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Abstract 
Background: Development of resistant strains leads to a reduction in the effectiveness of antibiotics 

in the treatment of severe infections and poses a threat to global public health. Many pharmaceutical 

companies have dropped out of the market of antibiotic development for economic reasons. These 

two factors together make maintaining the effectiveness of existing antibiotics - achievable by proper 

prescribing - of utmost importance. Eighty-five percent of antibiotics in human medicine are 

prescribed in the outpatient sector, most of which by General Practitioners (GP). Medical societies 

regularly release and update clinical guidelines. Yet, only 40% of the physicians implement these 

guidelines in day-to-day practice. Physicians have to collect 250 Continuing Medical Education 

(CME) credits every five consecutive years with free choice of topics. The main aim of this thesis 

was to measure the effectiveness of CME-certified trainings on the three topics rational oral antibiotic 

treatment for the disease groups: 1) urinary tract infections (UTI), 2) upper respiratory tract infections   

and 3) lower respiratory tract infections (LRI) in South-East-Lower Saxony, Germany dealing with 

condensed content of the guidelines. Further aims were to a) determine feasibility of data protection 

conform linkage of primary and secondary data, b) measure reachability of GP in the study area and 

c) determine costs of the trainings. Methods: During the project WASA (Wirksamkeit von Antibiotika-

Schulungen in der niedergelassenen Ärzteschaft), carried out between April 2018 and January 2019 

we provided 23 standardised trainings on rational oral antibiotic treatment for the three disease 

groups UTI, URI and LRI, deemed as interventions. Teams informed and recruited eligible GP 

showing up at the trainings into the study. Primary data were collected via three questionnaires 

disseminated on site before and after the training and via postal service or e-mail one year after the 

attendance. Secondary data were provided by the health insurance AOK Niedersachsen. We 

analysed data from 2016 – 2019 on a GP-patient level, providing descriptive statistics, calculating 

proportions and conducting univariate logistic regression analyses. We applied interrupted time 

series regression and explored the data via plots. Results: Data protection-compliant merging of all 

data sets was possible by employing a trust agency. The response was 11.2% (86/769). Average 

direct costs for one training were 943.18€. GP participating in our study had slightly older patients 

compared to non-participants (median age in 2016 53 vs. 51 years). We observed significant 

differences between the prescribing behaviour of participants and non-participants in the trainings 

for the pre-intervention period for prescriptions for UTI and URI as well as among participants for 

URI prescriptions. For the post-intervention period, no statistically significant differences were 

detected, except for prescriptions for bronchitis. Differently answered questions from the 

assessments however did not seem to be related to the prescribed proportion of antibiotics. 

Conclusion: Participants and non-participants differed in their prescribing behaviour before the 

intervention. No significant differences could be seen after the intervention, except for an effect for 

prescriptions for bronchitis. Due to small sample size, there was little power to detect statistically 

significant differences. Targeted campaigns should aim at GP who are less likely to attend such 

trainings. Reasons for inappropriate prescribing should be taken into consideration and mindset 

change processes should be evaluated in larger studies. 



1. Introduction  

1.1 Antibiotic resistance 

The accidental discovery of penicillin by Alexander Fleming in 1928 had a great impact on the 

beginning of a new era – the era of antibiotics [1]. It proved to be effective against many pathogens 

that affect humans and so it was believed that the fight against bacteria was won. However, only a 

few years later, by the 1940s, it became evident that penicillin resistant strains emerged [2, 3]. 

Development of resistant strains leads to a reduction in the effectiveness of the treatment of serious 

infections with antibiotics [4] and therefore, a rapid emergence of antibiotic resistant bacteria poses 

a serious threat to global public health [5].  

Selman Waksman introduced the term “antibiotics” in 1941 to describe any small molecule made by 

a microbe that antagonizes the growth of other microbes [6, 7]. During World War II, Penicillin was 

successful in controlling bacterial infections among soldiers [2, 5], but shortly after, Penicillin 

resistance grew into a sizeable clinical problem and thereafter, resistance occurred for nearly all 

antibiotics which have been developed since then [5].  

It became obvious that the problem could no longer be ignored and in the 1990’s the term 

“antimicrobial stewardship” was introduced for the first time [8, 9]. 

Interest in antibiotic research decreased over the past decades; one of the primary reasons being 

lack of economic incentives [10]. In 2019, after several other pharmaceutical companies had already 

withdrawn from the business, there were no more antibiotics in development at Johnson & Johnson, 

the largest healthcare group. This makes it even more important to preserve the effectiveness of 

existing antibiotics.  

Many antibiotics are prescribed without correct indication [11-13]. There seem to be various reasons 

for overprescribing antibiotics, such as fear of complications and hospital admissions. This might be 

even more the case right before the weekend. Another commonly cited non-clinical reason is the 

physician’s perception of patient demand for antibiotics [14, 15]. 

About 85% of all antibiotics in human medicine are being prescribed in the outpatient sector [16]. 

(Mis-)Use of antibiotics does not only contribute to development of resistant bacteria but can also 

lead to adverse effects in patients.  

Development of resistant bacteria can be slowed down by proper prescribing [17] and various 

guidelines give recommendations for proper prescribing.  

 

1.2. Guidelines 

Several scientific medical societies in Germany regularly release and update guidelines for rational 

antibiotic treatment based on current scientific findings. However, these guidelines are several 



hundreds of pages long. Only 40% of the physicians implement them in practice [18] whereas about 

80% state that the guidelines are their source of information, yet, more than 40% having the 

impression better guidelines would be needed [19]. The guidelines are available online and free of 

charge. In 2018, at the start of the training sessions, the relevant guidelines for WASA were:  

• for UTI „Interdisziplinäre S3 Leitlinie: Epidemiologie, Diagnostik, Therapie, Prävention und 

Management unkomplizierter, bakterieller, ambulant erworbener Harnwegsinfektionen bei 

erwachsenen Patienten. Langversion 1.1-2, 2017, AWMF Registernummer: 043/044“  

• for URI „Therapie entzündlicher Erkrankungen der Gaumenmandeln – Tonsillitis, DEGAM 

S2K-Leitlinie AWMF-Register-Nr.: 017/024, 2015“, „Halsschmerzen S3-Leitlinie AWMF-

Register-Nr. 053-010, DEGAM-Leitlinie Nr. 14“, „Rhinosinusitis, DEGAM S2k-Leitlinie 

AWMF-Register-Nr. 017/049 und 053-012“ and „DEGAM-Leitlinie Nr. 7 Ohrenschmerzen 

S2k-Leitlinie AWMF-Registernr. 053/009 Aktualisierte Fassung 2014“ and  

• for LRI „Husten DEGAM-Leitlinie Nr. 11 AWMF-Register-Nr. 053/013, Stand Februar 2014“ 

and „S3-Leitlinie Behandlung von erwachsenen Patienten mit ambulant erworbener 

Pneumonie und Prävention – Update 2016“. 

 

1.3 Continuing Medical Education 

Continuing Medical Education (CME) can be defined “as any activity which serves to maintain, 

develop, or increase the knowledge, skills and professional performance and relationships that a 

physician uses to provide services for patients, the public, or the profession” [20].  

As in many other countries, collecting CME credits is mandatory for physicians in Germany (since 

2004). There is no general restriction on who may offer CME, including pharmaceutical companies. 

However, the sessions must be accredited in advance by the Medical Association as CME-certified 

training, for which an individual application must be made via the portal of the Medical Association. 

According to § 95d SGB V (German Social Security Code, Book V) physicians have to collect 250 

CME credits over the course of five years, 150 of which must be discipline-specific for specialists. 

Within this framework medical doctors are free in choosing which courses to attend [21, 22]. The 

learning methods vary from self-studies to online courses and face-to-face events. After every five 

years, a proof of having collected sufficient CME is due, else there is the possibility of sanctions. 

The Chamber of Physicians divides trainings into categories (A – K). In general, 1 CME credit can 

be obtained per training unit of 45 minutes. Additionally, 1 further credit is granted for each of the 

following: documented learning success control within the course of the training, as well as for the 

training being an interactive workshop (category C).  

 

 



1.4 Evidence before the start of the project 

Due to bacterial evolution, bacteria can change in a way that reduces the effectiveness of antibiotics, 

which has been the case for naturally occurring antibiotics ever since [23]. 

A strong correlation between antibiotic use and for diseases caused by Escherichia coli [24], 

Salmonella enterica, and Klebsiella pneumonia, the most prevalent pathogens and antibiotic 

resistance development had been observed over the past decades [25]. Escherichia coli for example 

accounts for the majority of the urinary tract infections. Klebsiella pneumonia can also cause urinary 

tract infections in some cases, however, it is considered to be the most common cause of hospital 

acquired pneumonia in the US and to accounts for 3 – 5% of all nosocomial bacterial infections [26]. 

Regarding antibiotic prescriptions, there is a north-south-gradient in Europe [24]. 

Respiratory tract infections are among the most common reasons for seeking medical advice [27, 

28] and there is a high prevalence of UTI among women [29, 30]. 

A prospective study in 13 European countries found that antibiotic prescriptions in primary care were 

only congruent with the guidelines respective could only be justified in 71.2% of the cases of acute 

cough [31]. A study from Poland, in the course of which case vignettes had been disseminated, 

revealed that 20% of practitioners would prescribe antibiotics in case of bronchitis, though it is not 

recommended in the national guidelines [32]. In Germany, 45 to 62% of antibiotic prescriptions were 

being made by GP in 2013 and 2014 [13, 16]. Antibiotics are not effective against viruses (which are 

of self-limiting nature) but only against bacterial infections. However, in 2013, almost 30% of the 

antibiotic prescriptions were deemed unnecessary, as in cases of upper respiratory tract infections 

and bronchitis [13] and a reduction potential of up to 50% in terms of antibiotic prescription density 

is assumed comparing Germany to Switzerland [33]. A study on guideline adherence in case of LRI 

conducted in and around Heidelberg, Germany, from 2009 to 2013 found that only in 52.10% the 

decision whether to prescribe an antibiotic or not was congruent with the guidelines, and hence in 

47.90% of the cases, it was incorrect. Within this study, of all prescribed antibiotics when 

recommended in this guidelines, only 53.01% were congruent, meaning, the antibiotic of choice [12]. 

Antibiotic prescriptions are the main driver of antibiotic resistance. Antibiotic resistance is a natural 

phenomenon [2]. It cannot be stopped but strategies to control and slow down its spread can be 

implemented [34]. 

 

1.5 Interim conclusion and resulting research questions of this dissertation 

Antibiotic resistance is a public health challenge with the largest contributor being prescriptions by 

GP in the outpatient sector. Hence, they would logically be the most important target group. Given 

the fact that recruitment of physicians for studies is not easy [35, 36] and the assumption they would 

not attend trainings without any benefit, CME trainings are a right fit in the setting for this study. 



Furthermore, a CME training series with an interactive presentation of condensed content of the 

relevant guidelines seems to be a good measure to potentially improve antibiotic prescribing 

behaviour and answer the research questions, which were the main research question:  

1) How effective are the trainings?  

a. Did GP after attendance of the trainings change their general and disease group 

specific – i.e. presented in the respective attended training session - prescribing 

behaviour over time compared to those GP who did not attend the training sessions? 

b. Did participants answer the same questions before and after the training differently? 

c. Was there a relation between the given answers and the proportion of prescribed 

antibiotics? 

and the secondary research questions:  

2) Is a data protection conforming linkage of primary and secondary data feasible? 

3) How is the reachability of GP in the study area?  

a. Do participating and non-participating GP differ in terms of their AOK insured patient’s 

sex and age, terms of diagnoses included in the three different trainings or in their 

antibiotic prescribing behaviour?  

b. Do the groups differ in their prescribing behaviour for bronchitis, for which no 

antibiotics are recommended in the German guidelines? 

c. Are there differences within the group of participants attending one vs. more than one 

training regarding age and sex of their patients? Did they answer the questions from 

the questionnaires differently? 

4) What are the costs of the trainings?  

To answer questions 1a, 1c, 3a, 3b, and 3c, the guidelines had to be screened for diagnoses and 

recommended medication. If not provided, the corresponding ICD-10 codes for the relevant had to 

be looked up. Similarly for medications the corresponding ATC (Anatomical Therapeutic Chemical 

Classification) codes, as stored in the health insurance data had to be looked up accordingly [37].



2. Methods 
 

2.1 Publication:  Effectiveness of trainings of General Practitioners on antibiotic 
stewardship: A pragmatic quasi-experimental study in a controlled before-after 
design in South-East-Lower Saxony, Germany (WASA) 
 
Authors: Daniela Gornyk, Martina Scharlach, Brigitte Buhr-Riehm, Carolina Judith Klett-Tammen, 

Sveja Eberhard, Jona Theodor Stahmeyer, Anika Großhennig, Andrea Smith, Sarah Meinicke, 

Wilfried Bautsch, Gérard Krause and Stefanie Castell 

Published: 22 April 2021 

Journal: Frontiers in Pharmocology 

Link: https://www.frontiersin.org/articles/10.3389/fphar.2021.533248/full  

Personal contribution: Development of questionnaires, responsibility for the study, writing of the 

manuscript 
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Daniela Gornyk1,2, Martina Scharlach 3, Brigitte Buhr-Riehm 4†,
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Introduction: Antibiotic resistance is a serious threat to global public health. It reduces the

effectiveness of treatments for serious bacterial infections and thus increases the risk of

fatal outcomes. Antibiotic prescriptions are often not in line with clinical evidence-based

guidelines. The process of emergence of resistant bacteria can be slowed down by

adherence to guidelines. Yet this adherence seems to be lacking in primary health care.

Methods and Analysis: This pragmatic quasi-experimental study using a controlled

before-after design was carried out in South-East-Lower Saxony in 2018–2020. The

voluntary attendance of interactive trainings with condensed presentation of current

guidelines for general practitioners (GP) on antibiotic management for urinary and

respiratory tract infections is regarded as intervention. Those GP not attending the

trainings constitute the control group. Data were collected via questionnaires; routine

health records are provided by a statutory health insurance. The primary outcome is the

proportion of (guideline-based) prescriptions in relation to the relevant ICD-10 codes as

well as daily defined doses and the difference in proportion of certain prescriptions

according to guidelines before and after the intervention as compared to the control

group. Further outcomes are among others the subjectively perceived risk of antibiotic

resistance and the attitude toward the guidelines. The questionnaires to assess this are

based on theory of planned behavior (TPB) and health action process approach (HAPA).

Variations over time and effects caused by measures other than WASA (Wirksamkeit von
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Antibiotika-Schulungen in der niedergelassenen Aerzteschaft-Effectiveness of antibiotic

management training in the primary health care sector) training are taken into account by

including the control group and applying interrupted time series analysis.

Ethics and Dissemination: The study protocol and the data protection concept

respectively were reviewed and approved by the Ethics Committee of the Hannover

Medical School and the Federal Commissioner for Data Protection and Freedom of

Information.

Trial Registration: https://www.drks.de/drks_web/navigate.do?navigationId!trial.

HTML&TRIAL_ID!DRKS00013951, identifier DRKS00013951.

Keywords: primary health care, prescribing behaviour, antibiotic resistance, general practitioner, antibiotic

stewardship, primary and secondary data

INTRODUCTION

The era of antibiotics began with the discovery of penicillin by
Alexander Fleming in 1928 (Fleming, 2001) and it was believed
that the fight against infectious diseases was won. However, by the
1940s, the emergence of penicillin resistant strains was evident
(Sengupta et al., 2013). Regardless of these early warning signs for
the public health threat resistance, the topic of antibiotic
stewardship is a fairly recent one (Dyar et al., 2017).
Additionally, in spite of its importance, primary health care
has not been in focus. In Germany, about 85% of antibiotics
in human medicine are prescribed in the outpatient sector and
approximately 50% of these by general practitioners (GP)
respective approximately 60%, if specialists in internal
medicine working as GP in primary health care are included
(Bundesamt für Verbraucherschutz und Lebensmittelsicherheit,
Paul-Ehrlich-Gesellschaft für Chemotherapie e.V., 2016).

The phenomenon of antibiotic resistance poses a serious
threat to global public health as it reduces the effectiveness of
treatments for serious bacterial infections and thus increases the
risk of fatal outcomes (European Centere for Disease Prevention
and Control, 2015; Ventola, 2015). It has been shown that there is
an association between the amount of prescriptions and antibiotic
resistance (Goossens et al., 2005; Meyer et al., 2013; European
Centre for Disease Prevention and Control, 2015; Kim et al.,
2018).

Various scientific medical societies systematically develop and
release clinical guidelines for the rational prescription of
antibiotics for specific diseases. They are based on current
scientific findings. In general, guidelines are written by expert
groups and either based on consensus or systematic literature
reviews. Depending on the methods, they are classified in
different development levels from S1 to S3, with S3 being the
highest quality level of the development methodology.

Prescribing practice in Germany is often not in line with these
guidelines (Fünfstück et al., 2017), even for urinary tract
infections (UTI) that are reported to be among the most
common bacterial infections among women in the primary
health care sector (Dicheva, 2015). For example, broad-
spectrum antibiotics such as Amoxicillin or Cefuroxim (axetil)
are prescribed despite not being recommended (Bundesamt für

Verbraucherschutz und Lebensmittelsicherheit, Paul-Ehrlich-
Gesellschaft für Chemotherapie e.V., 2016). In the case of
acute respiratory tract infections (ARI), for 90% of episodes,
antibiotics are deemed as not indicated (Bundesamt für
Verbraucherschutz und Lebensmittelsicherheit, Paul-Ehrlich-
Gesellschaft für Chemotherapie e.V., 2016) because a virus
being the causative agent. A study monitoring German GP on
guideline adherence regarding antibiotic prescriptions for lower
respiratory tract infections found that only 52% of the
prescriptions were congruent with the guideline (Kraus et al.,
2017). In summary, even if Germany’s primary health care sector
ranks in the lower third regarding prescriptions compared to
other European countries (Bundesamt für Verbraucherschutz
und Lebensmittelsicherheit, Paul-Ehrlich-Gesellschaft für
Chemotherapie e.V., 2016; European Centre for Disease
Prevention and Control, Antimicrobial consumption, 2018)
antibiotics are overprescribed and narrow-spectrum antibiotics
are chosen too seldomly; hence, antibiotic prescription in primary
health care needs improvement.

In Germany, clinical guidelines based on principles of
evidence-based medicine are free for download and regularly
updated (www.awmf.org). GP seem to value the quality of
German guidelines, i.e., less than 10% see a lack of good
guidelines; however, less than 40% regularly use them (Salm
et al., 2018). The problem might be that the guidelines are
extremely long, e.g. for UTI 254 pages and for some conditions,
several guidelines with conflicting recommendations exist, making
it time-intensive and almost impossible for GP to thoroughly read
and incorporate the guidelines into their daily practice; hence, there
is a need for concise and targeted trainings for medical doctors
working in primary health care.

