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Abstract

Background Clinical practice guidelines are crucial for enhancing healthcare quality and patient outcomes. Yet, their
implementation remains inconsistent across various professions and disciplines. Previous findings on the implemen-
tation of the German guideline for schizophrenia (2019) revealed low adherence rates among healthcare profes-
sionals. Barriers to guideline adherence are multifaceted, influenced by individual, contextual, and guideline-related
factors. This study aims to investigate the effectiveness of a digital guideline version compared to print/PDF formats
in enhancing guideline adherence.

Methods A multicenter, cluster-randomized controlled trial was conducted in South Bavaria, Germany, involving psy-
chologists and physicians. Participants were divided into two groups: implementation of the guideline using a digital
online version via the MAGICapp platform and the other using the traditional print/PDF version. The study included

a baseline assessment and a post-intervention assessment following a 6-month intervention phase. The primary out-
come was guideline knowledge, which was assessed using a guideline knowledge questionnaire.

Results The study included 217 participants at baseline and 120 at post-intervention. Both groups showed sig-
nificant improvements in guideline knowledge; however, no notable difference was found between both study
groups regarding guideline knowledge at either time points. At baseline, 43.6% in the control group (CG) and 52.5%
of the interventional group (IG) met the criterion. There was no significant difference in the primary outcome

Theresa Halms and Gabriele Gaigl contributed equally to this work.

TAlkomiet Hasan and Stefan Leucht contributed equally to this work.

*Correspondence:

Theresa Halms

Theresa.Halms@med.uni-augsburg.de

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12916-024-03533-6&domain=pdf

Halms et al. BMC Medicine (2024) 22:311

Page 2 of 11

between the two groups at either time point (TO: Chizmz 1.65,p=0.199,T1: Chiz(w):0.34, p=0.561). At post-interven-
tion, both groups improved, with 58.2% in the CG and 63.5% in the IG meeting this criterion.

Conclusions While the study did not include a control group without any implementation strategy, the overall
improvement in guideline knowledge following an implementation strategy, independent of the format, was con-
firmed. The digital guideline version, while not superior in enhancing knowledge, showed potential benefits in shared
decision-making skills. However, familiarity with traditional formats and various barriers to digital application may
have influenced these results. The study highlights the importance of tailored implementation strategies, especially

for younger healthcare providers.

Trial registration https.//drks.de/search/de/trial/DRKS00028895
Keywords Health personnel, Practice guideline, Cluster-randomized controlled trial, Guideline implementation,

MAGICapp

Background

Clinical practice guidelines are defined as “(...) system-
atically developed statements to assist practitioner and
patient decisions about appropriate health care for spe-
cific clinical circumstances” [1]. When implemented
effectively, clinical practice guidelines were shown to
improve the process of care as well as patient outcomes
[2]. However, guideline implementation still remains
insufficient—across countries, disciplines, and profes-
sions [3-7]. Specifically, a recent study on the implemen-
tation of the German evidence- and consensus-based
guideline for schizophrenia (2019) [8] demonstrated that
less than 50% of the surveyed healthcare professionals
were aware of and accepted the content of the guideline
as a whole, and less than 10% reported routinely apply-
ing the recommendations to eligible patients [6]. Regard-
ing specific aspects of the guideline, awareness (38%),
agreement (36%), adoption (33%), and adherence (5%)
were lowest for one recommendation regarding the
management of severe weight gain, whereas one recom-
mendation concerning antipsychotic relapse prevention
received the highest rates of awareness (81%), agreement
(88%), adoption (74%), and adherence (40%) [6].

One systematic review with a meta-analysis of 19 stud-
ies on the impact of guideline implementation on prac-
titioner performance and different patient outcomes
revealed that only few studies showed an effect on pro-
vider performance [9]. Moreover, small to medium
effects of guideline implementation on different patient
outcomes, such as clinical condition, remission rate, and
satisfaction with care, were found [9]. Thus, the lack of
scientific evidence regarding the effectiveness of guide-
line implementation as well as possible strategies to
increase the effectiveness and adherence of guidelines
become apparent.

In addition, a qualitative study including a total of 30
practitioners from the Netherlands showed that 46% of
the participants considered a lack of knowledge regard-
ing guideline recommendations to be a key barrier to

adherence [10]. These findings were confirmed by a
systematic meta-review of twelve systematic reviews,
which demonstrated that familiarity with the content of
guideline recommendations contributes considerably to
their successful implementation [11]. Another possible
reason for barriers in guideline implementation may be
the exponential growth in medical knowledge and subse-
quently in recommended treatment options. One study
conducted among 400 physicians revealed that the most
frequently mentioned barriers to guideline adherence
were the complexity of guidelines, a high number of weak
recommendations, and lack of time due to clinical obliga-
tions [12]. As a result, guidelines are not only becoming
increasingly multilayered, but are often partially out of
date by the time they are published. Therefore, it is a cru-
cial next step to adapt the publication form of guidelines
to the constant and rapid progress in clinical research.

In that regard, living guidelines are defined as an
optimized guideline development process by allowing
updates of recommendations as soon as new and rel-
evant evidence becomes available [13] or at least annually
[14]. To facilitate seamless updates, advanced systems for
guideline development have been created, embracing a
digital, web-based, and platform-independent approach.
The MAGICapp is one possible and frequently used
web-based tool for authoring, publishing, and updat-
ing digitally structured clinical practice guidelines [15].
MAGICapp, the currently most widely used platform
[16], is based on the GRADE approach (Grading of Rec-
ommendations Assessment, Development and Evalua-
tion) [17] and allows a visual presentation of the evidence
and offers novel possibilities for shared decision-making.
In addition, transparency and continuity are ensured by
linking corresponding and recently published articles to
the recommendations as well as related recommenda-
tions from other guidelines to gain deep insight into the
data and facilitate well-informed decision-making [18].

