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Original Research

Introduction

Proton pump inhibitors (PPIs) are among the most widely 
prescribed medications globally and are used by nearly 
25% of adults to manage the symptoms of gastroesophageal 
reflux disease (GERD) or related conditions.1 Although 
short-term use is generally safe, growing evidence indicates 
potential adverse effects with prolonged use.2-5 In Germany, 
retrospective data show substantial discrepancies between 
guideline recommendations and real-world PPI prescribing, 
particularly in the prescription of high doses and long-term 
therapy without appropriate indications.6 Similar patterns 
have also been observed internationally; for example, a 

U.S. study found that only half of patients on long-term PPI 
therapy had a valid clinical indication.7

The updated DGVS GERD treatment guideline (March 
2023) emphasizes a stepwise approach starting with alternatives 
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Abstract
Background: Proton pump inhibitors (PPIs) are frequently prescribed in primary care, often for durations that exceed 
guideline recommendations. We evaluated whether a digital point‑of‑prescription educational intervention based on the 
updated March 2023 Deutsche Gesellschaft für Gastroenterologie, Verdauungs- und Stoffwechselkrankheiten (DGVS) 
GERD guideline could influence the prescribing patterns of primary care physicians (PCPs).
Methods: We conducted a 12‑month retrospective cohort study using anonymized prescription data from PCPs in Germany. 
Intervention physicians (n = 886) received EMR‑integrated pop‑up messages with guideline‑based recommendations and 
optional links to further content on the “Praxiswelt” (Practice World) educational platform. A matched control group 
(n = 886) received no messages. Physician engagement (click rates), PPI prescription volume, pack size, and use of ICD‑10 
diagnosis codes were compared pre‑ (Q2-Q4 2022) and post‑guideline (Q2-Q4 2023). Analyses were descriptive.
Results: A total of 31 629 pop‑ups were displayed (mean 37.7 per physician); of these, 32.7% generated positive 
interactions, 0.4% negative, and 66.9% no interaction. PPI prescription volume changed by −2.8% in the intervention group 
versus +0.7% in controls. Most prescriptions exceeded the recommended 8‑week duration (91%-100%). ICD‑10 coding 
rates remained low (missing codes: intervention 75.2% pre-guideline vs 76.7% post-guideline; controls 90.0% vs 88.1%).
Conclusion: Digital pop‑up education at the point of prescription produced only minimal changes in prescribing 
volume and coding behavior. The limited effect may reflect alert fatigue, passive content, and single‑channel delivery. 
Future strategies should combine point‑of‑prescription alerts with interactive decision support, audit and feedback, and 
system‑level changes to improve both adherence and documentation.

Keywords
proton pump inhibitor, primary care, retrospective cohort study, EMR intervention, Germany

Received: June 28, 2025; revised: August 8, 2025; accepted: August 9, 2025

https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/jpc
http://crossmark.crossref.org/dialog/?doi=10.1177%2F21501319251371385&domain=pdf&date_stamp=2025-10-18


2	 Journal of Primary Care & Community Health ﻿

such as antacids, alginates, or H2-receptor antagonists 
before initiating PPI therapy and limiting therapy to the 
lowest effective dose for no longer than 4 to 8 weeks in most 
patients.8 Comparable deprescribing recommendations 
have been issued by the American Gastroenterological 
Association (AGA)9 and also form part of the relevant 
Canadian guidelines.10

Despite these recommendations, overprescription 
remains widespread in both primary and secondary care.11-

13 Physician prescribing patterns may be shaped by habit, 
perceived patient expectations, and workflow constraints.13 
Well-designed point-of-care interventions could help reduce 
inappropriate prescribing.

The objective of this study was to assess whether real-
time educational pop-up messages integrated into the EMR 
could modify PCP prescribing patterns in line with the 
updated DGVS guidelines.

Methods

Study Design and Objectives

We conducted a 12‑month non‑interventional retrospective 
cohort study to assess the impact of EMR‑integrated educa-
tional pop‑ups on PCP prescribing behavior. The primary 
objective was to evaluate changes in PPI prescription vol-
ume, PPI pack size (duration of therapy), and ICD‑10 diag-
nosis documentation rates.