Several studies with different designs, e.g. focusing on children
(de Bie et al., 2016) or online courses (Little et al., 2013) have
investigated the effectiveness of training GP on antibiotic
prescribing. Due to differences in the health care systems,
comparability is not always granted, but most have used either
a before-after design without control group or included only a
control group, but not both (Roque et al., 2014) or failed to
identify the intervention group (Slekovec et al., 2012)–the first
one being obsolete because the underlying trend cannot be taken
into account (Goodacre, 2015; Bernal et al., 2017), the second one
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not able to investigate changes by an intervention. There is also a
notable lack of studies addressing the impact of UTI antibiotic
stewardship training in primary health care (Roque et al., 2014;
Drekonja et al., 2015); most studies focused on the hospital setting.
Currently, there are several similar projects in different regions of
Germany: among them RAI “Rationaler Antibiotikaeinsatz durch
Information und Kommunikation,” an interdisciplinary project
focusing on Massive Open Online Courses and information
material that GP can disseminate to their patients (RAI -
Rationaler Antibiotikaeinsatz durch Information und
Kommunikation, 2016), and RESIST “RESISTenzvermeidung
durch adäquaten Antibiotikaeinsatz bei akuten
Atemwegsinfektionen”, a project addressing physicians
working in several medical specialties targeting respiratory
tract infections (RESIST - Resistenzvermeidung durch
adäquaten Antibiotikaeinsatz bei akuten
Atemwegsinfektionen, 2020). In both projects the physicians
took part in online-training.

Based on these research gaps we developed a study with the
following characteristics: interactive classroom trainings with
condensed presentation of current clinical guidelines on
diagnosis and antibiotic treatment with focus on aspects
relevant for primary care and a strong emphasis on
respiratory infections while also including UTI.

During these trainings, the desired behavior (prescribing
according to the guidelines) has been promoted. WASA is the
first study in Lower-Saxony to evaluate the effectiveness of
interactive training for GP on antibiotic stewardship.

AIMS AND OBJECTIVES

WASA “Wirksamkeit von Antibiotika-Schulungen in der
niedergelassenen Aerzteschaft” aims to evaluate quantitative
and qualitative change in antibiotic prescriptions for acute
respiratory and urinary tract infections after attendance of
trainings on antibiotic management.

Thus, we want to assess effectiveness of antibiotic stewardship
trainings for GP including long-term effects, i.e., over the course
of one year. Additional aims are to measure the participants`
willingness to attend several trainings, the subjective effectiveness
and other sentiments, the experienced quality of the trainings and
the overall costs to organize these. The target group are GP in one
defined geographical region (model region: South-East-Lower
Saxony) all of whom received invitations to attend the trainings.

The main challenge is to link primary and secondary data in a
data protection compliant way.

MATERIALS

For the training sessions, interactive lectures were developed,
summarizing the guidelines and including educational case
reports for discussions. The participants received printouts of
the case reports. All materials were developed for WASA by
respective specialists including a review by an independent expert
in the field.

To collect primary data, we employed three questionnaires:
one to be filled in immediately before the trainings, one
afterwards and the third one twelve months later.

The participating GP are supposed to provide some basic
information among others on their age category, years of practice
and practice size.

Questionnaires for the participating GP were designed based
on psychological models which aim to explain and predict (health
related) intentions and behavior. Models of behavior change
assume there is a pattern of factors that influence motivation
and change in behavior. Predictor variables can be identified and
it is assumed that the behavior is the outcome of a conscious
intention (Schwarzer, 2008).

To give an example, it is assumed that there has to be a positive
expectation on the outcome. This is captured by asking “The
influence that I myself have on the development of resistance
development of resistance, is...”with a 7-Likert scale ranging from
“very significant” to “very insignificant”.

The theory of planned behavior (TPB) postulates that there are
independent determinants of intention including the so called
“subjective norm.” This construct refers to the fact that people
feel social pressure regarding the display of a particular
behavior (Ajzen, 1991). In concrete, we ask whether the
physician feels a) social pressure not to prescribe antibiotics
b) thinks that important persons like his or her family, friends
colleagues or patients expect them to prescribe antibiotics and
c) social pressure to prescribe antibiotics. Answers are to be
provided on a 7-Likert-Scale ranging from "completely true" to
"not true at all". (Please find the complete questionnaires in the
supplement.)

The health action process approach (HAPA) model suggests a
distinction between a pre-intentional motivation process and a
post-intentional volition process. For instance, it is not sufficient
to be aware of a risk; one also has to believe in a high self-efficacy
and to anticipate a positive outcome to form an intention.
Another important issue in this model is “coping planning”
for one has to make several plans regarding how to act if
barriers emerge (Schwarzer, 2008).

The questionnaires were designed based on pre-study
interviews with nine GP and later pretested with seven all of
whom were not eligible for the study.

We used semi-structured interviews for some trainers and
participants to assess this from different perspectives.

METHODS

Design
WASA is a pragmatic (Schwartz and Lellouch, 1967; Roland and
Torgerson, 1998) quasi-experimental study which uses a
controlled before-after design to compare changes attributable
to the interventional trainings while considering general changes
due to e.g. overall information on antibiotic stewardship policies
by including a control group and applying interrupted time series
analysis.

Three separate training sessions on 1) urinary tract infections
(UTI), 2) upper (URTI) as well as 3) lower respiratory tract
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infections (LRTI) were offered and included up-to-date
diagnostics and antibiotic prescriptions. Each GP could decide
whether he or she was interested in only one, two or all three
topics. Participation was voluntary. Taking part in the study was
not a requirement to attend the trainings.

WASA partners are among others the regional maximum-care
hospital and the “Hygienenetzwerk Südostniedersachsen” (hygiene
network South-East-Lower Saxony, HN-SON) which operates in the
catchment area of the regional maximum-care hospital since 2009.

Setting
The study area includes the cities and rural adjunct districts of
Brunswick, Gifhorn, Goslar, Helmstedt, Peine, Salzgitter,
Wolfenbüttel and Wolfsburg. In this region, there are
approximately 750 GP providing primary care who are the
target population. In Germany, one needs to be referred by a
doctor for any hospital treatment, except for emergencies. In any
other case, patients consult a physician working in the primary
health care sector during their office hours.

Regional hygiene networks are joint undertakings of health
care providers including public health services, in order to
combat relevant pathogens through standardized and quality-
checked procedures across all medical care facilities. A
cooperation of multiple partners provides the opportunity to
carry out a project and study like WASA since various expertize
and data supply are required.

Study Population and Recruitment
The study was conducted between 2018 and 2020 in South-East-
Lower Saxony, the region the hygiene network operates in
(Pfingsten-Würzburg et al., 2011).

As German physicians have to collect 250 Continuing Medical
Education (CME) points over five years a number of CME trainings
are held in any given German region. There is no coordinated
approach as to what topics are covered in what timely matter
(Reglement beachten, 2014) but rather it is a self-regulatory
process. The WASA trainings were offered within this framework
(5 CME points). For our project, all GP from the study region
received targeted invitations, letters as well as emails and faxes. Topics
and dates of the trainings were also displayed on the webpage of the
chamber of physicians. No further in- or exclusion criteria applied.

Intervention
The voluntary attendance of the trainings is regarded as the
intervention. The trainings were designed to be interactive and
involved the discussion of educational case reports as well as
problems the GP encounter in their professional work regarding
the topic. Such educational work is important, as small discussion
groups have been shown to be some of the most effective teaching
strategies within the framework of antibiotic stewardship (Roque
et al., 2014). All lecturers were chosen based on a peer-approach,
i.e. active medical doctors from the field, and were trained in a
standardized manner and used the same training materials. The
2.25 h trainings focused on condensed guideline recommendations
without covering communication skills. No financial
compensation for travel, workshop participation or a desired
prescribing behavior afterward was rewarded. However,

attendees received (independently from participation in the
study) free copies of the guidebook “Rationale orale
Antibiotikatherapie für Erwachsene im niedergelassenen
Bereich” (Rational oral antibiotic therapy for adults in the
outpatient sector) by the Governmental Institute of Public
Health of Lower Saxony (NLGA), which otherwise costs 10 €.
For the attendance of a second or third training participants
received something of a similar value as a token of appreciation.

This study is funded by the German Federal Ministry of Health
and gets no support from the pharmaceutical industry. The
intervention took place in eight different towns within the
study region from April 2018 to January 2019. Follow-up
lasted until January 2020. The control group consists of all GP
from the region that did not attend the trainings.

Data Collection and Processing
Data were collected on three levels: 1) we employed the above-
mentioned questionnaires, 2) we use health records of the region
provided by AOK Niedersachsen and 3) some of the trainers and
participants were interviewed right after the trainings with the
aim to evaluate the acceptance of this (standardized) training
format. The latter represents the qualitative part of the analysis.

In Germany, about 90% of the population were insured with a
statutory health insurance company (Die gesetzlichen
Krankenkassen, 2021); in 2017 out of these, about 36% with
the AOK–Die Gesundheitskasse (AOK) (Daten des
Gesundheitswesens, 2017). This translates to approximately 2.7
million individuals in Lower-Saxony (AOK–Die
Gesundheitskasse für Niedersachsen Geschäftsbericht, 2017).
Statutory health insurances companies collect data on a
quarterly basis for each doctor and practice regarding the date
of birth, sex, diagnoses (ICD-10 codes) whereas prescriptions
(ATC (Anatomical Therapeutic Chemical)-codes) of each patient
are recorded on a daily basis; primarily for billing reasons. In
WASA, the antibiotic prescriptions will be related to the ICD-10
codes in 3-months-intervals and compared to the
recommendations from the guidelines. To do this, the training
material based on the guidelines had to be screened for diagnoses
and the corresponding ICD-10 code (www.icd-code.de/) has to be
looked up. Similarly, the ATC classifications for the
recommended antibiotics have to be looked up (www.whocc.
no/atc_ddd_index/). Based on the recommendations in our
training material, we linked both. For further details, please
see Table 1.

Statutory health insurance routine data will be available for a
period of two years before and one year after the intervention.

After the completion of the training phase, non-response
questionnaires were send out to all GP of the region to gather
some basic information that cannot be obtained from the
statutory health insurance routine data. Due to the reason that
we do not know the names of the participants, we asked those
who participated to ignore the letter.

Data collection will be completed by the end of 2020.
For the data analysis, it is important to connect the primary

data from the questionnaires with the secondary data provided by
the statutory health insurance. However, no institution involved
in the project except the trust agency should be aware of who
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attends the trainings, participates in the study, or the amount of
specific antibiotic prescriptions. Therefore, we developed a data
flow that works on the prerequisite that data which identify any
participant to be kept separated from questionnaire and statutory
health insurance routine data (see Figure 1). For this unique data

flow we made use of three numbers each physician (practicing in
the primary health care sector) is assigned by the German health
system: the practice number (“Betriebsstättennummer,” BSNR),
the personal physician number (“Lebenslange Arztnummer,”
LANR) and the number used to collect CME points

TABLE 1 | Antibiotics and corresponding indications.

Antibiotic ATC Indications (ICD-10) UTI Indications (ICD-10)

URI

Indications (ICD-10) LRI AWaRe

Classification

Database

Doxycycline J01AA02 x J01.-, J06.8, J06.9,

H66.0, H66.4,

H66.9

J13, J14, J15.-, J16.-, J18.-,

J44.0-, J44.1

access

Amoxicillin J01CA04 x J01.-, J06.8, J06.9,

H66.0, H66.4,

H66.9

J13, J14, J15.-, J16.-, J18.-,

J44.0, J44.1

access

Pivmecillinam J01CA08 N30.0, N30.3, N30.8, N30.9, N39.0,

N39.88, N39.9

O23.- (excl.: O23.0, O23.5)

x x access

Phenoxymethylpenicillin J01CE02 x J02.-, J03.-, J06.- x access

Sultamicillin J01CR04 x J32.- x access

Amoxicillin-clavulananic acid J01CR22 N10, N12 J01.-, J06.8, J06.9,

J32.-, H66.0,

H66.4, H66.9

J13, J14, J15.-, J16.-, J18.- accessa

First-generation

cephalosporinsb
J01DB x J02.-, J03.-, J06.- x access

Cefalexinc J01DB01 x J02.-, J03.-, J06.- x access

Cefuroxim J01DC02 N30.0, N30.3, N30.8, N30.9, N39.0,

N39.88, N39.9

O23.- (excl.: O23.0, O23.5)

x x watch

Cefpodoxime (proxetil) J01DD13 N10, N12, N30.0, N30.3, N30.8, N30.9,

N39.0, N39.88, N39.9, O23.- (excl.:

O23.5), T83.5, T83.8, T83.9

J01.-, J06.8, J06.9,

H66.0, H66.4,

H66.9

x watch

Trimethoprim and derivates J01EA N10, N12, N30.0, N30.1 N30.2, N30.3,

N30.8, N30.9, N39.0, N39.88, N39.9

x x accessd

Sulfamethoxazole and

Trimethoprim (Cotrimoxazol)

J01EE01 N10, N12, N30.0, N30.1 N30.2, N30.3,

N30.8, N30.9 N39.0, N39.88, N39.9

x A37.-, J17.0 access

Macrolidesb J01FA x J02.-, J03.-, J06.- x watch

Clarithromycinc J01FA09 x x A37.-, A48.1, J13, J14, J15.-,

J16.-, J17.0, J18.-, J44.0-,

J44.1-

watch

Azithromycin J01FA10 x x A37.-, J17.0 watch

Clindamycin J01FF01 x J02.-, J03.-, J06.-,

J32.-

x access

Ciprofloxacin J01MA02 N10, N12,

N30.0, N30.1, N30.2, N30.3, N30.8,

N30.9, N39.0, N39.88, N39.9, T83.5,

T83.8, T83.9

x x watch

Levofloxacin J01MA12 N10, N12, N30.0, N30.3, N30.8, N30.9,

N39.0, N39.88, N39.9, T83.5, T83.8,

T83.9

J01.-, J06.8, J06.9,

H66.0, H66.4,

H66.9

J13, J14, J15.-, J16.-, J18.- watch

Moxifloxacin J01MA14 x J32.- J13, J14, J15.-, J16.-, J18.- watch

Nitrofurantoin J01XE01 N30.0, N30.1, N30.2 N30.3, N30.8,

N30.9, N39.0, N39.88, N39.9

x x access

Fosfomycin J01XX01 N30.0, N30.1, N30.2,N30.3, N30.8,

N30.9, N39.0, N39.88, N39.9

O23.- (excl: O23.0, O23.5)

x x watch

Nitroxoline J01XX07 N30.0, N30.3, N30.8, N30.9, N39.0,

N39.88, N39.9

x x x

The table is based on the official ATC index 2017 available at dimdi.de and sorted accordingly. “x” denotes that the antibiotic is not indicated for this group of diagnoses.
aATC code J01CR22 existed 2016–2018.
bWhole class of antibiotics correct for the listed indications according to the training material.
cBelonging to a class of antibiotics but specifically mentioned in the training material.
dClassification “Access” only valid for J01EA01.
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(“Einheitliche Fortbildungsnummer,” EFN). The latter is used to
provide identification to connect the 3 questionnaires. It consists
of 15 digits of which six are generated randomly and does not
allow identification of any doctor with the exception of the
Chamber of Physicians (“Ärztekammer”) which provides the
number (pseudonym).

A trust agency has been employed to match the EFN to the
LANR and BSNR. For this purpose, the agency received lists from
the association of Statutory Health Insurance Physicians
(“Kassenärztliche Vereinigung”) and the Chamber of
Physicians with the names and years of birth of all GP in the
region so LANR/BSNR can be assigned to the respective EFN.

New study IDs for all GP of the study region have been created
by the trust agency and assigned to the EFNs and respective
LANRs and BSNRs. A list was given to the AOK so that their data
on diagnosis and antibiotics prescribed could be provided with
new ID that do not allow others to draw conclusions about the
respective person. In a second step, a list that matches the new ID
to the EFN was passed to the researchers at Helmholtz Centre for
Infection Research (HZI). Here, all EFN that correspond to an
EFN on any questionnaire are identified to belong to GP of the
intervention group; those GP that did not fill in questionnaires,
i.e. did not provide EFN, are assigned to the control group.
Physicians who participated in the trainings but not in the study
were asked to provide their EFN so that they can be excluded
from the control group. The AOK passes on all routine data of all
the GP from the study region covering the years 2016 till the
beginning of 2020, without distinguishing between participants

and non-participants. Based on the new ID, these data can be
matched to the questionnaire data as displayed in Figure 1.

In some of the guidelines, the corresponding ICD-10 is listed,
but not in all and neither in the book “Rationale orale
Antibiotikatherapie für Erwachsene im niedergelassenen
Bereich” (Rational oral antibiotic therapy for adults in the
outpatient sector) nor in the training materials directly based
on the guidelines. ATC-codes are not of interest to the GP and
therefore not mentioned in the guidelines or training materials
but are found in the health insurance data whereas there the
name(s) of the recommended antibiotic(s) is/are lacking. Hence,
we collected all of this information from the training materials
and the book and complemented with information from the
guidelines in one table (Table 1) which forms the basis for the
analyses of the proportion of (guideline-based) prescriptions in
relation to the relevant ICD-10 codes as well as daily defined
doses and the difference in proportion of certain prescriptions
according to guidelines before and after the intervention as
compared to the control group. Additionally, this table
includes a column which is based on the WHO AWaRe
Classification Database which contains details of 180
antibiotics classified as access, watch or reserve (Essential
medicines and health products-WHO releases the 2019
AWaRe Classification Antibiotics, 2019).

Outcomes
The primary outcome is the effectiveness of the antibiotic
management trainings including long-term effects over one

FIGURE 1 |Data Flow-matching of primary and secondary data with respect to data protection requirements. HZI: Helmholtz-Zentrum für Infektionsforschung, GP:

general practitioners, EFN: number used to collect CME points, LANR: personal physician number, BSNR: practice number.

Frontiers in Pharmacology | www.frontiersin.org April 2021 | Volume 12 | Article 5332486

Gornyk et al. Effectiveness of Trainings on Antibiotic Stewardship



year, i.e. the quantitative and qualitative change in antibiotic
prescriptions for acute respiratory and urinary tract infections
derived from the statutory health insurance routine data.
Concrete: the proportion of (guideline-based) prescriptions in
relation to the corresponding ICD-10 codes, e.g. N30.0 as well as
the overall amount of prescribed antibiotics commonly
prescribed for the diseases of interest expressed in daily
defined doses and the change over time. To asses this, the
ratio of recommended antibiotics listed in Table 1 based on
the training materials and the German guidelines and therefore
considered as correct prescriptions as opposed to all other
antibiotics (the remaining in J01) will be calculated. The
quality indicators will be build based on prescriptions for the
diseases of interest in relation to all diagnoses of interest and
compared to the recommended percentage of proposed disease
specific antibiotic prescribing quality indicators in Europe which
are 0–30% for bronchitis/bronchiolitis, 0–20% for acute siniusitis
whereas for female patients with urinary tract infection it is
80–100% and for pneumonia 90–100% for all patients
(Adriaenssens et al., 2011).

