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Abstract: Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a severe chronic illness
and patients with ME/CFS are often medically underserved in Germany and other countries. One
contributing factor is health professionals’ lack of knowledge about epidemiology, diagnostic criteria,
and treatment of ME/CFS. Opportunities are scarce for health professionals to receive continuing
medical education on ME/CFS. The current research addressed this need for further education and
investigated the gain of knowledge from a webinar for German-speaking health professionals. In two
studies (total sample: N = 378), participants in the intervention condition completed a knowledge
test twice (before and after webinar participation). Study 2 also included a waiting-list control
condition with repeated response to the knowledge test without webinar participation between
measurements. Results showed that at baseline, most participants had seen patients with ME/CFS,
but confidence in diagnosing and treating ME/CFS was only moderate-to-low. In the intervention
condition, but not in the control condition, knowledge about ME/CFS increased between the first
and the second knowledge test. These results indicate that the webinar was successful in increasing
health professionals’ knowledge about ME/CFS. We concluded that webinars can be a cost-efficient
and effective tool in providing health professionals with large-scale continuing medical education
about ME/CFS.

Keywords: myalgic encephalomyelitis; fatigue syndrome; chronic; ME/CFS; education; medical;
continuing; webinars

1. Introduction

Myalgic encephalomyelitis/chronic fatigue syndrome (hereafter: ME/CFS) is a debili-
tating chronic illness of to date unknown etiology. Symptoms include profound exhaustion,
muscle weakness and fatigability, pain, sleep disturbances, cognitive dysfunction, ortho-
static intolerance, and flu-like symptoms [1,2]. The hallmark symptom is post-exertional
malaise, a worsening of symptoms after minimal physical or mental exertion [3,4]. A num-
ber of physiological abnormalities have been connected to ME/CFS, including indicators
of autoimmunity [5,6] as well as impaired energy metabolism [7,8] and cardiovascular
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function [9,10]. Although ME/CFS has been officially classified as a neurological illness by
the World Health Organization since 1969, it is still largely unrecognized or misunderstood
by physicians [11].

Based on a meta-analysis of 46 studies, the pre-pandemic average prevalence of
ME/CFS was estimated at 0.39% of the population [12]. In Germany, where the current re-
search was conducted, this would translate to 332,000 individuals (including
54,000 children and adolescents) affected by ME/CFS. ME/CFS is frequently triggered by
viral infections, and was demonstrated to overlap with long COVID-19 syndrome [13,14].
Thus, it may be assumed that the COVID-19 pandemic likely will lead to a further increase
in ME/CFS prevalence [15–18].

In several countries, including Germany and Switzerland, patients with ME/CFS
are medically underserved in that they encounter obstacles to receiving a diagnosis in a
reasonable amount of time and to accessing general and specialized medical care [19–22].
Patients frequently report being dissatisfied with their medical care and experience stigma-
tization due to the misconception of ME/CFS being a psychosomatic and/or psychiatric
illness [22–24]. A major contributing factor to this insufficient and unsatisfying medical
care situation of patients with ME/CFS is health professionals’ lack of knowledge about
the symptoms, diagnostic criteria, and treatment of ME/CFS [19,21,25]. For example, a
systematic review of 33 studies investigating general practitioners’ (GP) knowledge about
ME/CFS by Pheby et al. [26] showed that a substantial proportion of GPs did not accept
ME/CFS as a genuine clinical entity and even those who did lacked confidence in diagnos-
ing or managing it. Similarly, a survey conducted among 23 experts from the European
ME/CFS Research Network (EUROMENE) [11] demonstrated that experts believed that
only a small minority of GPs in their country were able to recognize ME/CFS, and were con-
fident in diagnosing and managing it. Moreover, Hng et al. [25] conducted a survey about
the knowledge and experience of ME/CFS among 44 UK hospital doctors. Participants
reported having very limited formal teaching, but some clinical experience with ME/CFS.
Furthermore, 91% falsely believed that ME/CFS was at least in part psychological. Knowl-
edge about the general epidemiology of ME/CFS was high; however, knowledge about
diagnostic criteria, treatment, and management was substantially lower. Taken together,
these studies showed considerable gaps in the knowledge of health professionals like
GPs and hospital doctors. This results in obstacles to patients with ME/CFS receiving an
appropriate diagnosis and medical care. The misconception of ME/CFS as an illness based
on psychological and/or psychiatric causes bears the risk of recommending potentially
harmful activity training, like graded exercise therapy to patients [2,27].

A potential reason for the inadequate knowledge about ME/CFS among health
professionals is the scarcity of (under)graduate formal education and Continuing Med-
ical Education (CME) about ME/CFS. Concerning education during medical studies,
Jason et al. [28] showed that ME/CFS was underrepresented in US medical textbooks.
In Germany, specific diagnostic guidelines for ME/CFS were first published in 2022 [29]
and the German National Competence-Based Catalogue (NKLM) for universities and med-
ical schools [30] adheres to incomplete, outdated, and potentially harmful information
about ME/CFS. Concerning CME, to date, there are hardly any opportunities for health
professionals in German-speaking countries to receive detailed education about the etiol-
ogy, diagnostics, and treatment of ME/CFS. Hospital and panel doctors in Germany and
Austria are required to receive 250 credit points for participation in CME every five years.
In both countries, the topics and medical fields to be studied during CME can largely be
selected by the doctors (in Germany, 150 of the 250 points need to be collected in one’s
specialty field of medicine). Credit points can be awarded for participation in different
CME formats, including medical conferences, face-to-face seminars, or virtual web-based
training like webinars.

The main objective of the current research was to provide CME about ME/CFS to
health professionals in German-speaking countries, which is accessible for a large number
of participants, in order to close the knowledge gaps about ME/CFS among health profes-
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sionals. To achieve this objective, we chose the CME format of a live webinar (web-based
synchronous training available for a large number of participants). Webinars are a flexible
and cost-effective source of information and education, and have become increasingly
frequent especially since the beginning of the COVID-19 pandemic. With webinars, one can
take advantage of digitalization by reaching a large number of participants from different
regions simultaneously, and spread the knowledge of the few available experts about
ME/CFS as widely as possible [31]. Systematic reviews conducted pre-pandemic showed
that virtual CME like webinars was equally effective in imparting knowledge to health
professionals than traditional face-to-face CME [32,33]. Advantages of virtual CME are
higher flexibility, accessibility, convenience, and cost-effectiveness compared to face-to-face
CME that often involves traveling and staying overnight away from home. Disadvantages
include, for instance, technical barriers like insufficient internet bandwidth, or software and
usability problems [32–34]. During the pandemic, opportunities to participate in webinars
and other virtual forms of CME skyrocketed and are becoming more and more common
worldwide. For example, in a representative sample of 2400 hospital and panel doctors in
Germany, in 2022, 68% indicated having participated in at least one live webinar as part
of their CME, compared to 22% in 2020 [35]. The emerging trend towards online CME
seems to persist even after the end of COVID-19 restrictions [34,36]. A recent survey with
almost 2000 German physicians showed that 75% wished to participate in live webinars
with recordings made available after the webinar [37]. This trend towards webinars as
CME was accelerated by the pandemic also in other world regions. Physicians of differ-
ent specialties in various countries ranging from North America and Asia to Arabic and
North African countries reported that during and after the pandemic, they increasingly
participated in webinars, were predominantly satisfied with the education they received,
and preferred a combination of face-to-face and online CME in the future [38–42]. To meet
the needs of health professionals and make use of the recent technological developments,
we implemented a CME event about ME/CFS as a live webinar that was recorded and
afterwards provided it as an on-demand online CME.

