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Abstract
Background Proton pump inhibitors are often inappropriately prescribed during hospital admission and after discharge. The 
inappropriate prescription may be associated with increased and unnecessary healthcare costs. Objective To determine the 
prevalence of inappropriate prescription of proton pump inhibitors during hospital admission and after discharge at Thai-
land’s largest national tertiary referral center. Setting Medicine wards at Siriraj Hospital (Bangkok, Thailand) during Sep-
tember 2016 to September 2017. Method This prospective observational cross-sectional study in hospitalized patients who 
were prescribed, or who were already taking proton pump inhibitors. Medical records were reviewed to determine whether 
proton pump inhibitors were prescribed at discharge and at the 1-month follow-up. Main outcome measure Prevalence of 
inappropriate prescription of proton pump inhibitors during hospital admission and after discharge, indication of inappro-
priate prescription. Results Two hundred and sixty-five patients (mean age: 65.8 ± 18.3 years, 50.9% men) were included. 
Approximately half of patients had proton pump inhibitor treatment initiated in the hospital, and the other 50.6% started 
treatment earlier. Among all patients, 50.6% were inappropriately prescribed proton pump inhibitors, in which 79.1% resulted 
from invalid indications. Fifty-two percent and 47.3% of patients who were prescribed proton pump inhibitors at discharge 
and at the 1-month follow-up had no indications for them. Gastrointestinal ulcer prophylaxis in low-risk patients was the 
most commonly observed incorrect indication. Aspirin (p = 0.030) and corticosteroids (p = 0.038) were both found to be 
significantly associated with the inappropriate prescription of proton pump inhibitors. The estimated cost of inappropriate 
use among inpatients and outpatients was $118,659 and $214,663 per year, respectively. Conclusion Proton pump inhibitors 
are excessively and inappropriately prescribed during hospital admission and after discharge in Thailand. The cost of this 
overprescribing is excessive and needs to be controlled.

Keywords  Discharge · Hospital admission · Inappropriate prescription · Proton pump inhibitors · Thailand

Impacts on practice

•	 The rational prescription of proton pump inhibitors 
(PPIs) should be stricter in order to avoid inappropriate 
use in particular of low risk patients receiving PPIs for 
gastrointestinal ulcer prophylaxis.

•	 The standard guideline of proton pum inhibitor prescrib-
ing should be easily accessible at the working area for 
physicians so that the prescription can be standardized 
throughout the hospital to prevent inappropriate use and 
excessive expenses.

•	 Complete medical records together with discharge 
information om PPI use including indications, rec-
ommendations for duration of treatment, and opti-
mal  doses should be  required for self-reminder or 
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for double check by other physicians, as well as for fur-
ther decisions about continuing PPI prescription.

•	 Clinical pharmacists can assist the physicians to ensure 
the proper usages of PPI by encouraging them to use 
clinical guidelines, monitoring or auditing the prescrip-
tion, and providing the supporting data of drug use dur-
ing the clinical rounds.

Introduction

Proton pump inhibitors (PPIs) are the most potent medi-
cations currently available for reduction in gastric acid 
secretion. Indications for PPI therapy include peptic ulcer 
disease, functional dyspepsia [1, 2], gastrointestinal bleed-
ing (GIB) [3], gastroesophageal reflux disease (GERD) 
[4], prophylaxis of stress-related mucosal disease (SRMD) 
[5], and ulcer prophylaxis when using nonsteroidal anti-
inflammatory drugs (NSAIDs) [3], aspirin, and warfa-
rin [6]. Although certain evidences have been reported 
on efficacy and safety of PPIs leading to their overuses, 
the prescription of PPIs without explicit indications has 
still frequently occurred and observed in many studies. 
High prevalence of PPI overprescription with 50–86% was 
reported in hospital settings [7–18] and this inadequate 
PPI often continued after discharge [19, 20].

Recent literatures showed several risks associated with 
PPIs including increased risks for hospital- and commu-
nity-acquired pneumonia [21–23], an increased incidence 
of Clostridium difficile infection [24, 25] and an increased 
risk of hip fracture [26–28]. Additionally, PPI use was 
reported to be associated with vitamin and mineral defi-
ciencies [29]. With respect to the financial value of PPIs 
in pharmaceutical market, a significant proportion of the 
global drug expenditure has been spent on PPIs. The esti-
mated costs of inappropriate uses of PPIs in both inpa-
tient and outpatient settings were $12,272 and $59,272 
per year, respectively [30]. An observational retrospective 
study conducted at a military hospital in Thailand alone 
also reported the massive cost of inappropriate use of PPIs 
with $210,000 per year [17].