Despite the growing interest in the concept of digi-
tal guidelines and the expected increase in utilization
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of the guideline if continuously updated [13], little to
no evidence regarding the impact of a digital guideline
implementation on guideline knowledge is available.
Our aim was to evaluate whether a newly developed
digital guideline concept of the German S3 guideline
for schizophrenia (2019) (DGPPN 2019), implemented
in the evidence-ecosystem MAGICapp, is superior
to the print form in terms of guideline knowledge of
mental health care professionals. Therefore, we con-
ducted a multicenter, controlled, cluster-randomized
two-arm trial investigating the implementation of the
German schizophrenia guideline among medical doc-
tors and psychologists in a 6-month study period. We
hypothesized that the gain of guideline knowledge will
be higher in those healthcare professionals who had
access to the digital evidence-ecosystem.

Methods

Study design and randomization

This study is a multicenter, cluster-randomized con-
trolled trial addressing psychologists and physicians
employed at 17 hospitals or departments for psychia-
try and psychotherapy in a model region in South
Bavaria, Germany. The methods and study procedures
have been described in detail in the published study
protocol [19]. In the interventional group (IG), the
implementation of the German schizophrenia guide-
line was conducted using a digital online version via
the MAGICapp platform, while in facilities belonging
to the control group (CG), implementation was carried
out using the classic print or PDF version of the guide-
line. Cluster randomization was established to avoid
interactions between subjects from different groups
within one hospital. The participating 17 hospitals
were organized into n=14 clusters based on their
respective number of employees. Randomization was
performed by a blinded statistician (TSA) experienced
in the method of the Mersenne-Twister algorithm
[19]. The baseline survey took place from 05/2022 to
06/2022, followed by a 6-month implementation phase
of the German schizophrenia guideline from 06/2022
to 11/2022. Subsequently, the post-intervention survey
was conducted from 11/2022 to 01/2023. The study
was reviewed by the data protection officer of the Uni-
versity Hospital Munich (LMU Munich) and approved
by the ethics committee of the Medical Faculty of the
Ludwig-Maximilians-University (LMU) Munich, Ger-
many (Ref. 21-0780) and was performed in accordance
with the ethical standards as defined in the Declara-
tion of Helsinki. The participants provided their writ-
ten informed consent to participate in this trial.
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Intervention

During the 6-month study phase, the German schizo-
phrenia guideline was implemented in the interven-
tional group (IG) using a digital online version within
the evidence-ecosystem MAGICapp (for example, see
Additional file 1: Figs. 1-6), prior to study start the com-
plete guideline was transferred to the MAGICapp and
designed accordingly, while the control group (CG) only
had access to the current PDF or print version. Partici-
pants of the IG had access to the guideline implemented
in MAGICapp using login credentials provided by the
study team. In contrast to the PDF version, the guideline
embedded in MAGICapp provided advanced navigation
features, such as hyperlinks, filters, and interactive ele-
ments as well as visual presentations of evidence. Further,
the MAGICapp featured links to related recommenda-
tions from other guidelines and relevant publications and
included interactive charts facilitating shared decision-
making as well as decision aids [15]. The PDF provided
to the CG was a static document 100% comparable to the
content of the guideline published as book version. At the
beginning of the implementation phase, participants of
the intervention group received training on the principles
and aims of a digital guideline platform such as MAGI-
Capp as well as an interactive hands-on training on the
use and functions of the digital online version of the
German schizophrenia guideline in MAGICapp. In the
CG, participants only received the freely accessible long
version of the guideline in PDF format [14] as well as a
training in its application. For both groups, digital expert
boards were held by Stefan Leucht and Alkomiet Hasan
every other week via video conferences, in which ques-
tions and suggestions of the study participants as well as
different key topics of the guideline were discussed.

Outcomes

As a primary outcome, guideline knowledge was assessed
using a total of 46 knowledge questions including five
cardinal questions of particular importance. This ques-
tionnaire, which was developed by the study team (AH,
GG, TH, AR, NG), was based on previously published
results of a study on physicians’ compliance with guide-
lines for the treatment of cardiovascular diseases [20]. All
questions were designed as five-choices multiple-choice
questions referring to case vignettes developed by the
study team. In accordance with the questionnaire used
by Karbach et al. [20], the questions investigated both
a quantitative aspect (number of answers appropriate
regarding the contents of the guideline) as well as a quali-
tative aspect (five cardinal questions). To prevent learn-
ing effects, the order of case vignettes as well as names
and gender of the fictional patients mentioned in the case
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vignettes were modified from baseline to post-survey.
Guideline knowledge was operationalized as providing at
least 30 out of 46 correct answers, including all five car-
dinal questions. The latter were defined by AH and SL
and correspond to guideline recommendations with the
highest level of evidence with a paramount importance
for schizophrenia care. An error in one or more of the
cardinal questions was per se considered as non-adher-
ent regardless of performance in other questions. Drop-
outs were defined as participants who did not answer any
questions of the guideline knowledge questionnaire in
the post-survey.

Secondary outcomes included the digital health exper-
tise measured with the eHealth literacy scale [21], usa-
bility of the respective formats by the “System Usability
Scale” [22], caregivers’ confidence in decision-making
measured via the “Provider Decision Process Assessment
Instrument” as well as the ability in shared decision-
making using the “Participatory Decision Making Ques-
tionnaire” (PEF-FB-Doc) [23, 24]. Furthermore, attitudes
towards and use of the respective guideline version were
measured using a questionnaire developed by the authors
for this trial (see Additional file 2: Table 1). For all scales,
if necessary, variables were coded in a way that higher
values were always better than lower values.

Power analysis

Anticipating an increase in participants meeting the pri-
mary outcome from 40% in the classical print version
group to 60% in the MAGICapp group, we determined
that a total sample size of N=237 was necessary. This
calculation considered a significance level of a=0.05, a
power of 1 —f§=0.8, a two-sided Fisher’s exact test as the
analysis method, and a cluster correction factor of 1.16.
Please see the published protocol for all details [19]. The
achieved power ultimately exceeded 1—=0.8, allow-
ing for a detectable difference between the groups of
A0=20% at baseline and A1=26% at T1. These calcula-
tions assumed likelihood ratio chi-square tests for the
performed analyses.