Other measures are costs and number of attended trainings
per GP, the GP’s subjectively perceived gain of knowledge and the
change in the perceived extent of the own influence on the
development of antibiotic resistance and the determination of
the intention of the GP to change or maintain their prescribing
behavior.

Questionnaires deployed in WASA are mainly based on
HAPA and theory of planned behavior (“subjective norms”)
models. This allows us e.g. to report on the perceived change
in prescription behavior.

Analyses
To analyze the effectiveness of the trainings, an interrupted
time series regression will be applied. This method is
increasingly being used to evaluate the effect of different
public health interventions (Bernal et al., 2017; Hategeka
et al., 2020) as in (Santa-Ana-Tellez et al., 2013; Spoelman
et al., 2016). It requires some a priori hypotheses on the
impact of the intervention on the outcome (Bernal et al.,
2017). Antibiotic prescriptions seem to decrease in
Germany–especially for children–but to be stable among
GP. Studies have shown that prescriptions which are not in
line with the guidelines can be reduced by 10 to 20% after
having attended trainings on this topic (Schulz et al., 2014;
Kraus et al., 2017).

The analyses will be conducted for all topics together and
also for each topic separately. We will compare participants’
and non-participants’ patients regarding patient’s age and sex.
If there are major significant differences, we will include the
corresponding variable in the interrupted time series analysis
to control for it.

Ethics, Data Protection and Dissemination
The study protocol was reviewed and approved by the ethics
committee of Hanover Medical School and the data protection
concept was reviewed and approved by the Federal
Commissioner for Data Protection and Freedom of

Information (“Bundesbeauftragte für den Datenschutz und die
Informationsfreiheit,” BfDI).

DISCUSSION

Despite low antibiotic consumption in Germany in
comparison to other European countries, improvement of
antibiotic prescription in primary health care is necessary in
Germany, e.g. by less prescribing of broad spectrum antibiotics
as is recommended in the guidelines. We conduct a study on
the effectiveness of interactive trainings for GP regarding UTI
and ARI in a model region. If the trainings prove to be
successful, findings from this study can be used for further
projects.

To our knowledge, the design of our study is a unique selling
point. It has been proven that data protection conform linkage of
questionnaire data and health insurance data is possible by
applying our concept. Our study has several strengths and
limitations. Data are collected on various levels. Evaluation
involves quantitative (questionnaires and statutory health
insurance routine data) and qualitative aspects in order to
cover various aspects and to provide a full picture. Our
concept allows connection of primary and secondary data
whilst ensuring personal data protection.

However, by attending the trainings the GP assigned
themselves to the intervention group which might have
resulted in a self-selection bias. Due to the abundance of
professional trainings for GP with several topics it can be
assumed that those GP who attended the trainings on
antibiotic stewardship are more aware of the problem of
resistance and more eager to stay up to date than those who
stay away and their prescribing behavior might differ
independent of our intervention.

One advantage of health insurance data clearly is that many
patients can be included without time-consuming data
collection. Health insurance data are not subject to recall
bias. However, they only provide data on age and sex of the
patients as well as diagnoses and medication but no additional
data. Another disadvantage is that prescriptions are available on
a daily basis whereas diagnoses are only available on a quarterly
basis. Hence, prescriptions cannot be linked directly to
diagnoses. This does not pose a big problem if there are
very few diagnoses and prescriptions for one specific
patient. Also, if e.g. Nitrofurantoin has been prescribed;
this is recommended for urinary tract infections but not
for respiratory tract infections, that is why assignment is
relatively clear. But if this is a patient with multiple diagnoses
and prescriptions it becomes complicated since antibiotics
like Levofloxacin are recommended to cure urinary tract
infections, upper respiratory tract infections and lower
respiratory tract infections (and for further infections
which have not been addressed in our trainings but of
course can occur among the GP’s patients) This can be
approached by conducting sensitivity analyses and
excluding all patients with more than one diagnoses of
interest from the analyses.
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We will bring our results into context with other published
literature in this field. If the trainings prove to be effective,
recommendations for future concepts of antibiotic stewardship
training for primary health care can be given.

As opposed to other studies, WASA does not offer any
financial benefit for the participants which could be a
disadvantage during the recruitment process but on the other
hand financial incentives are not necessarily sustainable and
long-term effective.
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2.2 Preparations and Advertisement  

As the trainings themselves were to be evaluated and not a single trainer, several medical doctors 

have been trained in “Train-the-Trainer” sessions. The aim was to provide standardised trainings. 

Given the abundance of provided trainings for physicians, it was important to announce the WASA 

trainings on several channels. Hence, leaflets were designed, a video clip (see Appendix) was 

produced and two interviews were given and printed [40, 41]. All dates were announced on the 

projects’ website and on the website of the Chamber of Physicians. The “Hausärzteverband” (GP 

association) announced the trainings via the e-mail distribution list. AIDA, a hierarchical model first 

proposed in 1887 and later  modified, still is one of the most referred to models in advertising and 

personal selling literature [42]. AIDA is an acronym for: attention, interest, desire, action, the order 

of this being of importance. As a first step, attention must be drawn on the service; i.e., in our case 

the trainings on rational oral antibiotic therapy. We aimed to draw interest e.g., by disseminating 

leaflets with pictures (which are more likely to draw attention than text) and sending them with the 

postal invitation. As a second step, interest in the benefit of the service must be generated; meaning, 

the individual reads the information on the leaflet. Then, in a third step, the target group has to switch 

from “I like it” to “I want it” or “I want to attend” and the last step is the action of attending the trainings, 

which was our aim.      

 

2.3 Recruitment 

Since the training courses were to take place in the region of the hygiene network and the region is 

defined by the service areas of the participating health offices, a GP database first had to be created 

for sending invitations to training events to the target group within this region. We did this in two 

steps: First, we identified the postcodes of the region and then the names and addresses of all GPs 

were found via the portal www.arztauskunft-niedersachsen.de and transferred to an Excel 

spreadsheet with the help of which we then created serial letters to invite the GP to the trainings in 

their respective city.  

Participation in the study was voluntary and no prerequisite to attend the training sessions. Teams 

consisting of two to five people recruited eligible physicians that showed up at the trainings before 

the respective lecture started. Physicians were eligible for the study if they worked as a GP in the 

study area. Attendees of the trainings who agreed to participate in the study had to give written 

informed consent before filling in the first questionnaire. All study materials were provided in German.  

We used ANCOVA (Analysis of Covariance) [43] to estimate the number of cases. 

With a target power of 80%, an assumed R2 of 0.6 and the conservative, literature-based assumption 

that non-guideline antibiotic prescriptions can be reduced by 10% (0.1) [37] or 20% (0.2) [12, 44] 

through participation in the training courses, the following estimated values as displayed in Table 1 

for the required number of participants result depending on the standard deviation that occurs: 



 

 

 

Table 1:  Sample size calculation based on ANCOVA 

 Effect: 0.1 Effect: 0.2 

Standard 
deviation 

Participants Power in % Participants Power in % 

0.3 58 80 30 >80 

0.4 101 80 30 >80 

0.5 157 80 39 80 

0.6 226 80 57 80 

 

Based on this assumptions, we planned to recruit 150 participants.  

 

2.4 Training material and training sessions 

All training materials were based on the clinical guidelines as listed in chapter 1.2. The training 

materials comprised a power point presentation, case vignettes and a learning success control for 

each of the three different topics. Experts in the field designed and reviewed the training materials. 

Each interactive training session had a duration of 2 hours and 15 minutes and included a 

documented learning success control. Five CME points were accredited for attendance. As 

described in [37], the training sessions focused on condensed guideline recommendations without 

covering communication skills. Materials for each of the three topics comprised a slide with the 

question to the attendees what they associate with the topic and a brief overview of antibiotic 

consumption and the slides for respiratory tract infections also dealt with the association between 

prescriptions and antibiotic resistances. In the following, all materials contained case examples also 

disseminated to the attendees to be interactively discussed with them and further information, e.g. 

on positive predictive values for laboratory tests.  

After the session, all attendees received (independently from participation in the study) free copies 

of the guidebook “Rationale orale Antibiotikatherapie für Erwachsene im niedergelassenen Bereich” 

(Rational oral antibiotic therapy for adults in the outpatient sector) provided by the Governmental 

Institute of Public Health of Lower Saxony (NLGA), which otherwise costs 10 €. The content of this 

guidebook is also based on the guidelines.  

 



 

 

2.5. Data collection and processing 

We collected data on two levels. 

2.5.1 Primary data 

We collected primary data via questionnaires (see Appendix). The questions were loosely based on 

the subjective norms part of “The Theory of Planned Behaviour” (TPB) [39] and the “Health Action 

Process Approach” (HAPA) [38, 45].  

Subjective norms consist of convictions about what normative expectations relevant reference 

persons or reference groups have of the individual, or according to what normative convictions they 

act. The HAPA model assumes that behaviour change is a process including different phases, a 

motivational phase, during which individuals form intentions and a volitional phase, which refers to 

implementation of the aimed behaviour and pursuing the goal.  

Beforehand, we conducted an anonymous brainstorming in a team of two with nine and a pre-test 

with five physicians who did not meet the criteria for inclusion in the study via telephone. During the 

brainstorming, we asked open questions to find the most important items. 

Most answers in the final questionnaires were to be given on a 7-Likert-Scale (Appendix). 

Additionally, we asked for demographical data, practice size and years of practice in broad 

categories. 

We asked participating GP to fill in the first questionnaire before the training session started, the 

second one immediately after the training session and the trust agency sent out the third 

questionnaire approximately one year later. 

We sent short non-responder questionnaires to all GP from the study region, asking participants to 

ignore these. GP could submit the non-responder questionnaires anonymously.  

 

2.5.2 Secondary data 

Analyses of health insurance data has developed in the late 1980s in Germany [46, 47] and is 

possible due to the German Social Security Code, Book 10 [48]. Collected for billing and 

reimbursement purposes, they are referred to as secondary data. Secondary data for the study 

period from 2016 to 2019 were provided by the health insurance AOK Niedersachsen. In 2017, about 

90% of the German population were insured with a statutory health insurance company. It has been 

shown that almost 97% of the population between 18 and 79 years old visit a physician at least once 

a year and most commonly visited type of physicians are GP [49].  

 

 

 



 

 

2.5.3 Data preparation 

The AOK Niedersachsen provided us with eight data sets: one containing diagnoses data on a 

quarterly basis for each of the years from 2016 to 2019 and one containing information on 

prescriptions on a daily basis for each of the years. The AOK pre-prepared the data for the analysis. 

This included the following corrections: If the prescription and/or dispensing date was after the date 

of death, a correction was made to the date of death. Duplicate entries of diagnoses were removed 

from the data.   

The trainings focused on rational oral antibiotic therapy for adults, hence we only analysed data of 

patients aged 18 years and above. We removed data of persons younger than 18 from the data set. 

After receiving a prescription, patients only have 30 days to fill it. In case of larger time intervals in 

our data, we did not consider these prescriptions for analyses. Diagnoses are stored as ICD-10 

Codes in the health insurance data set and come with a suffix, i.e., G (“confirmed”), V (“suspected 

diagnosis”), A (“excluded”) or Z (“state after”). For our purposes, only acute diagnoses are of 

importance since for excluded diagnoses or states after a certain diagnoses, usually no antibiotics 

are being prescribed.  

To be able to evaluate prescriptions, we screened the training materials for relevant diagnoses and 

medication and translated the names into ICD-10 codes and ATC-codes as described elsewhere 

[37]. GP have multiple patients. In Germany, their patients are free to choose which GP they see for 

medical advice, can change GP as they like, and have more than one GP. GP can be substituted by 

colleagues during their holidays or when on sick leave. Hence, the health insurance data provided 

by the AOK had to be analysed on a GP-patient-level (Figure 1). Prescriptions are available on daily 

basis but diagnoses only on a quarterly basis. Hence, there is no possibility of direct linkage; it 

remains unknown which drug was given for which diagnoses. To overcome this, for the Interrupted 

Time Series Regression (ITS) we excluded individuals having several diagnoses of interest from the 

different disease groups as in [37] in one quarter from the analyses in that specific quarter, whereas 

patients with more than one diagnoses from the same disease group remained in the data set, with 

the exception of the overall analysis, where no diagnoses were excluded. Furthermore, we 

considered a diagnosis and a prescription as connected if they occurred during the same quarter of 

a year.  

We defined quarters, during which the respective interventions took place, as lag periods.  



 

 

Figure 1:Secondary data (medical diagnosis (URI, LRI, UTI) and prescription of systemic 
antibiotics): preparation and processing for analyses. 
Included are data of all GP from the study region South-East Lower Saxony who made at least one 
valid diagnosis in one quarter between 2016 – 2019. 



 

 

2.6 Statistical analyses  

All analyses were done using R Version 4.0.2, except for the cost analysis which was performed in 

Excel.  

 

2.6.1 Inter Group Differences 

To determine inter group differences for the time period 1st quarter 2016 until 1st quarter 2018, we 

compared participants versus non-participants for the following characteristics: 1) patients’ age 

(median, IQR) and sex (proportion), 2) proportion of all prescribed and orally administered systemic 

antibiotics in relation to all prescriptions per year, 3) defined daily doses (DDDs) per year, 4) 

proportion of diagnoses made in relation to all diagnoses and 5) active ingredients (antibiotics) 

prescribed in relation to all active ingredients. We fitted a Poisson distribution to the amount of DDDs 

per 1,000 patient-days. We used a Bayesian regression framework to build a two-way Analysis of 

variance (ANOVA) model [50, 51]. Participation and year of prescription were included as interacting 

factors with Gaussian priors of mean 0 and standard deviation 100, the number of patients was used 

as offset. Estimates were computed on three Markov chains of 10,000 iterations each (5.000 as 

warmup each). The ANOVA model allowed us to test whether the incidence rate of the DDD per 

1,000 patient-days differs between participants and non-participants and to estimate the incidence 

rate of DDDs per 1,000 patient-days along with the 95% credible interval adjusted for the variable 

year. We used a binomial distribution to estimate the count of the number of systemic antibiotics out 

of the total number of all valid prescriptions within a year and the proportion of specific systemic 

antibiotics prescribed for each disease group respectively. Similarly, the ANOVA model also allows 

for testing whether these proportions are significantly different between participating physicians 

compared to non-participating physicians. Finally, year adjusted proportion estimates (number of 

prescriptions per diagnosis) could be obtained from the above model. The above methods were 

applied to the data at the level of year and participating GP. 

We provide crude yearly estimates for the proportion of systemic antibiotics in relation to all 

prescriptions. We then present the proportion of all systemic antibiotics prescribed for patients with 

one or more diagnoses in one of the disease groups per quarter. For the comparison with the 

acceptable range defined by the ESAC (European Surveillance of Antimicrobial Consumption) [52], 

we present the proportion of systemic antibiotics prescribed for acute bronchitis without considering 

pertussis (A37.- since this is included in LRI for which antibiotics are recommended). No antibiotic is 

recommended for bronchitis in our training materials, therefore, this diagnosis is not included in the 

other analyses for LRI. We only considered those GP who participated in training sessions on LRI 

as participants and all other GP – even if they participated in a training on another topic – as non-

participants since only the LRI trainings dealt with recommended treatment for acute bronchitis. 

 



 

 

2.6.2 Intra Group Differences 
 
For descriptive statistics with categorical variables, we report a Chi-square distribution based p-value 

for testing the homogeneity across the two groups in consideration. For continuous variables, we 

report Wilcoxon signed rank, or Fisher’s Exact test for categorical variables. To determine factors 

associated with attendance, we performed univariable logistic regression on each of the independent 

variables. Analyses were conducted separately for the outcomes of attending UTI, URI and LRI 

trainings as well as attending one versus more than one training. A 7-Likert-scale was provided for 

most of the items in the questionnaires used as covariates for this analysis ranging from 1 – 

“completely true” – to 7 – “not true at all”. For the regression analysis, we dichotomised the variables 

into “strong agreement” for 1 and 2, and into “week/no agreement” (3 - 7) in order to have a clear 

demarcation. Age of participating GP (  40, 41 – 65 and >65), gender (male, female, other) and 

years of outpatient practice (< 5, 5 – 15, 16 – 25, 26 – 35 and >35) were collected in a categorical 

manner in the questionnaires. We assessed patients’ sex via the health insurance data. 

All statistical tests were performed at a two-sided significance level of 0.05. 

 

2.6.3 Interrupted Time Series Analyses 

We investigated changes in the prescribing behaviour applying ITS, a strong longitudinal quasi-

experimental design [53], increasingly being used to evaluate public health interventions [54], to 

measure the impact of the trainings on the prescribing behaviour estimating changes in trend and 

level. This approach additionally controls for secular trends. ITS provides clear and interpretable 

visual results. We conducted the analyses on a quarterly basis. 

The data of the intervention periods for each topic are censored (lag period, i.e. 2nd to 4th quarter 

2019 for UTI, 4th quarter 2019 to 1st quarter 2020 for URI and LRI respective 2nd quarter 2019 to 1st 

quarter 2020 for all combined) and shaded grey in the figures. We conducted an additional analyses 

for prescriptions (ATC category J01 (systemic antibiotics, since none of the systemic antibiotics 

would be a correct prescription), for bronchitis made by attendees of LRI trainings, since bronchitis 

was dealt with during this training sessions. We considered all GP who attended at least one training 

as participants and analysed all participating GP combined. All GP from the region who did not attend 

any of the WASA trainings but made at least one diagnoses within the four years serve as the control 

group. Due to the great differences in the individual subject areas and having offered separate 

trainings on these topics, we also analysed the data separately for each topic (per entity), which 

means, only GP who attended a training on the respective topic are considered participants and GP 

not having attended a training on this specific topic are considered nonparticipants. The control group 

serves to account for any external influences on prescribing behaviour not related to WASA. Patients 

with diagnoses of any of the two other topics were excluded from the respective disease group 

specific analyses in the respective quarter since it remains unclear, for which diagnoses the 

prescription was made.   



 

 

We added another ATC code to the table by Gornyk et al. [37]: J01CR02 (Amoxcicilin and Beta-

Lactamase inhibitors), which was referred to as J01CR22 (Amoxicillin and Clavulanic-acid) until the 

end of 2018. 