Providing continuing education about ME/CFS for health professionals is a demand
recognized on the European level as well [11,25]. However, to date, there is no study
demonstrating that participation in continuing medical education increases health profes-
sionals’ knowledge about the epidemiology, diagnostic criteria, and treatment of ME/CFS.
To close this gap, in the present research, we conducted two studies evaluating the effects of
a webinar on health professionals’ knowledge about ME/CFS. We based our research on a
survey designed by Hng et al. [25], but employed a repeated-measures design (participants
completed the questionnaire before and after webinar attendance). The first aim of the
current research was to assess health professionals’ baseline knowledge of and experience
with ME/CFS before attending the webinar. The second aim was to evaluate whether partic-
ipation in the webinar increased participants’ knowledge about the symptoms, diagnostic
criteria, and treatment of ME/CFS.

1.1. The Present Research

In order to empirically examine health professionals’ knowledge of and experience
with ME/CFS, we investigated prior education about ME/CFS, experience and confidence
with diagnosing and dealing with patients with ME/CFS, and knowledge about the illness.
The research adhered to principles of open science: We pre-registered the hypotheses prior
to data collection, and materials, data, and analysis code/ outputs are provided on the
Open Science Framework (OSF; https://osf.io/8m32c/, accessed on 25 July 2023). We
conducted two separate data collections with German-speaking health professionals who
registered for the webinar “Postviral Illnesses: ME/CFS and Long COVID” that took place
in October 2021 (Study 1) and September 2022 (Study 2). Study 1 included a pre-post design
with two measurement points (before/ after webinar participation). Study 2 employed the
same pre-post design for the intervention group and additionally included a waiting-list
control group (two measurements before webinar participation). The scientific program of

https://osf.io/8m32c/
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the webinar was organized by the Charité University Medicine Berlin and the Technical
University of Munich. The conduction of the webinar with an external provider was funded
by the German and Austrian Associations for ME/CFS. It included lectures from experts
in research and clinical practice in the field of ME/CFS and was aimed at general health
practitioners and specialists from other relevant medical fields.

1.2. Hypotheses

The pre-registered hypotheses were very similar in both studies. Study 2 was con-
ducted to substantiate that pre-post differences in knowledge about ME/CFS can be
attributed to webinar attendance by supplementing a control group (no webinar attendance
between measurements) to the study design. To increase test power, we present combined
analyses for both studies where applicable and statistically controlled for sample (Study
1 vs. 2) in additional robustness checks. First, we aimed at replicating previous results
about formal teaching, experience, confidence, and knowledge about ME/CFS from Hng
et al. [25] in a German-speaking sample of health professionals. Second, we investigated the
effects of webinar participation on confidence and knowledge about ME/CFS. We tested
the following pre-registered hypotheses (for preregistrations see: https://osf.io/8m32c):

Hypothesis 1 (H1). Before webinar attendance, the majority of health professionals have
not received formal teaching about ME/CFS (average below 50%; H1a) and do not feel
confident in diagnosing patients with ME/CFS (average below 50%, H1b) and dealing with
patients with ME/CFS (average below 3.5 on a scale from 1 to 7, H1c).

Hypothesis 2 (H2). In the intervention group, knowledge about ME/CFS is higher at T2
compared to T1.

Hypothesis 3 (H3). (Study 2 only): There are no differences between the control group and
the intervention group concerning H1 (baseline knowledge).

Hypothesis 4 (H4). (Study 2 only): In the control group, the knowledge increase between
T1 and T2 is smaller than in the intervention group or non-significant. (In Study 1, we
pre-registered separate hypotheses for different knowledge domains (i.e., general epi-
demiological characteristics, definitions and clinical understanding, diagnostic process
and diagnostic criteria, treatment) of the survey as presented in Hng et al. [25]. How-
ever, internal consistency analyses showed that items could not be reliably aggregated
to subscales reflecting these knowledge domains (0.32 < Chronbach’s α < 0.68). There-
fore, we aggregated all items to an overall knowledge score, which showed sufficient
internal consistency.).

2. Materials and Methods
2.1. Procedure

Language for the webinar and all study materials was German. Study 1 was conducted
between October and November 2021, and Study 2 was conducted in September 2022.
The webinars were advertised via newsletters from patient organizations and the Charité
University Medicine. The maximum capacity of 1000 participants was reached in both
webinars (overall, 18.90% of the webinar attendees participated in the evaluation study).
Participants who registered for the webinar received personalized email invitations for
the first questionnaire (T1) prior to the webinar. In Study 1, all participants were assigned
to the intervention condition, and in Study 2, participants were randomly assigned to the
intervention condition or the control condition via an automated process implemented in
the online survey. Participants in the intervention condition who completed T1 received
personalized email invitations to the second questionnaire (T2) after the webinar. Partici-
pants in the control condition who completed T1 received personalized email invitations

https://osf.io/8m32c
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to T2 until three days before the webinar. The live webinar had a duration of 120 min
and consisted of talks by expert researchers and clinicians on the topics of epidemiology,
diagnostic criteria, as well as clinical and outpatient care of adults and children/ adoles-
cents with ME/CFS and/ or Long-COVID (for content of the webinars, see Table 1). The
invited speakers had long-term experience in biomedical research and/or clinical care
of ME/CFS, Long-COVID, and Postural Tachycardia Syndrome (POTS). The talks were
followed by a Q&A session. Participation was free of charge. Participants from Germany
and Austria could receive three educational points from medical associations (Hamburg
Medical Association and Austrian Academy of Physicians), for which they additionally
had to complete a multiple-choice test. Educational points were awarded independent of
participation in the evaluation study. Since January 2023, the webinar of Study 2 is available
as an on-demand educational course for physicians (https://www.mecfs.de/was-ist-me-
cfs/informationen-fuer-aerztinnen-und-aerzte/on-demand-fortbildung/, accessed on 25
July 2023).

Table 1. Webinar content in Studies 1 and 2.

Fall 2021 (Study 1) Fall 2022 (Study 2)

1. Overview about ME/CFS: Epidemiology, Pathogenesis,
Diagnostics, and Treatment (30 min)

2. ME/CFS and Post-COVID among Children and
Adolescents (30 min)

3. Research about Post-COVID (15 min)
4. ME/CFS and Post-COVID in Private Practice (30 min)
5. Q&A (30 min)

1. ME/CFS and Post-COVID: Definitions, Epidemiology and
Diagnostics (20 min)

2. ME/CFS and Post-COVID: Treatment and
Pathogenesis (20 min)

3. Inpatient Pain Therapy for ME/CFS (10 min)
4. POTS and Autonomic Dysfunction (10 min)
5. ME/CFS and Post-COVID in Private Practice (30 min)
6. Q&A (30 min)

In accordance with the EU General Data Protection Law, the Declaration of Helsinki,
as well as standards of the American Psychological Association (APA), and the German
Psychological Society (DGPs), participants were informed about the aims, procedure, and
duration of the study and provided written consent for participation. Then, they generated
a pseudonymized code to match their data from T1 and T2 while keeping their contact
information separate from questionnaire responses. Subsequently, they completed the
survey adapted from Hng et al. [25] at both measurement points. At T1, they additionally
provided demographic information including age, gender, occupation, medical specialty,
and country of residence. Finally, at the end of the surveys, participants were again given
the opportunity to consent to their data being used for scientific purposes.

2.2. Measures

Materials were translated from English to German and adapted to the German health
care system by the project team. The complete codebook with materials in German and
English is available on the OSF.

