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ABSTRACT

Introduction: Proton Pump Inhibitors (PPIs) are arguably among
the most commonly prescribed drugs in clinical practice, either
as part of treatment or prophylaxis. Many clinicians prescribe
these drugs as part of any prescription, without a proper
rationale. Recent studies done outside India have shown that
these drugs are not entirely safe, and they can result in the
development of acute renal injury.

Aim: To assess the effect of PPIs on blood urea and serum
creatinine, when administered for at least seven consecutive
days.

Materials and Methods: The study was conducted in a
retrospective manner, using data from the medical records

INTRODUCTION

PPIs are a group of drugs commonly prescribed in the management
and prophylaxis of acid peptic disorders. They act by inhibiting the
H*-K*-ATPase enzyme (proton pump) present in the parietal cells of
the gastric mucosa. These drugs are the most potent blockers of
gastric acid secretion, as they block the secretion irreversibly. Their
efficacy has been estimated to be better than that of histamine-2
receptor blockers [1,2]. PPIs are also recommended for prophylaxis
of peptic ulcer in NSAID users, eradication of Helicobacter pylori-
related ulcers and also for the management of Gastroesophageal
Reflux Disease (GERD). Pantoprazole is arguably the most commonly
prescribed PPI. Rabeprazole, omeprazole and lansoprazole are few
of the other PPIs that are routinely prescribed around the world
[3-5].

PPIs have a very good safety profile, as a result of which they are
commonly prescribed by healthcare providers throughout the world.
In 2009, it has been estimated that over 119 million prescriptions
contained one or the other PPI in the USA. However, they are not
entirely free of adverse events. The rate of incidence of adverse
effects is estimated to be about 1 to 3%. The adverse effect profile
includes headache, abdominal pain, nausea, constipation, diarrhoea,
flatulence and rashes. Prescription of prolonged courses of PPIs is
becoming increasingly common, at times even without the right
indications, owing to their projected safe nature [6]. Occasionally, the
patients consume PPls for long periods, as Over-The-Counter (OTC)
medications. Such long-term use of PPls is a cause of concern
as there has been increasing evidence of several adverse effects.
Nutritional deficiencies like B12 and iron deficiency, hypomagnesemia
and hypocalcaemia have been reported. Fractures (possibly
secondary to hypocalcaemia), respiratory and enteric infections,
hypergastrinemia, gastric polyps and gastric cancer are well known
adverse effects of persistent use of PPIs. Despite the exhausting list
of adverse effects, PPls are still being widely prescribed and used
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department. Values of blood urea and serum creatinine were
taken twice, first before start of therapy and then after at least
one week of therapy.

Results: A total of 175 subjects were selected for the study.
When their case files were analysed, acute kidney injury was
identified in 19 (10.86%) of them. Pantoprazole was the most
common drug involved (84.21%). Renal injury was more
common in the age group of over 50 years of age.

Conclusion: PPls are not entirely free of adverse effects, as
assumed by several practitioners. A vigilant eye has to be
maintained on the patient’s renal profile so as to avoid any
untoward decline in renal function, as evidenced in the current
study.
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because most of these adverse effects present themselves in a mild
nature, and hence are usually clinically insignificant [7].

Kidney injury associated with PPIs has gained limelight in recent
times. Both acute and chronic varieties have been listed to be
adverse effects of long term PPl usage. Acute Kidney Injury (AKI)
is said to have set in, when the glomerular filtration rate declines
rapidly, which causes the nitrogen based waste products to get
accumulated in the body. This is evidenced by an increase in
the levels of blood urea nitrogen and serum creatinine. Although
these biomarkers are not very specific, they are commonly used to
determine whether a patient has developed AKI or not, in the Indian
setup, irrespective of the cause of AKI [8].

Two recent studies (a population based cohort study and a nested
case-control study) concluded that PPI therapy is associated with
an increased risk of developing AKI [9,10]. In addition, a recent
population based cohort study suggested that use of PPls for
long periods increases the chances of developing Chronic Kidney
Disease (CKD) [11]. However, no such studies have been done in
the Indian population.

Hence, the main intention of our current study was to assess the
effect of PPIs on renal profile and to estimate the rate of incidence of
AKI associated with the use of PPIs, in the south Indian population,
using laboratory values of blood urea and serum creatinine, before
and after at least one week of therapy.

MATERIALS AND METHODS

The study was a retrospective hospital based analysis, done in the
Medical Records Department of Kasturba Hospital, Manipal, India.
The study was carried out after ethical clearance was obtained from
the Institutional Ethics Committee (Ref. no. IEC/687/2016). The
data was collected by the authors from October 2016 to December
2016 (around two months).