For analyses of UTI data, only female patients were considered since male patients are seldomly 

affected and the guidelines make differences in the recommendations for treatment. The formula for 

the interrupted time series regression with a control group for the outcome variable Yt is

Yt= 0+ 1Tt+ 2Xt+ 3XtTt+ 4Z+ 5ZTt+ 6ZXt+ 7ZXtTt+ t, 

where 0 to 3 represent the control group (in our case the non-participants respective the GP who 

did not participate in a respective training) and the coefficients 4 to 7 represent values of the 

intervention group (GP participating in one or more trainings).  

• 0 denotes the baseline outcome for the control group, i.e. the intercept for the control group.  

• 1 represents the pre-existing trend (slope) for the control group  

• 2 change in level in the period immediately following intervention initiation and  

• 3 is difference between pre-intervention and post-intervention slopes  

• 4 denotes the difference in the level (i.e. intercept) between intervention and control 

• 5 the difference in the level of the outcome between intervention and control group prior to 

the intervention and  

• 6 the difference in the level between treatment and control group and  

• 7 the difference in the slope between the intervention and the control group following the 

intervention.  

The latter two are the variables of interest. Xt is a dummy variable indicating the intervention (in the 

pre-intervention period the value is 0, afterwards 1) and Z denotes the cohort assignment (with 

intervention = 1 vs. control = 0). t finally is the error term [55]. We conducted the analyses on several 

levels:  

1) overall, i.e. all participants compared to all non-participants for all disease groups for which 

trainings have been offered. The outcome is the ratio of prescriptions of all systemic 

antibiotics divided by diagnoses dealt with in training sessions (ATC/ICD-10) on all three 

topics (UTI, URI and LRI) 

2) participants of a training for a certain disease group compared to all GP who did not take part 

in the respective training (but potentially took part in training that dealt with another disease 

group). The outcome is the ratio of disease group specific prescriptions divided by disease 

group specific diagnoses 

3) participants of a training for a certain disease group compared to participants of trainings for 

other disease groups. The outcome is the ratio of disease group specific prescriptions divided 

by disease group specific diagnoses 

Confidence intervals in the figures are displayed using the function geom_smooth(). 

 



 

 

2.6.3 Further Analyses 

Three questions, which we asked in all of the three questionnaires, were examined via Sankey 

diagrams [56] to have a visual impression of the quantitative changes. These questions (also see 

appendix) were dealing with outcome expectancies and risk perception, positioned in the motivation 

phase in the Health Action Process Approach (HAPA) Model:  

Which statement do you think is true? Scale: 1 – very significant - to 7 – very insignificant 

• The influence that I myself have on the development of antibiotic resistance is... 

• The development of antibiotic resistance for public health is... 

• Infections not treatable with antibiotics are… to the public health.  

We further plotted the answers of the same three questions against the ratio “prescription per unit 

diagnosis” within a 95% CI to visually examine how the provided answers correlate with the ratio of 

prescriptions. Since we disseminated questionnaire 1 and 2 at the same day, the ratio of 

prescriptions in that specific quarter is considered for both questionnaires.



 

3. Results 

In total, there were 772 individual GP with varying numbers over the years working in the study area 

(Table 2) who had at least one contact with at least one patient insured via AOK Niedersachsen over 

the course of all four years (2016 – 2019). They comprise the general population of GP and were 

eligible for participation in the study.  

 

3.1 Response 

Eighty-six (48% female, 81% between 41 and 65 years old) out of 769 GP (11.2%) working in the 

study region in 2018 participated in the study and filled in the questionnaires. They attended on 

average 1.4 trainings. This is distributed as follows: 45 attendances in UTI, 34 in URI and 39 in LRI 

trainings. The most often occurring combination is attendance of URI and LRI (10 GP).  

Table 2 presents the number of GP working in the study area with at least one valid diagnosis in the 

years 2016 – 2019 including those who would (later) attend our trainings.

The non-responder questionnaire was filled out by 18 GP (2.7%).  

 

Table 2: Number of physicians with at least one valid diagnosis in the respective year, stratified by 
participation in the intervention period (2018/2019) 

Year Non-participants (n) Participants (of the 
trainings provided in 
2018/2019) (n) 

Total (N) 

2016 644 78 722 
2017 666 79 745 
2018 683 86 769 
2019 675 85 760 

 

3.4 Inter Group Differences  

The median age of the participants’ patients at time of prescription was 53.0 (IQR 36.0 – 70.0), the 

non-participants’ patients had a median age of 51.0 (IQR 34.0 – 76.0) in 2016. Median age at 

prescription was 60.0 (IQR 46.0 – 76.0) and 58.0 (IQR 43.0 – 70.0) respectively, both with statistically 

significant difference. This difference remained stable over the years. In 2016, there were 304,333 

unique patient-doctor-relationships. Non-participating GP had in total 272,403 patients and 

participating GP had 31,930 patients with any diagnoses. This translates to 397 AOK insured 

patients per non-participating and 371 per participating physician and quarter on average. 



 

Figure 2: Proportions of single diagnoses within the disease group UTI stratified by year and 
participation status.
Displayed are the years 2016, 2017 and the 1st quarter of 2018 – the period before the 
interventions started

 

Figure 2 shows the distribution of single diagnoses (ICD-10) which were dealt with during the training 

sessions on rational oral antibiotic treatment for UTI stratified by participation status and year. For 

2018, only the 1st quarter is displayed, the time before the training sessions started. It can clearly be 

seen that in all years the most often coded diagnosis is N39.0 (Urinary tract infection, site not 

specified) as well for later participants as for non-participants, the highest proportion in 2018 by non-

participants (60.9%). The second most coded diagnoses for both groups and all years is N30.9 

(Cystitis, unspecified) and the third N12 (Tubulo-interstitial nephritis, not specified as acute or 

chronic). 



 

Figure 3: Proportions of single diagnoses within the disease group URI stratified by year and 
participation status 
Displayed are the years 2016, 2017 and the 1st quarter of 2018 – the period before the 
interventions started 

Figure 3 displays the distribution of single diagnoses (ICD-10) which were dealt with during the 

training sessions on rational oral antibiotic treatment for URI stratified by participation status and 

year until the 1st quarter of 2018. Distinctly, the most often coded diagnoses for patients of both, 

participants and non-participants is J06.9 (Acute upper respiratory infection, unspecified), 

accounting for up to 60% (2018, non-participants), accounting for 47.2 to 60.0%, followed by J02.9 

(Acute pharyngitis, unspecified) and J32.9 (Chronic sinusitis, unspecified).



 

Figure 4: Proportions of single diagnoses within the disease group LRI stratified by year and 
participation status

Figure 4 displays the distribution of single diagnoses (ICD-10) which were dealt with during the 

training sessions on rational oral antibiotic treatment for LRI stratified by participation status and year 

until the 1st quarter of 2018. As can be seen in Figure 4, opposed to the disease groups UTI and 

URI, participants and non-participants show a different distribution of coded diagnoses within the 

disease group LRI. Non-participants most often gave the diagnosis J44.19 (Chronic obstructive 

pulmonary disease with acute exacerbation, Force expiratory volume unspecified) , accounting for 

32.1% of all diagnoses within LRI, whereas participants in 2016 and the 1st quarter 2018 more often 

coded J18.9 (Pneumonia, unspecified) and J44.19 accounted for a maximum of 23.9% of the cases. 

However, this diagnoses is the second most often made diagnoses by participating GP in 2016 and 

2018 and also the most often made diagnoses in 2017.  

 

The proportion of prescribed systemic antibiotics in relation to all prescriptions ranges from 2.6% 

among participants in 3rd quarter 2016 to 5.8% among non-participants in 1st quarter 2018 as 

presented in Figure 5. Those who did not participate in the trainings in 2018 and 2019 prescribed a 



 

significantly higher proportion of antibiotics over the course of nine quarters from 2016 to 1st quarter 

2018.  

 

Figure 5: Proportion of prescribed systemic antibiotics (ATC: J01) per quarter in relation to all 
prescriptions displayed for participants and non-participants, 2016 -– 2018 (1st quarter). 
Error bars represent the 95%-confidence interval. 

 

We looked at the kind of antibiotics prescribed in 2016, 2017 and 1st quarter of 2018 stratified by 

participation. 

 



 

Figure 6: Percentage  of prescribed systemic antibiotics stratified for 2016 – 1st quarter 2018. 

Green: systemic antibiotics recommended in the relevant guidelines; Red: systemic antibiotics not 
mentioned in the guidelines. 

 

Figure 6 shows that the active ingredients participants and non-participants prescribed do not differ 

much. The most often prescribed antibiotic is Amoxicillin (ATC Code J01CA04), which is 

recommended for the diagnoses J01.-, J06.8, J06.9, H66.0, H66.4, and H66.9 from the disease 

group URI and J13, J14, J15.-, J16., J18.-, J44.0 and J44.1 from the disease group LRI. The second 

most often prescribed antibiotic is Cefuroxim (ATC Code J01DC02), which is recommended in case 

of UTI for the diagnoses N30.0, N30.3, N30.8, N30.9, N39.0, N39.88, N39.9 and O23.- (excl.: O23.0, 



 

O23.5). Antibiotics which are not recommended by the guidelines for any of the diagnoses from the 

disease groups UTI, URI and LRI, but are being prescribed are Cefaclor, Cefixim, Sultamicillin and 

among the participants also Trimethoprim. Cefaclor can be given in case of bacterial respiratory tract 

infections, pneumonia, otitis media and UTI among others but also for infections of the skin. Cefixim 

is approved for the treatment of bacterial respiratory tract infections and biliary tract infections. 

Sultamicillin can also be prescribed in cases of bacterial respiratory tract infections and pneumonia, 

as well as UTI, otitis media, ghonorrhoea and infections of the skin. Trimethoprim as a sole antibiotic 

is only approved for the short-term treatment of uncomplicated urinary tract infections and for the 

long-term prevention of recurrent urinary tract infections. The WHO classified Cefaclor, Cefixim as 

“watch”, Sultamicillin and Trimethoprim as “access” in their AWaRe Classification Database of 

Antibiotics for evaluation and monitoring of use [57]. Access means the active agents show lower 

resistance potential than antibiotics in the other groups, watch indicates the antibiotics have a higher 

resistance potential. 

The amount of DDD prescribed also has declined over the years but is not statistically significantly 

different between the groups (Table 3). 

Table 3: Comparison of prescriptions measured in DDD between participants and non-participants 
in the pre-intervention period 

Year  
Non-participants 

  

    

Participants 

   

     

  Crude 
DDD 

Estimated 
DDD 

95% CI 
Estimate 

Crude 
DDD 

Estimated 
DDD 

95% CI 
Estimate 

2016 

Total 855,157.93 886,753.6142 
854,785.7436– 
919,155.2436 

99,647.85 103,504.3743 
95372.,96557– 
112,096.0133 

Per patient 13.96 14.47 13.95 - 15.00 13.99 14.53 13.38- 15.73 

Per 1,000 
patients with 

antibiotic 
prescription/day 

38.24 39.66 38.22- 41.10 38.31 39.80 36.67 - 43.10 

2017 

Total 931,085.68 867,365.41 
843,991.76 – 
891,193,10 

101,387.21 94,465.19 
87,341.04 – 
101,980.51 

Per patient 14.34 13.40 12.39- 14.47 14.39 13.40 12.40 - 14.47 

Per 1,000 
patients with 

antibiotic 
prescription/day 

39.28 36.59 35.60 - 37.59 39.44 36.72 33.95 - 39.64 

2018, 
1st 

quarter 

Total 311,704.76 343,971.50 
326,704,44 – 
361,281.35 

34,923.15 38,173.85 
34,907.39 – 
41,649.73 

Per patient 11.17 12.33 11.71 - 12.95 11.31 12.37 11.31 - 13.50 

Per 1,000 
patients with 

antibiotic 
prescription/day 

30.60 33.77 32.07 - 335.47 31.00 31.11 30.91 - 31.31 

 



 

The amount of prescribed DDDs per patient barely differs between participants and non-participants. 

The participants prescribe a statistically non-significant higher amount of DDDs per patient. The 

same holds true when comparing the amount of DDDs per 1,000 patients who had an antibiotic 

prescription per day. 

 

3.4.1 Inter Group differences: Interrupted Time Series Analyses 

Overall, comparing all participants together to non-participants for all groups of diseases covered in 

the training sessions, for all systemic antibiotics, no significant difference in level or trend before or 

after the intervention between the two groups could be observed. In the 1st quarter 2016, the 

proportion of systemic antibiotic prescriptions for any disease of the three disease groups dealt with 

during the training sessions, was 0.38 (CI: 0.34 – 0.41). With a value of 0.01 (CI:  - 0.04 - 0.05) the 

difference between participants and non-participants (ß4) was very small and statistically not 

significant. ß2 shows a non-significant downwards trend for the control group (the non-participants) 

in the pre-intervention period. A difference in the slope of the control group is diminishing and 

statistically not significant (ß3: -0.00, CI: -0.04 – 0.03). The difference in the level following the 

intervention period (i.e. the period during which trainings on rational antibiotic therapy for UTI, URI 

and LRI took place: 2nd quarter 2018 to 1st quarter 2019) is positive (ß6: 0.05, CI: -0.04 – 0.14) but 

not significant, indicating participants prescribed more antibiotics straight after the intervention than 

non-participants. However, the difference in the slope after the intervention period is negative (ß7: -

0.02, CI: -0.07 – 0.02); the lines diverge non-significantly, the proportion of participants’ antibiotic 

prescription decreasing more (Table 4; Figure 7).



 

Table 4: Results of the ITS (inter group differences) 

  

all 
trainings   

UTI 
trainings   

URI 
trainings   

LRI 
trainings   

LRI 
trainings: 
bronchitis   

Predictors 
Coefficie
nt Mean-ratio CI p Mean-ratio CI p Mean-ratio CI p Mean-ratio CI p Mean-ratio CI p 

Intercept 0 0.38 
0.34 – 0.
41 

<0.00
1 

0.56 
0.52 – 0.
59 

<0.00
1 

0.15 
0.13 – 0.
17 

<0.00
1 

0.18 
0.09 – 0.
27 

<0.00
1 

0.61 
0.51 – 0.
71 

<0.00
1 

Pre-
existing 
trend 
control 
group 
(slope) 1 

-0.00 
-
0.01 – 0.
00 

0.261 0.01 
-
0.00 – 0.
01 

0.083 -0.00 
-
0.01 – 0.
00 

0.348 -0.00 
-
0.01 – 0.
01 

0.945 -0.01 
-
0.03 – 0.
00 

0.077 

Level 
change 2 

-0.01 
-
0.07 – 0.
06 

0.837 -0.09 
-0.16 – -
0.02 

0.013 0.01 
-
0.04 – 0.
05 

0.774 -0.04 
-
0.21 – 0.
13 

0.612 -0.04 
-
0.23 – 0.
14 

0.624 

Slope 
difference 
control 
group 3 

-0.00 
-
0.04 – 0.
03 

0.781 0.01 
-
0.01 – 0.
03 

0.417 -0.01 
-
0.03 – 0.
02 

0.581 0.02 
-
0.07 – 0.
12 

0.598 0.06 
-
0.04 – 0.
17 

0.216 

Level 
difference 
prior to 
intervention 4 

0.01 
-
0.04 – 0.
05 

0.700 0.06 
0.01 – 0.
12 

0.015 -0.04 
-0.08 – -
0.01 

0.013 0.06 
-
0.06 – 0.
19 

0.318 -0.06 
-
0.20 – 0.
07 

0.357 

Difference 
in slope 
prior to 
intervention 5 

-0.00 
-
0.01 – 0.
00 

0.388 -0.01 
-
0.01 – 0.
00 

0.184 0.00 
0.00 – 0.
01 

0.049 0.00 
-
0.02 – 0.
02 

0.962 0.02 
-
0.00 – 0.
04 

0.065 

Level 
difference 
past 
intervention 6 

0.05 
-
0.04 – 0.
14 

0.259 0.04 
-
0.05 – 0.
14 

0.365 -0.02 
-
0.09 – 0.
04 

0.430 -0.06 
-
0.29 – 0.
18 

0.610 -0.26 
-0.52 – -
0.00 

0.048 

Trend past 
intervention 7 

-0.02 
-
0.07 – 0.
02 

0.303 -0.03 
-
0.06 – 0.
01 

0.110 -0.01 
-
0.05 – 0.
02 

0.486 0.02 
-
0.11 – 0.
16 

0.716 0.02 
-
0.13 – 0.
17 

0.770 

Observatio
ns   24   26   28   28   28   
R2 / R2 
adjusted   

0.681 / 
0.541   

0.708 / 
0.594   

0.391 / 
0.177   

0.297 / 
0.051   

0.572 / 
0.423   



 

 

 

Figure 7: ITS for all systemic antibiotics. All participants compared to non-participants 

3.4.1.1 Trainings on rational oral antibiotic therapy for urinary tract infections 

We show that among those GP who participated in UTI trainings, there has been a significant 

difference in the level of antibiotic prescriptions prior to attendance of the trainings between the later 

participants and non-participants (Intercept, 4). The non-participants prescribed in significantly more 

cases antibiotics compared to the intervention group. There was a significant drop in the level after 

the intervention in the control group ( 2). There is a non-significant flat trend for the prescriptions 

among the non-participants (0.00, CI: -0.00 – 0.01) between the 1st quarter of 2016 and the 1st 

quarter of 2018 and a non-significant upwards trend in the control group’s slope after the intervention 

( 3). After the intervention, the treatment group is at a higher prescribing level than the control group 

(0.05; CI: -0.05– 0.14) but shows a negative trend (-0.03; CI: -0.06 – 0.01), crosses the line of the 

non-participants and finally is below that line. Neither 6 nor 7 is statistically significant (Table 4; 

Figure 8). 

 



 

Figure 8: ITS for UTI specific systemic antibiotics. Participants in UTI trainings compared to non-
participants in these trainings 

3.4.1.2 Trainings on rational oral antibiotic therapy for upper respiratory tract infections 

Participants of URI trainings prescribed antibiotics with statistical significance less frequently for URI 

than non-participants prior to the intervention. ß0, the intercept for the non-participants is 0.15 (CI: 

0.13 – 0.17), the significant difference to the participants being -0.04 (CI: -0.08 – 0.01). The non-

participants prescriptions showed a non-significant flat trend (ß1: 0.00, CI: -0.01 – 0.00) and the 

prescriptions of the later participants showed a significant equal trend (ß5: 0.00, CI: -0.01 – 0.00) 

prior to the intervention. However, the started at a lower level in the 1st quarter 2016 (ß4: -0.04, CI: -

0.08 – -0.01), which was not statistically significant. After the intervention, the proportion (level) of 

non-participants’ prescriptions did not significantly change (ß2: 0.01, CI: -0.04 – 0.05), neither did the 

slope (ß3: -0.01, CI: -0.03 – 0.02) in the post-intervention period. ß6 indicates that there was a non-

significant difference in the level between participants and non-participants immediately after the 

intervention (-0.02, CI: -0.09 – 0.04). The difference in the slope after the intervention was not 

statistically significant; however, the participants prescriptions decreased more than the non-

participants prescriptions (ß7: -0.01, CI: -0.05 – 0.02). 

