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a b s t r a c t 

Background: There is an increasing interest in inappropriate proton pump inhibitors prescription (InPPIp), 

as defined by the National Institute for Clinical Excellence (NICE) guidelines. 

Aims: To evaluate the rate, trend over time and factors associated with InPPIp upon discharge from 

internal medicine departments. 

Methods: We evaluated patients discharged from internal medicine departments with a PPI prescription 

in 2014 and 2017 at an academic referral center according to a developed algorithm. 

Results: A total of 3,982 patients were included (50.8% women, 74% ≥ 65 years). The rate of InPPIp was 

44.3% (95% CI 42.8–45.9) for the entire cohort; 68.1% for subjects aged < 65 years and 36.0% for those 

aged ≥ 65 years ( p < 0.001); 43.2% in 2014 and 45.6% in 2017 ( p = 0.130). In a decision-tree analysis, after 

the exclusion of 448 patients with gastrointestinal indications, 89.4% (1,580/1,766) of all InPPIp cases were 

of patients without dual antiplatelet treatment (DAPT) and 8.6% (151/1,766) were of patients younger than 

65 years, who were taking aspirin. 

Conclusions: The rate of InPPIp is high, especially among patients not receiving DAPT and young patients 

taking aspirin. Time trend analysis showed no improvement over time. Our algorithm may serve as an 

automated quality measuring tool to reduce InPPIp. 

© 2022 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved. 
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. Introduction 

The inappropriate use of proton pump inhibitors (PPIs) repre- 

ents a global healthcare problem, leading to significant adverse 

vents in patients and to economic consequences worldwide 

1–5] . Proper indications for long-term PPI use are few and well 

efined: prior upper gastrointestinal (GI) bleeding [6] , mainte- 

ance treatment after healing of erosive esophagitis (Los Angeles 

lassification C, D) [6 , 7] , Barrett’s esophagus [8] , use of nons-

eroidal anti-inflammatory drugs (NSAIDs) or antiplatelet agents in 

atients with increased bleeding risk [9] , pathological hypersecre- 

ory conditions and maintenance therapy for symptoms control 

n patients with gastroesophageal reflux disease (GERD) [7 , 9–12] . 
∗ Corresponding author at: Jabotinsky 39, Petach-Tikva Israel, POB 49100. 

E-mail address: orlys2@clalit.org.il (O. Sneh-Arbib) . 
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s part of the general effort s to reduce the overuse of medical 

ests and treatments, several organizations are trying to reduce 

he inappropriate use of PPIs [6 , 8 , 9 , 13–19] . Unwarranted initiation

f PPIs during hospitalization, and the recommendation to con- 

inue such therapy after discharge, are substantial causes for the 

idespread and inadequate use of PPIs [2 , 20–23] . Since indications 

or long-term PPIs use are based on multiple factors, including 

omplex drug combinations and medical history (past and cur- 

ent), the appropriateness of PPIs is complex. Clalit Health Services 

s a well-known health maintenance organization (HMO) with 

rimary, secondary, and tertiary health resources, and a compre- 

ensive database which includes chronic diagnoses, drugs issued 

t the primary care level and in-hospital data [24] . In this study, 

e aimed to measure the rate of inappropriate long term PPIs 

rescription upon discharge from internal medicine departments. 

e also aimed to evaluate a trend over time, using an algorithm 
ased on the electronic database of the Clalit Health Services . 
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Fig. 1. The process of defining an inadequate PPIs prescription. 
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. Material and methods 

.1. Study population 

We performed a retrospective analysis of adults admitted to in- 

ernal medicine or geriatric departments at Rabin Medical Center 

a tertiary hospital affiliated to the Clalit Health Services ) in 2014 

nd 2017 (the first six months of each year). We included patients 

nsured by Clalit Health Services who were prescribed PPIs upon 

ischarge, with a recommendation for long-term use. We excluded 

atients who died in the hospital or were transferred between de- 

artments during hospitalization. We also excluded those with a 

ospitalization length that exceeded three months. If such existed, 

nly the first of several admissions during the researched time pe- 

iod were included in our analysis. 