The secondary objective was to assess physician engage-
ment with the educational content as measured by click rates 
on pop‑up messages. Outcomes for the intervention group 
were compared with those for a matched control group.

Intervention

The intervention consisted of short, non-commercial pop-
up messages delivered through the WICOM Assist module 
within the physician’s EMR. Each message summarized a 
key recommendation from the March 2023 DGVS GERD 
guideline and included a hyperlink to related educational 
articles on “Praxiswelt,” an independent, physician-ori-
ented educational website. Messages could be clicked 
(“positive interaction”), dismissed permanently (“negative 
interaction”), or closed without action (“no interaction”).

Messages were tailored to the patient context based on 
pre-defined inclusion criteria (e.g., age, sex, diagnosis, ther-
apy history). The new DGVS guideline was introduced in 
the first quarter of 2023, after which content was refreshed 
quarterly. Messages were triggered only when relevant to 
the patient record being reviewed.

Study Population

Physicians: The intervention group included 886 PCPs 
actively using WICOM Assist. The control group comprised 

886 matched PCPs from the IQVIA One Panel who did not 
use WICOM Assist. Matching was performed on the basis of 
practice size, prescribing habits, and geographic region. All 
data were anonymized prior to analysis.

Patients: Inclusion and exclusion criteria were derived 
from recent GERD and PPI deprescribing guidelines and 
grouped into 5 cohorts: pregnancy, uncomplicated reflux, 
diagnosed GERD, diagnosed non‑erosive reflux disease 
(NERD), and PPI non‑responders. Table 1 provides the full 
criteria.

Ethical Considerations

The local German ethics committee (Landesärztekammer 
Baden-Württemberg) confirmed that formal ethical 
approval was not required for this study as it involved the 
analysis of anonymized prescription data that did not allow 
for the identification of patients or healthcare professionals. 
This research was classified as belonging to the “Other 
Studies” category and was not subject to the German 
Medicinal Product Act (AMG) or Medical Devices Act 
(MPG). All data handling procedures complied with 
German data protection regulations and institutional 
standards.

Study Period

Prescription and coding data were extracted from anony-
mized EMR records for Q2-Q4 2022 (pre‑guideline period) 
and Q2-Q4 2023 (post‑guideline period). Physician engage-
ment was calculated as the proportion of positive interac-
tions with respect to the total pop‑up messages displayed.

Statistical Approach

Given the real-world observational nature of this study and 
the data format limitations to which it was subject, analyses 
were primarily descriptive. No formal hypothesis testing 
was conducted, and results should be interpreted as explor-
atory findings rather than definitive causal relationships.

Results

Physician Engagement with Educational 
Messages

Table 2 presents the distribution and engagement patterns for 
educational messages across patient cohorts in 2023. A total 
of 31 629 messages were displayed to 886 physicians, aver-
aging 37.7 messages per physician over the study period.

Engagement patterns gave rise to the following observa-
tions: 32.7% positive interactions (physicians clicked for 
additional information), 0.4% negative interactions (physi-
cians opted out of future messages), and 66.9% no interac-
tion (physicians closed messages without engaging).



3

T
ab

le
 1

. 
In

cl
us

io
n 

an
d 

Ex
cl

us
io

n 
C

ri
te

ri
a 

fo
r 

Pa
tie

nt
s 

U
se

d 
fo

r 
th

e 
Ed

uc
at

io
na

l M
es

sa
ge

s 
fo

r 
Ph

ys
ic

ia
ns

.

C
oh

or
t

In
cl

us
io

n 
cr

ite
ri

a
Ex

cl
us

io
n 

cr
ite

ri
a

Pr
eg

na
nc

y
• 

En
co

un
te

r 
fo

r 
su

pe
rv

is
io

n 
of

 n
or

m
al

 p
re

gn
an

cy
 (

IC
D

-1
0:

 Z
34

)
• 

A
N

D
• �

G
as

tr
oe

so
ph

ag
ea

l r
ef

lu
x 

di
se

as
e 

(IC
D

-1
0:

 K
21

), 
or

 r
ef

lu
x 

es
op

ha
gi

tis
 (

IC
D

-1
0:

 K
21

.0
), 

or
 

es
op

ha
ge

al
 r

ef
lu

x 
N

O
S 

(IC
D

-1
0:

 K
21

.9
), 

or
 fu

nc
tio

na
l d

ys
pe

ps
ia

 (
IC

D
-1

0:
 K

30
)

• 
O

R
• 

Pr
es

cr
ip

tio
n 

of
 P

PI
 (

A
T

C
: A

02
BC

) 
3 
×

 1
 P

ac
k 

O
R

 1
 ×

 3
 p

ac
ks

 w
ith

in
 t

he
 la

st
 8

 w
ee

ks
• �

O
R

 p
re

sc
ri

pt
io

n 
of

 m
or

e 
th

an
 3

 d
iff

er
en

t 
dr

ug
s 

pr
es

cr
ib

ed
 s

im
ul

ta
ne

ou
sl

y 
du

ri
ng

 t
he

 la
st

 8
 w

ee
ks

, 
or

 d
oc

um
en

te
d 

he
al

th
ca

re
 e

xa
m

in
at

io
n 

in
 t

he
 la

st
 q

ua
rt

er
• 

O
R

 n
o 

pr
ev

io
us

 d
ia

gn
os

is
 o

f K
21

, e
tc

. a
s 

ab
ov

e

• 
A

ge
 <

 1
8

• �
M

al
ig

na
nt

 n
eo

pl
as

m
 o

f t
he

 e
so

ph
ag

us
 (

IC
D

-1
0:

 C
15

), 
or

 e
so

ph
ag

iti
s 

(IC
D

-1
0:

 K
20

), 
or

 a
ch

al
as

ia
 o

f t
he

 c
ar

di
a 

(IC
D

10
: K

22
.0

), 
or

 u
lc

er
 o

f e
so

ph
ag

us
 (

IC
D

-1
0:

 K
22

.1
), 

or
 B

ar
re

tt
’s

 e
so

ph
ag

us
 (

IC
D

-1
0:

 K
22

.7
), 

or
 e

so
ph

ag
ea

l b
le

ed
in

g 
(IC

D
-1

0:
 K

22
.8

1)
, 

or
 e

so
ph

ag
ea

l v
ar

ic
es

 w
ith

ou
t 

bl
ee

di
ng

 (
IC

D
-1

0:
 I8

5.
9)

 o
r 

id
io

pa
th

ic
 in

te
rs

tit
ia

l l
un

g 
di

se
as

es
 (

IC
D

10
: J

84
)

• 
D

oc
um

en
ta

tio
n 

of
 s

ym
pt

om
s:

 r
ef

lu
x 

an
d 

re
gu

rg
ita

tio
n

U
nc

om
pl

ic
at

ed
 

re
flu

x
• 

D
ia

gn
os

is
 o

f r
ef

lu
x 

(IC
D

-1
0:

 R
12

)
• 

O
R

• 
D

oc
um

en
ta

tio
n 

of
 s

ym
pt

om
s 

in
 t

he
 p

at
ie

nt
 h

is
to

ry
: r

ef
lu

x,
 r

eg
ur

gi
ta

tio
n,

 h
ea

rt
bu

rn
, o

r 
ac

id
 b

ur
pi

ng
• 

O
R

• 
Pr

es
cr

ip
tio

n 
of

 P
PI

 (
A

T
C

: A
02

BC
) 

3 
×

 1
 P

ac
k 

O
R

 1
 ×

 3
 p

ac
ks

 w
ith

in
 t

he
 la

st
 8

 w
ee

ks
• �

O
R

 p
re

sc
ri

pt
io

n 
of

 m
or

e 
th

an
 3

 d
iff

er
en

t 
dr

ug
s 

pr
es

cr
ib

ed
 s

im
ul

ta
ne

ou
sl

y 
du

ri
ng

 t
he

 la
st

 8
 w

ee
ks

, 
or

 d
oc

um
en

te
d 

he
al

th
ca

re
 e

xa
m

in
at

io
n 

in
 t

he
 la

st
 q

ua
rt

er
O

R
 n

o 
pr

ev
io

us
 d

ia
gn

os
is

 o
f K

21
, a

nd
 r

ef
lu

x 
or

 a
ci

d 
re

gu
rg

ita
tio

n,
 e

tc
. a

s 
ab

ov
e

• 
A

ge
 <

 1
8

• �
M

al
ig

na
nt

 n
eo

pl
as

m
 o

f t
he

 e
so

ph
ag

us
 (

IC
D

-1
0:

 C
15

), 
or

 e
so

ph
ag

iti
s 

(IC
D

-1
0:

 K
20

), 
or

 a
ch

al
as

ia
 o

f t
he

 c
ar

di
a 

(IC
D

10
: K

22
.0

), 
or

 u
lc

er
 o

f e
so

ph
ag

us
 (

IC
D

-1
0:

 K
22

.1
), 

or
 B

ar
re

tt
’s

 e
so

ph
ag

us
 (

IC
D

-1
0:

 K
22

.7
), 

or
 e

so
ph

ag
ea

l b
le

ed
in

g 
(IC

D
-1

0:
 K

22
.8

1)
, 

or
 e

so
ph

ag
ea

l v
ar

ic
es

 w
ith

ou
t 

bl
ee

di
ng

 (
IC

D
-1

0:
 I8

5.
9)

 o
r 

id
io

pa
th

ic
 in

te
rs

tit
ia

l l
un

g 
di

se
as

es
 (

IC
D

10
: J

84
)

D
ia

gn
os

ed
 

G
ER

D
• �

G
as

tr
oe

so
ph

ag
ea

l r
ef

lu
x 

di
se

as
e 

(IC
D

-1
0:

 K
21

), 
or

 r
ef

lu
x 

es
op

ha
gi

tis
 (

IC
D

-1
0:

 K
21

.0
), 

or
 

es
op

ha
ge

al
 r

ef
lu

x 
N

O
S 

(IC
D

-1
0:

 K
21

.9
), 

or
 fu

nc
tio

na
l d

ys
pe

ps
ia

 (
IC

D
-1

0:
 K

30
)

• 
O

R
• 

D
oc

um
en

ta
tio

n 
of

 s
ym

pt
om

s 
in

 t
he

 a
na

m
ne

si
s:

 n
oc

tu
rn

al
 r

ef
lu

x 
or

 p
er

si
st

en
t 

re
flu

x
• 

O
R

• 
Pr

es
cr

ip
tio

n 
of

 P
PI

 (
A

T
C

: A
02

BC
) 

3 
×

 1
 P

ac
k 

O
R

 1
 ×

 3
 p

ac
ks

 w
ith

in
 t

he
 la

st
 8

 w
ee

ks
• �

O
R

 p
re

sc
ri

pt
io

n 
of

 m
or

e 
th

an
 3

 d
iff

er
en

t 
dr

ug
s 

pr
es

cr
ib

ed
 s

im
ul

ta
ne

ou
sl

y 
du

ri
ng

 t
he

 la
st

 8
 w

ee
ks

, 
or

 d
oc

um
en

te
d 

he
al

th
ca

re
 e

xa
m

in
at

io
n 

in
 t

he
 la

st
 q

ua
rt

er
• 

O
R

 n
o 

pr
ev

io
us

 d
ia

gn
os

is
 o

f K
21

, a
nd

 r
ef

lu
x 

or
 a

ci
d 

re
gu

rg
ita

tio
n,

 e
tc

. a
s 

ab
ov

e.

• 
A

ge
 <

 1
8

• 
R

ef
lu

x 
(IC

D
-1

0:
 R

12
)h

ea
rt

bu
rn

 o
r 

ac
id

 r
eg

ur
gi

ta
tio

n
• �

M
al

ig
na

nt
 n

eo
pl

as
m

 o
f t

he
 e

so
ph

ag
us

 (
IC

D
-1

0:
 C

15
), 

or
 e

so
ph

ag
iti

s 
(IC

D
-1

0:
 K

20
), 

or
 a

ch
al

as
ia

 o
f t

he
 c

ar
di

a 
(IC

D
10

: K
22

.0
), 

or
 u

lc
er

 o
f e

so
ph

ag
us

 (
IC

D
-1

0:
 K

22
.1

), 
or

 B
ar

re
tt

’s
 e

so
ph

ag
us

 (
IC

D
-1

0:
 K

22
.7

), 
or

 e
so

ph
ag

ea
l b

le
ed

in
g 

(IC
D

-1
0:

 K
22

.8
1)

, 
or

 e
so

ph
ag

ea
l v

ar
ic

es
 w

ith
ou

t 
bl

ee
di

ng
 (

IC
D

-1
0:

 I8
5.