Statistical analysis

A statistical analysis plan was developed prior to all
analyses by TSA. All statistical analyses were conducted
using a blinded approach through blinding of the statis-
tician until analyses were performed. All analyses were
carried out using IBM SPSS for Windows (version 28)
with a significance level of a=0.05. Primary analyses
were performed for the intention-to-treat sample (ITT
sample), including all participants as randomized that
answered at least one knowledge question at baseline. For
baseline (T0) and post-intervention (T1) demographic
data, descriptive statistics including the frequency of
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drop-outs were assessed separately for the intervention
and the interventional group and compared between
both groups using Mann-Whitney U tests and likelihood
ratio Chi? (LR Chi?) tests. In case of cells with less than
five participants, Fisher-Freeman-Halton exact test was
computed instead.

The primary analysis was a comparison of guideline
compliance in terms of knowledge on the German schiz-
ophrenia guideline (>30 correctly answered questions
and five correctly answered cardinal questions) between
the intervention and the control group using LR Chi?
tests among the intention-to-treat sample. Therefore,
LR Chi? tests were applied to test the hypothesis for the
primary outcome. In case of significant differences, Cra-
mér’s V was calculated to determine effect sizes. To test
for homogeneity of the odds ratios, Breslow-Day test was
used and Cochran test was applied to analyze conditional
independence. For the secondary outcome of correctly
answered questions, the same set of 46 knowledge ques-
tions was assessed for each participant and compared
between the IG and CG using LR Chi? tests. However,
this secondary analysis considered a broader view of
changes in guideline knowledge without the require-
ment of correctly answering all five cardinal questions.
For continuous secondary outcome variables, deviations
from the normality assumption were identified through
the Kolmogorov-Smirnov test. Despite employing appro-
priate variable transformations, these deviations per-
sisted. Consequently, non-parametric tests, specifically
Mann-Whitney U tests for group comparisons and Wil-
coxon tests for paired data at TO and T1, were employed.

Results

Demographics

Initially, 287 healthcare professionals who responded to
the invitations to participate in the study were assessed
for eligibility. Out of these, three subsequently declined
to participate and two were unsuitable due to being a
member of the study team. Further, a total of 65 practi-
tioners did not complete the baseline questionnaire and
therefore dropped out before the intervention phase (CG:
n=38, 1G: n=27). At TO, a total of N=217 mental health
care professionals completed the questionnaire (baseline
assessment) (CG: n=114, IG: n=103). At T1 (post-inter-
vention assessment), N=120 respondents completed the
survey (CG: n=68, IG: n=52), resulting in a total drop-
out number of 7 =97 participants. Out of these 97 drop-
outs, n=61 participants ceased to work at their initial
employer clinic during the study period and therefore
did not take part in the post-survey. See Fig. 1 for a flow
diagram of participants. Statistics revealed no signifi-
cant differences between the control and interventional
groups for age (F(; ,15=2.64, p=0.106) or for gender
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(n =287)

Assessed for eligibility

Excluded (n =5)

Declined to participate

Enrollment

(n=3)

Ineligible due to being a
member of the study team
(n=2)

Randomized (n = 282)

Allocated to interventional
group (n =130)

= Received allocated
intervention (n = 103)

=  Did not receive
allocated intervention
(drop-outs before
intervention phase) (n =
27)

Allocation

= Lost to follow-up (ceased
to work at respective
clinic) (n=18)

=  Discontinued intervention

Follow up

(drop-outs during or after
intervention phase)
(n=33)

Analysed (n=52)

Analysis

Allocated to control group
(n=152)

= Received allocated
intervention (n = 114)

=  Did not receive
allocated intervention
(drop-outs before
intervention phase) (n =
38)

=  Lost to follow-up (ceased
to work at respective
clinic) (n=43)

=  Discontinued intervention
(drop-outs during or after
intervention phase) (n=3)

Analysed (n=68)

Fig. 1 CONSORT flow chart showing enrollment and participation in cluster-randomized trial

distribution (Chiz(1)=2,33, p=0.127). Further, there were
no significant differences between both groups regarding
years of work experience (F(; 50y =2.05, p=0.154) and
profession (Chi2(9)=10‘16, p=0.337) and type of hospi-
tal (university hospital/non-university hospital) where
the study participants were employed (Chi2(1)=0.31,
p=0.575). See Table 1 for descriptive data and test
statistics.

Comparison of efficacy outcomes

Primary outcome

The primary outcome, guideline knowledge (crite-
rion: at least 65% of questions correctly answered,
all cardinal questions correctly answered), was com-
pared between groups and time points using Chi?
tests and Breslow-Day tests. At baseline (T0), 43.6% of
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Table 1 Demographic and occupational characteristics of study sample at baseline
Total CG IG F df p
N M SD N M SD N M SD
Age (in years) 217 3718 932 114 36.20 8.76 103 38.25 9.84 264 1 0.106
Work experience (in years) 204 8.24 7.58 108 7.52 6.80 96 9.04 834 205 1 0.154
N % N % N % x? p
Gender 233 0127
Male 63 2903 28 2456 35 3398
Female 154 7097 86 7544 68 66.02
Profession 10.16  0.337
Psychologist/psychotherapist
Total 81 37.33 40 35.09 41 39.81
Psychotherapist 25 11.52 1 9.65 14 13.59
Psychotherapist in training 36 16.59 20 17.54 16 1553
Psychologist 20 922 9 7.89 11 10.68
Physicians
Total 136 6267 74 64.91 62 60.19
Specialist in psychiatry and psychotherapy 56 2581 25 2193 31 30.10
Assistant physician in psychiatry and psychotherapy 70 32.26 45 3947 25 2427
Assistant physician in psychosomatic medicine 3 1.38 1 0.88 2 1.94
and psychotherapy
Specialist in neurology 4 1.84 2 1.75 2 1.94
Assistant physician in neurology 1 046 1 0.88 0 0.00
Assistant physician for general medicine 1 046 0 0.00 1 097
Specialist physician in another field 1 045 0 0.00 1 0.97
Participation in expert boards 0.17 0682
Participated at least once 69 57.5 38 55.88 31 59.62
Never participated 51 42.5 30 4412 21 40.38
Participation in training session 0.14 0705
Participated/viewed the recording at least once 95 79.17 53 7794 42 80.77
Never participated/viewed the recording 25 2083 15 2206 10 1923