.2. Data source 

We first extracted data for all included patients from the hospi- 

al’s computerized database. This information included age, gender, 

urrent and past diagnoses, and medications upon arrival to the 
Fig. 2. Study fl

486 
ospital and release. We recorded the relevant gastrointestinal di- 

gnoses: ulcer (gastric, duodenal), Barrett’s esophagus, reflux, gas- 

roesophageal bleeding, and melena. We screened the database for 

he following medications: PPIs (omeprazole, esomeprazole, lan- 

oprazole, pantoprazole), aspirin, antiplatelet agents (clopidogrel, 

rasugrel, ticagrelor), anticoagulants (warfarin, apixaban, dabiga- 

ran, rivaroxaban), oral or parenteral steroids (prednisone, dex- 

methasone, hydrocortisone) and NSAIDs (naproxen, ibuprofen, di- 

lofenac). 

Data regarding ethnicity, socioeconomic status (SES), Charlson 

omorbidity index (CCI), previous diagnosis of ulcer (gastric, duo- 

enal), Barrett’s esophagus, reflux, gastrointestinal bleeding, me- 

ena or PPIs usage prior to hospitalization (at least one month 

ong) were extracted from the Clalit data warehouse. The data 

arehouse uses a single, universally adopted electronic health 

ecord system throughout the organization. 

.3. Developing the algorithm 

Based on published guidelines, the "choosing wisely" principles, 

nd expert opinions, we defined scenarios in which there clearly is 
owchart. 
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Fig. 3. Decision-tree analysis for inadequate PPI use. 
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Table 1 

Patients’ characteristics. 

N (%) 

All 3982 (100) 

By age group Age < 65 years 1036 (26.0) 

Age ≥ 65 years 2946 (74.0) 

Sex Male 1958 (49.2) 

Female 2024 (50.8) 

Ethnicity Jewish 3662 (92.0) 

Arabic 320 (8.0) 

Socioeconomic status High 1205 (30.3) 

Medium 1696 (42.6) 

Low 1048 (26.3) 

Charlson Comorbidity Index points 0 (no burden) 344 (8.6) 

1–2 (mild burden) 980 (24.6) 

3–5 (moderate burden) 1441 (36.2) 

≥ 6 (severe burden) 1172 (29.4) 

PPIs first prescribed Before admission 3678 (92.4) 

Upon admission 304 (7.6) 

Admission year 2014 2130 (53.5) 

2017 1852 (46.5) 

PPIs: proton pump inhibitors. 
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o indication for long-term PPI use [6 , 8 , 9 , 13–18] , Fig. 1 , Appendix

. We manually validated a hundred health records in which the 

lgorithm found inadequate PPIs prescription. The validation en- 

ailed thoroughly examining the records and searching for a jus- 

ified reason for PPI. We randomly selected 100 files with equal 

epresentation of year, gender, and age (age < 65 vs. ≥65). Of the 

00 records reviewed, eight prescriptions were found justified af- 

er our review (three hospitalizations in 2014 and five in 2017). In 

he remaining 92 files, we found no justification for PPI. Further- 

ore, 100 files that were classified as justified by the algorithm 

ere reviewed, and all were indeed explained, yielding an accu- 

acy of 96%. 

.4. Statistical analysis 

A production of inadequate prescription rate was performed 

n a simple descriptive method, followed by a trend test between 

wo time periods (2014 and 2017), which was performed using 
2 test. To identify risk factors for inadequate PPIs use, we per- 

ormed a multivariable logistic regression of the model, which 

ncluded the factors described above. Decision-tree analysis was 

erformed to predict values of a dependent variable based on 

alues of independent variables, which provides a validation tool 

or exploratory and confirmatory classification analysis. Statistical 

nalysis was performed using SPSS software. We used SPSS version 

4.0 (IBM SPSS Statistics for Windows, version 24.0. Armonk, NY. 

BM Corporation). 

. Results 

.1. Study population 

The initial cohort included 9465 records. After all exclusions 

4259 patients were not insured by Clalit Health Services for five 

onsecutive years before admission; 946 were recurrent admis- 

ions, and 278 patients were transferred to other departments or 

ospitalized for more than three months), a total of 3982 patients 

emained (50.8% women, 74% ≥ 65 years old) (See Fig. 2 for study 
487 
owchart). Most patients were already on chronic PPI use at least 

ne month before hospital admission (92.4%), Table 1 . 