Although the appropriateness of PPI use has been 
extensively studied in the Western countries, data from 
Thailand about this important topic is limited and scarce. 
The aforementioned retrospective study conducted at the 
military hospital in Thailand only suggested the high prev-
alence of PPI overprescription in hospitalized patients; 
however, there is a lack of data about the inappropriate-
ness of PPI use after patients are discharged to outpatient 
setting. This may unnecessarily increase the healthcare 
expenditure in the long term [17].

Aim of the study

The aim of this study was to determine the prevalence of 
inappropriate prescription of PPIs during hospital admission 
at Thailand’s largest national tertiary referral center. The 
secondary objectives were to identify factors significantly 
associated with inappropriate PPI prescriptions, the number 
of inappropriate continuous PPI prescriptions at discharge 
and during outpatient care, and to estimate the cost of PPI 
prescriptions ordered for patients without definite indication 
for PPI.

Ethics approval

•	 The study protocol was approved by the Siriraj Institu-
tional Review Board, Faculty of Medicine Siriraj Hos-
pital, Mahidol University. Reseach was conducted in 
accordance with the ethical standards of the institutional 
and/or national reseach committee and with the 1964 
Helsinki declaration and its later amendments or com-
parable ethical standards.

•	 Informed consent was obtained from all individual par-
ticipants included in the study.

Methods

Study design and population

This study is prospective, observational and cross-sectional. 
A study population was recruited from hospitalized patients 
who were either initially prescribed for PPIs at the hospital 
or prescribed for PPIs prior to admission. The study was 
conducted in the internal medicine wards at Siriraj Hospital 
during September 2016 to September 2017. The hospital 
occupies 2300 beds and is located in Bangkok, Thailand. 
The enrollment schedule for participants was once a week 
selected randomly throughout a 1-year study period in order 
to reduce any possible bias from rotation of physicians and 
patients with specific diseases that are usually appointed on 
particular days. The patients were followed up from admis-
sion to discharge. Any patients who received PPIs at admis-
sion or during admission were analyzed and followed up at 
1 month after hospital discharge. Patients receiving pallia-
tive or critical care were excluded.

Study procedures and data collection

Data from patient medical records or patient interviews were 
collected at 3 timepoints during the hospital visit including 
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days on admission, during hospitalization, and at discharge. 
The final timepoint for data collection was 1 month after 
discharge through reviewing the medical records. All 
patients with PPI treatment were prospectively registered 
and enrolled into the study. Demographic data including 
age, gender, diagnosis category, comorbidities, smoking 
status, alcohol consumption status, length of stay, and PPI 
status, were documented. Indication(s) for PPI prophylaxis 
or therapy, type of PPI, route of administration, PPI dose, 
and duration of therapy, as well as details relating to the 
use of concomitant aspirin, clopidogrel, other antiplatelets, 
heparin, warfarin, corticosteroids, and/or NSAIDs were also 
recorded and analyzed.

Furthermore, the indications for PPI use were registered 
and reviewed through the medical records or inquired from 
the patients. However, physicians who were responsible 
for the PPI prescriptions were blinded from the study and 
not questioned from the reviewers (i.e., researchers in this 
study) so that the obtained data were not altered from the 

physicians’ awareness, resulting in the actual reflection of 
the real situation in PPI use.

Total costs of inappropriate PPI therapy in this study were 
determined from the price of PPIs, obtained from the hos-
pital pharmacy records, multiplied with the total number 
of days using PPIs inappropriately from all participants in 
the randomly selected admissions. The total annual exces-
sive cost of inappropriate PPI use was then proportionally 
estimated from the actual total number of internal medi-
cine admissions in 2017 (i.e., during January to December) 
before converting to U.S. dollar ($).