2.2.1. Prior Teaching, Experience with ME/CFS, Confidence

Formal teaching was assessed with two items (“I have received formal teaching on
ME/CFS during medical school”, Yes/ No; and “I have received formal teaching on
ME/CFS during an educational course in my professional life (clinic, medical association,
congress, etc.)”, Yes/No). Experience with patients was assessed with one item (“I have
seen patients with ME/CFS (in the practice/clinic)”, on a Likert scale ranging from 1 = very
often to 5 = never). Confidence about the diagnosis of ME/CFS was assessed with one item
(“I know how to diagnose ME/CFS”, Yes/No). Confidence in dealing with patients with
ME/CFS was assessed with one item (“I feel confident in dealing with ME/CFS patients”,
on a Likert scale ranging from 1 = fully agree to 7 = do not agree at all).

https://www.mecfs.de/was-ist-me-cfs/informationen-fuer-aerztinnen-und-aerzte/on-demand-fortbildung/
https://www.mecfs.de/was-ist-me-cfs/informationen-fuer-aerztinnen-und-aerzte/on-demand-fortbildung/
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2.2.2. Knowledge about ME/CFS

The knowledge test included 17 items based on Hng et al. [25]. In the original
work, the authors divided the test into four knowledge domains: general epidemiologi-
cal characteristics (7 items), definitions and clinical understanding (4 items), diagnostic
process and diagnostic criteria (4 items), as well as treatment (2 items). Two additional
items assessed knowledge about disability due to ME/CFS, but are not reported in the
current manuscript.

2.2.3. Demographics

Demographic data included year of birth, gender (male/female/non-binary), occupa-
tion (physician/other), medical specialty, work context (clinical, private practice, other),
and country of residence (Germany, Austria, Switzerland, other).

2.3. Participants

A priori power analyses to estimate the minimum required sample sizes for the stud-
ies were conducted with the R package superpower. In Study 1, to investigate H2, we
estimated a required sample size of N = 85 to reach the desired power of 0.95, based on a
repeated-measures analysis of variance (ANOVA) with the hypothesized pattern of means
and a small-to-medium effect size of d = 0.2, SD = 0.5, a correlation between the repeated
measures of r = 0.5 and an α level of 0.05. In Study 2, we estimated the required sample
size to test H4 with a two-way repeated-measures ANOVA with the within-participants
factor time (T1 vs. T2), the between-participants factor condition (control vs. interven-
tion) and their interaction. Based on the results of Study 1, we assumed an effect size of
3.26 points (SD = 3.41) for the increase in the knowledge test in the intervention condition
and no increase in the control condition. For a correlation of the repeated measures of
r = 0.5, an α level of 0.05, the hypothesized interaction effect could be detected with a power
of 0.95 in a sample of n = 30 participants per group (total N = 60) who participated in both
measurement points.

The estimated sample sizes were achieved in both studies (Study 1: T1: n = 206,
T2: n = 145; Study 2: T1: n = 172, T2: n = 128). We applied the following pre-registered
exclusion criteria: Participants were excluded if they did not consent to scientific use of
their data (Study 1: T2: n = 1) and from the analyses pertaining to T1–T2 comparisons if
their participant codes could not be matched (Study 1: n = 4, Study 2: n = 2).

To investigate H1, we combined the baseline samples of both studies, which re-
sulted in a total sample size of N = 378 at T1. To investigate H2–H4, we combined the
matched T1–T2 samples of both studies, the total sample size of the combined dataset was
N = 266 (control group: n = 50, intervention group: n = 216). In the combined base-
line sample, 266 (70%) participants were female, 106 (28%) male, and 5 (1%) non-binary
(1 missing value). Participants were predominantly from Germany (n = 278, 74%) or Austria
(n = 81, 21%). Further participants were from Switzerland (n = 14), and other countries
(n = 4, 1 missing value). Age ranged between 24 and 85 years (M = 49.07, SD = 11.01). The
majority of participants (87%) were physicians, the remaining participants worked in other
health professions (e.g., psychological psychotherapists, neuropsychologists, physiother-
apists, nurses). Among physicians, the most frequent medical specialties were internal
medicine (n = 54), psychiatry (n = 33), neurology (n = 29), and pediatrics (n = 26). One-third
of the participants (n = 114) reported working in a clinical context, half of the participants
(n = 192) worked in a private practice, and the remaining participants in other contexts.

2.4. Data-Analytical Strategy and Transformations

Data were analyzed using R/R-Studio Version 43. All items were recoded such that
higher values reflect higher agreement/knowledge. To investigate H1a–c, we conducted
one-proportion Z-tests against equal proportions and a one-sample t-test against the theo-
retical midpoint of the scale. To investigate H2, we aggregated the items of the knowledge
test to an overall test score and conducted a paired-samples t-test and computed a Linear
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Mixed Model with Time (T1 vs. T2) and Study (1 vs. 2) as factors (In Study 1, pre-post
comparisons were preregistered to be analyzed with a 2 × 4 repeated-measures ANOVA
with time (T1 vs. T2) and knowledge domain as factors. Since separate scales for the
knowledge domains could not be constructed, we conducted a paired-samples t-test on the
overall test score instead.). To investigate H3 and H4, we computed a Linear Mixed Model
with Time (T1 vs. T2) and Condition (Control vs. Intervention) as factors. In exploratory
analyses, we compared the means of the single items of the knowledge test between T1 and
T2 with paired-samples t-tests with Bonferroni corrected p-values.

2.5. Dropout Analyses

We compared participants that answered both questionnaires (T1 and T2; complete
participants, N = 266) and those that only answered the first questionnaire or were excluded
from analyses pertaining to T2 (T1; dropouts, N = 112) concerning demographic variables
(age, gender dummy-coded as male vs. female) as well as experience and confidence
with ME/CFS and knowledge about ME/CFS at T1. Both groups did not significantly
differ from each other (ts < 0.1.41, ps > 0.161), indicating that there was no selective
dropout between measurements. As a further analysis pertaining to risk of bias [43],
we tested whether participants in the intervention condition and control condition were
equivalent at baseline concerning sociodemographics. There were no differences on gender
(t(259) = 0.97, p = 0.332). However, participants in the control condition were, on average,
six years younger than participants in the intervention condition (t(264) = 3.59, p < 0.001).

3. Results
3.1. Hypothesis 1: Baseline Formal Teaching and Confidence

Within the combined sample of Studies 1 and 2 (N = 378), only a minority of partic-
ipants (11%) reported that they had never seen a patient with ME/CFS in their clinic or
practice. To test Hypotheses 1a–c, we inspected the proportions of formal teaching and
confidence in diagnosing ME/CFS as well as the mean level of confidence in dealing with
patients with ME/CFS at T1. Only a fraction of participants (10%) reported that they had re-
ceived formal teaching on ME/CFS during medical studies. However, 44% reported to have
received continuing medical education on ME/CFS. Taken together, 49% of participants had
received some form of teaching on ME/CFS. Contrary to H1a, a one-sided one-proportion
Z-test showed that this proportion was not significantly lower than a proportion of 0.50,
χ2(1) = 0.07, p = 0.399, 95% CI [0.00; 0.54]. In line with H1b, 43% of participants reported
that they know how to diagnose ME/CFS, which was significantly lower than a proportion
of 0.50, χ2(1) = 6.88, p = 0.004, 95% CI [0.00; 0.47]. Finally, tentatively in line with H1c,
participants indicated slightly lower than medium confidence in dealing with patients with
ME/CFS (M = 3.34, 95% CI [3.18; 3.50], on a scale from 1 to 7). However, the mean was
only marginally significantly different from the midpoint of the scale (3.5), t(377) = 1.95,
p = 0.052.