A. Avinash et al., Proton Pump Inhibitors and Acute Kidney Injury

Inclusion Criteria
i.  Patients aged at least 18 years, of both sexes;

ii. Patients who were outpatients or inpatients in the Department
of Internal Medicine, Kasturba Hospital, Manipal from January
2015 to December 2015, and were on PPls for at least one
week (seven consecutive days) for treatment or prophylaxis of
gastritis, duodenitis or oesophagitis due to any cause;

ii. Patients whose medical records contained at least one renal
profile measurement before, and after at least one week of
therapy with PPIs. One week was chosen as the minimal cut
off period based on previous definitions of AKI [12]. Patients
who used PPlIs for long periods beyond one week were also
included in the study.

Exclusion Criteria

i. Patients who had abnormally elevated laboratory renal
parameters (urea and creatinine) prior to initiation of PPI
therapy;

ii. Patients who had a history of having undergone dialysis or
renal transplant before or during the PPI therapy;

ii. Pregnant and lactating women;

iv.  Patients who were concomitantly administered known nephro-
toxic drugs.

All patients who were diagnosed to have gastritis, duodenitis or
oesophagitis by the Department of Internal Medicine between
January 2015 and December 2015 (a time based study over a
period of one year), and also fulfilled the selection criteria were
taken into consideration for the study. A total of 450 patients had
visited the Department of Internal Medicine in the year of 2015. All
of their case records were identified and examined for satisfaction
of selection criteria. 175 case records fulfilled the selection criteria,
and were included in our studly.

Procedures
Case records of all selected patients were obtained from the Medical
Records Department and analysed for the following parameters:

a. Type of PPl used;
b. Duration and dosage of PPI therapy;

c. Values of blood urea and serum creatinine before and after
therapy with PPls.

The clinical diagnoses and symptoms of AKI that the patients might
have had, have not been considered in the study. Only the laboratory
based biochemical criteria (urea and creatinine levels) were used.
This was done because it was a retrospective case record based
study, which makes it highly likely that the symptoms might not be
available in the case records. However, all laboratory parameters in
this hospital are digitalized and stored in the online database, thus
making them a better choice for retrospective analyses.

STATISTICAL ANALYSIS
The data obtained were tabulated and analysed using IBM SPSS
version 21.0.

RESULTS

A total of 450 case files were screened for eligibility. All these 450
patients were chosen based on their final diagnosis (gastritis/
duodenitis/oesophagitis due to any cause). Out of these 450
cases, 175 cases satisfied the selection criteria and the others were
eliminated for various reasons, as shown in [Table/Fig-1].

As shown, 175 case files were analysed for further data in our study.
Out of these 175 cases, 106 (60.57%) were males and 69 (39.43%)
were females. All cases were adults, as per the selection criteria.
The age wise distribution of the study population was as shown
in [Table/Fig-2]. Majority of the subjects fell in the age group of 31
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[Table/Fig-1]: Distribution of the study population.
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[Table/Fig-2]: Age wise distribution of the study subjects (age group of the pa-

tients in the X-axis plotted against the percentage of subjects in the Y-axis).
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[Table/Fig-3]: Distribution of PPIs among the study population (the type of PPl on

the X-axis plotted against the percentage of subjects in the Y-axis).
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[Table/Fig-4]: Age-wise distribution of the incidence of acute kidney injury (Age

groups on the X-axis plotted against the percentage of subjects in the Y-axis).

to 50 years. Pantoprazole was the most common PPI prescribed
among the 175 cases, followed by omeprazole and rabeprazole.
Lansoprazole was used in only two patients. No other PPls
were used by the subjects in the study. [Table/Fig-3] depicts the
prescription pattern of PPIs in the study population.
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[Table/Fig-5]: Percentage of incidence of acute kidney injury with each PPI.

AKI occurred in 19 (10.86%) subjects out of the 175 analysed. The
age wise distribution of the incidence of AKI is shown in [Table/
Fig-4]. The incidence of AKI was more in the population over 50
years, with the maximal incidence in the group of 51 to 70 years. Of
the 19 subjects who developed AKI, 15 (78.95%) were males, and
4 (21.05%) were females.

Pantoprazole was the most common cause among the PPIs causing
AKI, followed by omeprazole and rabeprazole. Lansoprazole was
not found to cause AKI in either of the two patients in whom it was
prescribed. The distribution is depicted in [Table/Fig-5].

[Table/Fig-6] depicts the baseline and end of study biochemical
values of the patients who developed AKI following PPI therapy.
The normal values in our laboratory are as follows: blood urea; 10 to
40 mg/dl; serum creatinine; 0.4 to 1.2 mg/dl.

