not show sig-
nificant differences between the groups.

Characteristics of PPl use

The distribution of duration of PPI use was bimodal,

and the median value was 250 days (interquartile range,
15—319 days), and 139 participants did not take a PPI at
all in the first 365 days. The duration of PPI use in the first
365 days was relatively consistent with the duration of
PPI use in the first 730 days (Spearman’s rho = 0.884, P <
0.001) and 1,095 days (Spearman’s rho = 0.853, P < 0.001).
This was analyzed in participants who were followed for
longer than 730 days (n = 867) and 1,095 days (n = 802).
During the whole observation period, 46 patients (4.9%)
did not take a PPI, 309 (33.1%) took only one type of PP]I,
and 579 (62.0%) took two or more types of PPI. The types
and frequencies of PPI medications were as follows:
pantoprazole, 382; lansoprazole, 866; esomeprazole, 462;
rabeprazole, 62; S-pantoprazole, 12; dexlansoprazole, 10;
and ilaprazole, 6

Association between PPl use and CKD outcomes

Among the 916 participants, there were 31 with inci-

Table 1. Participant characteristics according to duration of proton pump inhibitor (PPI) use

Duration of PPI use in the first 365 days

Variable Light users (< 36 days) Moderate users (37—306 days) Heavy users (= 307 days) P value
(n=2307) (n=308) (n=301)
Age (yr) 61.8+10.4 62.8+11.6 62.0 £ 10.7 0.475
Sex, male 217 (70.7) 184 (59.7) 199 (66.1) 0.016
Hypertension, present 176 (57.3) 167 (54.2) 161 (53.5) 0.599
Diabetes, present (31 3) (29 9) (31 6) 0.889
Dyslipidemia, present 2(7.2) 3(7.5) 2(7.3) 0.990
Cancer, present 11 (3.6) 11 (3.6) 13 (4.3) 0.860
Body mass index (kg/m?) 249+3.3 24.8+3.2 244 +3.6 0.159
Albumin (g/dL) 44+0.4 44 +0.4 44 +0.4 0.194
Urea nitrogen (mg/dL) 14.8 (12.5-18.2) 15.0 (11.8-19.0) 14.8 (12.0-17.5) 0.425
Creatinine (mg/dL) 0.8+0.2 0.8+0.5 0.8+0.3 0.700
Calcium (mg/dL) 91+05 9.0+0.5 9.0+ 0.6 0.116
Phosphorus (mg/dL) 3.3+0.8 3.3+0.7 34+09 0.430
Hemoglobin (g/dL) 139+ 18 13.7+ 1.7 13.8+1.8 0.324
Platelet count (><103/uL) 234.5 +65.7 235.7 £62.2 235.5+65.4 0.965
eGFR (mL/min/1.73 m?) 91.7+13.3 92.3+135 92.3+135 0.804
Urine dipstick protein 0.191
Negative 233 (75.9) 227 (73.7) 214 (71.1)
Trace 61 (19.9) 65 (21.1) 61(20.3)
1+ 9(2.9) 9(2.9) 11(3.7)
2+ or over 4(1.3) 7(2.3) 15 (5.0)
LVEF 62.0 (50.0—-65.0) 60.0 (50.0—-65.0) 60.0 (48.0—-65.0) 0.534
NSAID use, yes 29 (9.4) 40 (13.0) 40 (13.3) 0.264

Data are presented as mean + standard deviation, median (interquartile range), or count (%), as appropriate. Comparisons are made by ANOVA or chi-square test.
eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; NSAID, nonsteroidal anti-inflammatory drug.
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Figure 2. Cumulative hazard curves for chronic kidney
disease (CKD) outcomes according to duration of proton
pump inhibitor (PPI) use. Cumulated hazard curves for (A) inci-
dent CKD, (B) incident CKD with progression, and (C) mild renal
progression.

Table 2. Incidence rate and hazard ratio for chronic kidney disease (CKD) outcomes according to duration of proton pump inhibi-

tor (PPI) use

Duration of PPl use in the first 365 days

CKD outcome -
Light users (< 36 days) (n = 307) Moderate users (37—306 days) (n = 308) Heavy users (= 307 days) (n = 301)
Incident CKD
Number of events 8(2.6) 10(3.2) 13 (4.3)
Incidence rate 8.2 (3.9-15.4) 9.8 (5.0-17.4) 12.9 (7.2-21.5)

Hazard ratio 1 (reference)
Incident CKD with progression
Number of events
Incidence rate

Hazard ratio

4(1.3)
4.0(1.4-9.6)
1 (reference)
Mild renal progression
Number of events 38(12.4)
41.1 (29.5-55.8)

1 (reference)

Incidence rate
Hazard ratio

1.29 (0.50-3.32)

8(2.6)
7.7 (3.7-14.6)
1.61 (0.47—5.48)

44.(14.3)
45.8 (33.7-60.9)
1.07 (0.69—1.66)

1.50 (0.61-3.67)

7(2.3)
6.9 (3.1-13.5)
1.46 (0.42-5.03)

49 (16.3)
51.2 (38.7—54.5)
1.22 (0.79—1.87)

Data are presented as number (%) or value (95% confidence interval [CI]).