3.2. Hypothesis 2: Knowledge Increase in Intervention Condition

Next, we investigated in the combined sample of participants assigned to the interven-
tion condition (Studies 1 and 2; n = 216) whether knowledge about ME/CFS was higher
after participation in the webinar compared to before the webinar. To do so, we re-coded
the questions in the knowledge test, such that correct responses received one point for each
response option and aggregated the responses to a sum score for the complete knowledge
test (Cronbach’s α: T1 = 0.73; T2 = 0.64). All items, response options, and correct responses
are displayed in Table 2 (left side). The maximum number of achievable points was 36.
At T1, participants on average received 27.13 points (range: 16–35 points), and at T2, the
average points received were 30.14 (range: 22–35 points). A paired t-test showed that
knowledge after webinar participation was significantly higher than baseline knowledge
before webinar participation, t(215) = 13.65, mean difference = 3.01, 95% CI [2.58; 3.45],
p < 0.001. As an additional robustness check, we investigated potential differences in
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knowledge increase between Study 1 and Study 2 in a Linear Mixed Model with Time (T1,
T2) and Study (Study1, Study2) as predictors. Predictors were entered as fixed effects and
we included a random intercept for participants to account for the repeated measurement
of the knowledge test. Neither the main effect of Study was significant (F(1, 216) = 3.12,
p = 0.079) nor the interaction of Time and Study (F(1, 216) = 2.27, p = 0.133). However, the
main effect of Time remained significant (F(1, 216) = 160.95, p < 0.001). Post hoc comparisons
showed that the knowledge increase over time was significant in Study 1 (M(T1) = 27.9,
95% CI [27.1; 28.6], M(T2) = 30.4, 95% CI [29.6; 31.2], (t(218) = 6.91, p < 0.001) as well as in
Study 2 (M(T1) = 26.7, 95% CI [26.2; 27.3], M(T2) = 30.0, 95% CI [29.4; 30.6], (t(218) = 11.91,
p < 0.001).

3.3. Hypotheses 3 and 4: Comparison to Control Condition

Finally, as Study 2 included an additional control condition with repeated response
to the knowledge test without webinar participation in between measurements, we inves-
tigated whether the knowledge increase observed in the intervention condition did not
occur in the control condition. This would indicate that the increase in the intervention
condition was likely due to webinar participation and not due to practice effects by tak-
ing the knowledge test twice. Therefore, we hypothesized that in the matched sample
of Study 2 (n = 126), there would be no differences between the control condition and
the intervention condition at T1 (baseline; H3), and that the knowledge increase between
T1 and T2 detected in the intervention condition would be smaller or non-significant in
the control condition (H4). We conducted a Linear Mixed Model with Time (T1, T2) and
Condition (Control, Intervention) as predictors. Predictors were entered as fixed effects
and we included a random intercept for participants to account for the repeated measure-
ment of the knowledge test. Results showed that there was a main effect of Condition
(F(1, 126) = 7.81, p = 0.006) and a main effect of Time (F(1, 126) = 47.58, p < 0.001),
which were qualified by the hypothesized two-way interaction of Condition and Time
(F(1, 126) = 13.10, p < 0.001). In line with H3, the average baseline knowledge of partici-
pants in the control condition and the intervention condition did not significantly differ
(t(172) = 1.16, p = 0.652). Moreover, in line with H4, post hoc comparisons showed that
in the control condition, mean performance in the knowledge test was not higher at T2
compared to T1 (M(T1) = 27.1, 95% CI [26.1; 28.1]; M(T2) = 27.9, 95% CI [26.9; 28.9],
t(128) = 2.09, p = 0.161). In contrast and as hypothesized, in the intervention condi-
tion, performance in the knowledge test was higher at T2 compared to T1 (M(T1) = 27.9,
95% CI [27.1; 28.6]; M(T2) = 30.4, 95% CI [29.6; 31.2], t(128) = 8.28, p < 0.001) (see Figure 1).
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Table 2. Items of the knowledge test and descriptive statistics for the subsamples.

Study 1 Intervention Condition (N = 140) Study 2 Control Condition (N = 50) Study 2 Intervention Condition (N = 76)

T1 T2 T1 T2 T1 T2

Item M (SD) M (SD) t (p) M (SD) M (SD) t (p) M (SD) M (SD) t (p)

General Epidemiological Knowledge

1. ME/CFS is rare

• Yes
• No (3)

completely correct response: 1 point

0.54 (0.50) 0.80 (0.40) 5.74 *** (<0.001) 0.50 (0.51) 0.56 (0.50) 1.00 (0.322) 0.53 (0.50) 0.72 (0.45) 3.33 ** (0.001)

2. ME/CFS affects more

• men
• women (3)

completely correct response: 1 point

0.96 (0.19) 0.99 (0.08) 2.02 * (0.045) 0.98 (0.14) 0.98 (0.14) 0.00 (1.00) 0.99 (0.11) 0.99 (0.11) 0.00 (1.00)

3. ME/CFS can affect children

• Yes (3)
• No

completely correct response: 1 point

0.96 (0.20) 1.00 (0.00) 2.49 * (0.014) 0.98 (0.14) 1.00 (0.00) 1.00 (0.322) 0.99 (0.11) 1.00 (0.00) 1.00 (0.321)

4. ME/CFS symptoms usually resolve within
6 months

• Yes
• No (3)

completely correct response: 1 point

0.93 (0.26) 0.91 (0.28) 0.53 (0.595) 0.82 (0.39) 0.86 (0.35) 0.81 (0.420) 0.93 (0.25) 0.91 (0.29) 0.70 (0.483)

5. ME/CFS is often painful

• True (3)
• False

completely correct response: 1 point

0.82 (0.38) 0.97 (0.17) 4.70 *** (<0.001) 0.80 (0.40) 0.86 (0.35) 1.14 (0.261) 0.86 (0.35) 0.97 (0.16) 3.17 ** (0.002)

6. ME/CFS often causes chronic disability

• True (3)
• False

completely correct response: 1 point

0.93 (0.26) 0.95 (0.22) 0.77 (0.441) 0.96 (0.20) 0.96 (0.20) 0.00 (1.00) 0.93 (0.25) 0.93 (0.25) 0.00 (1.00)

7. Children and adolescents with ME/CFS often
miss longer periods of school

• True (3)
• False

completely correct response: 1 point

0.94 (0.25) 0.99 (0.08) 2.90 ** (0.004) 1.00 (0.00) 1.00 (0.00) 0.00 (1.00) 1.00 (0.00) 1.00 (0.00) 0.00 (1.00)
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Table 2. Cont.

Study 1 Intervention Condition (N = 140) Study 2 Control Condition (N = 50) Study 2 Intervention Condition (N = 76)

T1 T2 T1 T2 T1 T2

Item M (SD) M (SD) t (p) M (SD) M (SD) t (p) M (SD) M (SD) t (p)

Definitions and Clinical Understanding

8. ME/CFS is a

• psychological/ psychosomatic illness
• physical illness (3)

completely correct response: 1 point

0.84 (0.37) 0.96 (0.19) 4.38 *** (<0.001) 0.88 (0.33) 0.88 (0.33) 0.00 (1.00) 0.87 (0.34) 0.96 (0.20) 2.41 * (0.019)

9. ME/CFS and chronic fatigue are
different things

• True (3)
• False

completely correct response: 1 point

0.66 (0.47) 0.66 (0.47) 0.00 (1.00) 0.72 (0.45) 0.64 (0.48) 1.27 (0.209) 0.70 (0.46) 0.71 (0.46) 0.21 (0.836)

10. ME/CFS can affect

• the cardiovascular system (3)
• the musculoskeletal system (3)
• the nervous system (3)
• the immune system (3)
• the endocrine system (3)
• cellular metabolism (3)
• the gastrointestinal system (3)

completely correct response: 7 points

5.84 (1.60) 6.49 (1.02) 5.20 *** (<0.001) 6.04 (1.38) 6.12 (1.32) 0.45 (0.655) 6.20 (1.24) 6.46 (1.03) 2.16 * (0.034)

11. One can die from ME/CFS

• True (3)
• False

completely correct response: 1 point

0.31
(0.47)

0.40 (0.49) 2.39 * (0.018) 0.28 (0.45) 0.44 (0.50) 2.68 * (0.010) 0.49 (0.50) 0.59 (0.49) 2.04 * (0.045)

Diagnostic Process and Diagnostic Criteria

12. ME/CFS is mainly diagnosed with

• a careful history according to
established criteria (3)

• a physical examination (3)
• a psychiatric history

completely correct response: 3 points

1.66 (0.80) 2.16 (0.50) 7.46 *** (<0.001) 1.62 (0.78) 1.86 (0.67) 2.37 * (0.022) 1.83 (0.76) 2.09 (0.61) 2.85 ** (0.006)
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Table 2. Cont.