.2. Rate of inappropriate PPIs use and associated factors 

The overall rate of inappropriate PPI use was 44.3% (95% CI 

2.8–45.9) for the entire cohort; 68.1% for subjects aged < 65 years 

s. 36.0% for subjects aged ≥ 65 years ( p < 0.001). By time periods, 

nappropriate use was 43.2% in 2014 and 45.6% in 2017 ( p = 0.130). 

n multivariate analysis, age under 65 years old, female gender, low 

ES, and no prior PPIs prescription were all significantly associated 

ith inappropriate prescription, Table 2 . 

In a decision-tree analysis for inadequate PPIs use, after ex- 

luding patients with clear GI indications ( n = 448), 1766 pa- 

ients with inadequate PPI use remained. We identified three major 

roups of patients: Group I included patients who weren’t taking 



O. Sneh-Arbib, S. Ben-Shitrit, Y.L. Weisman et al. Digestive and Liver Disease 55 (2023) 485–489 
T

a
b

le
 
2
 

R
a

te
 
a

n
d
 
fa

ct
o

rs
 
a

ss
o

ci
a

te
d
 
w

it
h
 
in

a
d

e
q

u
a

te
 
P

P
Is
 
p

re
sc

ri
p

ti
o

n
. 

A
d

e
q

u
a

cy
 
o

f 
P

P
Is
 
p

re
sc

ri
p

ti
o

n
 

U
n

iv
a

ri
a

te
 
a

n
a

ly
si

s 
M

u
lt

iv
a

ri
a

te
 
a

n
a

ly
si

s 

A
d

e
q

u
a

te
 

In
a

d
e

q
u

a
te
 

O
R
 

9
5

%
C

I 
P
 

A
d

jO
R
 

9
5

%
C

I 
P
 

N
 

%
 

N
 

%
 

A
ll
 

2
2

1
6
 

5
5

.7
%
 

1
7

6
6
 

4
4

.3
%
 

A
g

e
, 

y
e

a
rs
 

≥
6

5
 

1
8

8
5
 

6
4

.0
%
 

1
0

6
1
 

3
6

.0
%
 

1
.0

0
 

1
.0

0
 

<
 6

5
 

3
3

1
 

3
1

.9
%
 

7
0

5
 

6
8

.1
%
 

3
.7

8
 

3
.2

6
 

4
.4

0
 

<
 0

.0
0

1
 

3
.5

9
 

3
.0

5
 

4
.2

2
 

<
 0

.0
0

1
 

G
e

n
d

e
r 

M
a

le
 

1
1

5
4
 

5
8

.9
%
 

8
0

4
 

4
1

.1
%
 

1
.0

0
 

1
.0

0
 

F
e

m
a

le
 

1
0

6
2
 

5
2

.5
%
 

9
6

2
 

4
7

.5
%
 

1
.3

0
 

1
.1

5
 

1
.4

7
 

<
 0

.0
0

1
 

1
.5

3
 

1
.3

4
 

1
.7

6
 

<
 0

.0
0

1
 

E
th

n
ic

it
y
 

Je
w

is
h
 

2
0

7
2
 

5
6

.6
%
 

1
5

9
0
 

4
3

.4
%
 

1
.0

0
 

1
.0

0
 

A
ra

b
ic
 

1
4

4
 

4
5

.0
%
 

1
7

6
 

5
5

.0
%
 

1
.5

9
 

1
.2

7
 

2
.0

0
 

<
 0

.0
0

1
 

1
.1

0
 

0
.8

4
 

1
.4

4
 

0
.4

9
8
 

S
o

ci
o

e
co

n
o

m
ic
 
st

a
tu

s 
H

ig
h
 

7
1

9
 

5
9

.7
%
 

4
8

6
 