Definition and criteria for appropriate 
and inappropriate PPI prescription

Indications, doses and duration of treatment for appropriate 
PPI prescription in this study were identified following the 
standard guidelines and previous review articles as listed 
in Table 1 [2–4, 31–35]. A PPI indication was considered 

Table 1   Indications for and appropriate dose of proton pump inhibitors

NSAIDs non-steroidal anti-inflammatory drugs; GIB gastrointestinal bleeding; INR international normalized ratio
a Standard dose: (i) for oral administration: omeprazole 20 mg daily, pantoprazole 40 mg daily, lansoprazole 30 mg daily, and rabeprazole 20 mg 
daily; (ii) for intravenous administration: omeprazole 40 mg daily
b Double dose: omeprazole 40 mg every 12 h for patients with non-variceal bleeding and clinical Rockall score ≤ 3
c Double dose: omeprazole 20 mg twice daily or 40 mg daily, pantoprazole 40 mg twice daily or 80 mg daily, lansoprazole 30 mg twice daily or 
60 mg daily, and rabeprazole 20 mg twice daily or 40 mg daily
d High dose: pantoprazole 80 mg intravenous bolus followed by an infusion of 8 mg/hr for patients with non-variceal bleeding and clinical Rock-
all score > 3 or high risk ulcer (adherent clot, non-bleeding visible vessel, or active bleeding ulcer)

Indications for proton pump inhibitors Duration of treatment Dose

Non-variceal bleeding 72 h Double doseb

High dosed

Dyspepsia 4–8 weeks Standard dosea

Gastroesophageal reflux diseaseand its complication (e.g., esophagitis, Bar-
rett’s esophagus, peptic esophageal stricture)

4–8 weeks Standard dosea

Helicobacter pylori infection 1–2 weeks Double dosec

Treatment of peptic ulcer disease 4–8 weeks Standard dosea

Treatment of Zollinger-Ellison syndrome Lifelong Standard dosea

Prevention of NSAIDs-related ulcer complications
 NSAIDs and patient history of ulcer/GIB Until drug requiring prophylaxis is stopped Standard dosea

 NSAIDs and patient age > 60 years
 NSAIDs plus concomitant use of any of the following drugs: corticosteroids, 

antiplatelets, and/or anticoagulants
Prophylaxis in high risk patients using antiplatelets
 Antiplatelets and patient history of ulcer/GIB Until drug requiring prophylaxis is stopped Standard dosea

 Antiplatelets with more than one of the following risk factors: 
age > 60 years, or dyspepsia/GERD symptoms

 Antiplatelets plus concomitant use of any of the following drugs: corticos-
teroids, antiplatelets, NSAIDs, and/or anticoagulants

Stress ulcer prophylaxis for high risk patient
 Coagulopathy (e.g. platelet count of < 50,000/mm3, INR ≥ 1.5) Until condition requiring prophylaxis is stopped Standard dosea

 Mechanical ventilation for > 48 h
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“appropriate” when the indication either in medical records 
or from patient interview fall within one of the criteria listed 
in Table 1. Doses and duration of the treatment were also 
taken into account for determination of appropriate use. 
When the indication was not explicitly mentioned in the 
documents, the researchers had to further explore details in 
medical records through the past medical history records, 
gastrointestinal endoscopies and histology findings before 
making the decision on the prescription. If there was no rele-
vant information to the appropriate use, the prescription was 
then categorized into “no clear reason of PPI use found”. On 
the other hand, the “inappropriate” prescription was deter-
mined when indications, doses and duration of treatment 
were not in agreement with the criteria in Table 1. The one 
with “no clear reason of PPI use found” was also regarded 
as “inappropriate” use.

It is worth noting that the indication with prevention of 
NSAID- or antiplatelet-related gastroduodenal damage can 
be a bit complicated. If this indication was used in high 
risk patients (i.e., patients with either age over 60 years, 
or previous history of GIB/peptic ulcer, or concurrent use 
of corticosteroids/anticoagulants/NSAIDS/antiplatelets, or 
dyspepsia/GERD symptoms), it was defined as “appropri-
ate” prescription. However, if it was prescribed in low risk 
patients (i.e., patients without any high risk factors men-
tioned above), it was considered as “inappropriate” use. Fur-
thermore, stress-related mucosal disease (SRMD) which is 
an erosive process of the gastroduodenum normally occurs 
among most critical illness patients. Development of SRMD 
can be resulted from various conditions including splanchnic 
hypoperfusion, exposure of the gastric mucosa to acid, and 
following breakdown of the gastric mucosal defense system. 
Patients with respiratory failure necessitating mechanical 
ventilation greater than 48 h or coagulopathy will also be 
considered as having the highest risk of SRMD [36, 37]. 
Therefore, ulcer prophylaxis from SRMD as well as anti-
platelets and NSAIDs were stated as “inappropriate” pre-
scription when there were no longer conditions requiring 
for prophylaxis.