CG Control group, /G Intervention group, N Number (group size), M Mean, SD Standard deviation, F F-statistic, df Degrees of freedom, X? Chi-statistic, p P value

participants in CG and 52.5% of participants of IG met
the criterion. At post-intervention (T1), both groups
improved, with 58.2% in the control group and 63.5% in
the IG meeting this criterion (see Fig. 2A). There was no
significant difference in the primary outcome between
the two groups at either time point (TO: Ch12(1>= 1.65,
p=0.199, TI: Chi2(1)=0.34, p=0.561). However, a
notable imbalance between time points was detected
(Chi®;)=4.87, p=0.027, V=0.12), although not spe-
cifically for groups when examined individually (CG:
Chi®;y=3.54, p=0.060; 1G: Chi*;;=1.68, p=0.194,
respectively). Moreover, improvement in the Breslow-
Day test was not significantly different between groups
(Chi®;)=0.08, p=0.775). See Additional file 2: Tables 2
and 3 for descriptive data and test statistics.

Secondary outcomes—correctly answered questions

Results of the analysis based on all 46 answered ques-
tions indicated that at time point T0, 44% of participants
in the CG and 53% in the IG met the criterion of guide-
line knowledge. At time point T1, 58.2% in the CG and
63.5% in the IG met the criterion. Thus, an improvement
was evident in both groups (CG:+35.1%, 1G:+19.8%).
Consequently, there was no significant imbalance in the
criterion distribution between study arms at both time
points (T0: Chi’;)=1.52, p=0217, T1: Chi’*;=0.15,
p=0.702). The improvement did not differ significantly
between groups in the Breslow-Day test (Chi2(1)=0.17,
p=0.678). At TO and T1, Mann-Whitney U tests revealed
no differences in the percentages of correctly answered
questions across groups (T0: U=5843, p=0.952, T1:
U=1737.5, p=0.871). At TO, participants in the CG
answered 68.6% and participants in the IG answered
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63,5%

58,2%

T0

o]
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10% -
0%

68,6% 68,3%

Correctly answered questions

Timepoint

72,4% 72,1%

T0

Control Group

Timepoint

H Interventional Group

Fig. 2 A Percentages of participants who reached the primary outcome at TO and T1; B percentages of correctly answered questions

among participants at TOand T1

68.3% of all questions correctly. At time point T1, partici-
pants in the CG reached 72.4% and participants in the I1G
reached 72.1% correctly answered questions (see Fig. 2B).
At TO, there were significant differences in the attain-
ment of the primary outcome between the professional
groups, with the highest attainment (80%) in the group
of specialist physicians in psychiatry and psychotherapy
(Freeman-Halton=49.89, p<0.001). Further, years of
professional experience were significantly higher in the
group meeting the primary outcome than in the group
not meeting the primary outcome at both time points
(UU>916, TO, T1: p<0.001). Moreover, participation in
digital expert boards was more frequent in the primary
outcome attainment group than in the nonattainment
group (Chiz(1)=8.87, p=0.003, V=0.27) meaning that
greater participation in expert panels was associated with
a higher likelihood of meeting the primary outcome. See
Additional file 2: Table 4 for descriptive data and com-
plete test statistics.

Further secondary outcomes

Mann-Whitney U tests were used to compare variables
(attitudes towards guideline formats, eHealth literacy,
shared decision-making, and decision-making confi-
dence) between groups at TO and T1. Initially, the con-
trol group (CG) had higher digital health literacy than
the intervention group (IG) (U=4748, p=0.015), but no
significant differences were found at T1. At TO, CG par-
ticipants showed more confidence in using the German
schizophrenia guideline than IG (U=4896, p=0.026),
and by T1, CG participants referred to the guideline more
frequently in the past 6 months (/=1377, p=0.027). CG
participants also felt more certain about treatment deci-
sions at T1 (/=1402, p=0.036). Both groups improved
in decision-making confidence and shared decision-
making by T1, with significant increases in guideline use,
confidence, and decision process aspects. However, the
perceived regular usability of the print format declined in
both groups (CG: Z= —3.53, IG: Z= —2.45, p<0.001 and
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p=0.014, respectively), and more participants needed
assistance over time. IG showed significant improve-
ments in guideline confidence, ease of use, and decision-
making between T0 and T1, but found the print format
less useful at T1 (Z= —2.96, p=0.003). Attitudes towards
the guideline formats were mixed; the print/PDF version
was favored for confidence and support needs, while the
MAGICapp format excelled in ease of use, function inte-
gration, and learning speed. Additional file 2: Tables 2, 3,
and 5 provide detailed data and statistics.

For further secondary outcomes, see Additional file 2:
Tables 2, 3, and 5.

