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Abstract

Objectives: Proton pump inhibitors (PPIs) are widely used for acid suppression therapy.

Recently, PPI use was reported to be associated with chronic kidney disease (CKD); however,

whether a low dose of PPIs is associated with CKD remains unknown.

Methods: This retrospective observational study included hypertensive patients who visited

Kenwakai Hospital between 2017 and 2019. Renal parameters, such as the estimated glomerular

filtration rate (eGFR) and serum creatinine (Scr), were extracted from medical records and

compared between three years before treatment and the baseline. PPI use was assessed as

cumulative exposure for three years.

Results: The study population included 152 patients (57.9% men; mean age, 74.5 years). Of

those, 35.5% were PPI users (low dose, 17.1%; high dose, 18.4%). A significant decrease in eGFR

and an increase in Scr were observed between three years before treatment and the baseline in

the high-dose PPI group but not the non-use or low-dose PPI groups.
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Conclusions: Our results suggest that a low dose of PPIs may be safe in clinical settings, but

further prospective studies are needed to clarify our findings.
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Introduction

Proton pump inhibitors (PPIs) are some of

the most commonly prescribed medications

worldwide. PPIs have high efficacy and an

excellent safety profile.1 Recently, several

observational studies reported an associa-

tion between PPI use and uncommon but

serious adverse events, including hip frac-

tures,2 community-acquired pneumonia,3

Clostridium difficile infections,4 acute inter-

stitial nephritis,5–7 and acute kidney injury.8

In addition, several population-based stud-

ies have demonstrated a relationship

between PPI use and chronic kidney disease

(CKD).9–11 Specifically, the association of

PPI use with CKD risk is greater in patients

receiving high doses of PPIs.11 However,

whether CKD occurs in patients treated

with a low dose of PPIs remains unknown.
Significantly, the prevalence of CKD has

been increasing in older and aging popula-

tions.12 In many cases, elderly patients

exhibit hypertension. In this retrospective

observational study, we investigated wheth-

er a low dose of PPIs is associated with

CKD in elderly hypertensive patients.

Materials and methods

Study population

This retrospective observational study was

approved by the Ethics Committee of

Osaka University of Pharmaceutical

Sciences (Takatsuki, Japan; 26 June 2017)

and conducted in accordance with the
Declaration of Helsinki. Adult hypertensive

patients were recruited from Kenwakai

Hospital (Nagano, Japan) between 2017
and 2019. The primary endpoint was a

>50% increase in serum creatinine (Scr)

or progression into end-stage renal disease
(ESRD). Eligible participants had a blood

pressure (BP) of at least 140 mmHg systolic

or 90 mmHg diastolic or used antihyperten-
sive drugs, and they were all over 60 years

old. The major exclusion criteria included

diabetes mellitus, a history of congestive
heart failure, arterial fibrillation, angina,

cardiovascular events in the past 6

months, polycystic kidney disease, IgA
nephropathy, and an estimated glomerular

filtration rate (eGFR) below 15 (mL/

minutes per 1.73 m2) or dialysis. We also
excluded patients who had undergone

kidney transplantation. All participating

patients provided written informed consent.

PPI exposure and grouping

The use of PPIs 3 years before participation

was determined retrospectively by analyz-

ing the prescription history in the medical
records. To assess exposure to PPIs, we

determined the total duration of PPI

administration, which was calculated by

adding the duration of PPI prescriptions
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from each outpatient visit during the study
period. Therefore, the exposure time to
PPIs was the total number of days but not
necessarily continued over time. PPIs avail-
able in Japan were omeprazole (10 or
20mg), esomeprazole (10 or 20mg), lanso-
prazole (15 or 30mg), and rabeprazole (5,
10, or 20mg). Based on previous
reports,13,14 we categorized the PPI dose
as either low (10mg for omeprazole,
10mg for esomeprazole, 15mg for lanso-
prazole, and 5 or 10mg for rabeprazole)
or high (20mg for omeprazole, 20mg for
esomeprazole, 30mg for lansoprazole, and
20mg for rabeprazole), which are daily
doses in Japan. Patients were then classified
into a low-dose PPI group and a high-dose
PPI group.

Statistical analysis

Data are presented as the mean�SD or
median (interquartile range) for continuous
variables and n (%) for categorical varia-
bles. The differences in parametric and non-
parametric values between two groups were
analyzed with the unpaired t-test and the
Mann–Whitney U-test, respectively. A
paired t-test was used for the comparison
of variables three years before treatment
and at baseline. The differences in paramet-
ric and nonparametric values between three
groups were analyzed with ANOVA and
Kruskal–Wallis tests. Categorical variables
were compared using chi-squared tests.
P<0.05 was considered significant. All sta-
tistical analyses were performed using IBM
SPSS Statistics for Windows, Version 19.0
(IBM Corp., Armonk, NY, USA).