Study 1 Intervention Condition (N = 140) Study 2 Control Condition (N = 50) Study 2 Intervention Condition (N = 76)

T1 T2 T1 T2 T1 T2

Item M (SD) M (SD) t (p) M (SD) M (SD) t (p) M (SD) M (SD) t (p)

Diagnostic Process and Diagnostic Criteria

13. The diagnosis of ME/CFS requires

• six months of substantial reduction in
functioning with fatigue (3)

• psychiatric symptoms
• signs of anxiety and/or depression
• worsening of symptoms after activity

(post-exertional malaise) (3)
• neurocognitive symptoms (3)
• disordered sleep (3)

completely correct response: 6 points

4.99 (1.00) 5.26 (0.84) 3.25 ** (0.001) 5.00 (0.88) 5.10 (0.97) 0.93 (0.358) 4.93 (1.00) 5.37 (0.85) 3.79 *** (<0.001)

14. Sensible diagnosis for ME/CFS patients can be

• a Schellong test (3)
• a hand strength test (3)
• measurement of LDH (3)

completely correct response: 3 points

2.24 (0.43) 2.39 (0.49) 3.71 *** (<0.001) 2.12 (0.44) 2.28 (0.45) 1.74 (0.088) 2.28 (0.45) 2.39 (0.49) 2.00 * (0.049)

15. ME/CFS can be triggered by

• a viral infection (3)
• a psychological trauma

completely correct response: 2 points

1.66 (0.51) 1.56 (0.50) 1.89 (0.061) 1.72 (0.45) 1.66 (0.48) 1.00 (0.322) 1.62 (0.54) 1.74 (0.44) 1.91 (0.060)

Treatment

16. ME/CFS can be treated with

• antiviral medication (3)
• activation therapy (Graded Exercise

Therapy, GET)
• vitamin supplements (3)
• cognitive behavioral therapy

completely correct response: 4 points

1.48 (1.27) 2.49 (1.17) 9.13 *** (<0.001) 1.72 (1.21) 1.72 (1.16) 0.00 (1.00) 1.75 (1.23) 2.58 (0.93) 6.64 *** (<0.001)

17. Patients should be advised to stay within their
energy levels and not to overextend
themselves (pacing).

• True (3)
• False

completely correct response: 1 point

0.98 (0.15) 1.00 (0.00) 1.75 (0.083) 0.98 (0.14) 1.00 (0.00) 1.00 (0.322) 0.97 (0.16) 1.00 (0.00) 1.42 (0.159)

3received one point for each correct response (correct option checked, incorrect option not checked). The maximum possible number of points for completely correct responses was 36.
* p < 0.05, ** p < 0.01, *** p < 0.001.
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3.4. Exploratory Analyses: Investigation of Single Items of the Knowledge Test

Finally, an exploratory analysis took a closer look at the effects of the webinar by
investigating performance differences on the separate items of the test. To do so, we com-
puted paired-samples t-tests with Bonferroni-adjusted p-values for the three subsamples
separately (Study 1, Study 2 control condition, Study 2 intervention condition). Results are
depicted in Table 2 (right side). In the control condition of Study 2, most comparisons were
non-significant (except for higher mean values at T2 compared to T1 on the items “One can
die from ME/CFS” (true/false) and “ME/CFS is mainly diagnosed with” (a careful history
according to established criteria/a physical examination/a psychiatric history)).

In contrast, in the intervention conditions of both studies, participants showed higher
knowledge after the webinar as compared to their baseline knowledge on the majority
of items. In all cases of significant comparisons, knowledge at T2 was higher than at T1.
Most non-significant comparisons were due to ceiling effects (i.e., an item was answered
correctly by more than 90% of participants).

4. Discussion

The current research picked up two recent developments during the COVID-19 pan-
demic: an increase in cases of ME/CFS and a shift from face-to-face to virtual CME. Building
on these recent developments, we investigated whether a webinar as a web-based form
of CME can increase German-speaking health professionals’ knowledge about ME/CFS.
First, results showed that despite the fact that participants at baseline reported having
experience with patients with ME/CFS and half of the sample had previously received
some form of education about ME/CFS, confidence in diagnosing and treating the ill-
ness was only moderate-to-low. This pattern of results underscores the need to further
educate health professionals about ME/CFS in order to improve patients’ medical care
situation. Second, knowledge about the general epidemiology, definitions and clinical un-
derstanding, diagnostic criteria, as well as treatment of ME/CFS was higher after webinar
participation compared to before. This knowledge increase did not occur in a waiting-list
control condition, in which participants responded to the knowledge test twice without
webinar participation between measurements. We are, thus, confident that the knowledge
increase can be attributed to webinar participation and was not due to practice effects on
the knowledge test.

It should be noted as well that the content of the webinars in Studies 1 and 2 was
largely overlapping, but not exactly the same. Nevertheless, in both studies combined and
separately, we were able to show a knowledge increase after webinar participation on a
knowledge test that included quite broad questions about ME/CFS. This makes it likely
that our results would be generalizable to other webinars focusing on a basic introduction
to ME/CFS. However, we would like to emphasize that we put great importance on the fact
that talks were based on current state-of-the art research about ME/CFS as a somatic illness
and given by researchers and clinicians with high level of expertise and experience with pa-
tients with ME/CFS. It is likely that this experience and focus on evidence-based medicine
contributed to the webinars’ effectiveness in increasing knowledge about ME/CFS. It
should further be noted that despite the overall effects of the webinar, knowledge on two
specific items did not increase in the intervention condition. The first item tapped into the
distinction between chronic fatigue and ME/CFS. We adapted the item’s wording from the
original study (original: “Myalgic Encephalomyelitis, Chronic Fatigue Syndrome and Post
Viral Fatigue Syndrome all mean the same thing” (false); adapted: “ME/CFS and chronic
fatigue are different” (true)). We did so because recent studies showed partial overlap of
ME/CFS and post-COVID syndrome as a form of post-viral fatigue syndrome (e.g., [13])
and, therefore, the original item is now ambiguous. The adapted version aimed at tapping
into the differentiation between the full clinical picture of ME/CFS (where chronic fatigue
is only one of many symptoms) and chronic fatigue, which can also be a symptom of
other illnesses like cancer or multiple sclerosis. However, in the adapted version, one
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third of participants were not able to differentiate between chronic fatigue and the full
clinical picture of ME/CFS. Therefore, future education about ME/CFS should put greater
emphasis on this distinction. The second item was developed by the project team and not
included in the original study. It asked about a viral infection or a psychological trauma as
possible triggers for ME/CFS. About one third of participants incorrectly indicated that a
psychological trauma can trigger ME/CFS, which might reflect subtle psychologization of
the illness—even though the vast majority of participants correctly indicated that ME/CFS
is not a psychological/psychosomatic illness. Consequently, future education on ME/CFS
should include a more fine-grained discussion of the harmful misconception of ME/CFS as
psychosomatic.