Discussion

The results of this multicenter, cluster-randomized, con-
trolled trial demonstrated a significant improvement
in guideline knowledge in both study groups during a
6-month implementation phase. The positive impact of
the implementation strategy, which consisted of training
courses on the use of the guideline as well as participation
in expert boards, was demonstrated. The effectiveness of
multifaceted interventions and especially educational
measures was previously confirmed by an umbrella
review based on a total sample size of 22,512 health
care professionals, which showed that interactive learn-
ing units, workshops, and hands-on training sessions at
regular intervals were particularly effective regarding the
implementation of clinical practice guidelines [25]. Addi-
tionally, one scoping review including 118 studies on the
implementation of guidelines revealed that nearly 56% of
studies reported implementation strategies to be effective
on practitioners’ actions in clinical practice, knowledge,
attitudes, or multiple of these outcomes, highlighting the
positive impact of interventions on guideline knowledge
and adherence [26]. Additionally, one implementation
study conducted in Sweden in six psychiatric hospitals
demonstrated a significant improvement of compliance
to clinical guidelines for the treatment of depression
and suicidal behaviors following an active implementa-
tion phase of 24 months in total [27]. The study further
showed that while improvement in the intervention
group receiving the implementation phase was signifi-
cant, guideline adherence neither improved nor declined
among the participants of the control group [27]. While
our here presented trial did not include a control group
without any interventions, the observed improvements
in guideline knowledge among both the intervention and
control group highlight the positive impact of structured
guideline implementation. The positive effects of guide-
line implementation strategies have previously been con-
firmed by several studies demonstrating the effectiveness
of structured implementation strategies such as interac-
tive training and expert consultations.
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However, we were not able to establish significant dif-
ferences between the group receiving the PDF/print and
the group using the digital guideline version in MAGI-
Capp. One possible reason may be the novelty of the
presentation and functions in MAGICapp, which may
initially require a longer adjustment phase. Moreo-
ver, as the MAGICapp was not embedded in the hos-
pital information systems, the need to switch to a web
browser may have also been a limitation. Further, the
use of digital applications may present novel barriers
among a subgroup of healthcare professionals, which
may in turn impact the acquisition of guideline knowl-
edge. One systematic review comprising 108 studies on
barriers and facilitators to the use of digital health tech-
nologies among healthcare professionals showed that the
main hindering factors were technical adversities and
barriers regarding infrastructure [28]. These include, for
instance, lack of network, insufficient technologies and
devices, slow or unstable internet connectivity, and poor
compatibility with existing work processes [28]. Other
major obstacles identified were personal and psychologi-
cal barriers, including fear of technology, difficulties in
understanding and using new digital applications, and a
general resistance to change [28]. We cannot disentangle
which of these factors contribute to our finding, but in
summary, the digital version was not superior in terms of
implementation success.

Our analyses revealed that other factors, such as
belonging to the professional group of specialist physi-
cians in psychiatry and psychotherapy as well as years
of professional experience, were associated with higher
guideline knowledge. These results reflect the findings
of our previously conducted survey on the implementa-
tion status of the German schizophrenia guideline, which
revealed that specialist physicians demonstrated higher
awareness, agreement, and adoption of the guideline
compared to other mental health care professionals [3, 6].
Moreover, the higher guideline adherence among special-
ist physicians shown in our study may be caused by the
overall number and specificity of recommendations for
physicians compared to other professions in the guide-
line. Our results revealed that both older participants
as well as participants with more years of professional
experience had a higher level of guideline knowledge
than health care professionals of a lower age and with less
working experience. Cumulative clinical experience over
the course of time may contribute to a deeper under-
standing of the schizophrenia guideline on the one hand,
as well as the ability to apply guideline recommendations
to diverse patient cases on the other hand. Concurrently,
one systematic meta-review synthesizing the results of
twelve systematic reviews found that younger practition-
ers and health care professionals with less professional
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experience were more inclined to use clinical practice
guidelines than older medical staff with more years of
experience [11], suggesting that implementation strate-
gies specifically adapted to younger health care provid-
ers may be particularly relevant. Given that our previous
study showed attitudes towards a living guideline to be
mostly positive, especially among younger professionals
[6], a digital app-based version of the German S3 guide-
line schizophrenia may serve as a key implementation
tool, especially for early career practitioners.

Moreover, digital guideline versions facilitate patient
involvement, for instance by providing presentation
options that promote shared decision-making, such as
those embedded in MAGICapp. Our study confirmed
this showing significant improvements regarding shared
decision-making skills among the participants of the IG.

Limitations
Several limitations should be acknowledged. The drop-
out rate, largely attributed to participants leaving their
initial employer, may introduce selection bias. Addition-
ally, disadvantages associated with online surveys, such
as survey fraud and response bias, need to be considered.
However, due to the restrictions imposed by the COVID-
19 pandemic in the participating hospitals, conducting
the present study on-site as initially planned was not pos-
sible. Further, the 6-month study duration may not cap-
ture long-term effects, especially when considering the
required time to become familiar with the novel digital
version of the guideline. It cannot be ruled out improve-
ment over time may also be explained by learning effects.
Nevertheless, we addressed this limitation by modify-
ing the cases and re-arranging the order of questions
between the two assessment points. Furthermore, par-
ticipants were not provided with sample solutions, which
may reduce learning effects. Another limitation that must
be noted concerns the fact that guideline knowledge,
which was assessed as the primary outcome of this study,
may not necessarily reflect guideline adherence in clini-
cal practice. Nevertheless, in the context of self-reported
questionnaires, the assessment of knowledge on guideline
recommendations represents an objective measure com-
pared to self-reported adherence, thus minimizing the
risk of bias as a consequence of socially desirable infor-
mation. Further, it may be postulated that an increase in
knowledge can be regarded as a consequence of guide-
line application and therefore function as a reflection of
guideline adherence. However, this assumption requires
further research to investigate the impact of a digital ver-
sion of the schizophrenia guideline using MAGICapp on
guideline adherence in clinical practice.

Moreover, the accessibility of the digital guideline for-
mat via MAGICapp was exclusively possible via browser
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and not embedded in the hospital information system,
which made the setting less user-friendly. This limita-
tion emphasizes the importance of contextual factors and
infrastructure considerations in the implementation of
online interventions. Additionally, due to data protection
regulations and provisions of local staff councils, we were
not allowed to verify that participants of the IG logged
in and actively used the MAGICapp platform. However,
MAGICapp use was actively promoted through the inter-
active hands-on training at the start of the intervention
as well as the bi-weekly expert boards. Furthermore, the
digital nature of the guideline that will form the basis
for a living guideline raises concerns about the general-
izability of our findings to healthcare professionals who
may have varying degrees of familiarity with digital tools
or preferences for traditional, offline resources. In addi-
tion, the online format may unintentionally exclude a
subgroup of health care professionals less comfortable
or experienced with digital tools, which could potentially
lead to selection bias. Another limitation is the risk of
imbalances between clusters due to the choice of a clus-
ter-randomized design. Finally, our study was designed
to assess guideline adherence in professionals, but we
did not evaluate any patient-related (e.g., polypharmacy,
remission rates) or socioeconomic-related (e.g., length of
hospitals stays, overall treatment cross) endpoints.