Definition of PPI dosages

PPIs available in this study included omeprazole, pantopra-
zole, lansoprazole, and rabeprazole with different recom-
mended doses. For standard doses with oral administration, 
it is suggested to use omeprazole 20 mg daily, pantoprazole 
40 mg daily, lansoprazole 30 mg daily, and rabeprazole 
20 mg daily; whereas the standard dose with intravenous 
injection was only omeprazole 40 mg daily. Double doses 
were calculated by doubling the standard dose of individual 
PPI. Only pantoprazole 80 mg intravenous bolus followed 
by an infusion of 8 mg/h was considered as a high dose in 
this study.

Sample size

The sample size (n) in this study were calculated based on 
the formula using for the estimation of an infinite population 
proportion as follows

where z = 1.96 as a confidence level of 95%; p = 0.65 as the 
prevalence of inappropriate PPI prescription in hospital-
ized patients in Thailand from the recent study (65% of the 
total patients receiving PPIs) [17]; d = 0.065 as a marginal 
of error with 10% of p. Therefore, the number of partici-
pants receiving PPIs recruited in our study for reliable data 
should be at least 207 patients. In case of any errors in the 
data correction, 20% of total patient was then added on top, 
suggesting that the suitable sample size for this study should 
be at least 250 patients.

Data analysis

Demographic and clinical characteristics of patients were 
summarized using descriptive statistics. Frequency and 
percentage were used to describe categorical variables. 
Continuous variables were reported as mean ± standard 
deviation for normally distributed variables, and as median 
and range for non-normally distributed variables. Kolmog-
orov–Smirnov test was used to test the normality of data 
distribution. Comparisons of categorical variables between 
the appropriate or inappropriate PPI groups were performed 
using Chi square test or Fisher’s exact test. Continuous vari-
ables were compared using Student’s t test or Mann–Whit-
ney U test. Strength of association was evaluated using odds 
ratio (OR) and 95% confidence interval (95% CI). For all 
tests performed, a two-tailed p < 0.05 was considered sta-
tistically significant. PASW Statistics (SPSS) version 18.0 
(SPSS, Inc, Chicago, II, USA) was used to perform all sta-
tistical analyses.

Results

A total of 456 patients admitted in the internal medicine 
wards of Siriraj Hospital were screened during the study 
period. Only 265 patients (58.1%) were prescribed PPIs at 
admission or during hospitalization and got enrolled for 
the further investigation, whereas 191 patients who did not 
receive PPI prescription were not pursued for any further 
analyses. Half (49.4%) of these 265 patients had PPI treat-
ment initiated in the hospital, and the other 50.6% started 
PPI treatment earlier admission. A summary of PPI prescrip-
tion before or during admission, at discharge, and during 

(1)n = (z)2p(1 − p)∕d2
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follow-up at the outpatient department (OPD) is shown in 
Fig. 1. Of the 265 enrolled patients, 134 (50.6%) had inap-
propriate PPI prescriptions. Of those, 67 (50.0%) started 
PPIs prior to admission, and the other 50.0% started PPIs 
during hospital admission. Regarding the 196 patients that 
were prescribed PPIs at hospital discharge, 102 (52.0%) 
received PPIs inappropriately. Of those, 57 (56.0%) started 
PPIs prior to admission, and 45 (44.0%) started PPIs during 
hospital admission. At the 1-month follow-up in our OPD, 
129 patients were prescribed PPIs at discharge. Continua-
tion of PPIs treatment was not recommended in 61 patients 
(47.3%), of which 45 (73.8%) were patients that started PPIs 
prior to hospital admission, and the other 16 (26.2%) started 
treatment during admission.