Incidence rate is presented as a number of events per 1,000 person-years. Hazard ratios (95% Cl) were attained by multivariable Cox proportional hazard models
adjusted for age, gender, diabetes mellitus, hypertension, serum albumin, baseline estimated glomerular filtration rate, and urine dipstick protein.
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dent CKD, 19 with incident CKD with progression, and
131 with mild renal progression. The incidence rates were
10.3 per 1,000 person-years (95% CI, 7.1—14.4), 6.3 per
1,000 person-years (95% CI, 3.9—9.6), and 46.1 per 1,000
person-years (95% CI, 36.7—54.5), respectively. The un-
adjusted cumulative hazard curves of CKD outcomes by
duration of PPI use are shown in Fig. 2. There was no sig-
nificant difference between these groups in log-rank tests.

The association between duration of PPI use and CKD
outcomes was examined by multivariable Cox models
with adjustment for age, gender, DM, HTN, serum albu-
min, baseline eGFR, and urine dipstick protein. As the
duration of PPI use increased, the hazard of the CKD
outcomes tended to increase as well. However, there
was no statistical significance in all Cox models for CKD
outcomes (Table 2). Additionally, the participants were
categorized as non-PPI users (n = 139) vs. PPI users (n
= 777) according to a history of PPI use in the first 365
days following PCI. The percentages of development of

1.65 +

1.00

0.61 4

Hazard ratio for mild renal progression

0 100 200 300
Duration of PPI use in first 365 days (d)

Figure 3. Hazard of mild renal progression according to dura-
tion of proton pump inhibitor (PPI) use. Restricted cubic spline
regression model of the hazard of mild renal progression by dura-
tion of PPI use after adjusting for age, gender, diabetes, hyperten-
sion, serum albumin, baseline estimated glomerular filtration rate,
and urine dipstick protein. The figure shows an estimated adjusted
hazard ratio as a function of duration of PPl use with 95% pointwise
confidence limits, using 36 days as the reference duration.

No. of No. of Hazard ratio for P value for
Subgroups patients (%)  events mild renal progression interaction
Overall 916 (100) 131 -
Age (yr)
<65 505 (55.1) 55 f L { 0.023
>65 411 (44.9) 76 R
Sex
Male 600 (65.5) 82 - 0.752
Female 316 (34.5) 49 H
——
BMI (kg/m’)
<25 495 (54.0) 66 —— 0.220
>25 421 (46.0) 65 ]
Diabetes
Absent 633 (69.1) 73 —— 0.517
Present 283 (30.9) 58 f = !
Hypertension
Absent 412 (45.0) 45 - 0.905
Present 504 (55.0) 86 -
Albumin (mg/dL)
<45 487 (53.2) 73 [ = 0.328
>45 429 (46.8) 58 g
Baseline eGFR L .
(mL/min/1.73m2) Figure 4. Multivariable-adjusted haz-
<90 366 (40.0) 74 —— 0.591 ard ratios (95% confidence interval)
> 90 550 (60.0) 57 H— of mild renal progression between
. . the light user group and heavy user
05 1 2 3 45 group, according to subgroup.

Heavy‘user better  Light user betteF
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CKD outcomes were higher in PPI users than in non-PPI
user, but there was no significant difference (Supple-
mentary Table 1; available at https://doi.org/10.23876/
jkrcp.2018.37.1.59).

The restricted cubic spline regression model was used
to visualize intuitive relationships between the duration
of PPI use and CKD outcomes after adjustment for age,
gender, DM, HTN, serum albumin, baseline eGFR, and
urine dipstick protein. The hazard ratios for mild renal
progression gradually increased from the zero point and
flattened after about 150 days of PPI use (Fig. 3).