Conclusions

Overall, we were able to demonstrate a significant
enhancement in guideline knowledge across both study
groups following the 6-month implementation phase
confirming that guideline implementation increases
guideline knowledge. The efficacy of the implemented
educational strategies, comprising training courses
and participation in expert boards, highlights the posi-
tive impact of interactive training and regular practice
related learning units, as supported by existing literature.
However, the transformation into a digital guideline ver-
sion was not superior with regard to the gain of knowl-
edge. Furthermore, the association between increased
guideline knowledge and age, professional experience,
and the potential role of cumulative clinical experience
emphasizes the need for tailored implementation strat-
egies, particularly for younger health care providers.
Future research should address longer follow-up periods
to identify long-term effects and consider the prefer-
ences and needs of health care professionals, especially
regarding the design and features of digital tools such as
evidence-ecosystems. Finally, future clinical studies on
guideline adherence in clinical practice in combination
with the MAGICapp or other tools are needed.

Abbreviations
MAGIC ~ Making Grade the Irresistible Choice



Halms et al. BMC Medicine (2024) 22:311

GRADE  Grading of Recommendations Assessment, Development and
Evaluation

CG Control group

IG Interventional group

LMU Ludwig-Maximilians-University Munich

T0 Baseline assessment

T Post-intervention assessment

ADHD  Attention deficit hyperactivity disorder

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512916-024-03533-6.

Additional file 1: Fig. 1. Table of contents of the German schizophrenia
guideline in MAGICapp. Fig. 2. Example of evidence profiles for different
outcomes in MAGICapp. Fig. 3. Graphic representation of PICO evidence
profiles in MAGICapp. Fig. 4. Example of practical information embedded
in MAGICapp. Fig. 5. Decision aids for shared decision-making in MAGI-
Capp. Fig. 6. Features of MAGICapp.

Additional file 2: Table 1. Questionnaire assessing attitudes towards and
use of the German schizophrenia guideline. Table 2. Primary and second-
ary outcomes CG vs. G (at TO and T1). Table 3. Primary and secondary
outcomes TO vs. T1 (for CG and |G). Table 4. Demographic/occupational
characteristics for primary outcome (success vs. failed) among entire sam-
ple. Table 5. Secondary outcomes print format vs. MAGICapp (exclusively
inthe IG) at T1.

Acknowledgements
We specifically thank all participants for their time and willingness to
participate.

Al-generated content statement

During the preparation of this work, the author(s) used ChatGPT in order to
improve readability and language of the work. After using this tool/service,
the author(s) reviewed and edited the content as needed and take(s) full
responsibility for the content of the publication.

Authors’ contributions

NKG, GG, DG, TH, AR, and AH: conceptualization, methodology, investigation.
NKG, GG, DG, TH, AR, AH, AH, PF, SL1, MR, PZ, FS, ML, MO, BS, PB, KA, MS2, SH,
NM, TB, MJ, AP, KF, RS, SL2: recruiting and providing further resources. AH,

SL2, PF and WG: funding acquisition. SL2 and AH: project administration and
supervision. TSA, TH, GG, AH: formal analysis and data curation. TH, GG: writ-
ing—original draft, visualization. TH, GG, CL, DG, NKG, AR, AB, WG, MF, CP, ESH,
TSA, MS1, EW, PF, SL1, MR, PZ, FS, ML, MO, BS, PB, KA, MS2, SH, NM, TB, MJ, AP,
KF, RS, SL2, AH: review of the first draft and manuscript editing. All authors read
and approved the final manuscript.

Funding

Open Access funding enabled and organized by Projekt DEAL. This research
project is part of the G-BA (Gemeinsamer Bundesausschuss) funded project
SISYPHOS—Strukturierte Implementierung digitaler, systematisch aktu-
alisierter Leitlinienempfehlungen zur optimierten Therapeutenadhérenz

bei Schizophrenie, funding reference number 01VSF20024. Work on the
manuscript was also supported by the German Center of Mental Health (grant
number: 01EE2303C).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The project (incl. protocol) was approved by the local ethics committees of
the University Hospital Munich (Ref. 21-0780). The survey was reviewed by the
data protection officer of the University Hospital Munich.

Page 10 of 11

The participants provided their written informed consent to participate in this
trial.

Consent for publication
Not applicable.

Competing interests

AH. was a member of advisory boards and received paid speakership by
Boehringer-Ingelheim, Lundbeck, Otsuka, Rovi, and Recordati. He received
paid speakership by AbbVie and Advanz. He is editor of the AWMF German
guidelines for schizophrenia. M.R. was a member of advisory board and
received paid speakership by Rovi. K.F. has received travel grants for congress
participation by Janssen; he is vice chairman of ackpa (Association of Chief
Psychiatrists in German General Hospitals) and Executive Committee Member
of the DGPPN (German Association for Psychiatry, Psychotherapy and Psycho-
somatics). PF. is co-editor of the German (DGPPN) schizophrenia treatment
guidelines, co-author of the WFSBP schizophrenia treatment guidelines; on
advisory boards and speaker fees from Janssen, Lundbeck, Otsuka, Servier,
and Richter. In the last three years. S.L.2 has received honoraria for advising/
consulting and/or for lectures and/or for educational material from Angelini,
Boehringer Ingelheim, Eisai, Ekademia, GedeonRichter, Janssen, Karuna,
Kynexis, Lundbeck, Medichem, Medscape, Mitsubishi, Neurotorium, Otsuka,
NovoNordisk, Recordati, Rovi, Teva. Over the past three years, S.H. has received
lecture fees from Johnson & Johnson, Boehringer-Ingelheim, Recordati and
Otsuka/Lundbeck, as well as fees for scientific advisory boards in clinical trials
for TEVA, ROVI, Merck and Boehringer-Ingelheim. All other authors do not
report any conflicts of interest related to the subject of this work.