4
0

.3
%
 

1
.0

0
 

1
.0

0
 

M
e

d
iu

m
 

9
2

5
 

5
4

.5
%
 

7
7

1
 

4
5

.5
%
 

1
.2

3
 

1
.0

6
 

1
.4

3
 

0
.0

0
6
 

1
.1

4
 

0
.9

7
 

1
.3

3
 

0
.1

1
1
 

L
o

w
 

5
5

7
 

5
3

.1
%
 

4
9

1
 

4
6

.9
%
 

1
.3

0
 

1
.1

0
 

1
.5

4
 

0
.0

0
2
 

1
.0

3
 

0
.8

5
 

1
.2

5
 

0
.7

7
5
 

to
ta

l 
0

.0
0

3
 

to
ta

l 
0

.2
3

5
 

C
h

a
rl

so
n
 
co

m
o

rb
id

it
y
 
In

d
e

x
 
p

o
in

ts
 

0
 

1
2

9
 

3
7

.5
%
 

2
1

5
 

6
2

.5
%
 

1
.0

0
 

1
.0

0
 

1
–

2
 

4
8

9
 

4
9

.9
%
 

4
9

1
 

5
0

.1
%
 

0
.6

0
 

0
.4

7
 

0
.7

8
 

<
 0

.0
0

1
 

0
.7

7
 

0
.5

9
 

1
.0

0
 

0
.0

5
2
 

3
–

5
 

8
5

6
 

5
9

.4
%
 

5
8

5
 

4
0

.6
%
 

0
.4

1
 

0
.3

2
 

0
.5

2
 

<
 0

.0
0

1
 

0
.6

1
 

0
.4

7
 

0
.8

0
 

<
 0

.0
0

1
 

>
 
6
 

7
2

3
 

6
1

.7
%
 

4
4

9
 

3
8

.3
%
 

0
.3

7
 

0
.2

9
 

0
.4

8
 

<
 0

.0
0

1
 

0
.5

9
 

0
.4

5
 

0
.7

7
 

<
 0

.0
0

1
 

to
ta

l 
<
 0

.0
0

1
 

to
ta

l 
<
 0

.0
0

1
 

P
P

I 
fi

rs
t 

p
re

sc
ri

b
e

d
 

B
e

fo
re
 
a

d
m

is
si

o
n
 

2
0

9
2
 

5
6

.9
%
 

1
5

8
6
 

4
3

.1
%
 

1
.0

0
 

U
p

o
n
 
a

d
m

is
si

o
n
 

1
2

4
 

4
0

.8
%
 

1
8

0
 

5
9

.2
%
 

1
.9

2
 

1
.5

1
 

2
.4

3
 

<
 0

.0
0

1
 

1
.4

4
 

1
.1

1
 

1
.8

7
 

0
.0

0
6
 

A
d

m
is

si
o

n
 
y

e
a

r 
2

0
1

4
 

1
2

0
9
 

5
6

.8
%
 

9
2

1
 

4
3

.2
%
 

1
.0

0
 

2
0

1
7
 

1
0

7
 

1
1

.2
%
 

8
4

5
 

8
8

.8
%
 

1
.1

0
 

0
.9

7
 

1
.2

5
 

0
.1

3
1
 

A
d

ju
st

e
d
 
fo

r 
a

g
e

, 
g

e
n

d
e

r,
 
e

th
n

ic
it

y,
 
S

E
S

, 
C

C
I,
 
a

n
d
 
fi

rs
t 

P
P

I 
p

re
sc

ri
b

e
d

. 

P
P

Is
: 

p
ro

to
n
 
p

u
m

p
 
in

h
ib

it
o

rs
. 

d

c

(

t

(

t

i

(

g

4

s

t

f

o

a

b

e

t

t

o

a

r

e

a

p

m

r

s

e

c

[

b

m

a

u

a

r

t

m

h

m

o

O

t

t

d

e

a

a

t

d

w

c

s

s

fi  

l

488 
ual antiplatelet treatment (DAPT): 89.4% (1580/1766); Group II in- 

luded patients younger than 65 that were taking aspirin only, 8.6% 

151/1766)]; Group III included patients who received a single an- 

iplatelet agent other than aspirin, 1.9% (35/1776), Fig. 3 . 