9)
 o

r 
id

io
pa

th
ic

 in
te

rs
tit

ia
l l

un
g 

di
se

as
es

 (
IC

D
10

: J
84

)

D
ia

gn
os

ed
 

N
ER

D
• 

D
ia

gn
os

is
 o

f g
as

tr
oe

so
ph

ag
ea

l r
ef

lu
x 

di
se

as
e 

w
ith

ou
t 

es
op

ha
gi

tis
 (

IC
D

-1
0:

 K
21

.9
)

• 
Pr

es
cr

ip
tio

n 
of

 P
PI

 (
A

T
C

: A
02

BC
) 

3 
×

 1
 P

ac
k 

O
R

 1
 ×

 3
 p

ac
ks

 w
ith

in
 t

he
 la

st
 8

 w
ee

ks
• �

O
R

 p
re

sc
ri

pt
io

n 
of

 m
or

e 
th

an
 3

 d
iff

er
en

t 
dr

ug
s 

pr
es

cr
ib

ed
 s

im
ul

ta
ne

ou
sl

y 
du

ri
ng

 t
he

 la
st

 8
 w

ee
ks

, 
or

 d
oc

um
en

te
d 

he
al

th
ca

re
 e

xa
m

in
at

io
n 

in
 t

he
 la

st
 q

ua
rt

er
O

R
 n

o 
pr

ev
io

us
 d

ia
gn

os
is

 o
f K

21
, a

nd
 r

ef
lu

x 
or

 a
ci

d 
re

gu
rg

ita
tio

n,
 e

tc
. a

s 
ab

ov
e

• 
A

ge
 <

 1
8

• �
G

as
tr

oe
so

ph
ag

ea
l r

ef
lu

x 
di

se
as

e 
(IC

D
-1

0:
 K

21
), 

or
 r

ef
lu

x 
es

op
ha

gi
tis

 (
IC

D
-1

0:
 K

21
.0

), 
or

 fu
nc

tio
na

l d
ys

pe
ps

ia
 (

IC
D

-1
0:

 K
30

), 
or

 r
ef

lu
x 

(IC
D

-1
0:

 R
12

)
• �

M
al

ig
na

nt
 n

eo
pl

as
m

 o
f t

he
 e

so
ph

ag
us

 (
IC

D
-1

0:
 C

15
), 

or
 e

so
ph

ag
iti

s 
(IC

D
-1

0:
 K

20
), 

or
 a

ch
al

as
ia

 o
f t

he
 c

ar
di

a 
(IC

D
10

: K
22

.0
), 

or
 u

lc
er

 o
f e

so
ph

ag
us

 (
IC

D
-1

0:
 K

22
.1

), 
or

 B
ar

re
tt

’s
 e

so
ph

ag
us

 (
IC

D
-1

0:
 K

22
.7

), 
or

 e
so

ph
ag

ea
l b

le
ed

in
g 

(IC
D

-1
0:

 K
22

.8
1)

, 
or

 e
so

ph
ag

ea
l v

ar
ic

es
 w

ith
ou

t 
bl

ee
di

ng
 (

IC
D

-1
0:

 I8
5.