Baseline demographic, clinical, and medication data of 
265 included patients are shown in Table 2. The mean age of 
patients was 65.8 ± 18.3 years, and 135 (50.9%) were males. 
Most patients reported being a non-smoker (68.3%), and a 
non-drinker of alcohol (66.8%). The average hospital length 

of stay (LOS) was 11 days. Regarding concomitant medica-
tions, 216 patients (81.5%) were coprescribed PPIs with at 
least one of the following drugs: aspirin 27.2%, clopidogrel 
3%, aspirin plus another antiplatelet 12.8%, corticosteroids 
19.6%, anticoagulants 17.7%, and NSAIDs 1.1%. Of the 4 
PPIs prescribed among patients included in this study, 95% 
(n = 252) were for omeprazole, 4.2% (n = 11) were for panto-
prazole, 0.4% (n = 1) was for lansoprazole, and 0.4% (n = 1) 
was for rabeprazole. Regarding route of PPI administration, 
65.3% was prescribed in oral form, and 34.7% was pre-
scribed in intravenous form. Regarding PPI dosage, 76.2% 
was prescribed in standard dose, 20.4% in double dose, and 
3.4% in high dose. All high-dose prescriptions were ordered/
written for patients diagnosed with upper GIB.

Of the 134 patients (50.6%) that were inappropriately 
prescribed PPIs, 106 (79.1%) had no indication for PPIs, 
18 (13.4%) were prescribed the incorrect dose, and 10 
(7.5%) were prescribed PPIs for the incorrect duration. The 
median duration of inappropriate PPI treatment in hospital 

Admission 

(456)

No PPIs prescription 

(191)

PPIs prescription 

(265)

Pre-admission PPIs 
prescription 

(134)

Appropriate prescription 
(67)

PPIs prescription (55)

No PPIs prescription (3)

Dead (9)

PPIs prescription (42)

No PPIs prescription (10)

Loss follow up (3)

Re-admit (3) 

Inappropriate prescription 
(67)

PPIs prescription (57)

No PPIs prescription (2)

Dead (8)

PPIs prescription (45)

No PPIs prescription (8)

Loss follow up (4)

Re-admit (2) 

New PPIs prescription 

(131)

Appropriate prescription 
(64) 

PPIs prescription (39)

No PPIs prescription (9)

Dead (16)

PPIs prescription (26)

No PPIs prescription (15)

Loss follow up (7)

Inappropriate prescription 
(67)

PPIs prescription (45)

No PPIs prescription (16)

Dead (6)

PPIs prescription (16)

No PPIs prescription (33)

Loss follow up (11)

Re-admit (1)

At discharge

Follow up 

at OPD

Enrolled

Screened

Fig. 1   Summary of proton pump inhibitor (PPI) prescription before or during admission, at discharge, and -month follow-up at the outpatient 
department (OPD)
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was 8.5 days. Two type PPIs prescribed inappropriately, 133 
(99.3%) were for omeprazole and 1 (0.7%) were for lanzo-
prazole. Regarding route of PPI administration, 71% was 
prescribed in oral form, 29% was prescribed in intravenous 
form. Regarding PPI dosage, 84% was prescribed in standard 
dose and 16% in double dose.

The most inappropriate use of PPI was for gastrointes-
tinal ulcer prophylaxis in low risk patients (102 patients, 
76.1%) in which the major populations were patients tak-
ing antiplatelets (49 patients, 36.6%), and corticosteroids 
(30 patients, 22.4%), whereas the predominant indication 
for appropriate PPI prescription was for prevention of 
antiplatelet-induced ulcer or GIB in high risk patients (54 
patients, 41.2%), followed by treatment of non-variceal 
bleeding (43 patients, 32.8%) (Table 3).

Regarding our analysis for factors significantly asso-
ciated with the inappropriate prescription of PPIs, only 
aspirin use [odds ratio (OR): 2.29, 95% confidence inter-
val (CI) 1.31–4.02; p = 0.030] and corticosteroid use (OR: 
1.93, 95% CI 1.03–3.6; p = 0.038) were found to be sig-
nificant predictors of incorrect use of PPIs. There were 
47 (35.1%) aspirin users and 33 (24.6%) corticosteroid 
users in the inappropriate PPI prescription group, and 
25 (19.1%) aspirin users and 19 (14.5%) corticosteroid 
users in the appropriate PPI prescription group. Aspirin 
with other antiplatelets use (p < 0.001) and heparin use 
(p < 0.001) were found to be significant predictors of 
appropriate prescription of PPIs (Table 4).