Results

We identified 152 consecutive elderly
patients who visited our hospital
(Supplementary Figure 1).

The patients in this study included those
that received esomeprazole (10mg, n¼ 1;

20mg, n¼ 25), lansoprazole (15mg,

n¼ 23; 30mg, n¼ 2), and rabeprazole

(10mg, n¼ 14; 20mg, n¼ 3). These num-

bers also included patients who received

treatment with different PPIs (Table 1).

None of the patients included in this study

received omeprazole. Of 54 PPI users, 40

patients were treated with only one dose

of PPIs, and the remaining patients were

treated with at least two different doses

[both at a high dose (n¼ 2), one low and

one high dose (n¼ 10), or both low doses

(n¼ 2)]. Patients were classified into a low-

dose PPI group (n¼ 26) and a high-dose

PPI group (n¼ 28). Patients who received

both a low and high dose of PPIs were allo-

cated to the high-dose PPI group. The

remaining 98 patients did not receive any

PPIs and were classified into the non-user

group. The baseline demographic charac-

teristics are given in Table 2. The mean

age was 74.5� 5.4 years, and 88 were men

(57.9%). The baseline data in different PPI

groups are illustrated in Figure 1. There

were no significant differences in Scr,

blood urea nitrogen (BUN), eGFR, or

urine albumin-to-creatinine ratio (UACR)

between PPI non-users and users.
Next, we compared the renal parameters

(eGFR and Scr) between three years before

treatment and baseline in PPI users and

non-users. As shown in Figure 2, the

eGFR was significantly decreased in the

high-dose PPI group (P¼ 0.009) but not

in the low-dose PPI or non-user groups.

Similarly, no significant differences were

observed in Scr between 3 years before

treatment and baseline in the low-dose

PPI and non-user groups, whereas a signif-

icant increase in Scr was found in the high-

dose PPI group (P¼ 0.0009). PPI users and

non-users did not achieve the primary end-

point of a >50% increase in Scr or progres-

sion into ESRD.
In addition, the greatest reduction in

eGFR was observed in the high-dose PPI
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Table 2. Patient characteristics and baseline data.

Variables Total (n¼152)

PPI non-users

(n¼ 98)

PPI users

Low dose

(n¼ 26)

High dose

(n¼ 28) P-value

Men, n (%) 88 (57.9) 58 (38.2) 16 (10.6) 14 (9.2) 0.029

Age, years 74.5� 5.4 74.1� 5.6 74.6� 5.0 75.9� 5.3 0.30

BMI, kg/m2 24.2� 3.6 24.4� 3.8 24.0 �3.6 23.5� 2.9 0.47

Systolic BP, mmHg 132.9� 13.6 133.7� 12.8 128.2� 11.3 134.6� 17.6 0.14

Diastolic BP, mmHg 73.7� 9.7 74.8� 10.1 71.3� 9.3 72.0� 8.5 0.16

Ever smoker, % 48 (31.6) 27 (17.8) 14 (9.2) 7 (4.6) 0.001

Ever drinker, % 73 (48) 53 (34.9) 9 (5.9) 11 (7.2) 0.005

Duration of

hypertension, years

11 (6–20) 11 (8–20) 7.5 (4–11.3) 9.5 (4.3–18.8) 0.08

Serum albumin, g/dL 4.1� 0.3 4.1� 0.3 4.1� 0.5 4.1� 0.3 0.81

Hemoglobin, g/dL 13.2� 1.5 13.3� 1.5 13.1� 1.4 13.0� 1.7 0.64

HbA1c, % 6.0� 0.6 6.0� 0.5 6.1� 0.7 6.0� 0.6 0.59

Triglyceride, mg/dL 123 (89.5–190.8) 128.5 (90.5–197.3) 131 (90.5–192.3) 105 (89–133.8) 0.17

LDL, mg/dL 104.3� 22.9 107.3� 23.2 100.4� 21.3 96.6� 21.6 0.08

HDL, mg/dL 61.4� 16.4 62.4� 16.2 56.1� 14.5 63.0� 18.4 0.19

CPK, IU/L 98 (73–134.5) 104 (74–132.5) 106 (78–141) 95 (70–135) 0.74

Uric acid, mg/dL 6.0� 1.4 6.1� 1.4 5.9� 1.6 5.9� 1.4 0.72

Serum creatinine,

mg/dL

1.0� 0.4 1.0� 0.4 0.95� 0.4 1.1� 0.5 0.57

BUN, mg/dL 19.9� 8.4 20.4� 7.1 18.7� 8.3 19.1� 11.9 0.56

UACR, mg/g Cr 22.3 (10–84.3) 24.3 (11.3–85.5) 15.9 (8.1–33.2) 22.3 (12.8–114.5) 0.53

eGFR, mL/minutes

per 1.73 m2
57.5 (42.3–69.8) 57.5 (42.2–69.1) 62.7 (51.5–78.6) 49.6 (38.8–69.9) 0.18

NSAIDs user, n (%) 55 (36.2) 29 (19.1) 12 (7.9) 14 (9.2) 0.003

Data are presented as the mean� SD or median (interquartile range) for continuous variables and n (%) for categorical

variables.