Strengths and Limitations

We performed risk-of-bias analyses recommended for intervention studies [43]. The
strengths of the current study were that the study design did not pose a risk of bias,
as it included an intervention and a control group (Study 2), as well as a cohort design
(multiple assessments of the same participants) with pre-post intervention data. Concerning
participant representativeness, the study included a random assignment of participants
to the intervention or control condition. Therefore, the current study can be classified
as a randomized controlled trial. However, further criteria to determine risk of bias for
participant representativeness were not met by the current study. First, the follow-up rate
(rate of participation in both T1 and T2) did not reach the recommended level of 80%, but
only 70% of the initial baseline sample also participated in T2. Another limitation was that
participants were not randomly selected from the population of health professionals in
German-speaking countries. Health professionals actively registered for the webinar and,
therefore, our sample only included participants who were already interested in ME/CFS
and felt the need to receive further education about the illness. In contrast, Hng et al. [25]
collected a sample of hospital doctors at an event with mandatory attendance. This also
explains why the baseline knowledge in the current research was considerably higher than
in the original study. Nevertheless, even in the current selective sample with comparatively
high baseline knowledge about ME/CFS, the webinar still led to a significant knowledge
increase. On some items, baseline knowledge was already very high (>90% of participants
provided the correct response); thus, there was not much room for improvement due to
ceiling effects. Consequently, future efforts to educate health professionals about ME/CFS
should start earlier during (under)graduate medical studies (where only a small minority of
the current sample reported to have received teaching about ME/CFS) and/or might be part
of mandatory staff education in hospitals and other medical facilities. Lastly, concerning
risk of bias for equivalence of comparison groups, the control group and the intervention
group were equivalent at baseline on outcome measures, indicating that participants in
both groups started the study at similar levels of knowledge about ME/CFS. There was no
selective dropout between measurement points, and concerning sociodemographics, the
comparison groups were equivalent at baseline on gender. However, participants in the
control condition were significantly younger than participants in the intervention condition
despite random assignment to conditions. It cannot be ruled out that there was selective
dropout of older participants in the control condition.

Further strengths and limitations of the current research concern the form of CME as
a live webinar. Following recent trends of digitalization due to the COVID-19 pandemic
worldwide, we developed a CME event that was accessible for a high number of partici-
pants (up to 1000 per session) from different countries. The online format was cost-efficient
and practical, as neither the experts nor the participants needed to travel. The webinar
adhered to recommendations for webinars as CME developed during the pandemic, in
that it was around two hours long, included several talks by experts in the field with a
duration of max. 30 min each, took place outside of regular working hours on a weekday
evening, included support in case of technical issues, allowed active participation via the
chat function, was recorded and can be revisited at a later point in time on-demand, and
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was accredited as CME [40,42]. However, due to the high number of up to 1000 participants
per webinar, no individualized teaching was possible and in the Q&A session, only a
fraction of the posted questions could be answered by the experts. To complement the
large-scale dissemination of basic knowledge about ME/CFS via webinars, further formats
of continuing medical education should target smaller groups of health professionals who
currently treat patients with ME/CFS and provide opportunities for case-based discussion
and supervision. Finally, not all health professionals who attended the webinar also partici-
pated in the evaluation study. This is a common issue in evaluation research; however, the
current study cannot rule out selection effects, as it was not possible to test for differences
between participants and non-participants.

5. Conclusions

It is highly relevant and important to improve the medical care situation of patients
with ME/CFS in Germany and around the world. The current study showed that a webinar
of only 120–135 min duration is a cost-effective and efficient way to provide continuing
medical education about ME/CFS to hundreds of health professionals at a time. Thereby,
knowledge gaps about ME/CFS can be decreased—which is even more relevant since
ME/CFS cases are on the rise after the onset of the COVID-19 pandemic.

Author Contributions: All authors planned the research design; L.F., D.B.R.H. and J.N. designed the
online questionnaire; L.F. and J.N. pre-registered the hypotheses, collected and analyzed the data,
and wrote the first draft of the manuscript; C.S. was the principal scientific organizer of the webinars.
D.B.R.H., U.B., C.K., J.-P.H., M.S. and C.S. All authors have read and agreed to the published version
of the manuscript.

Funding: Costs for conducting the webinar with an external provider were funded by the German
Association for ME/CFS and the Austrian Association for ME/CFS. The Article Processing Charge
was funded by the Weidenhammer Zöbele Foundation.

Institutional Review Board Statement: Not applicable. The study was conducted in accordance with
the Declaration of Helsinki and the research ethics guidelines of the American
Psychological Association.

Informed Consent Statement: Participants provided written consent for participation.

Data Availability Statement: Data are provided on the Open Science Framework (OSF; https://osf.
io/8m32c).

Acknowledgments: We thank Melanie Mroz for her help with preparing the study materials. We
thank Andrea Maier, who gave an expert talk at the webinar for Study 2.

Conflicts of Interest: Daniel Hattesohl is a board member of the German Association for ME/CFS,
which contributed to funding costs for conducting the webinars with an external webinar provider.
Daniel Hattesohl was involved in the research design and reviewed and edited the manuscript.
He was not involved in the contents of the presentations during the webinar or the analysis and
interpretation of the data. Carmen Scheibenbogen and Uta Behrends were responsible for the
scientific program of the webinar. Carmen Scheibenbogen and Uta Behrends received ME/CFS
research grants from the Federal Ministry of Education and Research (BMBF), the Federal Ministry of
Health (BMG), the Weidenhammer–Zöbele and the Lost-Voices Foundation, and are members of the
Medical Advisory Board of the German Association for ME/CFS. Uta Behrends received ME/CFS
research grants from the Bavarian Ministry of Health and Care (StMGP) and the Bavarian Ministry of
Science and Arts (StMWK).

References
1. Carruthers, B.M.; van de Sande, M.I.; de Meirleir, K.L.; Klimas, N.G.; Broderick, G.; Mitchell, T.; Staines, D.; Powles, A.C.P.;

Speight, N.; Vallings, R.; et al. Myalgic encephalomyelitis: International Consensus Criteria. J. Intern. Med. 2011, 270, 327–338.
[CrossRef]

2. National Institute for Health Care Excellence. Myalgic Encephalomyelitis (or Encephalopathy)/Chronic Fatigue Syndrome:
Diagnosis and Management: NICE Guideline [NG206]. Available online: https://www.nice.org.uk/guidance/ng206 (accessed
on 25 July 2023).

https://osf.io/8m32c
https://osf.io/8m32c
https://doi.org/10.1111/j.1365-2796.2011.02428.x
https://www.nice.org.uk/guidance/ng206


Healthcare 2023, 11, 2186 15 of 16

3. Institute of Medicine. Beyond Myalgic Encephalomyelitis/Chronic Fatigue Syndrome: Redefining an Illness; National Academies Press:
Washington, DC, USA, 2015; ISBN 9780309316897.

4. Stussman, B.; Williams, A.; Snow, J.; Gavin, A.; Scott, R.; Nath, A.; Walitt, B. Characterization of post-exertional malaise in patients
with Myalgic Encephalomyelitis/Chronic Fatigue Syndrome. Front. Neurol. 2020, 11, 1025. [CrossRef]

5. Fujii, H.; Sato, W.; Kimura, Y.; Matsuda, H.; Ota, M.; Maikusa, N.; Suzuki, F.; Amano, K.; Shin, I.; Yamamura, T.; et al. Altered
structural brain networks related to adrenergic/muscarinic receptor autoantibodies in Chronic Fatigue Syndrome. J. Neuroimaging
2020, 30, 822–827. [CrossRef] [PubMed]

6. Wirth, K.; Scheibenbogen, C. A unifying hypothesis of the pathophysiology of Myalgic Encephalomyelitis/Chronic Fatigue
Syndrome (ME/CFS): Recognitions from the finding of autoantibodies against ß2-adrenergic receptors. Autoimmun. Rev. 2020,
19, 102527. [CrossRef]

7. Fluge, Ø.; Mella, O.; Bruland, O.; Risa, K.; Dyrstad, S.E.; Alme, K.; Rekeland, I.G.; Sapkota, D.; Røsland, G.V.; Fosså, A.; et al.
Metabolic profiling indicates impaired pyruvate dehydrogenase function in myalgic encephalopathy/chronic fatigue syndrome.
JCI Insight 2016, 1, e89376. [CrossRef] [PubMed]