Table 2   Baseline demographic, clinical, and medication data of 
included patients

SD standard deviation; P percentile; NSAIDs non-steroidal anti-
inflammatory drugs; PPIs proton pump inhibitors

Patient characteristics (N = 265)

Male gender, n (%) 135 (50.9%)
Age (mean ± SD) 65.8 ± 18.3
Non-smoker, n (%) 181 (68.3%)
No alcohol consumption, n (%) 177 (66.8%)
Length of stay (days), median (P25, P75) 11 (6, 18)
Principal diagnosis, (n (%)
 Pulmonary disease 64 (24.2%)
 Infectious disease 49 (18.5%)
 Cardiac disease 40 (15.1%)
 Gastrointestinal disease 34 (12.8%)
 Neurological disease 27 (10.2%)
 Malignancy 13 (4.9%)

Comorbidity, n (%)
 Hypertension 167 (63.0%)
 Diabetes mellitus 99 (37.4%)
 Dyslipidemia 114 (43.0%)
 Coronary artery disease 69 (26.0%)
 Cerebrovascular disease 47 (17.7%)
 Cirrhosis 19 (7.2%)
 Chronic kidney disease 77 (29.1%)

Concurrent medications, n (%)
 Aspirin 72 (27.2%)
 Clopidogrel 8 (3.0%)
 Aspirin plus other antiplatelets 34 (12.8%)
 Corticosteroids 52 (19.6%)
 Warfarin 25 (9.4%)
 Heparin 22 (8.3%)
 NSAIDs 3 (1.1%)

PPIs prescribed, n (%)
 Omeprazole 252 (95.1%)
 Pantoprazole 11 (4.2%)
 Lanzopraole 1 (0.4%)
 Rabeprazole 1 (0.4%)

Indications for PPIs at admission (n = 265), n (%)
 Inappropriate use 134 (50.6%)

Indications for PPIs at discharge (n = 196), n (%)
 Inappropriate use 102 (52.0%)

Indications for PPIs at follow-up (n = 129), n (%)
 Inappropriate use 61 (47.3%)

Table 3   Protein pump inhibitor (PPI) indications compared between 
the appropriate PPI prescription group and the inappropriate PPI pre-
scription group (N = 265)

NSAID non-steroidal anti-inflammatory drug

n (%)

Appropriate PPI prescription (n = 131)
Prophylaxis against ulcer complications in high risk 

patients
83 (63.4%)

 Antiplatelet use 54 (41.2%)
 NSAID use 1 (0.8%)
 Stress ulcer prophylaxis 28 (21.4%)

Non-variceal bleeding 43 (32.8%)
Dyspepsia 15 (11.5%)
Peptic ulcer disease 13 (9.9%)
Gastroesophageal reflux disease 8 (6.1%)
Helicobacter pylori infection 2 (1.5%)
Inappropriate PPI prescription (n = 134)
Prophylaxis against ulcer complications in low risk 

patients
102 (76.1%)

 Antiplatelet use 49 (36.6%)
 NSAID use 1 (0.7%)
 Corticosteroids use 30 (22.4%)
 Anticoagulants use 9 (6.7%)
 Stress ulcer prophylaxis 13 (9.7%)

Non-variceal bleeding 2 (1.5%)
Dyspepsia 7 (5.2%)
Peptic ulcer disease 2 (1.5%)
No clear reason of PPI use found 21 (15.7%)
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The drug costs obtained from the hospital pharmacy 
stated that omeprazole 20 mg was $0.2 per tablet and ome-
prazole 40 mg was $7 per vial. The median duration of inap-
propriate PPI use in the hospital was 8.5 days. Regarding the 
total expenses based on 456 admissions in this study, the 
costs of inappropriate PPI therapy in hospitalized patients 
and ambulatory patients were $2865 and $5183, respec-
tively. With respect to the annual total excessive costs in 
2017 with 18,886 admissions in the internal medicine in 
our institute, the estimation of those costs for inpatients and 
outpatients was $118,659 and $214,663, respectively.

Discussion

Fifty-eight percent of randomly selected inpatients in our 
internal medicine wards were prescribed a PPI. Moreover, 
the number of patients receiving these treatments prior to 
admission was similar to those who started treatment at 
admission (50.6% vs. 49.4%). Our study revealed a high 
rate of inappropriate PPI prescription among hospitalized 
patients (50.6%), which is consistent with the findings of 
other studies (range 50–86%) [7–18].