BMI, body mass index; BP, blood pressure; BUN, blood urea nitrogen; HbA1c, glycated hemoglobin; UACR,

urinary albumin-to-creatinine ratio; LDL, low-density lipoprotein; HDL, high-density lipoprotein; CPK, creatinine

phosphokinase; eGFR, estimated glomerular filtration ratio; NSAID, nonsteroidal anti-inflammatory drug; PPI,

proton pump inhibitor.

Table 1. Duration of PPI exposure and doses among PPI users (68 treatments in 54 patients).

PPI Dose of PPI (mg) Patients treated with PPIs, n Median cumulative exposure, days

Esomeprazole 10 1 911

20 25 412 (66–923.5)

Lansoprazole 15 23 557 (107.5–861)

30 2 24 (14–34)

Rabeprazole 10 14 497 (342.8–847.8)

20 3 658.5 (266–1051)

Data are shown as the median (interquartile range).

PPI, proton pump inhibitor.
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group, although this result was not statisti-

cally significant (Figure 3).

Discussion

The present retrospective observational

study revealed a significant decrease in

eGFR and significant increase in Scr

between 3 years before and after treatment

with a high dose of PPIs but not a low dose

of PPIs in elderly hypertensive patients.
Several observational studies reported

that PPI use is associated with an increased

risk of CKD.9,15–17 A prospective

community-based cohort study showed

that PPI use is associated with a higher

risk of CKD.9 CKD patients take PPIs for

a substantially longer duration compared

with non-CKD patients; however, the dose

of the individual PPIs has not been ana-

lyzed.15 A retrospective cohort study

revealed a higher rate of CKD progression

in omeprazole users receiving 20mg daily

(categorized as a high dose), which is con-

sistent with our results. In our study, the

decline in eGFR was remarkable in the

high-dose PPI group, and the renal safety

of a low dose of PPIs was confirmed. To the

best of our knowledge, this is the first study

to demonstrate that high doses of PPIs, but

not low doses, were associated with a

decline in kidney function.
In elderly patients, kidney function

decreases with aging. Therefore, it is partic-

ularly important to avoid potential drug-

related complications in these patients.

Because PPIs are more powerful acid sup-

pressants than H2 blockers, PPIs are used

Figure 1. The baseline Scr, BUN, eGFR, and UACR values in the high-dose, low-dose, and non-use PPI
groups. Results are presented as the mean� SD (Scr and BUN) and median and interquartile range (eGFR
and UACR). The bars show the median values.
BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; PPI, proton pump inhibitor; Scr,
serum creatinine; UACR, urinary albumin-to-creatinine ratio.
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more extensively in the community and pre-

scribed more often to the elderly and
patients with comorbidities. In this study,

cumulative PPI exposure for 3 years at
low doses was not associated with a decline

in kidney function in elderly hypertensive
patients, which supports the safety of this
dose. However, high doses of PPIs were
associated with a decline in kidney function.
The associations observed in this study do
not allow conclusions regarding causality.
Indeed, the mechanisms by which PPI use
may lead to CKD remain unknown.
Previous reports indicate that omeprazole
nephrotoxicity may be related to the induc-
tion of oxidative stress and renal tubular
cell death.18 In our study, PPI users
mostly received lansoprazole and rabepra-
zole, and none were administered omepra-
zole. To elucidate the effects of each PPI on
CKD, a prospective randomized study is
needed.

Our study had several limitations. First,
this study was a retrospective observational
study; therefore, we could not follow-up
participants. Second, in terms of detection
power, the number of subjects in this study
was small, and we did not perform a sample

Figure 2. Comparison of eGFR and Scr between three years before treatment and baseline in the high-
dose, low-dose, and non-use PPI groups. The bars show the mean values. A paired t-test was used for the
comparison 3 variables three years before treatment and at baseline.
eGFR, estimated glomerular filtration rate; PPI, proton pump inhibitor; Scr, serum creatinine.

Figure 3. Decline in eGFR from the baseline value
in the high-dose, low-dose, and non-use PPI groups.
Results are presented as the median and inter-
quartile range.
eGFR, estimated glomerular filtration rate; PPI,
proton pump inhibitor.
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size calculation. As a result, the limited

number of samples may have affected the

statistical significance of our results.

Further studies involving larger numbers

of patients are needed to confirm our

findings. Finally, our study did not

include patients with other pathological

backgrounds.
In conclusion, this study showed that a

low dose of PPIs was not associated with

kidney function decline in elderly hyperten-

sive patients. These findings suggest that it

is safe to use PPIs at least at low doses, but

further studies are needed.
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