8. Naviaux, R.K.; Naviaux, J.C.; Li, K.; Bright, A.T.; Alaynick, W.A.; Wang, L.; Baxter, A.; Nathan, N.; Anderson, W.; Gordon, E.
Metabolic features of chronic fatigue syndrome. Proc. Natl. Acad. Sci. USA 2016, 113, E5472–E5480. [CrossRef]

9. Davenport, T.E.; Lehnen, M.; Stevens, S.R.; VanNess, J.M.; Stevens, J.; Snell, C.R. Chronotropic intolerance: An overlooked
determinant of symptoms and activity limitation in Myalgic Encephalomyelitis/Chronic Fatigue Syndrome? Front. Pediatr. 2019,
7, 82. [CrossRef]

10. Nunes, J.M.; Kell, D.B.; Pretorius, E. Cardiovascular and haematological pathology in myalgic encephalomyelitis/chronic fatigue
syndrome (ME/CFS): A role for viruses. Blood Rev. 2023, 60, 101075. [CrossRef]

11. Cullinan, J.; Pheby, D.F.H.; Araja, D.; Berkis, U.; Brenna, E.; de Korwin, J.-D.; Gitto, L.; Hughes, D.A.; Hunter, R.M.; Trepel, D.; et al.
Perceptions of European ME/CFS experts concerning knowledge and understanding of ME/CFS among primary care physicians
in Europe: A report from the European ME/CFS Research Network (EUROMENE). Medicina 2021, 57, 208. [CrossRef] [PubMed]

12. Lim, E.-J.; Ahn, Y.-C.; Jang, E.-S.; Lee, S.-W.; Lee, S.-H.; Son, C.-G. Systematic review and meta-analysis of the prevalence of
Chronic Fatigue Syndrome/Myalgic Encephalomyelitis (CFS/ME). J. Transl. Med. 2020, 18, 100. [CrossRef]

13. Wong, T.L.; Weitzer, D.J. Long COVID and Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS)-A systemic review
and comparison of clinical presentation and symptomatology. Medicina 2021, 57, 418. [CrossRef] [PubMed]

14. Kedor, C.; Freitag, H.; Meyer-Arndt, L.; Wittke, K.; Hanitsch, L.G.; Zoller, T.; Steinbeis, F.; Haffke, M.; Rudolf, G.;
Heidecker, B.; et al. A prospective observational study of post-COVID-19 chronic fatigue syndrome following the first
pandemic wave in Germany and biomarkers associated with symptom severity. Nat. Commun. 2022, 13, 5104. [CrossRef]
[PubMed]

15. Komaroff, A.L.; Bateman, L. Will COVID-19 lead to Myalgic Encephalomyelitis/Chronic Fatigue Syndrome? Front. Med. 2021,
7, 606824. [CrossRef] [PubMed]

16. Mirin, A.A.; Dimmock, M.E.; Jason, L.A. Updated ME/CFS prevalence estimates reflecting post-COVID increases and associated
economic costs and funding implications. Fatigue Biomed. Health Behav. 2022, 10, 83–93. [CrossRef]

17. Roessler, M.; Tesch, F.; Batram, M.; Jacob, J.; Loser, F.; Weidinger, O.; Wende, D.; Vivirito, A.; Toepfner, N.; Ehm, F.; et al.
Post-COVID-19-associated morbidity in children, adolescents, and adults: A matched cohort study including more than 157,000
individuals with COVID-19 in Germany. PLoS Med. 2022, 19, e1004122. [CrossRef]

18. Kassenärztliche Bundesvereinigung. Stellungnahme des KBV Zum Antrag der CDU/CSU-Bundestagsfraktion “ME/CFS-
Betroffenen Sowie Deren Angehörigen Helfen-Für Eine Bessere Gesundheits-Sowie Therapieversorgung, Aufklärung
Und Anerkennung: [Statement of the KBV on the Motion of the CDU/CSU Parliamentary Group “Help People with
ME/CFS and Their Relatives-for Better Health and Therapy Care, Education and Recognition]. Available online:
https://www.bundestag.de/resource/blob/943000/60468062de2e557ef6436afb4e5c9173/20_14_0095-5-_Kassenaerztliche-
Bundesvereinigung_ME-CFS_nicht-barrierefrei-data.pdf (accessed on 25 July 2023).

19. Froehlich, L.; Hattesohl, D.B.R.; Jason, L.A.; Scheibenbogen, C.; Behrends, U.; Thoma, M. Medical care situation of people with
Myalgic Encephalomyelitis/Chronic Fatigue Syndrome in Germany. Medicina 2021, 57, 646. [CrossRef]

20. Sunnquist, M.; Nicholson, L.; Jason, L.A.; Friedman, K.J. Access to medical care for individuals with Myalgic Encephalomyelitis
and Chronic Fatigue Syndrome: A call for centers of excellence. Mod. Clin. Med. Res. 2017, 1, 28–35. [CrossRef]

21. Tidmore, T.M.; Jason, L.A.; Chapo-Kroger, L.; So, S.; Brown, A.; Silverman, M.C. Lack of knowledgeable healthcare access for
patients with neuro-endocrine-immune diseases. Front. Clin. Med. 2015, 2, 46–54.

22. Tschopp, R.; König, R.S.; Rejmer, P.; Paris, D.H. Health system support among patients with ME/CFS in Switzerland. J. Taibah
Univ. Med. Sci. 2023, 18, 876–885. [CrossRef]

23. Baken, D.M.; Harvey, S.T.; Bimler, D.L.; Ross, K.J. Stigma in Myalgic Encephalomyelitis and its association with functioning.
Fatigue Biomed. Health Behav. 2018, 6, 30–40. [CrossRef]

24. Froehlich, L.; Hattesohl, D.B.R.; Cotler, J.; Jason, L.A.; Scheibenbogen, C.; Behrends, U. Causal attributions and perceived stigma
for Myalgic Encephalomyelitis/Chronic Fatigue Syndrome. J. Health Psychol. 2022, 27, 2291–2304. [CrossRef] [PubMed]

25. Hng, K.N.; Geraghty, K.; Pheby, D.F.H. An audit of UK hospital doctors’ knowledge and experience of Myalgic Encephalomyelitis.
Medicina 2021, 57, 885. [CrossRef] [PubMed]

https://doi.org/10.3389/fneur.2020.01025
https://doi.org/10.1111/jon.12751
https://www.ncbi.nlm.nih.gov/pubmed/32609410
https://doi.org/10.1016/j.autrev.2020.102527
https://doi.org/10.1172/jci.insight.89376
https://www.ncbi.nlm.nih.gov/pubmed/28018972
https://doi.org/10.1073/pnas.1607571113
https://doi.org/10.3389/fped.2019.00082
https://doi.org/10.1016/j.blre.2023.101075
https://doi.org/10.3390/medicina57030208
https://www.ncbi.nlm.nih.gov/pubmed/33652747
https://doi.org/10.1186/s12967-020-02269-0
https://doi.org/10.3390/medicina57050418
https://www.ncbi.nlm.nih.gov/pubmed/33925784
https://doi.org/10.1038/s41467-022-32507-6
https://www.ncbi.nlm.nih.gov/pubmed/36042189
https://doi.org/10.3389/fmed.2020.606824
https://www.ncbi.nlm.nih.gov/pubmed/33537329
https://doi.org/10.1080/21641846.2022.2062169
https://doi.org/10.1371/journal.pmed.1004122
https://www.bundestag.de/resource/blob/943000/60468062de2e557ef6436afb4e5c9173/20_14_0095-5-_Kassenaerztliche-Bundesvereinigung_ME-CFS_nicht-barrierefrei-data.pdf
https://www.bundestag.de/resource/blob/943000/60468062de2e557ef6436afb4e5c9173/20_14_0095-5-_Kassenaerztliche-Bundesvereinigung_ME-CFS_nicht-barrierefrei-data.pdf
https://doi.org/10.3390/medicina57070646
https://doi.org/10.22606/mcmr.2017.11005
https://doi.org/10.1016/j.jtumed.2022.12.019
https://doi.org/10.1080/21641846.2018.1419553
https://doi.org/10.1177/13591053211027631
https://www.ncbi.nlm.nih.gov/pubmed/34240650
https://doi.org/10.3390/medicina57090885
https://www.ncbi.nlm.nih.gov/pubmed/34577808


