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Abstract

Objective: After infection with SARS-CoV-2, a substantial proportion of patients develop long-lasting sequelae. These seque-
lae include fatigue (potentially as severe as that seen in ME/CFS cases), cognitive dysfunction, and psychiatric symptoms.
Because the pathophysiology of these sequelae remains unclear, existing therapeutic concepts address the symptoms
through pacing strategies, cognitive training, and psychological therapy.

Methods: Here, we present a protocol for a digital multimodal structured intervention addressing common symptoms
through three intervention modules: BRAIN, BODY, and SOUL. This intervention includes an assessment conducted via a
mobile “post-COVID-19 bus” near the patient’s home, as well as the use of wearable devices and mobile applications to
support pacing strategies and collection of data, including ecological momentary assessment.

Results: We will focus on physical component subscore of the SF36 as Quality of Life parameter as the primary outcome
parameter for WATCH to take into account the holistic approach that is necessary for care of post-COVID patients

Conclusion: In the current project, we present a protocol for a holistic and multimodal structured therapeutic concept which
is easily accessible, and scalable for post-COVID patients.
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Introduction
After the first cases of acute SARS-CoV-2 infection, a sub-
stantial proportion of patients were found to experience
long lasting sequelae.1,2 The WHO defines symptoms in
the time window 12 weeks after acute SARS-CoV-2 infec-
tion that persist for at least 2 months and are not otherwise
explainable as post-COVID-19 condition.3 To date, more
than 200 different symptoms have been reported as a con-
sequence of post-COVID-19 condition.4 Common symp-
toms include fatigue, long-lasting neuro-cognitive and
psychiatric deficits, exercise intolerance, post-exertional
malaise (PEM), and dyspnea. Whereas the initial waves
of SARS-CoV-2 infection led to post-COVID-19 condition
in approximately 6–10% of cases,5 subsequent changes in
population immunity and the prevalence of less pathogenic
variants have substantially decreased the likelihood of long-
term sequelae.1,6

Nonetheless, a notable proportion of patients experience
persistent symptoms that may develop into myalgic enceph-
alomyelitis/chronic fatigue syndrome (ME/CFS).7

Post-COVID-19 condition and ME/CFS can exhibit over-
lapping symptoms, thus leading to challenges in distin-
guishing between them8,9; moreover, both conditions are
associated with substantial decreases in quality of life and
occupational participation. Even without ME/CFS symp-
toms of post-COVID-19 condition, e.g., dyspnea, joint
and muscle pain, concentration problems, or psychiatric
symptoms can experience a severely decreased quality of
life and the ability to work.10,11

Because no causative therapies have been available to
date, the most effective treatment approach is holistic,
symptom-focused supportive therapy including physical
and exercise-based approaches to avoid PEM, address
orthostatic problems, and provide regular neurocognitive
training and supportive psychotherapy. Additionally,
these approaches should implement appropriate means to
avoid overload and post-exertional symptom exacerbation.
Effective pacing strategies require knowledge of patients’
triggers of PEM episodes, to enable patients to detect and
avoid these triggers on a daily basis. Such patient empower-
ment is not trivial, because the time between the trigger and
the onset of PEM can vary from hours to several days.12

Currently, specialized centers for treating post-COVID-19
or post-infectious diseases provide the best opportunity for
interdisciplinary and complex treatment approaches. Access
to this type of care for patients with post-COVID-19 condition
is sometimes substantially hindered by long travel times or
limited local rural care. Consequently, an important problem
faced by patients with post-COVID-19 condition, particularly
those with attentional deficits, concentration problems, pain,
fatigue, and/or PEM, is a lack of qualified, interdisciplinary
treatment centers near their place of residence. One promising
tool to overcome these limitations is the use of mobile clinics
operated in buses—a concept previously established for the

treatment of other indications. To date, an estimated 2000
mobile clinics have operated in the US for different indica-
tions.13,14 Our group has demonstrated that providing diagnos-
tic procedures for patients with post-COVID-19 condition by
using a mobile outpatient clinic (“post-COVID-19 bus”) is
feasible and accepted by patients.15

Therefore, we have implemented a concept that com-
bines a mobile ambulance with a multimodal telemedicine
intervention, utilizing wearable devices and mobile applica-
tions to support pacing strategies and data collection,
including Ecological Momentary Assessment (EMA).
Patient recruitment began in November 2023 and data col-
lection is expected to be completed by November 2025. In
this manuscript, we aim to present the protocol and discuss
the importance of EMA in assessing symptoms in patients
with long-term COVID.

Aim

General objective

The general objective of our web-based telemedicine
approach for treatment of post-COVID-19 in Thuringia
(WATCH) is to implement and evaluate a multimodal tele-
medicine guided intervention including physical, cognitive,
and psychiatric treatments (BODY, BRAIN, and SOUL
modules) to enhance general quality of life and physical
and mental component subdomains, and alleviate
symptom burden in patients with post-COVID-19 condition.