Author details

'Department of Psychiatry, Psychotherapy and Psychosomatics, University

of Augsburg, Medical Faculty, BKH Augsburg, Geschwister-Schénert-Str. 1,
Augsburg 86156, Germany. 2Department of Psychiatry and Psychotherapy,
Technische Universitat Miinchen, Medical Faculty, Klinikum rechts der Isar,
Munich, Germany. >Department of Psychiatry and Psychotherapy, LVR-
Klinikum Dusseldorf, Medical Faculty, Heinrich-Heine-University, Disseldorf,
Germany. “WHO Collaborating Centre on Quality Assurance and Empower-
ment in Mental Health, Diisseldorf EU131, Germany. *Department of Psy-
chiatry and Psychotherapy, University Hospital, LMU Munich, Munich,
Germany. °Evidence-Based Psychiatry and Psychotherapy, Faculty of Medicine,
University of Augsburg, Augsburg, Germany. ’Max Planck Institute of Psy-
chiatry, Munich, Germany. 8Kbo Inn-Salzach-Klinik Wasserburg, Wasserburg,
Germany. °’Kbo-Lech-Mangfall-Klinik Garmisch-Partenkirchen und PeiRenberg,
Garmisch-Partenkirchen, Germany. '°Kbo-Lech-Mangfall-Klinik Agatharied,
Hausham, Germany. ''Kbo-Lech-Mangfall-Klinik Landsberg am Lech, Lands-
berg am Lech, Germany. 12Kbo-Klinik Taufkirchen/Vils, Taufkirchen, Germany.
*Kbo-Isar-Amper-Klinikum Miinchen-Ost, Munich, Germany. "“Kbo-Isar-
Amper-Klinikum Minchen-Nord, Munich, Germany. '*Department of Psychia-
try and Psychotherapy I, UIm University, BKH Glnzburg, Glinzburg, Germany.
1Department of Psychiatry and Psychotherapy, University of Leipzig, Leipzig,
Germany. 'BKH Kempten, Kempten, Germany. '*BKH Kaufbeuren, Kaufbeuren,
Germany. '?BKH Donauw®érth, Donauworth, Germany. °BKH Memmingen,
Memmingen, Germany. 2'DZPG (German Center for Mental Health), partner
site Minchen/Augsburg, Munich/Augsburg, Germany.

Received: 5 April 2024 Accepted: 17 July 2024
Published online: 29 July 2024

References
Field MJ, Lohr KN, editors. Clinical practice guidelines: directions for a new
program. Washington (DC): National Academies Press (US); 1990.

2. Setkowski K, Boogert K, Hoogendoorn AW, Gilissen R, van Balkom AJLM.
Guidelines improve patient outcomes in specialised mental health
care: a systematic review and meta-analysis. Acta Psychiatr Scand.
2021;144(3):246-58.

3. Gaigl G, Taumer E, Merz K, Zéscher S, Wagner S, Kosters M, et al. Multifac-
torial barriers in the implementation of schizophrenia and psychosocial
therapies guidelines: a quantitative study across different professions.
Schizophr Res. 2021;228:425-34. Available from: https://pubmed.ncbi.
nim.nih.gov/33561620/.


https://doi.org/10.1186/s12916-024-03533-6
https://doi.org/10.1186/s12916-024-03533-6
https://pubmed.ncbi.nlm.nih.gov/33561620/
https://pubmed.ncbi.nlm.nih.gov/33561620/

Halms et al. BMC Medicine

20.

21.

22.

23.

24.

25.

(2024) 22:311

Goldberg SL, Akard LP, Dugan MJ, Faderl S, Pecora AL. Barriers to physi-
cian adherence to evidence-based monitoring guidelines in chronic
myelogenous leukemia. J Oncol Pract. 2015;11(3):e398-404.

Heneghan C, Perera R, Mant D, Glasziou P. Hypertension guideline recom-
mendations in general practice: awareness, agreement, adoption, and
adherence. Br J Gen Pract. 2007;57(545):948-52.

Khorikian-Ghazari N, Lorenz C, Guler D, Halms T, Roh A, Flick M, et al.
Guideline for schizophrenia: implementation status and attitude

toward an upcoming living guideline. Eur Arch Psychiatry Clin Neurosci.
2023:1-12. Available from: https:/link.springer.com/article/10.1007/
500406-023-01568-z.

Yang J, Han C, Yoon H-K, Pae C-U, Kim M-J, Park S-Y, et al. Experiences and
barriers to implementation of clinical practice guideline for depression in
Korea. BMC Psychiatry. 2013;13:150.

Gaebel W. S3-Leitlinie Schizophrenie. Berlin, Heidelberg: Springer Berlin /
Heidelberg; 2019.

Girlanda F, Fiedler |, Becker T, Barbui C, Koesters M. The evidence-practice
gap in specialist mental healthcare: systematic review and meta-analysis
of guideline implementation studies. Br J Psychiatry. 2017;210(1):24-30.
Lugtenberg M, Zegers-van Schaick JM, Westert GP, Burgers JS. Why

don't physicians adhere to guideline recommendations in practice? An
analysis of barriers among Dutch general practitioners. Implement Sci.
2009;4(1):54. Available from: https://link.springer.com/article/10.1186/
1748-5908-4-54.

. Francke AL, Smit MC, de Veer AJE, Mistiaen P. Factors influencing the

implementation of clinical guidelines for health care professionals: a sys-
tematic meta-review. BMC Med Inform Decis Mak. 2008;8(1):38. Available
from: https://bmcmedinformdecismak.biomedcentral.com/articles/10.
1186/1472-6947-8-38.

Qumseya B, Goddard A, Qumseya A, Estores D, Draganov PV, Forsmark C.
Barriers to clinical practice guideline implementation among physicians:
a physician survey. Int J Gen Med. 2021;14:7591-8.

Akl EA, Meerpohl JJ, Elliott J, Kahale LA, Schiinemann HJ. Living system-
atic reviews: 4. Living guideline recommendations. J Clin Epidemiol.
2017,91:47-53.