No relationship was found to be present between the duration of
PPI therapy and the onset of AKI. No information was available
in the case records regarding the causality assessment of each

Values at the
s Duration of Baseline values e?r?e?; PPI
No. PPI used PPI therapy Py
(indays) | Blood | Serum Blood Serum
urea | creatinine urea | creatinine
1 Pantoprazole 11 32 0.7 66 1.8
2 Pantoprazole 9 26 1.0 30 1.4
3 Pantoprazole 18 18 1.1 30 1.4
4 Pantoprazole 12 11 1.0 35 1.6
5 Pantoprazole 14 31 0.9 54 1.7
6 | Pantoprazole 8 1 0.9 45 2.0
7 | Pantoprazole 21 30 1.2 44 1.6
8 Pantoprazole 16 25 1.1 54 1.9
9 | Omeprazole 21 29 0.4 68 1.4
10 | Pantoprazole 14 10 0.7 120 3.4
11 Pantoprazole 14 32 0.6 46 1.4
12 | Pantoprazole 7 25 1.1 77 1.5
13 | Pantoprazole 21 10 0.7 41 1.7
14 | Pantoprazole 14 21 0.8 42 1.3
15 | Rabeprazole 14 37 1.1 69 1.6
16 | Pantoprazole 7 34 0.6 65 1.4
17 | Omeprazole 14 37 1.2 46 2.9
18 | Pantoprazole 18 39 0.9 77 1.4
19 | Pantoprazole 7 18 0.8 43 1.5

[Table/Fig-6]: Biochemical laboratory values of the patients who developed AKI
(All values are expressed as mg/dl).

subject. However, the authors performed a causality assessment,
which showed that 12 of these subjects had “possible” and seven
had “probable” causality. In none of the 19 subjects, the PPI therapy
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was stopped due to development of AKI. In nine of the patients,
intravenous fluids were administered as treatment, following the
onset of AKI. There were no fatalities in the study. All 19 patients
recovered from AKI.

DISCUSSION

Around 20% of the cases of AKI are said to be drug induced
[13]. Although several drugs have been reported to cause AKI,
the pharmacological class of PPIs has rarely made it to the list of
such drugs [14]. However, recent evidence suggests otherwise.
In the current study, 19 subjects were found to have developed
AKI among the 175 patient records assessed. Thus, an incidence
of 10.86% was estimated in the study. An incidence of 2.86% (6
cases out of 210) was found in a study done in Southeast England.
The lesser incidence could be because the study considered only
biopsy positive cases of Acute Interstitial Nephritis (AIN) [15].

Although the study population was predominantly in the age group
of 31 to 50 years of age, the incidence of AKI was more common in
the group of 51 to 70 years of age, probably relating the development
of AKI to the physiological decline in renal functions. However, a
case series analysis done in the Netherlands shows no such age or
gender bias [16]. Another case series from New Zealand showed
the median age to be 78 years (more common in the elderly) [17].

Pantoprazole was the most common PPI responsible for the
development of AKI in the current study but this could be because
82% of the study population had been prescribed pantoprazole,
as opposed to the other PPIs. A study by Sampathkumar K et al.,
also showed that pantoprazole was the most commonly implicated
PPI [18]. However, there are several reports available, which report
AKI with other PPIs [19-23]. AKl is now considered as a class effect
of PPIs [24]. The dosage and duration of PPI therapy did not play
a significant role in the development of AKI. Similar results were
observed in previous studies as well [16].

The duration of PPI therapy preceding the development of AKI
varied from 7 to 21 days in the current study. The available literature
shows a varied range, from one week to three months [18,25].

The exact mechanism behind this adverse effect is unclear. Several
hypotheses have been put forward. The AIN seen with PPls is
probably the result of an immune response to the exogenously
administered drug. Activation and expression of nuclear factor
kappa B have been implicated in the pathogenesis [26].

Also, it has been postulated that AKI could be secondary to oxidative
stress, which could be identified with the use of biomarkers like
vanin-1. Urinary vanin-1 levels could pose as a prospective
biomarker to detect AKI [27].

Further, the hypomagnesemic component associated with the use
of PPIs could be another reason for development of AKI and CKD,
especially in the older population [28].

LIMITATION

The current study was performed in a retrospective manner. Hence,
case files that did not have the required lab investigation reports
were excluded, which reduced the sample size of the study. Only
cases who were on PPI treatment for gastritis, oesophagitis and
duodenitis were considered for the study. Pantoprazole was the
most commonly prescribed PPl in our hospital, which could have
created a bias in the form of increased incidence of AKI with the
usage of pantoprazole.

CONCLUSION

Although PPIs are being prescribed routinely for both treatment
and for prophylaxis, they are not entirely safe. The adverse effect
on the patients’ renal profile should always be kept in mind by the
physicians. Patients who are at higher risk of developing renal failure
should be even closely monitored. Further studies are required in
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the Indian population with larger sample size, to know the exact
impact of PPIs on the renal profile, and also to assess the causality
of AKl in such patient populations.
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