 



 

Figure 9: ITS for URI specific systemic antibiotics. Participants in URI trainings compared to non-
participants in these trainings 

3.4.1.3 Trainings on rational oral antibiotic therapy for lower respiratory tract infections 

GP participating in trainings on rational oral antibiotic treatment for LRI (Figure 10) did not show any 

statistically significant difference in their prescribing behaviour from those not participating in a 

training on LRI. Not much variation in the prescribing behaviour can be observed. The intercept for 

non-participants was 0.18 (CI: 0.09 – 0.27) and for participants slightly higher (ß4: 0.06), adding up 

to 0.24, however, this was not statistically significant (ß4 CI: -0.06 – 0.19). ß1 (-0.00, CI: -0.01 – 0.01) 

and ß5 (0.00, CI: -0.02 – 0.02) show that both groups had a flat trend in the pre-intervention period. 

In the post-intervention period, non-participants prescribed a slightly higher proportion of antibiotics 

(ß2: 0.01, CI: -0.04 – 0.05) and showed a decreasing trend (ß3: -0.01, CI: -0.03 – 0.02). The drop in 

the level for participants was larger (ß6: -0.02, CI: -0.09 – 0.04) resulting in an estimate of 0.22. The 

difference between participants and non-participants in the slope after the initiation of the intervention 

(ß7) was -0.01 (CI: -0.05 – 0.02) compared to the pre-intervention period (Table 4; Figure 10). 

 



 

Figure 10: ITS for LRI specific systemic antibiotics. Participants in LRI trainings compared to non-
participants in these trainings 

3.4.1.4 Trainings on rational oral antibiotic therapy for lower respiratory tract infections: Bronchitis 

Bronchitis within LRI considered individually, comparing participants in sessions for rational oral 

antibiotic therapy for LRI to all of those who have not participated in one of these training sessions, 

shows a significant difference in the level between treatment and control group following the 

intervention (-0.26, CI: -0.52 – -0.00), indicating that the participants prescribed significantly less 

antibiotics for bronchitis after having attended the training sessions, despite a non-significant 

upwards trend before attendance (Figure 11).  



 

Figure 11: ITS for all systemic antibiotics. Participants in LRI trainings compared to non-
participants in these trainings for prescriptions in case of bronchitis diagnoses 

3.5 Intra Group differences 

Fifty-nine participants attended only one training, 27 two or three trainings. Overall, both groups of 

participants show similar characteristics without statistically significant differences. However, of 

those who attended only one training, only 61.4% strongly agreed to the statement colleagues 

prescribe antibiotics to avoid complications from the infection at all costs whereas 81.5% of those 

who participated in two or three trainings strongly agreed to this. Of those who came only to one of 

the trainings, 38.6% agreed to the statement their patients would get better faster if they prescribe 

antibiotics exclusively in accordance with the guidelines compared to 55.6% of those who attended 

more than one training session (Table 5).  

 

 

 

 



 

Table 5: Characteristics, views and opinions of participants in one training vs. more than one 
trainings 

 One training  

N = 59 

Two or three 

different 

trainings  

N = 27 

Total  

N = 86 
p-value 

Participant’s sex    0.3101 

male 24 (43.6%) 15 (55.6%) 39 (47.6%)  

Years of practice    0.6321 

< 5 1 (1.8%) 0 (0.0%) 1 (1.2%)  

5 - 15 12 (21.1%) 4 (16.0%) 16 (19.5%)  

16 - 25 16 (28.1%) 11 (44.0%) 27 (32.9%)  

26 - 35 20 (35.1%) 8 (32.0%) 28 (34.1%)  

> 35 8 (14.0%) 2 (8.0%) 10 (12.2%)  

Patients per quarter    0.8911 

   > 1,000 5 (8.9%) 2 (8.0%) 7 (8.6%)  

    1,000  51 (91.1%) 23 (92.0%) 74 (91.4%)  

Patients' age    0.1062 

   Median (IQR) 67.4 (65.5, 69.8) 69.5 (66.5, 71.0) 67.8 (65.6, 70.4)  

   Min - Max 57.8 - 73.8 63.2 - 76.9 57.8 - 76.9  

   Median (Q1, Q3) 0.6 (0.6, 0.6) 0.6 (0.6, 0.7) 0.6 (0.6, 0.6)  

   Min - Max 0.4 - 0.8 0.5 - 0.8 0.4 - 0.8  

I advise patients to take 

homeopathics 

additionally to AB 

   0.1551 

   strong agreement 0 (0.0%) 1 (3.7%) 1 (1.2%)  

   Weak/no agreement 54 (100.0%) 26 (96.3%) 80 (98.8%)  

I advise patients to take 

homeopathics instead 

of AB 

   0.6231 

   strong agreement 1 (1.9%) 1 (3.7%) 2 (2.5%)  

   weak/no agreement 52 (98.1%) 26 (96.3%) 78 (97.5%)  

I advise patients to take 

phytopharmaceuticals 

additionally to AB 

   0.3171 

   strong agreement 20 (37.0%) 7 (25.9%) 27 (33.3%)  

   weak/no agreement 34 (63.0%) 20 (74.1%) 54 (66.7%)  

I advise patients to take 

phytopharmaceuticals 

instead of AB 

   0.1871 

   strong agreement 13 (23.2%) 10 (37.0%) 23 (27.7%)  

   weak/no agreement 43 (76.8%) 17 (63.0%) 60 (72.3%)  

I participate in training 

because I receive CME 

points 

   0.4101 

   strong agreement 20 (35.1%) 12 (44.4%) 32 (38.1%)  

   weak/no agreement 37 (64.9%) 15 (55.6%) 52 (61.9%)  



 

I feel social pressure to 

prescribe AB 
   0.3251 

   strong agreement 2 (3.5%) 0 (0.0%) 2 (2.4%)  

   weak/no agreement 55 (96.5%) 27 (100.0%) 82 (97.6%)  

Own influence on 

resistance 
   0.8751 

   strong agreement 37 (64.9%) 18 (66.7%) 55 (65.5%)  

   weak/no agreement 20 (35.1%) 9 (33.3%) 29 (34.5%)  

The guidelines are only 

a decision aid 
   0.9811 

   strong agreement 30 (53.6%) 14 (53.8%) 44 (53.7%)  

   weak/no agreement 26 (46.4%) 12 (46.2%) 38 (46.3%)  

Guidelines are evidence 

based 

recommendations for 

choosing right 

antibiotic 

   0.3951 

   strong agreement 44 (77.2%) 23 (85.2%) 67 (79.8%)  

   weak/no agreement 13 (22.8%) 4 (14.8%) 17 (20.2%)  

I am particularly 

interested in this topic 
   0.0561 

   strong agreement 46 (80.7%) 26 (96.3%) 72 (85.7%)  

   weak/no agreement 11 (19.3%) 1 (3.7%) 12 (14.3%)  

I care what medical 

colleagues think about 

me 

   0.3161 

   strong agreement 25 (43.9%) 15 (55.6%) 40 (47.6%)  

   weak/no agreement 32 (56.1%) 12 (44.4%) 44 (52.4%)  

Colleagues prescribe 

AB to avoid 

complications from 

infection at all costs 

   0.0661 

   strong agreement 35 (61.4%) 22 (81.5%) 57 (67.9%)  

   weak/no agreement 22 (38.6%) 5 (18.5%) 27 (32.1%)  

I participate because I 

want to gain condensed 

knowledge 

   0.5671 

   strong agreement 48 (84.2%) 24 (88.9%) 72 (85.7%)  

   weak/no agreement 9 (15.8%) 3 (11.1%) 12 (14.3%)  

I participate because I 

want to maintain 

contact with colleagues 

   0.6021 

   strong agreement 24 (42.1%) 13 (48.1%) 37 (44.0%)  

   weak/no agreement 33 (57.9%) 14 (51.9%) 47 (56.0%)  

If I prescribe AB only in 

accordance with 

guidelines, my patients 

   0.8071 



 

come back with 

deterioration  

   strong agreement 9 (16.4%) 5 (18.5%) 14 (17.1%)  

   weak/no agreement 46 (83.6%) 22 (81.5%) 68 (82.9%)  

I care what my patients 

think about me 
   0.3211 

   strong agreement 23 (40.4%) 14 (51.9%) 37 (44.0%)  

   weak/no agreement 34 (59.6%) 13 (48.1%) 47 (56.0%)  

People important to me 

expect me to prescribe 

AB  

   0.4971 

   strong agreement 1 (1.8%) 0 (0.0%) 1 (1.2%)  

   weak/no agreement 56 (98.2%) 26 (100.0%) 82 (98.8%)  

I care what my 

employees think about 

me 

   0.2351 

   strong agreement 28 (49.1%) 17 (63.0%) 45 (53.6%)  

   weak/no agreement 29 (50.9%) 10 (37.0%) 39 (46.4%)  

If I prescribe AB only in 

accordance with 

guidelines, my patients 

get better more quickly  

   0.1441 

   strong agreement 22 (38.6%) 15 (55.6%) 37 (44.0%)  

   weak/no agreement 35 (61.4%) 12 (44.4%) 47 (56.0%)  

My influence on severity 

of resistance is… 
   0.2561 

   very significant 53 (93.0%) 23 (85.2%) 76 (90.5%)  

   less/not significant 4 (7.0%) 4 (14.8%) 8 (9.5%)  

Infections with non-

treatable infections to 

public health are… 

   0.6351 

   very significant 27 (48.2%) 14 (53.8%) 41 (50.0%)  

   less/not significant 29 (51.8%) 12 (46.2%) 41 (50.0%)  

Colleagues prescribe 

AB without indication 

when the weekend is 

around the corner 

   0.8151 

   strong agreement 28 (49.1%) 14 (51.9%) 42 (50.0%)  

   weak/no agreement 29 (50.9%) 13 (48.1%) 42 50.0%)  

1. Pearson’s Chi-squared test 2. Wilcoxon rank sum test   

 

We conducted univariate logistic regressions to identify factors influencing adherence to the 

trainings, i.e., attending not only one out of three topics but two or three trainings with different topics. 

Only those who stated being more interested in the topic rational oral antibiotic therapy for adults 

have a significantly higher OR to attend more than one training (OR: 6.22, CI: 1.11. – 117). All other 

variables showed no significant influence on attendance of more than one training (Table 6). 



 

 

Table 6: Univariate logistic regression – attendance of 1 versus 2 or 3 trainings on different topics 
(UTI, URI, LRI) 

Characteristic N OR 95% CI 

p-

value 

Participant's sex (ref. female)1 82 0.62 
0.24 - 
1.56 0.31 

Years of practice1 82 0.93 
0.57 - 
1.52 0.78 

Patients per quarter1 
81 0.89 

0.12 - 
4.46 0.89 

Patient's mean age2 86 1.14 1.00, 1.33 0.055 

Proportion of female patients2 86 681 
0.91 - 
899,550 0.053 

Advise patients to take homeopathics  instead of AB1 80 2.00 
0.008 - 
51.9 0.63 

Advise patients to take phytopharmaceuticals  instead of AB*1 83 1.95  
0.71 - 
5.30 0.19 

Advise patients to take homeopathics additionally to AB*1 81 
11,958,
534 0.00, NA 0.14 

Advise patients to take phytopharmaceuticals additionally to AB1 81 0.60 
0.20 - 
1.61 0.31 

Participate in training because I receive CME points1 84 1.48 
0.58 - 
3.78 0.41 

Feel social pressure to prescribe AB*1 84 0.00 — 0.21 

Own influence on resistance1 
84 1.08 

0.42 - 
2.93 0.87 

The guidelines are only a decision aid1 82 1.01 
0.40 - 
2.60 0.98 

Guidelines are evidence based recommendations for choosing 
right antibiotic1 84 1.70 

0.53 - 
6.56 0.38 

Interested in the topic1 84 6.22 1.11 - 117 0.035 

I care what medical colleagues think about me1 84 1.60 
0.64 - 
4.08 0.32 

Colleagues prescribe AB to avoid complications at all costs1 84 2.77 
0.97 - 
9.21 0.058 

I participate because I want to gain condensed knowledge1 84 1.50 
0.40 - 
7.22 0.56 



 

I participate because I want to maintain contact with colleagues1 84 1.28  
0.51 - 
3.22 0.60 

If I prescribe AB only in accordance with guidelines, my patients 
come back with deterioration1 82 1.16 

0.32 - 
3.79 0.81 

I care what my patients think about me1 84 1.59 
0.63 - 
4.05 0.32 

People important to me expect me to prescribe AB1 83 0.00 — 0.38 

I care what my employees think about me1 
84 1.76  

0.70 - 
4.62 0.23 

If I prescribe AB only in accordance with guidelines, my patients 
get better more quickly1 84 1.99 

0.79 - 
5.11 0.14 

Severity of resistance1 
84 0.43 

0.09 - 
1.98 0.27 

Severity of non-treatable infections1 
82 1.25  

0.49 - 
3.22 0.63 

Colleagues prescribe AB without indication when the weekend is 
around the corner1 84 1.12 

0.44 - 
2.81 0.82 

Results of univariate logistic regressions performed separately for each characteristic (reference 

“one training”). The reference category of the dichotomised independent variables is “low”.*  2 

cases in the “high” group. 1 primary data assessed via questionnaires; 2 information taken from health 

insurance data 

 

We conducted similar analyses for each of the three topics. The results are shown in Table 7. Male 

GP had a significantly lower OR for attending a training on rational oral antibiotic therapy for UTI 

(OR: 0.40, CI: 0.16, 0.97). GP with a higher proportion of female patients had an increased OR for 

attending the trainings, but this did not turn out significant (OR: 3.57, CI: 0.01, 1,753). GP Who 

believed their colleagues prescribe antibiotics more often right before the weekend had a 3.25-fold 

odds (CI: 1.35, 8.13) to attend the UTI trainings. 

For the attendance of trainings on rational oral antibiotic therapy for URI, none of the estimates 

showed statistical significance.  

With increasing patient’s age, the odds to attend a training on rational oral antibiotic therapy for LRI 

increased (OR: 1.15, CI: 1.01, 1.33). Those GP who rated the severity of non-treatable infections 

high (1 or 2) on the 7-Likert Scale had a higher chance to attend the trainings on LRI (OR: 2.72, CI: 

1.13, 6.81) but those who thought that their colleagues prescribe antibiotics more frequently when 

the weekend is around the corner, had a lower chance (OR: 0.34, CI: 0.14, 0.82).



 

Table 7: Univariate logistic regression for the attendance of the three different topics 

Characteristic N OR 95% CI 
p-
value N OR 95% CI 

p-
value N OR 95% CI 

p-
value 

Participant's sex (ref. female)1 82 0.40 
0.16, 
0.97 0.04 82 1.15 

0.48, 
2.81 0.75 82 1.01 

0.42, 
2.43 0.97 

Years of practice1 82 1.32 
0.84, 
2.11 0.23 82 1.07 

0.68, 
1.71 0.76 82 0.70 

0.44, 
1.11 0.13 

Patients per quarter1 81 1.26 
0.26, 
6.78 0.77 81 1.16 

0.22, 
5.65 0.85 81 0.45 

0.06, 
2.21 0.33 

Patient's age2 86 0.96 
0.85, 
1.09 0.54 86 1.05 

0.93, 
1.20 0.45 86 1.15 

1.01, 
1.33 0.033 

Poportion of female patients2 86 3.57 
0.01, 
1,753 0.68 86 36.8 

0.08, 
24,716 0.25 86 17.7 

0.04, 
10,122 0.35 

Advise patients to take homeopathics  instead of AB1 80 
14,868,
793 

0.00, 
NA 0.11 80 0.00  0.15 80 1.11 

0.04, 
28.7 0.94 

Advise patients to take phytopharmaceuticals  instead of AB1 83 0.95 
0.36, 
2.53 0.92 83 1.03 

0.38, 
2.75 0.95 83 2.18 

0.83, 
5.99  

Advise patients to take homeopathics additionally to AB1 81 
5,209,4
50 

0.00, 
NA 0.26 81 0.00  0.31 81 

6,69
1,51
2 0.00, NA 0.22 

Advise patients to take phytopharmaceuticals additionally to AB1 81 1.83 
0.72, 
4.84 0.21 81 0.67 

0.25, 
1.74 0.42 81 0.69 

0.26, 
1.74 0.43 

Participate in training because I receive CME points1 84 0.70 
0.29, 
1.69 0.43 84 1.35 

0.55, 
3.33 0.51 84 1.55 

0.64, 
3.79 0.33 

Feel social pressure to prescribe AB1 84 0.91 
0.04, 
23.5 0.95 84 1.56 

0.06, 
40.5 0.76 84 0.00  0.11 

Own influence on resistance1 84 1.04 
0.42, 
2.57 0.93 84 1.09 

0.44, 
2.80 0.85 84 1.10 

0.45, 
2.75 0.83 

The guidelines are only a decision aid1 82 1.63 
0.68, 
3.94 0.27 82 0.97 

0.40, 
2.36 0.94 82 0.83 

0.35, 
1.99 0.68 

Guidelines are evidence based recommendations for choosing right 
antibiotic1 84 1.31 

0.45, 
3.88 0.62 84 0.91 

0.31, 
2.77 0.86 84 1.78 

0.60, 
5.68 0.30 

Interested in the topic1 84 0.76 
0.21, 
2.59 0.65 84 2.14 

0.58, 
10.3 0.26 84 3.00 

0.82, 
14.4 0.10 

I care what medical colleagues think about me1 84 1.48 
0.63, 
3.54 0.37 84 1.58 

0.66, 
3.86 0.31 84 0.90 

0.38, 
2.12 0.80 

Colleagues prescribe AB to avoid complications at all costs1 84 1.60 
0.64, 
3.54 0.32 84 0.91 

0.36, 
2.36 0.85 84 1.40 

0.56, 
3.62 0.47 



 

I participate because I want to gain condensed knowledge1 84 0.76 
0.21, 
2.59 0.65 84 1.35 

0.39, 
5.44 0.65 84 1.89 

0.54, 
7.61 0.32 

I participate because I want to maintain contact with colleagues1 84 1.13 
0.48, 
2.69 0.79 84 1.10 

0.45, 
2.66 0.83 84 1.42 

0.60, 
3.42 0.42 

If I prescribe AB only in accordance with guidelines, my patients come 
back with deterioration1 82 1.26 

0.40, 
4.19 0.70 82 0.54 

0.14, 
1.79 0.32 82 2.42 

0.75, 
8.60 0.14 

I care what my patients think about me1 84 0.52 
0.21, 
1.23 0.14 84 1.65 

0.68, 
4.03  84 1.73 

0.73, 
4.19 0.21 

People important to me expect me to prescribe AB1 83 0.00  0.22 83 
8,996
,583 0.00, NA 0.17 83 0.00  0.27 

I care what my employees think about me1 84 1.76  
0.70 - 
4.62 0.23 84 1.07  

0.44 – 
2.59 0.89 84 1.24  

0.52 – 
2.952 0.63 

If I prescribe AB only in accordance with guidelines, my patients get 
better more quickly1 84 2.03 

0.85 – 
4.98 0.11 84 0.84 

0.19 – 
1.18 0.11 84 1.43 

0.60 – 
3.42 0.42 

Severity of resistance1 84 0.14 
0.01, 
0.81 0.03 84 2.07 

0.44, 
14.7 0.37 84 0.85 

0.19, 
3.85 0.83 

Severity of non-treatable infections1 82 0.55 
0.23, 
1.32 0.18 82 0.60 

0.24, 
1.46 0.26 82 2.72 

1.13, 
6.81 0.026 

Colleagues prescribe AB without indication when the weekend is around 
the corner1 84 3.25 

1.35, 
8.13 0.01 84 1.10 

0.46, 
2.67 0.82 84 0.34 

0.14, 
0.82 0.015 

Results of univariate logistic regressions performed separately for each characteristic (reference “not attended”). The reference category of the dichotomised 

independent variables is “low”. 1 primary data assessed via questionnaires; 2 information taken from health insurance data 



 

3.5.1 Intra Group Differences: Interrupted Time Series Analyses 

We repeated all interrupted time series analyses within the group of participants (N = 86), where 

those participants who participated in trainings other than the training of interest served as the 

control group (Table 8).