AWMF Leitlinienregister. 2023. Available from: https://registerawmf.org/
de/leitlinien/detail/038-009. Cited 2023 May 13.

MAGICevidence website. 2023. Available from: https://magicevidence.
magicapp.org/magicapp/. Cited 2023 May 18.

Pielenz C, Schneider M, Salveridou-Hof E, Flick M, Gaigl G, Khorikian-
Ghazari N, et al. From conventional to living guidelines - faster updates
for better informed guidance? A scoping review. Z Evid Fortbild Qual
Gesundhwes. 2022;174:20-31.

Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE guide-
lines: 1. Introduction-GRADE evidence profiles and summary of findings
tables. J Clin Epidemiol. 2011;64(4):383-94. Available from: https://
pubmed.ncbi.nim.nih.gov/21195583/.

GIN. International Guidelines Library — GIN. 2023. Available from:
https://g-i-n.net/international-guidelines-library. Cited 2023 Dec 10.
Lorenz C, Gaigl G, Guler D, Halms T, Khorikian-Ghazari N, Roh A, et al.
Structured implementation of digital, systematically updated guideline
recommendations for enhanced adherence in schizophrenia (SISYPHOS)-
protocol of a cluster-randomized trial. Trials. 2022;23(1):807.

Karbach U, Schubert I, Hagemeister J, Ernstmann N, Pfaff H, Hopp H-W.
Physicians'knowledge of and compliance with guidelines: an explora-
tory study in cardiovascular diseases. Dtsch Arztebl Int. 2011;108(5):61-9.
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC30
36980/.

Norman CD, Skinner HA. eHEALS: the eHealth literacy scale. ] Med Inter-
net Res. 2006,8(4).e27.

Bangor A, Kortum PT, Miller JT. An empirical evaluation of the system
usability scale. Int J Hum-Comput Interact. 2008;24(6):574-94.

Dolan JG. A method for evaluating health care providers'decision mak-
ing: the Provider Decision Process Assessment Instrument. Med Decis
Making. 1999;19(1):38-41.

Singh S, Butow P, Charles M, Tattersall MHN. Shared decision making

in oncology: assessing oncologist behaviour in consultations in which
adjuvant therapy is considered after primary surgical treatment. Health
Expect. 2010;13(3):244-57.

Prior M, Guerin M, Grimmer-Somers K. The effectiveness of clinical
guideline implementation strategies—a synthesis of systematic review

Page 11 of 11

findings. J Eval Clin Pract. 2008;14(5):888-97. Available from: https://onlin

elibrary.wiley.com/doi/epdf/10.1111/j.1365-2753.2008.01014.x.

26. Peters S, Sukumar K, Blanchard S, Ramasamy A, Malinowski J, Ginex P,
et al. Trends in guideline implementation: an updated scoping review.
Implement Sci. 2022;17(1):50.

27. Forsner T, Wistedt AA, Brommels M, Janszky |, de Leon AP, Forsell Y.
Supported local implementation of clinical guidelines in psychiatry: a
two-year follow-up. Implement Sci. 2010;5:4.

28. Borges do Nascimento 1J, Abdulazeem H, Vasanthan LT, Martinez EZ,
Zucoloto ML, @stengaard L, et al. Barriers and facilitators to utiliz-
ing digital health technologies by healthcare professionals. npj Digit
Med. 2023;6(1):161. Available from: https://www.nature.com/articles/
s41746-023-00899-4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://link.springer.com/article/10.1007/s00406-023-01568-z
https://link.springer.com/article/10.1007/s00406-023-01568-z
https://link.springer.com/article/10.1186/1748-5908-4-54
https://link.springer.com/article/10.1186/1748-5908-4-54
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-8-38
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-8-38
https://register.awmf.org/de/leitlinien/detail/038-009
https://register.awmf.org/de/leitlinien/detail/038-009
https://magicevidence.magicapp.org/magicapp/
https://magicevidence.magicapp.org/magicapp/
https://pubmed.ncbi.nlm.nih.gov/21195583/
https://pubmed.ncbi.nlm.nih.gov/21195583/
https://g-i-n.net/international-guidelines-library
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3036980/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3036980/
https://onlinelibrary.wiley.com/doi/epdf/10.1111/j.1365-2753.2008.01014.x
https://onlinelibrary.wiley.com/doi/epdf/10.1111/j.1365-2753.2008.01014.x
https://www.nature.com/articles/s41746-023-00899-4
https://www.nature.com/articles/s41746-023-00899-4

	The impact of a digital guideline version on schizophrenia guideline knowledge: results from a multicenter cluster-randomized controlled trial
	Theresa Halms, Gabriele Gaigl, Carolin Lorenz, Duygu Güler, Naiiri Khorikian-Ghazari, Astrid Röh, Angelika Burschinski, Wolfgang Gaebel, Marisa Flick, Charline Pielenz, Eva Salveridou-Hof, Thomas Schneider-Axmann, Marco Schneider, Elias Wagner, Peter Falkai, Susanne Lucae, Michael Rentrop, Peter Zwanzger, Florian Seemüller, Michael Landgrebe, Marion Ortner, Bertram Schneeweiß, Peter Brieger, Klemens Ajayi, Michael Schwarz, Stephan Heres, Nicolay Marstrander, Thomas Becker, Markus Jäger, Albert Putzhammer, Karel Frasch, Raimund Steber, Stefan Leucht, Alkomiet Hasan
	Nutzungsbedingungen / Terms of use:
	CC BY 4.0  

	The impact of€a€digital guideline version on€schizophrenia guideline knowledge: results from€a€multicenter cluster-randomized controlled trial
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Methods
	Study design and€randomization
	Intervention
	Outcomes
	Power analysis
	Statistical analysis

	Results
	Demographics
	Comparison of€efficacy outcomes
	Primary outcome
	Secondary outcomes—correctly answered questions

	Further secondary outcomes

	Discussion
	Limitations
	Conclusions

	Acknowledgements
	References