Out of all subjects classified as inappropriate PPI use, 42.4% 

748/1766) were not using either aspirin, NSAIDS, antiplatelet, an- 

iaggregant, anticoagulant or steroid; 26.3% (464/1766) were us- 

ng steroids; 24.6% (435/1766) were using anticoagulants; 8.6% 

151/1766) were using aspirin; 2.0% (35/1766) were using antiag- 

regant; 0.9% (16/1766) were using NSAIDS. 

. Discussion 

This study aimed to evaluate the rate of inadequate PPIs pre- 

cription upon discharge from internal medicine wards, according 

o an algorithm developed by us based on the National Institute 

or Clinical Excellence (NICE) guidelines. We report that the rate 

f inadequate PPIs prescription is about 45% of all prescriptions 

t discharge. We also report that most of the patients classified 

y our algorithm as receiving inadequate PPIs prescriptions were 

ither patients who were not taking DAPT or patients younger 

han 65 who were taking only aspirin. Finally, we report no 

rend of improvement in the rate of inadequate PPIs prescription 

ver time. Previous studies, as well as a recent Australian review 

rticle of international studies investigating inappropriate PPIs use, 

eported that the rate ranged from 11 to 84%, with high variation 

ven within the same country, and concluded that, on average, 

lmost half of PPIs prescriptions might be inappropriate, a pro- 

ortion similar to our current results [25–27] . And yet, no single 

ethodology is a consensus in determining inappropriate PPI use. 

As stated above, we report no improvement over time in the 

ate of inappropriate PPIs prescription. This finding is surprising 

ince more and more publications regarding PPIs‘ harmful side 

ffects are being published. Furthermore, the "choosing wisely" 

ampaign has been attempting to reduce inappropriate usage 

15 , 22] . And yet, our findings are consistent with the recent report 

y Naunton et al. [25] 

Most of our study population already received PPIs before ad- 

ission (92.3%), prescribed by their general practitioner or during 

 previous hospitalization. This raises a concern regarding the 

nneeded continuation of these drugs; In both settings (hospital 

nd general practice), the clinicians might rely on a previous 

ecommendation by a colleague without reviewing the indications 

hemselves, believing that discontinuing the PPI might be detri- 

ental rather than helpful [23 , 28] . In addition, several studies 

ave shown that general physicians tend not to review and docu- 

ent indications for PPI after discharge from the hospital. This fact 

ften results in their long-term or even indefinite continuation [5] . 

ur findings indicate that when discharging a patient, reviewing 

he indications for PPIs prescription is essential. We assume that 

he high rates of inappropriate prescription during admission are 

riven by management of acute and complicated patients, by non- 

videnced based prescription of PPIs and by prophylaxis therapy 

gainst complications caused by steroids or antiplatelet agents [2] . 

Interestingly, we report that about 40% of the subjects classified 

s receiving inappropriate PPI prescriptions were not using any of 

he drugs evaluated, probably representing subjects with functional 

yspepsia. Also, about 26% were using steroids alone, and 25% 

ere using anticoagulants, reflecting the tendency of the physi- 

ians to prescribe PPI drugs, irrespective of the clinical guidelines. 

We also report that female gender, low SES, higher comorbidity 

core, and initiation of PPIs during hospital admission were all 

ignificantly associated with inappropriate PPIs prescription. These 

ndings are consistent with previous reports [21 , 23 , 26] . The main

imitation of our study is its retrospective nature. 
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[

[  

[

[

[  

[

[

[

After reviewing updated guidelines and literature, we found 

t difficult to define clear indications for PPIs use. In fact, except 

or the FDA-approved GI indications, there are no well-defined 

uidelines for other potentially needed indications for PPIs. Those 

on-GI indications are considered experts’ opinions. We suggest 

hat healthcare policymakers adopt an algorithm, such as ours, to 

tandardize the routine evaluation of PPI’s appropriateness. 

In conclusion, although limited by the retrospective nature 

f our study, our findings indicate that the number of PPI pre- 

criptions is unacceptably high, especially for patients who are 

ot receiving DAPT and for young patients who are treated with 

spirin alone. We also report that the time trend analysis showed 

o improvement over time. Undoubtedly, more action is needed 

o raise physicians’ knowledge and attention to the subject while 

roviding automated and standardized technology-based tools to 

educe inappropriate PPIs use using an acceptable algorithm. 
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