 

Table 8: ITS among participants. Participants in specific trainings are the intervention group, non-participants in these training serve as the control group 

  

UTI 
trainings   

URI 
trainings   

LRI 
trainings   

LRI trainings: 
bronchitis   

Predictors Coefficient Mean-ratio CI p Mean-ratio CI p Mean-ratio CI p Mean-ratio CI p 

Intercept 0 
0.65 0.57 – 0.73 <0.001 0.15 0.13 – 0.18 <0.001 0.24 0.13 – 0.34 <0.001 0.81 0.69 – 0.93 <0.001 

Pre-existing trend 
control group (slope) 1 

0.01 -0.01 – 0.02 0.263 -0.00 
-
0.01 – 0.00 

0.135 -0.00 -0.02 – 0.01 0.935 -0.03 -0.05 – -0.01 0.002 

Level change 2 
0.02 -0.12 – 0.16 0.774 0.03 

-
0.02 – 0.08 

0.258 -0.02 -0.22 – 0.18 0.860 0.19 -0.04 – 0.42 0.095 

Slope difference 
control group 3 

-0.02 -0.07 – 0.03 0.471 -0.02 
-
0.05 – 0.00 

0.098 0.03 -0.09 – 0.14 0.621 0.03 -0.11 – 0.16 0.683 

Level difference prior 
to intervention 4 

-0.03 -0.13 – 0.08 0.603 -0.05 
-0.09 – -
0.01 

0.014 0.00 -0.15 – 0.15 0.955 -0.26 -0.43 – -0.09 0.004 

Difference in slope 
prior to intervention 5 

-0.01 -0.03 – 0.01 0.404 0.01 0.00 – 0.01 0.029 0.00 -0.02 – 0.02 0.95 0.04 0.01 – 0.06 0.006 

Level difference past 
intervention 6 

-0.07 -0.27 – 0.14 0.498 -0.05 
-
0.12 – 0.02 

0.191 -0.08 -0.37 – 0.20 0.551 -0.49 -0.81 – -0.17 0.004 

Trend past 
intervention 7 

0.00 -0.07 – 0.07 0.996 0.00 
-
0.04 – 0.05 

0.804 0.02 -0.14 – 0.19 0.794 0.06 -0.13 – 0.25 0.509 

Observations   26   28   28   28   

R2 / R2 adjusted   
0.712 / 
0.600   0.434 / 0.236   

0.093 / -
0.224   0.589 / 0.445   



 

3.5.1.1 Trainings on rational oral antibiotic therapy for urinary tract infections 

The intercept for non-participants (those participants who participated in trainings other than UTI) 

was 0.65 (CI: 0.57 – 0.73). Compared to them, participants in these trainings prescribed antibiotics 

in case of UTI in a lower proportion of cases (ß4: -0.03, CI: -0.13 – 0.08). Yet, this difference did not 

prove statistically significant. In the pre-intervention period the slope is diverging (Figure 13), the 

proportion of antibiotic prescriptions is decreasing among later UTI training participants (ß5: -0.01, 

CI: -0.03 – 0.01) and increasing among those who participated in trainings for URI and/or LRI but 

not UTI (ß1: 0.01; CI: -0.01 – 0.02). After the intervention both groups showed a downwards trend, 

yet, the non-UTI participants at a higher level. None of the estimates shows statistical significance. 

 

Figure 12: ITS for UTI specific systemic antibiotics. Participants in UTI trainings compared to non-
participants in these trainings 

3.5.1.2 Trainings on rational oral antibiotic therapy for upper respiratory tract infections 

Among the participants, those not participating in a training on URI showed a marginal statistically 

non-significant decrease (Figure 13) in antibiotic prescriptions during the pre-intervention period (ß1: 

-0.00, CI: -0.01 – 0.00) leading to a lower prescription level compared to the later participants. The 

participants started at a significantly lower level of prescriptions (ß4: -0.05, CI: -0.09 – -0.01) and had 



 

a positive trend in the slope in the pre-intervention period with statistical significance (ß5: 0.01, CI: 

0.00 – 0.01), leading to crossing lines (Figure 13). Both groups showed a non-significant decrease 

in the post-intervention period, which was not statistically significant. The slope of the non-

participants was slightly more decreasing in the post-intervention period (ß3: -0.02, CI: -0.05 – 0.00) 

compared to the pre-intervention period. There was no difference in the slope of the participants and 

non-participants (ß7: 0.00, CI: -0.04 – 0.05). There was a minor drop in the level of prescriptions 

made by participants in the period immediately following the intervention (ß6: -0.05, CI: -0.12 – 0.02). 

These coefficients did not show statistical significance. 

Figure 13:  ITS for UTI specific systemic antibiotics. Participants in URI trainings compared to non-
participants in these trainings 

3.5.1.3 Trainings on rational oral antibiotic therapy for lower respiratory tract infections 

The comparison of participants in LRI trainings to participants of other trainings – i.e. the control 

group – showed no significant results. The Intercept ß0 for the control group is 0.24 (CI: 0.13 – 0.34) 

and for the intervention group, i.e. participants of the LRI trainings, ß4, with a value of 0.00 and a CI: 

-0.15 – 0.15 adds to this, indicating a very similar proportion of antibiotic prescriptions in the 1st 

quarter 2016. ß5, the difference in the level of the outcome between both groups has a value of 0.00 

(CI: -0.02 – 0.02). After the period during which we offered the LRI training sessions, the control 

group showed a minor and statistically non-significant change in level of the proportion of 



 

prescriptions (ß2: -0.02, CI: -0.22 – 0.18) and a non-significant positive difference between the pre- 

and post-intervention slope (ß3: 0.03, CI: -0.09 – 0.14).  

The difference in the level between both groups following the intervention being negative (ß6: -0.08, 

CI: -0.37 – 0.20) indicates a lower prescribing level for those who attended LRI training sessions 

opposed to those who attended other training session; however, this is statistically not significant. 

The minor difference in the slope after the intervention between the two groups (ß7: 0.02, CI: -0.14 

– 0.19) shows that the participants have a non-significant higher increase in the post intervention 

period and both lines are converging (Figure 14).  

 

 

Figure 14: ITS for LRI specific systemic antibiotics. Participants in LRI trainings compared to non-
participants in these trainings 

 

3.5.1.4 Trainings on rational oral antibiotic therapy for lower respiratory tract infections: bronchitis 

The non-participants of the trainings on rational oral antibiotic therapy for LRI started at a mean-ratio 

of 0.81 (Intecept ß0, CI: 0.69 – 0.93). The comparison between them and participants of the other 

training sessions, shows significant results for the pre-existing negative trend of the control group 

(ß1: -0.03, CI: -0.05 – -0.01), a significant lower level (intercept) of the participant’s prescriptions prior 

to the intervention (ß4: -0.26, CI: -0.43 – -0.09), a diverging level (trend) of the outcome between the 



 

intervention and control groups prior to the intervention (ß5: 0.04, CI: 0.01 – 0.06) and finally the 

difference in the level between intervention group and control group following the intervention (ß6: -

0.49, CI: -0.81 – -0.17), the level of the intervention group being lower than that of the control group 

(Figure 16). The positive difference in the slope between the intervention and the control group 

following the intervention (ß7: 0.06, CI: -0.13 – 0.25) shows no statistical significance. Both, 2 (0.19, 

CI: -0.04 – 0.42), the change in level in the period immediately following intervention initiation and 

3 (0.03 (-0.11 – 0.16), the difference between pre-intervention and post-intervention slopes of the 

control group were not statistically significant. 

 

Figure 15: ITS for all systemic antibiotics. Participants in LRI trainings compared to non-participants 
in these trainings for prescriptions in case of bronchitis diagnoses 

 

3.6. Sankey plots 

Forty-five (52.3%) of the 86 participating GP filled out all three questionnaires. 

 



 

Figure 16: Sankey Plots depicting the changing response profile 

Regarding the question “The influence that I myself have on the development of antibiotic resistance 

is... (“1 – very significant” – “7 – very insignificant”)”, about 70% of the participating GP considered 

their own influence on the antibiotic resistance situation very high (1 and 2 on the 7-Likert-Scale). 

Right after the trainings, about 80% of the GP rated it very high. The overall trend was to rate the 

own influence higher, but some GP also rated it lower. As can be seen in Figure 16A, one year later 

many of the GP rated the own influence on the development of antibiotic resistance lower, however, 

many did not fill in questionnaire no 3. The item “The development of antibiotic resistance for public 

health is... (“1 – very significant” – “7 – very insignificant”)” has been answered more 

heterogeneously. Almost all participants rated it with “1”, “2” or “3” on the 7-Likert-Scale. The third 

question, “Infections not treatable with antibiotics are [Scale: 1 – very significant - to 7 – very 

insignificant] to the public health” shows a lot of shifting between the assessments. Especially those, 

who considered infections not treatable with antibiotics rather significant (2 or 3 on the 7-Likert-Scale) 

to the public health decided differently after the training and rated it either higher or lower than before. 

They decided differently right after the training session (see Figure 16C) and shifted in both 

directions. Between assessment 2 and 3, most of those who rated this question with a “3” were lost 

to follow-up, otherwise rated the significance rather low. All of those who considered it to be very 

insignificant after the training session were lost to follow up after one year. Figure 17 as well shows 

the heterogeneity of the provided answers and a similar ratio of prescribed antibiotics for the three 

time points (ratio 1 and 2 in the quarter in which the training has been attended and questionnaires 

1 and 2 have been filled in, ratio 3 one year later, at the time the 3rd questionnaire was filled in) for 

all three questions. 



 

 

Figure 17: Combination of health insurance and questionnaire data 
Answers from the questionnaires are depicted on the x-axis, the proportion of prescribed antibiotics 
derived from the health insurance data is plotted on the y-axis 

 

3.7 Costs of the intervention 

To offer trainings for physicians the main requirements were premises and lecturers with expertise, 

which were also the costliest ones. Besides the announcement on the webpage of the Chamber of 

Physicians, we decided to send out personal invitations via postal mail together with leaflets 

designed especially for this purpose and inform about the trainings on a dedicated webpage, which 

included a short clip. These costs are summarised as “advertisement”. Together, these two items 

accounted for 85% of all costs. The remaining 15% consisted of costs for business trips to get to the 

locations of the trainings, room rent and office material. The average costs for one training were 

943.18 € (Table 9). Eighty-six participants took part in 118 trainings which results in 7.99€ per 

participant and training session. With room rent being independent of number of participants to a 

large extent as well as lecturer’s fees and advertisement, the average costs per attendee decreased 

with increasing number of attendees.  

 

 

 



 

Table 9: Direct costs of the trainings. Costs were recorded, summed up for each item and across 
all items and sums were divided by the number of 23 trainings provided to obtain the direct cost for 
one training. 

 costs for all trainings (€) 

average costs for 1 

training (€) % 

lecturer's fees 14,200.00 617.39 65.46 
advertisement 4,247.46 184.67 19.58 
Catering (canpés/buffet) 2,082.94 90.56 9.60 
business trips 641.37 27.89 2.96 
room rent 454.13 19.74 2.09 
office material 67.16 2.92 0.31 
total 21,693.06 943.18 100.00 



 

4. Discussion 

Compared to other European countries in terms of density of antibiotic prescriptions, a leading cause 

for antibiotic resistance, Germany ranges in the lower third, together with the Netherlands, Austria, 

the Scandinavian and Baltic countries, Slovenia and Hungary. But there is still much room for 

improvement [16], a reason for us to offer trainings on rational oral antibiotic therapy for a) UTI, b) 

URI and c) LRI for GP in course of CME trainings which are obligatory for physicians within five year 

periods.  

The aim of this thesis was to determine the effectiveness of the trainings on rational oral antibiotic 

therapy over the course of one year after the trainings took place by comparing attendees to non-

attendees of the trainings. Further, we were interested in whether there was a change in the 

participants’ attitude regarding items asked in our questionnaire and whether there was a relation to 

the proportion of prescribed antibiotics.   

Within this scope, our aim was to find a solution for a data protection conformity in the linkage of 

primary and secondary data. This was a necessary step to identify the participating GP in the health 

insurance data set and to be able to conduct comparative analyses between those who took part in 

the trainings and those who did not. 

Further aims were to determine the reachability of GP in the study area in terms of participation as 

well as differences in characteristics of their AOK insured patients – i.e. age and sex of the patients 

– as well as the diagnoses made by the GP and the prescribed active agents dealt with in the different 

training sessions. We furthermore sought to find differences in the groups’ prescribing behaviour for 

bronchitis, which had been discussed within the course of the LRI trainings. We asked whether the 

participants’ attitudes had an influence on attending more than one of the trainings.  

Lastly, another aim was to calculate the costs of the training sessions. 

4.1 Summary of the results 

Later participants and non-participants differed significantly in their prescribing behaviour in the pre-

intervention period: non-participants prescribed consistently a higher proportion of antibiotics, 

leading to the assumption that they are less interested or less informed. However, at the same 

participants prescribed a slighter higher amount of DDDs. We conducted several interrupted time 

series regressions, comparing all participants of any training to all non-participants, then comparing 

participants who attended a specific training to all who did not participate in that said training and 

lastly comparing participants who attended a specific training to all participants who attended WASA 

trainings on other topics. We did additional analyses for prescriptions for bronchitis, which was dealt 

with in the LRI training sessions. Prior to the intervention, later participants in UTI and URI trainings 

prescribed antibiotics differently from those GP not participating in the specific training. A non-



 

significant slight downwards trend in the slope for the participants compared to the control group can 

be observed for these two disease groups but not for LRI. This can also been seen in the figures. 

What has to be taken into account is that in the case of LRI, a reduction in antibiotic prescriptions is 

not necessarily aimed at. Within this disease group however, for the diagnosis bronchitis, in the 

German guidelines no antibiotics are recommended and here we could show a significant drop in 

the level of the prescriptions. 

Considering the fact that non-participants prescribed a higher proportion of antibiotics than 

participants, it has to be taken into account that they would have had a higher potential to reduce 

their antibiotic prescriptions than the participants. 

Regarding the items asked in the questionnaires on the severity of antibiotic resistance and the own 

influence on the development of antibiotic resistance, only the own influence was rated higher 

immediately after the trainings. However, no relation to the ratio of prescribed antibiotics per unit 

diagnosis could be observed. Interestingly, a systematic review came to the conclusion that 

physicians are aware of antibiotic resistance being a serious problem which however they deem to 

be caused by others [54], which is also reflected by the answers given in our study before the 

trainings, where 90.5% rated the development of antibiotic resistance for public health to be very 

significant, but only 65.5% believed their own influence to be very significant. 

Primary as well as secondary data come with advantages and with drawbacks. Analyses of health 

insurance data is a quite recent topic but has become increasingly important over the last years [46]. 

The linkage of health insurance data with data primarily gathered for the purpose of a study has 

barely taken place in Germany. With WASA, we have demonstrated the feasibility of data protection 

conform merging and analysing of primary and secondary data. With 86 participating GP (11.2%) 

the aim of recruiting 150 participants could not be reached despite great effort. Anecdotally we can 

report that once the GP came to a training, in almost all of the cases they were also willing to take 

part in the study as a volunteer. Though, we do not have any information if any GP did not come to 

the training because they knew a study would be conducted. This could have had an impact on our 

results (self-selection bias). Usually there is little information on who attends CME trainings on 

rational oral antibiotic therapy and no direct way to influence this. We provided a detailed 

characterisation of participants of several trainings and detected differences in participants and non-

participants and the characteristics of their AOK insured patients. 

Our analyses have shown that later participants and non-participants differed already before the 

intervention period, i.e. before attending the trainings. Those who participated in the trainings in 

2018/2019 had slightly older patients compared to those who did not participate and the proportion 

of female patients was slightly higher.  

Patients of those physicians participating in more than one training were older than patients of those 

attending only one training; this was not statistically significant. We found no statistical evidence for 

the influence of attitudes and opinions on specific issues from the questionnaires on whether a 

participant would attend more than one training. Only those with a higher interest in the topic 



 

attended more than once. The lack of significant differences however may be partly due to the 

relatively small group size of the participants. Due to the limitation that in the subsample some of the 

categories in some cases are barely filled or even empty, since GP answered similarly, confidence 

intervals tend to be wide and OR extremely high and therefore not interpretable for some variables. 

We have provided a comprehensive table depicting diagnoses and corresponding medication [37]. 

We tried to retrieve information from non-participants by sending out a non-responder questionnaire, 

however, of the non-participating physicians only 2.7% filled in this questionnaire. Thus, there was 

only little information and we could not conduct any statistical analyses with this data.  

Lastly, we have shown that CME trainings can be provided at relatively low direct costs, less than 

1,000€ per session and 7.99€ per participant and per training session. Roughly 85% of the costs 

comprised lecturer’s fees and advertisement. Being at a low level, the costs could barely be reduced; 

however, with increasing number of participants, the costs per participant would reduce further by 

distributing them over more participants. 

 

4.2 Previous literature 

This attendance rate is similar to the one from a French study also providing trainings related to new 

guidelines on antibiotic prescriptions for urinary tract infections [58]. Opposed to this, in a 

multifaceted study conducted in Portugal, a participation rate of 64% could be achieved [59]. 