Regarding PPI prescriptions at discharge, 196 patients 
in our study were prescribed PPIs when they were released 
from the hospital. Of those, 102 patients (52%) received PPIs 
inappropriately, which is similar to the 52% finding from 
a study from Germany [8]. A recent Spanish study found 
that 55% of patients in a tertiary hospital received PPIs at 
discharge, and 80% of those patients had no indications for 

PPIs [38]. Overuse of PPIs was reported in other European 
hospital cohorts [39], and a large cohort study conducted in 
Pittsburgh found that 68.8% of patients (n = 20,197) were 
inappropriately prescribed a PPI at hospital discharge [40].

After discharge at the 1-month follow-up, 129 patients 
were prescribed PPIs to continue their discharge PPI pre-
scription. Of those, 47.3% had no indications for PPIs. Only 
a few studies evaluated continuation of PPI prescriptions 
after discharge. A study in 31 primary care practices in 
Germany found that non-indicated PPIs were continued by 
general practitioners in 58% of patients for at least 1 month 
[8]. An American study found that after discharge, 46–80% 
of patients were still on PPIs after 3 months, and 50% were 
still on PPIs after 6 months [20]. Rates similar to the imme-
diately aforementioned American study were found in an 
Italian hospital [19]. Remarkably, we observed similar rates 
of continuation of non-indicated PPI prescriptions among 
different studies, countries, and healthcare systems.

The reasons that PPIs are overprescribed in hospitals 
are neither well studied nor well understood. Physicians 
may have inaccurate or insufficient understanding about 
the risk of ulcer development during hospitalization, and 
they prescribe PPIs with good intent to prevent ulcer 
development even though they are not in compliance with 
existing PPI guidelines. Some physicians routinely con-
tinue PPIs considering them safe, long-term medications, 
without assessing risks and benefits of long-term therapy 
[11]. Other recent studies showed that physicians do not 
review and document PPI indications in a large number of 
cases, which often results in their long-term or indefinite 

Table 4   Characteristics of 
patients prescribed proton pump 
inhibitors (PPIs) compared 
between the appropriately 
prescribed and inappropriately 
prescribed groups

SD standard deviation; P percentile; NSAID non-steroidal anti-inflammatory drug

Characteristics Appropriate PPI use 
(n = 131)

Inappropriate PPI use 
(n = 134)

p-value

Gender, n (%)
 Male 66 (50.4%) 69 (51.5%) 0.856
 Female 65 (49.6%) 65 (48.5%)

Age (mean ± SD) 66.7 ± 17.0 64.9 ± 19.5 0.420
Length of stay (days), median (P25, P75) 10 (5, 20) 11 (6, 17) 0.956
Concurrent medications, n (%)
 Aspirin 25 (19.1%) 47 (35.1%) 0.030
 Aspirin plus other antiplatelet 32 (24.4%) 2 (1.5%) < 0.001
 Clopidogrel 4 (3.1%) 4 (3.0%) 0.974
 Corticosteroid 19 (14.5%) 33 (24.6%) 0.038
 Warfarin 16 (12.2%) 9 (6.7%) 0.126
 Heparin 19 (14.5%) 3 (2.2%) < 0.001
 NSAID 2 (1.5%) 1 (0.7%) 0.619

PPI prescription, n (%)
 New PPI prescription 64 (48.9%) 67 (50.0%) 0.852
 Pre-admission PPI prescription 67 (51.1%) 67 (50.0%)

PPIs duration (days), median (P25, P75) 9 (5, 19) 8.5 (5, 15) 0.261
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continuation [11, 41, 42]. In our study, the majority of 
inappropriate PPI prescriptions were ordered/written for 
prophylaxis against ulcer complications from antiplatelets 
and corticosteroids use in low risk patients. This finding 
is similar to that from a previous study conducted in Ger-
many that found low-dose aspirin, NSAIDs in low risk 
patients, corticosteroid therapy, and oral anticoagulant 
treatment to be the most common incorrect indications 
for the prescription of PPIs [9, 17]. Furthermore, the most 
common indication for appropriate PPI prescription was 
prevention of antiplatelet-induced gastric ulcers in high 
risk patients. It is important to highlight that using PPI 
for ulcer prophylaxis from antiplatelets can be considered 
as either appropriate or inappropriate ways depending 
on individual patient’s characteristics. Patients receiving 
antiplatelets with one of risk factors (e.g., age > 60 years, 
co-prescription with antiplatelets/anticoagulants/NSI-
ADs/corticosteroids, and present symptoms of dyspepsia 
or GERD) were defined as “high risk patients” who are 
suitable for PPI prescription. On the contrary, patients tak-
ing antiplatelets without those risk factors were defined as 
“low risk patients” who are unsuitable for PPI prescrip-
tion. Besides that, patient monitoring is also sensible to 
periodically evaluate the necessity of using PPIs. If the 
drug required for prophylaxis is discontinued, the PPI pre-
scription should also be discontinued.