In the subgroup that included participants younger
than 65 years (n = 505), heavy PPI users were more sig-
nificantly associated with mild renal progression than
light users (HR of moderate users, 1.85 [95% CI, 0.87—
3.92]; HR of heavy users, 2.24 [95% CI, 1.09—4.60]) (Fig. 4).
In other subgroups, partitioned by sex, BMI, DM, HTN,
serum albumin, and baseline eGFR, the duration of PPI

Table 3. Hazard ratio for acute kidney injury (AKI) outcomes
according to time-dependent proton pump inhibitor (PPI) use

AKI outcomes

PPl use Incident AKI assessed Incident AKI assessed
by creatinine by eGFR

Model 1 1.29(0.97-1.72)  0.078 1.39(1.00-1.91) 0.048
Model 2 1.32(0.99-1.77) 0.055 1.46(1.05-2.02) 0.023
Model 3a 1.36 (1.02-1.82) 0.035 1.45(1.04-2.01) 0.027
Model 3b 1.37 (1.02-1.83) 0.034 1.42(1.02-1.97) 0.035
Model 3¢ 1.29(0.96-1.72) 0.087 1.36(0.98-1.89) 0.062
Model 3d 1.10(0.83-1.46) 0.519 1.12(0.81-1.54)  0.490

Data are presented as the hazard ratio (95% confidence interval) and P value
attained by multivariable time-dependent Cox models with Andersen-Gill exten-
sion.

Model 1: not adjusted; Model 2: adjusted for age, body mass index, diabetes
mellitus, hypertension, serum albumin, serum hemoglobin, and baseline es-
timated glomerular filtration rate (eGFR) and left ventricular ejection fraction;
Model 3a—d: adjusted for Model 2 variables, with 7, 14, 28 and 42 days of time
lag to time-dependent PPI use.

No. of No. AKls Hazard ratio for P value for
Subgroups patients (%) (AKI patients) mild renal progression interaction
Overall 934 (100) 164 (117) ——
Age (yr)
<65 511 (54.1) 50 (37) f = ! 0.043
> 65 423 (45.3) 114 (80) -
Sex
Male 610 (65.3) 96 (68) - 0.691
Female 324 (34.7) 68 (49) H -
BMI (kg/m?)
<25 508 (54.4) 101 (71) H—a— 0.461
>25 426 (45.6) 63 (46) ——
Diabetes
Absent 642 (68.7) 83 (63) —— 0.012
Present 292 (31.3) 81 (54) f = !
Hypertension
Absent 418 (44.8) 55 (38) f = 0.946
Present 515 (55.1) 109 (79) .
Albumin (mg/dL)
<45 499 (53.4) 111.(77) H—-— 0.176
245 435 (46.6) 53 (40) f = {
Baseline 6GFR Figure 5 Mult:)varlabl_e-adjus_ted haz-
(mL/min/1.73m2) ard ratios (95% confidence interval)
<90 374 (40.0) 119 (83) H-— 0.111 of AKI-eGFR between the non-PPI
>90 560 (60.0) 45 (34) } = | use group and PPI use group, accord-
ing to subgroup.
05 1 2 3 4 AKI, acute kidney injury; BMI, body mass

PF;I use better Non-PPI use bet'ter

index; eGFR, estimated glomerular filtra-
tion rate; PPI, proton pump inhibitor.
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use was not clearly associated with any CKD outcomes.
Association between PPl use and AKI outcomes

There were 206 AKI-creatinine events (154 patients) and
164 AKI-eGFR events (117 patients) among the 934 par-
ticipants. The incidence rate of AKI-creatinine was 67.2
per 1,000 person-years (95% CI, 58.5—76.9) (PPI use, 75.5
[95% CI, 63.4—89.3] per 1,000 person-years; non-PPI use,
56.3 [95% CI, 44.6—70.2] per 1,000 person-years). The in-
cidence rate of AKI-eGFR was 53.5 per 1,000 person-years
(95% CI, 45.8—62.2) (PPI use, 61.7 [95% CI, 50.8—74.2]
per 1,000 person-years; non-PPI use, 42.8 [95% CI, 32.8—
55.1] per 1,000 person-years).

In time-dependent Cox models adjusted for age, BMI,
DM, HTN, serum albumin, serum hemoglobin, baseline
eGFR, and LVEE, PPI use was significantly associated with
AKI-eGFR (HR, 1.46; 95% CI, 1.05—2.02) but not with AKI-
creatinine (HR, 1.32; 95% CI, 0.99—1.77). Additionally,
after 7 and 14 days of time lag to time-dependent PPI use,
PPI use was significantly associated with both AKI out-
comes. The associations between PPI use and both AKI
outcomes gradually weakened after 28 days and 42 days
of time lag to time-dependent PPI use (Table 3).