9)
 o

r 
id

io
pa

th
ic

 in
te

rs
tit

ia
l l

un
g 

di
se

as
es

 (
IC

D
10

: J
84

)
• 

D
oc

um
en

ta
tio

n 
of

 s
ym

pt
om

s:
 r

ef
lu

x 
an

d 
re

gu
rg

ita
tio

n
PP

I n
on

-
re

sp
on

de
r

• 
D

ia
gn

os
is

 o
f g

as
tr

oe
so

ph
ag

ea
l r

ef
lu

x 
di

se
as

e 
w

ith
ou

t 
es

op
ha

gi
tis

 (
IC

D
-1

0:
 K

21
.9

)
• 

A
N

D
 P

re
sc

ri
pt

io
n 

of
 P

PI
 (

A
T

C
: A

02
BC

)
• 

O
R

 n
oc

tu
rn

al
 r

ef
lu

x 
br

ea
kt

hr
ou

gh
• 

Pr
es

cr
ip

tio
n 

of
 P

PI
 (

A
T

C
: A

02
BC

) 
3 
×

 1
 P

ac
k 

O
R

 1
 ×

 3
 p

ac
ks

 w
ith

in
 t

he
 la

st
 8

 w
ee

ks
• �

O
R

 p
re

sc
ri

pt
io

n 
of

 m
or

e 
th

an
 3

 d
iff

er
en

t 
dr

ug
s 

pr
es

cr
ib

ed
 s

im
ul

ta
ne

ou
sl

y 
du

ri
ng

 t
he

 la
st

 8
 w

ee
ks

, 
or

 d
oc

um
en

te
d 

he
al

th
ca

re
 e

xa
m

in
at

io
n 

in
 t

he
 la

st
 q

ua
rt

er
• 

O
R

 n
o 

pr
ev

io
us

 d
ia

gn
os

is
 o

f K
21

, a
nd

 r
ef

lu
x 

or
 a

ci
d 

re
gu

rg
ita

tio
n,

 e
tc

. a
s 

ab
ov

e

• 
A

ge
 <

 1
8

• �
G

as
tr

oe
so

ph
ag

ea
l r

ef
lu

x 
di

se
as

e 
(IC

D
-1

0:
 K

21
), 

or
 r

ef
lu

x 
es

op
ha

gi
tis

 (
IC

D
-1

0:
 K

21
.0

), 
or

 fu
nc

tio
na

l d
ys

pe
ps

ia
 (

IC
D

-1
0:

 K
30

), 
or

 r
ef

lu
x 

(IC
D

-1
0:

 R
12

)
• �

M
al

ig
na

nt
 n

eo
pl

as
m

 o
f t

he
 e

so
ph

ag
us

 (
IC

D
-1

0:
 C

15
), 

or
 e

so
ph

ag
iti

s 
(IC

D
-1

0:
 K

20
), 

or
 a

ch
al

as
ia

 o
f t

he
 c

ar
di

a 
(IC

D
10

: K
22

.0
), 

or
 u

lc
er

 o
f e

so
ph

ag
us

 (
IC

D
-1

0:
 K

22
.1

), 
or

 B
ar

re
tt

’s
 e

so
ph

ag
us

 (
IC

D
-1

0:
 K

22
.7

), 
or

 e
so

ph
ag

ea
l b

le
ed

in
g 

(IC
D

-1
0:

 K
22

.8
1)

, 
or

 e
so

ph
ag

ea
l v

ar
ic

es
 w

ith
ou

t 
bl

ee
di

ng
 (

IC
D

-1
0:

 I8
5.

9)
 o

r 
id

io
pa

th
ic

 in
te

rs
tit

ia
l l

un
g 

di
se

as
es

 (
IC

D
10

: J
84

)



4	 Journal of Primary Care & Community Health ﻿

The diagnosed GERD cohort generated the highest 
message volume (26.2 messages per physician), followed 
by diagnosed NERD (7.4 messages per physician) and 
uncomplicated reflux (3.9 messages per physician). The 
PPI non-responder and pregnancy cohorts had minimal 
message volumes (0.2 and 0.02 messages per physician 
respectively).

Notably, engagement rates varied by cohort complexity: 
PPI non-responder patients showed the highest positive 
interaction rate (47.3%), followed by uncomplicated reflux 
(45.0%) and diagnosed NERD (39.1%), suggesting that 
physicians were more likely to seek additional information 
for complex or straightforward cases.

PPI Prescription Volume

Figure 1 shows the total number of PPI prescriptions in both 
groups across the study period. The intervention group 
showed a minimal decrease from 337,809 prescriptions in 
Q2-Q4 2022 to 328 478 in Q2-Q4 2023 (−2.8%). By con-
trast, the control group showed a slight increase from 
337 756 to 339 960 prescriptions (+0.7%) over the same 
period.