However, recruitment of General Practitioners for studies is challenging in Germany and responses 

between 3 and 6% are reported [35, 36].

Research on the effectiveness of various (didactic) methods for implementing guidelines in everyday 

medical practice can be counted as knowledge transfer research [60], at which the training sessions 

of the WASA project focused. Yet, there is knowledge on the one hand, but on the other hand, it is 

the implementation into daily practice – where GP have only very limited time for their patients and 

these in turn come to the practice with expectations – that is aimed at and that must be achieved 

through the training sessions. Furthermore, long-term effects are desirable. 

Former research has shown that the general population has limited knowledge on antibiotics and 

more than 60% assume that antibiotics can treat common cold and other viruses [61]. This might 

lead to the assumption that patients demand antibiotics from their physicians. Yet, in our study, the 

vast majority of physicians did neither feel social pressure to prescribe antibiotics nor did they think 

people important to them would expect antibiotic prescriptions. Still, our results show that even in 

case of bronchitis, where there is no rational reason to prescribe antibiotics, many GP do prescribe 

antibiotics. 

It has been shown through previous research that trainings that are more interactive, use different 

methods [62], focus on outcomes which are of interest for the physicians and those with a longer 



 

duration [63] or outreach visits are more effective [64]. However, CME trainings seem to especially 

have an impact on knowledge, attitudes and performance but not so much on patient outcomes [63]. 

Didactic presentations with provision of printed materials, the most common methods, did not seem 

to prove effective in a review [64].  

WASA focused on knowledge of the guidelines and guideline adherence; however, the topic is more 

complex and antibiotic prescribing behaviour can be influenced by many intrinsic and extrinsic 

factors such as patient demand and behaviour, information from pharmaceutical sales 

representatives or the GPs fear the states of especially elderly persons might worsen if antibiotics 

are not prophylactically given [65]. Kern and de With suggest that an improvement of antibiotic 

prescription quality can only be achieved by better education and trainings, adherence to guidelines, 

as well as support by specialised staff and quality indicators [33].  

 

Often, in studies and reports, authors calculate with DDD, which are meant for statistical measures 

of drug consumption and therefore do not necessarily reflect the recommended or Prescribed Daily 

Dose. Still, they are easy to assess for epidemiological analyses. Each ATC code is assigned a 

specific DDD which is the average of doses often used in various countries and hence, does neither 

reflect the doses given to a certain patient or in a specific country as e.g. Klein et al. [66] conclude 

for Penicillin and Charra et al. [67] for other beta-lactam antibiotics. However, a study with data from 

11 different European countries found very strong correlations between the number of DDDs and 

the number of antimicrobial prescriptions [68] and our data also suggest that. However, our data also 

indicate that participants tend to prescribe antibiotics for less diagnoses compared to non-

participants but if they prescribe antibiotics, they seem to prescribe higher doses. We suggest to 

interpret DDD with caution though. 

 

A study conducted in 2016 asked the general population questions about their knowledge about 

antibiotics. In course of this study, 68.7% of the participants wrongly answered that antibiotics can 

treat viral infections and 60.2% that common cold can be treated with antibiotics [61].  

 

4.2.1 Projects and studies worldwide with varying methods and designs 

Antibiotic resistance being a global challenge, many countries have implemented measures to slow 

down its development. Due to differences in health care systems and their rules and regulations, 

comparability is not always given.  

Unlike in Europe, in many Latin American Countries antibiotics have legally been sold over the 

counter (OTC) in the recent past. In this cases, antibiotic reduction could be aimed at by enforcing 

the prohibition of systemic antibiotic sales over the counter as done in Brazil and Mexico in 2010 

[69], following the example of other Latin American Countries.  



 

In Greece like in other European countries, antibiotics are prescription-only drugs but still, they are 

sold in pharmacies without prescription [70] 

Given the different prerequisites before the start of the studies, methods vary to a broad extent. In 

the above mentioned study in Brazil and Mexico by Santa-Ana-Tellez et al [69]., the implemented 

measure, namely a policy change, affected all physicians and patients respective inhabitants of 

Mexico and Brazil, a fact that leads to the lack of a control group in the respective countries. The 

authors decided to conduct an interrupted time series analysis as we did in the course of WASA to 

measure the effect of the intervention, and included antihypertensives as a reference group to 

account for changes in drug consumption outside of the antibiotic regulation such as market growths.  

In another study conducted in Franche-Comté in 2008 [58] in course of which the authors made use 

of health insurance data as in WASA, new guidelines for antibiotic prescriptions for UTI were mailed 

to all GP. Comparably to WASA, training sessions were offered to GP. The authors also decided to 

conduct an ITS, however, without a control group since they failed to identify their intervention group 

and hence were not able to control for possible concurrent events [54]. Thus, the results have to be 

interpreted with caution.   

Antibiotic consumption also varies across countries within Europe with the Netherlands scoring best 

and Greece having the highest consumption [16], resulting in a differing potential of reduction. A 

study from the Netherlands from 2004, a randomised controlled trial, took the differences in 

prescribing behaviour in the pre-intervention period into account to achieve comparability between 

intervention and control arms. The intervention consisted of group education meetings, 

communication skills trainings, material for patients, monitoring and feedback and education for 

assistants of GP and pharmacists. In this study, in the post-intervention period, the prescribing rates 

rose in the control group but fell in the intervention group, proving the effectiveness of the measures 

[71]. 

 

The target groups of interventions to reduce antibiotic prescriptions also vary, for example, the 

measures additionally address their assistants/staff members [71, 72] or moreover, pharmacists [59, 

71], patients [59, 73] and primary care networks [73]. Not all interventions consisted solely of 

trainings sessions, some additionally included outreach visits [74] 

 

4.2.2 Other projects addressing antibiotic prescribing in Germany 

Before the start of the project WASA, there was only limited insights into the topic antibiotic 

stewardship in the primary care sector in Germany. First attempts were made in the field of dentistry 

[75]. Parallel to WASA, several other projects with a similar focus but different methods were going 

on in Germany, some of which with notably larger intervention groups [76-80]. However, some 

operate with online trainings [81] unlike WASA.  



 

The ARena project [73], a three armed, cluster-randomised trial conducted between 2017 and 2020, 

focused on use of antibiotics for acute, non-complicated respiratory infections in accordance with 

the guidelines in Germany. The three aims were 1) to determine and compare the effectiveness of 

three implementation programs to optimise antibiotic prescribing in ambulatory care, 2) to compare 

the outcomes of the three implementation programs with standard care and 3) to provide insight into 

the reliability of the implementation programs and potential working mechanisms as well as the 

impact of health system-related factors on the outcomes [82]. This project was embedded in two 

primary care networks in two German federal states (Bavaria and North Rhine-Westphalia). The 

participants in the three different arms received interventions of different intensity [82]. Unlike WASA, 

but like the RESIST program [83], ARena offered online training on communication with patients in 

two of the study arms [82]. As in WASA, only GP were included in the outcome evaluation but unlike 

in WASA, the authors aimed at conducting a process evaluation and this also addressed physicians 

from other fields. Physicians and medical assistants received a financial compensation per patient 

and quarter: 6 respective 5€ and 50€ for participating in the interviews and process evaluation. So 

far, the authors conducted a retrospective cross- sectional analysis based on health insurance data 

provided by AOK for the study’s ore-intervention period. They confirmed that GP prescribe antibiotics 

more often than physicians from other fields [16, 73]. Interestingly, they can have a reverse 

perception [74].  

Another cluster randomized controlled trial (CHANGE-3) has been conducted in two regions, namely 

Mecklenburg-Western Pomerania and Baden-Wurttemberg, nested within a web-based public 

campaign and using AOK data for analyses as well [72]. The authors of the CHANGE-3 trial provide 

a list of relevant ATC codes and drug classes for respiratory tract infections and another list 

containing diagnoses and disease groups [72] but not combined and not as detailed as in WASA 

[37]. The CHANGE-3 project also dealt with communication strategies, by providing e-learning 

modules. Information for patients were available online and hence, also accessible for the patients 

of the control group. The outcome was limited to GPs’ antibiotic prescription rate for acute respiratory 

tract infections. Just like in RESIST [83] and RAI, physicians received informative material to hand 

out to patients [74]. So far, results of the process evaluation within the scope of the project have 

been published; these do not reveal yet whether the interventions have proven effective. 

Interestingly, participants seemed to prefer non-digital components over digital ones and simple 

things as a poster were perceived as a good reminder to consider antibiotic prescription carefully.  

During the first phase of the RAI project, target groups were selected, one of which GP, telephone 

survey were conducted in 2015. The project, however, follows the one health concept and therefore 

addresses hospital physicians, the general population, veterinary practitioners and pig farmers 

besides GP, recognising that human health, animal health and the environment are strongly 

connected to each other [19]. The project was conducted in the federal states of Berlin, Brandenburg 

and Thuringia, the federal states of Saxony, Saxony-Anhalt and Mecklenburg-Western Pomerania 

served as control [79]. 



 

Results from the RAI study showed that GP discussed antibiotic resistance more frequently with their 

patients when not prescribing antibiotics [19], which appears more time consuming. In the same 

study, when asked in a telephone interview whether they believed their antibiotic prescribing 

behaviour had an impact on antibiotic resistance development, 70% of the GP agreed. Comparably 

to this, in WASA, 65.5% of the participants believed their own influence on resistance to be very 

significant. Eighty-three percent of the GP stated that guidelines were an important source of 

information, however, only 39% applied them [19].  

The RESIST program, in which 2,460 GP, otorhinolaryngologists and pediatricians from eight federal 

states in Germany participated, offered online courses which unlike WASA trainings also focused on 

communication skills when considering antibiotic prescriptions for respiratory tract infections, came 

to different results regarding improvement of prescribing behaviour for respiratory tract infections 

and observed a reduction (statistically significant difference of 3.1%) in the intervention group [83]. 

Additionally to CME certified online trainings, participants received materials for the practice rooms 

and information material for their patients, containing so-called “Infozept” (similar to RAI), a word 

build from the German terms for “information” and “prescription”. For advising patients, participants 

received a fee. Yet, a spillover effect resulting in an overall reduction in antibiotic prescriptions 

including diagnoses other than respiratory tract infections, could not be observed in RESIST, nor 

could it be observed in WASA when comparing all participants to non-participants applying the ITS. 

Opposed to WASA, physicians participating in RESIST received 200 Euro for taking part in the 

trainings plus 450 for advising at least 20 patients. Despite the financial incentive, the contingent of 

3000 possible participations was not fully utilised [83].  

Further results from these studies are still pending. 

The financial incentives might have altered the results. As soon as the financial incentives are no 

longer available, the motivation to act in a desirable way might be gone.  

Overall, it can be said that in many studies involving GP, the GP are not studied in isolation, but also 

involved are the interactions with practice staff and patients that everyday work life brings along is 

taken into account. 

 

Together, all this studies from different German regions are bringing multiple new insights into this 

broad topic. Yet, it must be taken into account that there are differences among the single federal 

states within Germany regarding the antibiotic prescribing behaviour within Germany between the 

individual federal states, i.e. the prescription rates are higher in western Germany compared to 

eastern Germany, so that the results cannot be generalised per se [16].  

 

4.3 Challenges within the scope of this study 

Several studies attempt to evaluate the effectiveness of trainings on rational antibiotic prescribing 

and/or CME trainings. Yet, most studies do not include a follow-up of the participants for more than 



 

six months or one year. Some studies fail to have a control group, e.g. because the implemented 

policies [69] affect all physicians.  

Given the abundance of different CME trainings with multiple topics in Germany between which 

physicians can choose in the course of five years, there is no need for them to attend trainings on 

rational oral antibiotic therapy. They might assume other topics to be more recent or more interesting. 

We tried to compensate for that by drawing attention on our trainings by having a webpage, posts 

on social media and disseminating flyers as well as an Interview in “Braunschweiger Zeitung” 

(https://www.braunschweiger-zeitung.de/mitreden/antworten/article215790631/Antibiotika-Einsatz-

liesse-sich-deutlich-reduzieren.html), having in mind the AIDA model, a marketing model identifying 

cognitive stages of individuals usually during the process of buying a product or a service.  In the 

framework of this project, we did not ask our target group about their needs and wishes and planned 

the trainings sessions without including those, which follows the steps of the classical AIDA model. 

This is certainly also due to limited time and a limited project budget. 

The small number of returned non-responder questionnaires leads to the assumptions that GP either 

do not have time to fill in short questionnaires, are skeptical against studies or do not consider the 

topic to be important. Anecdotally it can be reported that most of those 18 who answered the non-

responder questionnaire were aware the trainings would take place, but one person thought it would 

take place online, which means, they did not have a closer look at the invitation and the leaflet.  

Our trainings were open for all physicians and interested people from other fields such as 

pharmacists, however, we decided not to include other physicians as urologists or pulmonologists in 

our study as their cohort of patients might differ in terms of age and sex or additional factors from 

GP’s patients and therefore, a stratified analyses would have been necessary.  

Further challenges lie in the structure of the health insurance data, i.e. secondary data which are 

collected for billing and reimbursement purposes and not primarily for analyses of epidemiological 

research questions. One challenge is that opposed to prescriptions, diagnoses are only available on 

a quarterly basis. Hence, several assumptions had to be made and a clear analysis plan had to be 

implemented. Additional challenges come with regard to the analyses: in some cases, antibiotics are 

recommended, in others, as in the case of bronchitis, no antibiotic prescriptions are recommended 

by the guidelines. Hence, it is not only a reduction of prescriptions that should be looked at and it 

comes with drawbacks to only look at disease groups, especially since many antibiotics are 

recommended for all disease groups as displayed in [37]. In the present work, we only had access 

to health insurance data for the outpatient sector and hence, if patients with LRI were referred to the 

hospital as recommended in the guidelines, this is beyond the scope of our knowledge. 

 

4.4 Strengths and advantages 

One clear advantage of this study is that it does not only build on primary or secondary – i.e. in this 

case health insurance data initially collected for other purposes – but combines both. The use of 



 

health insurance data is attractive to researchers because the data are readily available and contain 

large numbers of patients over a wide time-span and can be used pro- and retrospectively [84].   

Health insurance data are neither prone to non-participation of insured persons nor to recall bias. 

Moreover, ethical and consent issues are less complicated compared to primary data [84] due to § 

75 German Social Security Code [48]. Another advantage is the fact that before participating in the 

study in 2018/2019, the participating GP were not aware their data would be analysed. The same 

accounts for the control group, the non-participants. That allows the assumption the participants did 

not diagnose or prescribe differently, e.g. in a desirable way in the pre-intervention period and for 

the non-participants one can assume this for the whole study period. The combination of secondary 

and primary data allows more in-depths analyses, because the secondary data can be supplemented 

by the primary data with information that is not included in the secondary data and vice versa.  

 

4.5 Limitations and drawbacks 

One limitation lies in the small population size of about 750 GP in the study area and generally low 

response rates among physicians [35, 36]. Looking at the similarity of questionnaire responses, one 

could assume that GP gave socially and clinically desirable answers.  

Despite the numerous advantages of health insurance data, they also come with drawbacks since 

they are collected for other purposes than research. As mentioned above, opposed to prescriptions, 

diagnoses are only available on a quarterly basis. Diagnoses and prescriptions are not linked in the 

data. That means for a given diagnosis of interest we cannot be sure if the antibiotic of interest was 

prescribed for that diagnosis or not. Linkage becomes even more complicated when physicians 

prescribe antibiotics without indication as in the case of bronchitis for which no antibiotic is 

recommended in the guidelines. Within a quarter, patients can have other infections which require 

systemic antibiotics as well and the data do not allow any conclusion about the disease for which 

the antibiotic was administered. Furthermore, physicians are free in making diagnoses and it cannot 

be excluded that those with a tendency to prescribe antibiotics tend to make other diagnoses 

compared to those who prescribe less antibiotics. The prescription might have prodromal influence 

on the diagnosis and hence lead to protopathic bias. Upcoding might also be an issue since due to 

Morbi-RSA, patients with more severe diseases generate more money.  

The clinical guidelines describe several cases like urinary tract infection in pregnant women and give 

specific recommendations regarding the antibiotic of choice [30]. In course of this analyses, we could 

not differentiate between patients with or without additional conditions and differing 

recommendations. Pneumonia as another example might be diagnosed at a GP’s but might require 

stationary treatment [27]. This guideline adherent hospital admission cannot be seen in the data at 

hand, since our data only comprise diagnoses and prescriptions from the outpatient sector. 

Our data only stem from the AOK, which insures 36% of the German population [85]. Hence, strictly 

speaking, our results can only be generalised for GP-patients relationships with persons insured with 



 

the AOK. However, a previous study has shown that insures of the AOK do not differ much in their 

health care seeking behaviour from people insured with another health insurance [49]. 

Last but not least, it has to be considered that GP who were assigned to our control group might 

have had information on rational antibiotic therapy from other sources (and so can their patients) or 

have attended other trainings which is beyond our knowledge.  

The fact that antibiotic prescriptions have decreased over the past years in Germany also points at 

this. At the same time, with every past improvement the strength of the measurable effect of 

implemented measures decreases; still, there is much space for improvement left. 

 

4.6 Interpretation of the results 

Antibiotics have undeniable benefits: they provide defense for various infections, severe courses of 

diseases and in several cases, they save lives. But intake of antibiotics can also lead to side effects 

such as fever, drug rashes, seizures and other neurologic side effects or anaphylactic reactions 

among others [86]. With increasing age, people tend to become vulnerable or frail which might lead 

to more infections and to have more comorbidities which makes prescribing antibiotics in accordance 

with the guidelines more difficult [87] and hence, the GP’s demand for trainings could be increased. 

At the same time, the increased interest in the topic might have caused the participating GP to deal 

with the topic beforehand and thus, have led to an already better prescribing practice. Elderly are 

also prone to multi-medication which can lead to more side-effects, especially because of drug-drug 

interactions, sometimes resulting in hospital admission [88, 89]. Furthermore, metabolism of drugs 

and/or absorption of agents depends on age [90]. Ageing brings along the time-related loss of 

functional units. Metabolism may be impaired in old age due to altered liver function and potential 

loss of liver volume [91]. Due to the decrease in liver mass, hepatic blood flow and the activity of 

many enzymes, hepatic extraction and clearance of various drugs decrease with age [92].  

For example, taking macrolide antibiotics can cause occult dysfunction to manifest clinically [91].  

In addition, the ratio between body water, body fat and muscle mass changes with age, which has a 

significant impact on the distribution of drugs in the body. Thus, the patients’ average age in a 

practice and the knowledge of the possible complications might lead to increased cautiousness and 

hence, be a reason for GP to attend one or more trainings on rational oral antibiotic treatment. 