For the evaluation of the efficacy of this intervention,
patients will be divided into two groups: one group receiv-
ing the intervention between weeks 1 and 12 of the project,
and the other receiving the intervention between weeks 12
and 24. The concept of the waiting group is applied to
compare patients receiving the intervention to patients
with spontaneous course of the disease on the one hand
and to offer the intervention to every participant for ethic-
ally reasons on the other hand. The group receiving the
intervention at the beginning of the project will be followed
for 12 weeks after their intervention to determine whether
improvements in quality of life continue. This follow-up
period is also used to evaluate whether participants can con-
sistently apply pacing strategies in their daily lives.

Aim 1

To ameliorate cognitive deficits, i.e., to improve attention,
concentration, and memory functions, a computerized
adaptive training will be provided by the NeuroNation
MED®mobile application (app) within the BRAIN module.

Aim 2

For the BODYmodule, we have developed a concept aimed
at improving/maintaining physical fitness through pacing
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approaches and energy management, based on evidence-
based recommendations in a four-phase model.

Aim 3

Within the SOUL module, short-term crisis intervention
will be provided to enhance patients’ ability to cope with
post-COVID-19 symptoms. This module also focuses on
activating resources to strengthen everyday functionality
and on alleviating psychopathological symptoms, particu-
larly depression and anxiety.

Aim 4

We conduct continuous measurement of heart rate (night
and day resting heart rate, and day peak heart rate), daily
step count, and sleep quantity for 24 weeks, including 12
weeks of telemedicine interventions. A wearable device
for continuous biological parameter measurement will be
provided to all patients. With regard to using heart rate
for activity guidance to prevent PEM, all patients will par-
ticipate in structured webinars aimed at providing knowl-
edge regarding PEM. In addition to the structured
intervention, participants will receive guidance in managing
their activity levels according to their own heart rates.
Episodes of PEM will be evaluated through structured
screenings at defined time points each week.

An ecological monetary assessment will be performed
with questionnaires provided to patients through the
Pulsatio® app, to obtain information regarding improve-
ments in post-COVID-19 symptoms, e.g., cognitive failures
in daily life, patient mood, or PEM episodes.

Project design
A mobile outpatient clinic, called the PoCo bus, will visit
patients near their residences three times (in weeks 1, 13,
and 25). During each visit, patients will undergo a struc-
tured evaluation in the PoCo bus, and receive an interven-
tion manual and instructions for the use of the wearable
devices and apps.

Structured evaluation in the PoCo bus

In four separate areas of the bus, consecutive, structured
diagnostic examinations and instruction in the digital apps
will occur. The consecutive diagnostics will include blood
sampling, a 1 min sit to stand test, and handgrip measure-
ments (ten repetitions),16,17 including analysis of subjective
and objective exertion parameters; neurocognitive testing
with a focus on attention, concentration and memory func-
tions, including the Montreal Cognitive assessment18 and
the Oxford Cognitive Screen plus19,20; and lung impedance
tomography.21 Additionally, demographic and socio-
economic data, as well as data on acute SARS-CoV-2

infection, SARS-CoV-2 vaccinations, comorbidities, and
post-COVID-19 symptoms, will be recorded. Wearable
devices will be distributed to participants as needed, and
those unfamiliar with wearable devices will be provided
with instructions for their use. Participants will be guided
in the use of the Pulsatio® app and the NeuroNation
Med® app, which will be installed on their personal
mobile devices, such as mobile phones or tablets.

All participants will be randomly assigned to receive the
telemedicine intervention (computerized adaptive training
provided by the NeuroNation MED® app (BRAIN), webi-
nars, homepage, analog/digital handbook, Pulsatio-App
(BODY), and video consultation (SOUL)) either in the
initial 12 weeks (group 1) or the subsequent 12 weeks
(group 2) of the project. The detailed design of the
project is shown in Figure 1.

Sample size
On the basis of findings from the post-COVID-19 out-
patient clinic at UKJ,10 we expect a sample size of 486 indi-
viduals to be required assuming that the standard deviation
is ±9.8 points for the Short Form 36 Physical Component
Subscore (SF36-PCS) used as main outcome. We aim to
recruit a total of 624 individuals, to account for a potential
dropout rate of 22% (138 individuals). With the planned
sample size, a mean difference in 2.5 points on the
SF36-PCS, which has been defined as clinically relevant,
can be detected with a power of 80% at an α-level of 5%.
These sample size estimates are based on a group compari-
son with a t-test. Although a more complex regression
model will be used in the analysis, the sample size calcula-
tions can be assumed to be fairly conservative. The 2.5
points difference was chosen on the basis data of our
post-COVID outpatient clinic, where patients presented
with a markedly reduced SF36-PCS of 36.3 points at the
first visit. With the initiation of supportive therapy, which
includes pacing strategies, cognitive training and physio-
therapy, an increase of 2.6 points was documented at
follow-up.5,10 Further, patients who have an improvement
of more than 2.5 points also report a significant improve-
ment in in symptoms and their overall well-being. The
handling of drop-outs depends on the analysis. In the
main efficacy analysis, we can only consider those who
have information on the baseline and the endpoint. In ana-
lyses with repeated assessments, we will allow also missing
responses.