While this represents a small difference between groups, 
overall prescription volumes remained largely stable, indi-
cating that the educational intervention had a minimal 
impact on PPI prescribing behavior in general.

PPI Treatment Duration

Table 3 reveals that the vast majority of PPI prescriptions 
exceeded the DGVS recommended 8-week treatment dura-
tion for both uncomplicated reflux and diagnosed GERD. 
For uncomplicated reflux, 91%-92% of prescriptions pro-
vided more than 8 weeks of therapy, with an average supply 
of 95-96 days. For diagnosed GERD, 100% of prescriptions 
exceeded 8 weeks, with an average supply of 100 days.

These findings indicate that physicians continued pre-
scribing PPIs for extended durations despite guideline rec-
ommendations, suggesting that the educational intervention 
had a limited impact on treatment duration decisions.

Diagnostic Coding Practices

Figure 2 illustrates the distribution of ICD-10 diagnostic 
codes used with PPI prescriptions. Missing diagnostic 
codes remained persistently high in both groups through-
out the study period. In the intervention group, missing 
codes changed minimally from 75.2% in Q2-Q4 2022 to 
76.7% in Q2-Q4 2023. The control group showed a slight 
improvement from 90.0% to 88.1% for missing codes over 
the same period.

The utilization of specific codes (K21 and “other” diag-
noses) showed minimal changes in both groups, indicating 
that the educational intervention did not substantially 
improve diagnostic documentation practices.

Discussion

Principal Findings

This real-world study evaluated the effectiveness of EMR-
based educational messages in modifying PPI prescription 
practices among German primary care physicians. The 
intervention resulted in minimal changes across all mea-
sured outcomes: a small decrease in prescription volume 

Figure 1.  Total number of PPI prescriptions in the intervention 
and control groups in Q2 to Q4 of 2022 and Q2 to Q4 of 2023.
The intervention group showed a 2.8% decrease in prescriptions while 
the control group showed a 0.7% increase. Error bars represent 95% 
confidence intervals where available.

Table 2.  Number and Type of Messages per Physician in 2023 (n = 886 physicians).

Message/cohort
Total number 
of messages

Messages 
per physician

% of positive 
interactions

% of negative 
interactions

% of no 
interactions

Pregnancy 15 0.02 26.7 13.3 66.7
Uncomplicated reflux 3,288 3.9 45.0 0.7 54.3
Diagnosed GERD 22,003 26.2 29.0 0.3 70.7
Diagnosed NERD 6,192 7.4 39.1 0.4 60.5
PPI non-responder 131 0.2 47.3 6.1 46.6
Total 31629 37.7 32.7 0.4 66.9
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Table 3.  Proportion of Prescriptions Exceeding the 
Recommended 8-week Duration and Average Number of PPI 
days’ Supply (n = 886 physicians).

Message/cohort
Uncomplicated 
reflux

Diagnosed 
GERD

20 MG 40 MG 20 MG 40 MG
Proportion of prescriptions 
exceeding the recommended 
8-week duration (%)

91 92 100 100

Average number of days’ 
supply

95 96 100 100

(-2.8% vs +0.7% in controls), persistent long-term pre-
scription exceeding guideline recommendations, and con-
tinued poor diagnostic coding practices.

Limited Intervention Effectiveness

The minimal impact of our educational intervention aligns 
with growing evidence that simple, passive educational 
approaches have limited effectiveness in changing estab-
lished prescribing behaviors. Several factors may explain 
these findings, including physician engagement patterns, 
behavioral Inertia, and system-level barriers.

While one-third of messages received positive interac-
tions, two-thirds were ignored, suggesting that pop-up 

messages may be perceived as workflow interruptions 
rather than valuable educational tools. The low negative 
interaction rate (0.4%) indicates that physicians were not 
actively rejecting the content, but rather passively dismiss-
ing it.

Van Gestel et al13 identified habit and routine as key 
drivers of PPI prescribing patterns. Our findings suggest 
that brief educational messages may be insufficient to over-
come established prescribing habits, particularly for medi-
cations with perceived low-risk profiles such as PPIs.