In the subgroup analyses for AKI-creatinine, PPI use
was significantly associated with AKI occurrence in pa-
tients younger than 65 (HR, 1.97; 95% CI, 1.18—3.28)
and in those with DM (HR, 2.01; 95% CI, 1.27—3.17). In
the subgroup analyses for AKI-eGFR, PPI use was also
significantly associated with AKI occurrence in patients
younger than 65 (HR, 2.08; 95% CI, 1.09—3.96) and DM
(HR, 2.00; 95% CI, 1.23—3.25) (Fig. 5).

Discussion

In high-risk patients who underwent PCI, we found that
PPI use was associated with increased risk of developing
AKI, especially in younger patients with DM. A significant
portion of PPI-associated AKI seemed to occur within 14
days after the initiation of PPI. Although the association
between PPI use and CKD development was not statisti-
cally significant, subgroup analysis showed that a longer
duration of PPI use was associated with chronic renal
progression in patients younger than 65 years.

Our study showed a significant association between PPI
use and AKI occurrence, especially after 7 and 14 days of
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time lag to the intervals of PPI use. This diminished after
28 days of time lag. From these results, we can infer that
PPI use is more associated with AKI development dur-
ing the first 7 to 14 days after starting a PPI than after the
initial 14 days. Previous studies reported that the time
interval from initiation of PPI use to AKI occurrence is
quite variable, ranging from 1 week to 9 months [16], and
that classic drug-associated AINs develop within 3 weeks
after starting the drugs in about 80% of patients, with an
average delay of about 10 days [17]. Previous reports are
consistent with our results.

Recent studies suggested that PPI use was a significant
risk factor for CKD development [8—10,18]; however, the
association between PPI use and CKD development was
not conclusive in our study. This discrepancy could re-
sult from several factors. First, the incidence rate of CKD
in our study (10.3 per 1,000 person-year) was far less than
that of other studies (14.2—36.8 per 1,000 person-year)
[8,9]. Second, because our study was conducted with only
Korean patients with coronary artery disease, the target
populations differed in race and comorbidities. Last,
measurements and descriptions of PPI exposure differed
between studies.

Our study showed that younger individuals were more
prone to develop AKI and CKD, as is consistent with pre-
vious studies [18,19]. These results are difficult to explain,
considering that younger patients are less vulnerable
to kidney injuries. Given that autoimmune diseases are
more common in middle-aged women [20], and that PPIs
might be associated with extra-renal manifestations of
hypersensitivity [21], PPI-induced renal injury is suspect-
ed to result from certain immunologic processes that take
place more commonly in the young. The other reason
might be that in the younger population the prevalence of
CKD without PPI use is quite low making the prevalence
of CKD associated with PPI use more significant [18].

Our study showed that, in DM patients, PPI use was
more significantly associated with AKI development, and
these association have not been previously reported. High
glucose concentration and activation of the renin-angio-
tensin aldosterone system were found to weaken the tu-
bulointerstitium in DM patients by various mechanisms,
including oxidative stress, interstitial inflammation, and
induction of profibrogenic cytokines [22]. In this milieu,
it is possible that PPI-induced immunologic responses in
the interstitium could more severely worsen renal func-
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tion. However, because exact mechanisms are not known
and evidence is insufficient, additional studies are needed.

There are a few limitations to this study. First, because
of its retrospective design, it was impossible to control for
exposures and confounding factors. However, because
the participants in this study were followed up regularly
and prescriptions drugs were strictly managed, we con-
sidered the assessments of information about exposures
and confounding factors to be quite reliable. Second, a
history of PPI use before PCI, which could affect CKD
outcomes, was not available because many participants
started to regularly visit our clinic after the PCI. Third,
PPIs prescribed at other hospitals were not investigated.
However, considering that OTC purchase of PPIs is not
possible in Korea, and that the use of drugs is strictly con-
trolled due to the nature of these patients, the PPI his-
tory in this study is considered to be more accurate than
in other studies. Fourth, participants who used NSAIDs
throughout the observation period were not excluded
from the study. However, most participants in this study
were prescribed PPIs because of bleeding risk induced by
anti-platelet agents, not NSAIDs. As such, we expect that
the effect of NSAIDs on renal outcomes would not sig-
nificantly differ between PPI user groups. Last, because
this study was conducted on patients with coronary
artery disease, we need to be cautious when expanding
our results to the general population. The participants in
this study were at higher risk of adverse renal outcomes
because of the prevalence of comorbidities and more fre-
quent use of PPIs than in the general population.

In conclusion, we found that PPI use increased the risk
of AKI development, especially in the first 14 days of use.
Also, in younger patients, PPI use was more significantly
associated with adverse renal outcomes, including both
acute and chronic forms. Therefore, it is necessary to
prescribe PPIs with proper indications for as short a time
period as possible, especially when prescribing PPIs for
young or DM patients.
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