Healthcare 2023, 11, 2186 16 of 16

26. Pheby, D.F.H.; Araja, D.; Berkis, U.; Brenna, E.; Cullinan, J.; de Korwin, J.-D.; Gitto, L.; Hughes, D.A.; Hunter, R.M.;
Trepel, D.; et al. A literature review of GP knowledge and understanding of ME/CFS: A report from the socioeconomic working
group of the European Network on ME/CFS (EUROMENE). Medicina 2021, 57, 7. [CrossRef] [PubMed]

27. Wilshire, C.E.; Kindlon, T.; Courtney, R.; Matthees, A.; Tuller, D.; Geraghty, K.; Levin, B. Rethinking the treatment of Chronic
Fatigue Syndrome—A reanalysis and evaluation of findings from a recent major trial of graded exercise and CBT. BMC Psychol.
2018, 6, 6. [CrossRef] [PubMed]

28. Jason, L.A.; Paavola, E.; Porter, N.; Morello, M.L. Frequency and content analysis of chronic fatigue syndrome in medical text
books. Aust. J. Prim. Health 2010, 16, 174–178. [CrossRef]

29. DEGAM. Müdigkeit-S3-Leitlinie: [Fatigue-S3 Guideline]. Available online: https://awmf-register.dev.howto.health/de/
leitlinien/detail/053-002 (accessed on 25 July 2023).

30. Medizinischer Fakultätentag. Nationaler Kompetenzbasierter Lernzielkatalog Medizin Version 2.0: [National Competence-Based
Learning Goals Catalogue Medicine Version 2.0]. Available online: https://nklm.de/ (accessed on 25 July 2023).

31. Topor, D.R.; Budson, A.E. Twelve tips to present an effective webinar. Med. Teach. 2020, 42, 1216–1220. [CrossRef]
32. Cheng, C.; Papadakos, J.; Umakanthan, B.; Fazelzad, R.; Martimianakis, M.A.; Ugas, M.; Giuliani, M.E. On the advantages and

disadvantages of virtual continuing medical education: A scoping review. Can. Med. Educ. J. 2022, 14, 41. [CrossRef]
33. Richmond, H.; Copsey, B.; Hall, A.M.; Davies, D.; Lamb, S.E. A systematic review and meta-analysis of online versus alternative

methods for training licensed health care professionals to deliver clinical interventions. BMC Med. Educ. 2017, 17, 227. [CrossRef]
34. Verma, A.; Verma, S.; Garg, P.; Yadav, S.; Banoth, B. Webinar as future of continued medical education: A survey. Indian J. Surg.

2022, 84, 336–337. [CrossRef]
35. Elfers, S. LA-MED: Online-Fortbildungen Werden Bei Fachärzten Und Fachärztinnen Immer Beliebter: [LA-MED: Online Contin-

uing Medical Education Increasingly Popular among Specialized Physicians]. Available online: https://www.healthrelations.de/
fortbildungsverhalten-aerzte/ (accessed on 25 July 2023).

36. Haldar, S.K.; Lloyd, G.; Ng, G.A.; Ray, S.G.; Dobson, R.; Cartwright, C.; Hargreaves, C.; O’Flynn, R.; Greenwood, J.P. The changing
face of medical education in the aftermath of COVID-19: The true digital era begins. J. Eur. CME 2022, 11, 2035949. [CrossRef]

37. Elfers, S. Ärztebefragung: Wie Attraktiv Ist Die Digitale Fortbildung?: [Survey Among Physicians: How Attractive Is Digital
Continuing Medical Education?]. Available online: https://www.healthrelations.de/digitale-fortbildung-fuer-aerzte/ (accessed
on 25 July 2023).

38. McMahon, G.T. Effect of the COVID-19 pandemic on accredited continuing medical education in the United States. J. Contin.
Educ. Health Prof. 2022, 42, e125–e127. [CrossRef] [PubMed]

39. Yo, E.C.; Witjaksono, A.N.; Fitriani, D.Y.; Werdhani, R.A.; Parikesit, D. Assessing webinar outcomes for health professionals: A
perspective from Indonesia during coronavirus disease 2019 pandemic. Korean J. Med. Educ. 2021, 33, 87–96. [CrossRef] [PubMed]

40. Ismail, I.I.; Abdelkarim, A.; Al-Hashel, J.Y. Physicians’ attitude towards webinars and online education amid COVID-19 pandemic:
When less is more. PLoS ONE 2021, 16, e0250241. [CrossRef] [PubMed]

41. Dev, P.; Thyavihally, B.Y.; Waigankar, S.S.; Agarwal, V.; Pednekar, A.P.; Shah, A. The value of webinars during COVID-19
pandemic: A questionnaire-based survey. Indian J. Urol. 2022, 38, 204–209. [CrossRef]

42. Odayappan, A.; Venkatesh, R.; Tammineni, R.; Nachiappan, S.; Iswarya, M. Perspectives of physicians regarding the role of
webinars on medical education during the COVID-19 pandemic. Indian J. Ophthalmol. 2021, 69, 1251–1256. [CrossRef]

43. Kennedy, C.E.; Fonner, V.A.; Armstrong, K.A.; Denison, J.A.; Yeh, P.T.; O’Reilly, K.R.; Sweat, M.D. The Evidence Project risk of
bias tool: Assessing study rigor for both randomized and non-randomized intervention studies. Syst. Rev. 2019, 8, 3. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/medicina57010007
https://www.ncbi.nlm.nih.gov/pubmed/33374291
https://doi.org/10.1186/s40359-018-0218-3
https://www.ncbi.nlm.nih.gov/pubmed/29562932
https://doi.org/10.1071/PY09023
https://awmf-register.dev.howto.health/de/leitlinien/detail/053-002
https://awmf-register.dev.howto.health/de/leitlinien/detail/053-002
https://nklm.de/
https://doi.org/10.1080/0142159X.2020.1775185
https://doi.org/10.36834/cmej.75681
https://doi.org/10.1186/s12909-017-1047-4
https://doi.org/10.1007/s12262-021-02929-5
https://www.healthrelations.de/fortbildungsverhalten-aerzte/
https://www.healthrelations.de/fortbildungsverhalten-aerzte/
https://doi.org/10.1080/21614083.2022.2035949
https://www.healthrelations.de/digitale-fortbildung-fuer-aerzte/
https://doi.org/10.1097/CEH.0000000000000443
https://www.ncbi.nlm.nih.gov/pubmed/36469803
https://doi.org/10.3946/kjme.2021.190
https://www.ncbi.nlm.nih.gov/pubmed/34062640
https://doi.org/10.1371/journal.pone.0250241
https://www.ncbi.nlm.nih.gov/pubmed/33861799
https://doi.org/10.4103/iju.iju_349_21
https://doi.org/10.4103/ijo.IJO_24_21
https://doi.org/10.1186/s13643-018-0925-0

	Introduction 
	The Present Research 
	Hypotheses 

	Materials and Methods 
	Procedure 
	Measures 
	Prior Teaching, Experience with ME/CFS, Confidence 
	Knowledge about ME/CFS 
	Demographics 

	Participants 
	Data-Analytical Strategy and Transformations 
	Dropout Analyses 

	Results 
	Hypothesis 1: Baseline Formal Teaching and Confidence 
	Hypothesis 2: Knowledge Increase in Intervention Condition 
	Hypotheses 3 and 4: Comparison to Control Condition 
	Exploratory Analyses: Investigation of Single Items of the Knowledge Test 

	Discussion 
	Conclusions 
	References