We observed that a high proportion of non-indicated PPI 
therapy was continued, particularly in patients who received 
PPIs prior to hospital admission. During discharge, 56% of 
patients who received inappropriate PPIs were patients that 
received PPIs prior to admission. The same was observed 
after discharge at the 1-month follow-up. The majority of 
patients (73.8%) that were inappropriately prescribed PPIs 
were patients who started treatment prior to hospital admis-
sion, and it was part of their usual medication. Previous 
study revealed the strongest factor associated with non-indi-
cated continuation of PPIs was having PPI prescription prior 
to hospital admission [8]. Possible explanations include trust 
in the judgment of the physician who initially prescribed 
PPIs, and a failure to reassess indications for PPI since it was 
a part of the patient’s normal medication prior to admission.

Inappropriate prescription of PPIs is an important issue 
for several reasons. First, the administration of unnecessary 
medication leads to polypharmacy, resulting in side effects 
and pharmacological interactions. Second, PPI use is found 
to be significantly associated to community-acquired pneu-
monia [22, 23] and Clostridium difficile-associated diarrhea 
[24, 25]. Moreover, a long-term PPI therapy is suspected to 
be associated with an increased risk of hip fracture [26–28]. 
Finally, the unnecessary prescription of any drugs unnec-
essarily exhausts resources either from private individuals, 
public healthcare systems, or insurance companies/funds/
schemes.

The cost of this inappropriate use of PPIs has grown 
substantially and needs to be controlled. Our calculations 
revealed excess costs of $118,659 per year for inpatients, and 
$214,663 per year for outpatients. It should be emphasized 
that these estimates reflect only excess costs generated in 
internal medicine wards, so the institution-wide costs would 
be expected to be substantially higher. Sonchai et al. [17] 
reported the excess cost of inappropriate PPI prescriptions 
in hospitalized patients to be $210,000 per year. Moreover, 
the cost of inappropriate PPI use in the outpatient setting 
is even more alarming. The fact that most inappropriate 
PPI prescriptions were influenced by a physician’s decision 
to provide prophylaxis against ulcer complications in low 
risk patients caused by antiplatelets suggests that many, if 
not most, patients could be expected to be on PPIs for their 
entire life. In addition to the potential drug interaction and 
side effect-related risks, this will place a significant financial 
burden on our healthcare system.

This study has a number of limitations. First, this was an 
observational prospective study, so we collected the data by 
chart review and patient interview. The decision was made 
not to source data from physicians at wards or the OPD in 
order to minimize potential bias. Our method of research 
also relied upon adequate documentation in patient records. 
This limited the study certainly as pertinent results were not 
always readily available. Secondly, the data for this study 
came from a single center with medical residents writing 
orders for all medications, so it is possible that our results 
and conclusions may not be generalizable to other care set-
tings. Despite these limitations, our results are consistent 
with the current literature, and they enhance the existing 
body of knowledge about this topic. The strengths of this 
study include its prospective design, the random weekly 
time periods during which patients were enrolled in order 
to reduce potential selection bias.

Conclusion

The results of this study revealed high rates of inappropriate 
PPI prescriptions in patients admitted to internal medicine 
wards at our center. Moreover, we found that this practice 
gets perpetuated at discharge and during outpatient follow-
up care. The majority of inappropriate PPI prescriptions 
were written/ordered to provide prophylaxis against ulcer 
complications due to antiplatelet and corticosteroid use in 
low risk patients. Aspirin use and corticosteroid use were 
the factors found to be significantly associated with higher 
probability of inappropriate prescription of PPIs. The cost 
of this excessive and inappropriate use of PPIs is high and 
must be controlled. Physicians should carefully, accurately, 
and critically review their practice of recommending PPIs to 
ensure appropriate use of this important medication.
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