The persistently high rates of missing diagnostic codes 
(>75% in both groups) suggest that documentation chal-
lenges may stem from EMR usability issues, time con-
straints, or workflow pressures rather than knowledge gaps 
alone.

Treatment Duration Patterns

The finding that 91% to 100% of PPI prescriptions exceeded 
the recommended 8-week durations, with average supplies 
amounting to 95-100 days, highlights a significant gap 
between guidelines and practice. This pattern persisted 
despite educational messaging, suggesting that treatment 
duration decisions may be influenced by factors other than 
guideline awareness, such as patient expectations and pref-
erences, convenience of longer prescriptions, concern about 
symptom recurrence, and lack of systematic review pro-
cesses for ongoing prescriptions.

Figure 2.  Distribution of ICD-10 diagnosis codes used in the intervention and control groups for prescriptions in Q2 to Q4 of 2022 
and Q2 to Q4 of 2023.
Missing codes remained high in both groups (intervention: 75.2%-76.7%; control: 90.0%-88.1%). K21 codes represent gastroesophageal reflux disease 
diagnoses, while “Other” includes various related diagnostic codes.
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Diagnostic Coding Challenges

The minimal improvement in diagnostic coding practices 
indicates that educational interventions alone may be insuf-
ficient to address documentation deficiencies. The persis-
tently high rates of missing codes suggest structural barriers 
including EMR workflow limitations, time pressure during 
consultations, lack of automated coding support, and insuf-
ficient emphasis on the importance of coding in medical 
education.

Implications for Future Interventions

Our findings suggest that more comprehensive, multi-fac-
eted approaches may be necessary to achieve meaningful 
changes in prescribing behavior:

First, future interventions should incorporate case-based 
learning, decision support tools requiring physician input, 
and personalized feedback on prescribing patterns.

Second, addressing structural barriers through improved 
EMR interfaces, automated coding suggestions, and work-
flow optimization may be more effective than education 
alone.

Third, single-point educational interventions may require 
reinforcement through ongoing professional development, 
peer feedback, and quality improvement initiatives.

Study Strengths and Limitations

This study provides valuable real-world evidence using a 
large, representative sample of German primary care physi-
cians. The matched design and extended observation period 
enhance the validity of its findings. The analysis of both 
prescribing patterns and physician engagement provides 
valuable insights into intervention mechanisms.

However, the study is also subject to several important 
limitations that must be acknowledged. The lack of ran-
domization and statistical hypothesis testing limits causal 
inferences. External factors could not be controlled, and 
the descriptive nature of the analyses weakens conclusions 
about intervention effectiveness. Furthermore, the study 
did not assess clinical outcomes, meaning that the impact 
of prescription changes on patient health remains unknown. 
Moreover, the analysis was based on the assumption that 
dosage was 1 tablet per day, but some patients may use 
twice-daily regimens, potentially affecting duration calcu-
lations. Additionally, the aggregated nature of the data 
available precluded advanced statistical analyses, includ-
ing significance testing and multivariable modeling that 
could have provided stronger evidence with respect to 
intervention effects. Finally, the 12-month observation 
period may be insufficient to detect longer-term behavioral 
changes that could emerge with continued exposure to edu-
cational content.

Clinical and research implications

Despite its limited immediate impact, this study contributes 
important insights for clinical practice and research. 
Healthcare systems should recognize that simple educa-
tional interventions alone are insufficient to change com-
plex prescribing behaviors. Multi-modal approaches 
addressing knowledge, workflow, and system-level barriers 
are likely necessary for meaningful improvement.

Future studies should incorporate randomized designs, lon-
ger follow-up periods, patient outcome measures, and more 
sophisticated behavioral change frameworks. Understanding 
the mechanisms underlying prescribing behavior change 
remains critical for developing effective interventions.

Conclusion

Educational pop-ups delivered at the point of prescription 
resulted in minimal changes to PPI prescribing practices 
and diagnostic coding behavior among German primary 
care physicians. While the intervention demonstrated fea-
sibility and achieved modest physician engagement, the 
limited impact suggests that comprehensive, multi-fac-
eted educational approaches addressing system-level bar-
riers may be necessary to achieve meaningful guideline 
adherence and optimize PPI prescribing practices.
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