Given the fact that UTI predominantly occur among women, it seems logical that GP with a higher 

proportion of female patients attend UTI trainings. However, this result was not statistically 

significant. 

Incidence of pneumonia, dealt with during the sessions on rational oral antibiotic treatment for LRI, 

increases with age and so does lethality [27], meaning, of all infections dealt with, pneumonia counts 

to the more severe ones, whereas is it not so likely that patients die of common cold or UTI. This 

might contribute to the explanation why participating with a higher patients’ age have been more 

likely to attend the LRI training sessions and so might the fact that those who believed the severity 



 

of infections not treatable with antibiotics to be higher were more likely to attend these training 

sessions. While the strong believe colleagues would prescribe antibiotics more often when the 

weekend is around the corner increased the odds of attending UTI sessions significantly and URI 

sessions non-significantly, it decreased the odds of attending LRI trainings sessions, probably 

because of the different nature of this infections.  

 

5. Conclusions and outlook 

Overall, the study design was appropriate to investigate the effectiveness of trainings on rational oral 

antibiotic therapy and differences between participants and non-participants gathered with primary 

and secondary data. The trainings have shown only limited effectiveness in the format in which they 

were offered in course of this project. Attendees of the UTI and URI trainings prescribed antibiotics 

less frequently prior to the intervention which consisted of the trainings sessions but we could not 

prove effectiveness for any of the trainings. Yet, having a closer look at bronchitis, one diagnoses 

covered in the LRI training sessions, revealed that after the intervention, participants prescribed 

antibiotics less frequently compared to the control group after having attended the training sessions. 

 

However, given the structure of health insurance data and despite all effort, some uncertainty in 

regard to the correct assignment of prescriptions to diagnoses remains. Within the framework of 

epidemiological studies, suitable methods have to be applied to evaluate the effects of the 

implemented measures on rational antibiotic treatment. To achieve this, a direct linkage of diagnoses 

and prescription would have to be made available; this would require collaboration with GP, time-

consuming for them, and consent of patients which again could introduce several biases or else, the 

health insurances would have to contribute further to research by changing the structure of their 

data. 

 

With about 750 GP in the study area, the population was rather small which lowered the chance of 

being able to recruit 150 GP, especially given the general low response rates among GP. 

Additionally, not all of the participating GP attended the same training sessions, which makes the 

subsamples even smaller and provides less power to detect statistically significant differences. To 

overcome this, the study area could be enlarged but this would come along with more logistical effort. 

For further research and further efforts to train more GP, researchers and providers could outsource 

marketing and have it carried out professionally though this would increase the costs of the trainings. 

The implementation of a study takes time and effort and the analyses of often huge amount of data 

requires time. But once a study is established, through health insurance data inexpensive long-term 

follow up is possible. The table developed in the course of this study can serve as a tool for further 

research. 



 

Differences between participants and non-participants as well as among participants in the present 

study lead to the primary conclusion that to enhance participation in the training sessions, there must 

be an increased awareness as well as interest in the topics. This is potentially achievable through 

targeted campaigns aimed at those GP who are less likely to attend such CME trainings. For 

example, one could try to target male GP so that they also attend trainings on UTI more frequently. 

The fact that GP are already aware of the significance of the development of resistance but not so 

much of their own influence on this progress could be a good starting point. Given the complexity of 

the topic, GP should potentially be involved in designing the training sessions according to their 

needs and the session should not just focus on guideline adherence but also include how to deal 

with patient’s demands and the perception of these. Additionally, to enhance a change in outcome 

expectancies and risk awareness, items which we addressed in the questionnaires, these should 

also be discussed in the training sessions, including mechanisms of resistance development if a 

chance in perception and awareness is sought. 

 

Despite the dryness of the topic, the undeniable facts about antibiotic resistance and the clearness 

of the guidelines, the interaction between doctors and patients should not be disregarded or 

neglected. Patients come with different levels of knowledge and various expectations with which the 

GP have to deal within a limited time. 

 

We dealt with disease groups during the training sessions and evaluated all recommended 

antibiotics for these disease groups. Further training sessions could focus on one infection at a time 

as we did in the course of this work for bronchitis. The training sessions and further research could 

focus on the most often made diagnosis (which were in our case N39.0 for UTI, J06.9 for URI and 

J44.19 for LRI) and the respective recommended antibiotics to equalise and distribute the amount 

of information better for attending GP and to gather more detailed insights on over- and 

misprescribing of antibiotics for certain diagnoses. This must be regarded in a sense that “less 

sometimes is more” and much would be gained if prescribing for the most common diagnoses 

improves.  
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WASA Clip 

The clip was shown on youtube.com and the project’s website wasa.helmholtz-hzi.de to advertise 

the training sessions. The clip shows a Friday in a GP’s practice. In the beginning, everything seems 

to be in order. Then a patient with a common cold enters the practice. The GP hands out antibiotic 

prescriptions. Another patient comes to the GP and claims antibiotics insistently. The GP becomes 

increasingly exhausted and also calls a colleague for advice. As can be seen on the clock, it gets 

later and later, but the GP’s workday still is not finished, an absolute imbalance of books and 

prescriptions is visible on table. The GP gets more and more stressed and confused. The text at the 

end of the clip offers a solution: attendance of the WASA trainings.  

 



 



 

 

 



 

 

 



 

 

 



 

 

 



 

Informed Consent 



 



 

WASA questionnaires 
WASA questionnaire no. 11 

Dear participant, 

We are pleased that you are participating in our training. We would like to know how you like the 
training and, with your help, find out where there is a need for optimization. 

We are further interested in the impact of our events, i.e., whether they bring about a change in 
your intentions with regard to your prescribing practice. 

For this reason, we ask you to fill in questionnaires before and right after the trainings. This is 
always on a voluntary basis. You have the option of leaving individual questions unanswered. 

All your information will be treated confidentially and will not be linked to your name.  

Therefore, please do not write your name at any point on the questionnaires. Please do not write 
your name on the questionnaires, just enter your EFN (number used to collect CME points) or affix 
it on the field provided for this purpose. 

We thank you very much and wish you a pleasant seminar! 

The WASA study team 

Question 1: Which statement do you agree with in the context of respiratory or urinary tract 
infections? 
Scale: 1 - completely true - to 7 - not true at all 

• I advise my patients to take phytopharmaceuticals instead of antibiotics. 
• I advise my patients to take homeopathic medicines instead of antibiotics.  
• I advise my patients to take phytopharmaceuticals in addition to antibiotics. 
• I advise my patients to take homeopathic medicines in addition to antibiotics. 

 
Question 2: Have you recently prescribed antibiotics to patients with symptoms of urinary or 
respiratory tract infections in accordance with the guidelines of the medical societies? Please tick 
the one answer that most applies to you. 
 

• Yes, and the guideline-compliant prescription for these indications has become routine for 
me. 

• Yes, but the guideline-compliant prescription for these indications has not yet become 
routine for me. 

• No, but I have the firm intention to make it my routine. 
• No, but I am thinking about routinely prescribing antibiotics for these indications according 

to guidelines. 
• No, and I am not planning to routinely prescribe antibiotics for these indications according 

to guidelines. 
 
Question 3: Please imagine the following situation: A patient comes to your practice with symptoms 
of an upper or lower respiratory tract infection or a urinary tract infection. What applies? 
Scale: 1 - completely true - to 7 - not true at all 



 

 
• I feel social pressure not to prescribe an antibiotic. 
• Most of the people who are important to me (family, friends, colleagues, patients) expect 

me to prescribe an antibiotic. 
• I feel social pressure to prescribe an antibiotic. 

 
Question 4: What opinion would people or groups likely have if you were to prescribe an antibiotic 
in the situation described in question 3? 
Scale: 1 - completely true - to 7 - not true at all 

• My patients would approve it for urinary tract infections 2. 
• I myself would approve it for urinary tract infections. 
• My practice staff would approve it for urinary tract infections. 

 
Question 5: What do you think: In the situation described at the beginning, what influences 
colleagues’ prescribing practices of antibiotics for respiratory or urinary tract infections? Scale: 1 - 

completely true - to 7 - not true at all 

• Patients' desire for an antibiotic  
• Uncertainty and fear of consequences of non-prescribing 
• The assumed advantage of the rapid effectiveness of antibiotics 
• They have always done it this way 

Question 6: How important is the opinion of the following groups of people to you? 
Scale: 1 - completely true - to 7 - not true at all 

• I care what patients think about me. 
• I care what my medical colleagues think about me. 
• I care what my practice staff thinks about me. 

Question 7: Which statements are true in your opinion? 
Scale: 1 - completely true - to 7 - not true at all 

• The guidelines provide evidence-based recommendations for choosing the right antibiotic. 
• The guidelines are only an aid to decision-making in treatment. 

Question 8: What reasons motivated you to participate in a workshop on the topic of "guideline-
compliant antibiotic management"? 
Scale: 1 - completely true - to 7 - not true at all 

• I want to gain knowledge in a short time. 
• I want to maintain contact with colleagues and exchange ideas with them. 
• I am particularly interested in this topic. 
• I receive CME points. 
• Others, namely: _____ 

Question 9: In which situations do colleagues prescribe antibiotics for any of: upper respiratory 
infections, lower respiratory tract infections, or urinary tract infections without a clear medical 
indication? Scale: 1 - completely true - to 7 - not true at all 

• When patients vehemently demand an antibiotic despite good advice. 
• When colleagues want to avoid complications from the infection at all costs. 



 

• When the weekend or holidays are just around the corner. 
• When the patient is very persistent and comes to the practice several times. 

Question 10: Which statement do you think is true? 
Scale: 1 – very significant - to 7 – very insignificant 

• The influence that I myself have on the development of antibiotic resistance  is... 
• The development of antibiotic resistance for public health is... 
• Infections not treatable with antibiotics are… to the public health 

Question 11: In accordance with the guidelines only, what effects do you expect if, after 
appropriate diagnostics, you prescribe antibiotics for the three types of infection mentioned above - 
urinary tract infections, upper respiratory tract infections, and lower respiratory tract infections  
Scale: 1 - completely true - to 7 - not true at all 

• My patients then get better more quickly. 
• I then contribute to minimizing the development of antibiotic resistance. 
• My patients are then (more) satisfied with my treatment. 
• Many patients then come to my practice with a deterioration and still need an antibiotic. 

Question 12:  

• My specific goal with regard to my antibiotic prescribing practice is: ____ 

Question 13: How do you rate yourself? 
Scale: 1 - significantly more - to 7 - significantly less 

• In terms of antibiotics: I prescribe in relation to my specialist group.... 

Finally, we would like to ask you to provide some demographic data and further information. 

Question 14: Your age in years: 

• <= 40 
• 41 – 65 
• > 65 

Question 15: Your sex:  

• Female 
• Male 
• Other 

Question 16: How many cumulative years have you practiced medicine so far? Please subtract 
e.g. parental leave or other periods without medical practice. 

• < 5 
• 5 – 15 
• 16 – 25 
• 26 – 35 
• > 35 

Question 17: Which practice option applies to you? 

• Individual practice 
• Joint practice 



 

• Collaborative practice  
• I am employed in a practice. 
• Medical on-call service 
• Continuing medical education 
• Other, namely: _____ 

Question 18: How many patients come to your practice per quarter on average? 

• < 500 
• 501 – 1000 
• 1001 – 1500 
• 1501 – 2000 
• > 2000 

Questions 19: How did you become aware of the training? 

• Internet 
• Letter HZI/Medical Association 
• Flyer 
• Medical Journal 
• Colleagues 
• Through the General Practitioners' Association 
• Others, namely: _____ 

Question 20: What was the travel duration for attendance at the training? 

• < 20 mins 
• 20 – 40 min 
• 41 – 60 min 
• > 60 min 

Question 21: Before the training, were you aware of the evaluation of the training courses by the 
Helmholtz Centre for Infection Research (WASA)? 

• Yes 
• No  

Question 22: Have you participated in any training with a similar topic (online if applicable) in the 
past 18 months? 

• Yes 
• No  

Have you participated in the online training courses of RESIST3? 

• Yes 
• No  

Thank you for completing the questionnaire! 

Your WASA study team 



 

Enjoy the seminar! 

 

WASA questionnaire no. 2 

Dear participant, 

Thank you very much for participating in our training seminar. Finally, we would like to ask you to 
answer six short questions. 

You have already answered some of the questions in the same or similar form before the training 
seminar began. By answering the questions, you will help us to assess the quality and 
effectiveness of the training. 

Thank you 

The WASA study team 

Question 1: Which statement applies? 
Scale: 1 – very significant - to 7 – very insignificant 

• The influence that I myself have on the development of resistance development of 
resistance is... 

• The development of resistance for public health is... 
• Infections not treatable with antibiotics are… to the public health 

Question 2: When you think about your everyday practice, in which situations would you find it 
easy to refrain from writing an antibiotic prescription for respiratory or urinary tract infections, 
unless it is indicated?  

Scale: 1 - completely true - to 7 - not true at all 

• When I am sure it is not a bacterial infection. 
• If the patients do not wish to receive antibiotics by their own decision.  
• When I have enough time to explain to the patients that antibiotics would not have any 

effect. 
• If I had educational materials available. 
• If I had a good rapid test (point-of-care test) available. 

Question 3: Imagine a patient with a respiratory infection who, despite of you informing her or him, 
insistently demands the prescription of an antibiotic that is not medically indicated. How do you 
deal with this? 
Scale: 1 - completely true - to 7 - not true at all 

• I accept the patient's wish and prescribe an antibiotic. 
• I suggest a follow-up visit in a few days and do not prescribe anything yet. 
• I recommend to the patient to go to another practice in the future. 

Question 4: In the long term, what would help you to maintain the guideline-compliant prescription 
of antibiotics for the three types of infections discussed here - urinary tract infections, upper 
respiratory tract infections and lower respiratory tract infections?  
Scale: 1 - completely true - to 7 - not true at all 

• Better education of the general population 
• A classification of the prescription figures for antibiotics by the Association of Statutory 

Health Insurance Physicians in comparison to other practices as feedback to me  
• Colleagues who also prescribe antibiotics according to guidelines 



 

• Reference books for my practice 
• A good training for proper communication with patients 

Question 5: How confident are you that you can implement what you have learned in this training in 
your everyday practice?  

Scale: 1 - completely true - to 7 - not true at all 

• I am very confident that I will be able to implement what I have learned in everyday 
practice. 

• Possible reasons for this: ____ 

Question 6: Evaluation of the training 

In order to better assess and further improve the events, we would like to ask you to answer the 
following questions. Your honest information is extremely important to us.  
Scale: 1 - completely true - to 7 - not true at all 

• I rate my own knowledge gain as high. 
• The course was adequately prepared and structured. 
• The spatial equipment was adequate. 
• The duration of the training was appropriate. 
• The contents of the training were presented appropriately. 
• The contents could be dealt with appropriately in the time. 
• The workshop was appropriately interactive. 
• There were stimulating discussions among the participants. 

We wish you a safe journey home! 

WASA questionnaire no. 3 

Dear Participant, 

A few months ago you attended one or more of our WASA trainings and kindly agreed to be invited 
to fill in another and final questionnaire. 
In doing so, you are making a valuable contribution to the scientific evaluation of the training 
seminars. 
If you have any questions, please do not hesitate to contact the Trust Office at 
WASA.Treuhandstelle@mh-hannover.de. 

Thank you very much for your cooperation. 

The WASA study team 

Your TOKEN (key to be able to assign this questionnaire pseudonymously): (8-digit alpha-

numerical TOKEN) 

Date: __:__:__ 

Question 1: What has helped you to maintain the guideline-compliant prescribing of antibiotics for 
the three types of infections discussed here - urinary tract infections, upper respiratory tract 
infections and lower respiratory tract infections - in the long term? 

Scale: 1 - completely true - to 7 - not true at all 

• Better education of the general population 
• A classification of the prescription figures for antibiotics by the Association of 
• Statutory Health Insurance Physicians in comparison to other practices as feedback to me  



 

• Colleagues who also prescribe antibiotics according to guidelines 
• Reference books for my practice 
• A good training for proper communication with patients 
• Something else helped me with this, and that is: ____ 

Question2: How confident are you that after an episode of non-guideline prescribing you will be 
able to implement again what you have learned in the seminar? 
Scale: 1 - completely true - to 7 - not true at all 

• Such episodes do not occur. 

Question 3: Have you recently prescribed antibiotics to patients with symptoms of 
antibiotics in accordance with the guidelines of the medical societies? 

• Yes, and the guideline-compliant prescription for these indications has become routine for 
me. 

• Yes, but the guideline-compliant prescription for these indications has indications has not 
yet become routine for me. 

• No, but I have the firm intention to make it my routine. 
• No, but I am thinking about routinely prescribing antibiotics for these indications according 

to guidelines. 
• No, and I am not planning to routinely prescribe antibiotics for these indications according 

to guidelines. 
 
Question 4: How much of what you learned in the seminar(s) you attended can you implement in 
your everyday practice? 
 

0% 
 

ca. 25% ca.50% ca. 75% 100% 

• Possible reasons for this: ____ 

Question 5: Which statements are true in your opinion?  

Scale: 1 - completely true - to 7 - not true at all 

• The guidelines provide evidence-based recommendations for choosing the right antibiotic. 
• The guidelines are only an aid to decision-making in treatment. 

Question 6: In which situations do colleagues prescribe antibiotics for upper or lower respiratory 
tract infections or urinary tract infections without a clear medical indication? Scale: 1 - completely 

true - to 7 - not true at all 

• When patients vehemently demand an antibiotic despite good advice. 
• When colleagues want to avoid complications from the infection at all costs. 
• When the weekend or holidays are just around the corner. 
• When the patient is very persistent and comes to the practice several times. 

Question 7: Which statement do you think is true? 
Scale: 1 – very significant - to 7 – very insignificant 

• The influence that I myself have on the development of resistance development of 
resistance is... 

• The development of resistance for public health is... 
• Infections not treatable with antibiotics are… to the public health 



 

Question 8: Imagine a patient with a respiratory infection4 who, despite of you informing her or him, 
massively demands the prescription of an antibiotic that is not medically indicated. How do you 
deal with this?  

Scale: 1 - completely true - to 7 - not true at all 

• I accept the patient's wish and prescribe an antibiotic. 
• I suggest a follow-up visit in a few days and do not prescribe anything yet. 
• I recommend to the patient to go to another practice in the future. 

Question 9: In the last twelve months, what difficulties have you encountered when prescribing 
antibiotics according to guidelines? 

Scale: 1 - completely true - to 7 - not true at all 

• I am met with a lack of understanding on the part of the patients. 
• Fewer patients come to my practice. 
• I encounter resistance from the practice staff because the staff have to deal with patient 

dissatisfaction. 
• Others, namely: _____ 

We thank you for participating in the study! 
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