Inclusion/exclusion criteria
The inclusion criteria in the project are individuals living in
the German federal state of Thuringia who are 18 years of
age or older; who had a SARS-CoV-2 infection at least
84 days before, as confirmed by PCR or antigen testing;
who have ongoing symptoms and diminished quality of
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life, as defined by an SF36-PCS score below 45 points; and
who provide written informed consent. Furthermore, the
participants must have a mobile phone or tablet with an
internet connection to be able to use the wearable devices
and receive the telemedicine intervention. The exclusion
criteria includes pregnancy and breast feeding, ongoing
psychiatry therapy, or other severe illnesses that would
hinder either heart rate monitoring or the telemedicine inter-
vention, e.g., severe congestive heart failure, decompen-
sated cirrhosis, renal replacement therapy, or dementia.
Furthermore, because the intervention and questionnaires
will be delivered in German via a telemedicine approach,
lack of German language comprehension and blindness
are additional exclusion criteria.

Methods: assignment of interventions

Multimodal telemedicine intervention

All participants will receive a multimodal telemedicine
intervention consisting of three modules focusing on rele-
vant post-COVID-19 problems (BRAIN for cognitive dys-
function, BODY for fatigue and PEM, and SOUL for
psychological problems).

BRAIN intervention module. The aim of the BRAIN module
is to improve cognitive functioning, particularly attention,
concentration, and memory functions, by using gamified,
adaptive computerized training provided by the
CE-certified medical product NeuroNation MED® app.
Participants can entrain their cognitive performance levels
at home with 30 motivating, gamified tasks. The difficulty
level of the tasks, varies, e.g., by movement speed,
number, and complexity of the relevant task items, and con-
tinually adapts to the individual capability level of the par-
ticipant. Thus, the tasks become more challenging with
increasing training success and immediately become
easier if the daily performance is poor. This mobile app

has already been successfully used and shown to improve
cognitive performance in older healthy participants22 and
in patients with cognitive deficits due to Parkinson’s
disease and Huntington’s disease.23,24 Adherence and pro-
gress will be recorded digitally.

Participants will receive 12-week access to the app for
study purposes. The training will occur three times per
week, and each training will consist of six 5-min tasks.
Each individual training session will last 30 min, thus
resulting in a total of 18 h of training during the interven-
tion. All instructions will be available on the project home-
page and also described in detail in the user manual.

BODY intervention module. The first aim of the BODY
module is to develop self-competence in the application
of effective pacing strategies for post-COVID, particularly
regarding decreasing fatigue and preventing PEM occur-
rence. The second aim of the BODY module is to prevent
worsening of symptoms, particularly fatigue and PEM
onset, while participants remain as active as possible, and
increase their physical and activity levels as appropriate.
On the basis of pacing, in the BODY module, we have
developed a concept to improve physical fitness in
post-COVID-19 by using a four-phase model relying on
evidence-based recommendations for pacing, PEM, heart
rate, and subjective perceived exertion.25,26 Pacing in the
BODY module comprises four components that provide
the basis of the four-phase concept. Component 1 is asso-
ciated with the energy envelope theory27 and uses a
simple energy envelope assessment based on the energy
ratio between participants’ perceived expended energy
and their perceived available energy resources.28

Component 2 involves identifying factors that trigger
PEM, to prevent worsening/relapse of symptoms and
PEM.29 The third component includes daily reminders of
how to use pacing with the Pulsatio® app, through the
engagement in pacing questionnaire.29,30 The fourth com-
ponent includes recovery monitoring and exercise

Figure 1. Visualization of the project design.
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monitoring of the heart rate (resting heart rate, peak heart
rate, steps, and sleep quantity) and rating of perceived exer-
tion (RPE, on a scale of 6–20).

The four phases are categorized by percentage maximal
heart rate, associated RPE value and corresponding activ-
ities of daily living based on metabolic equivalents. The fol-
lowing thresholds are defined for changing to another
phase: i) phase duration of at least 3 weeks, ii) adherence
to pacing and appropriateness of the energy framework,
iii) absence of triggering of PEM or “crashes”, and iv)
ability to perform everyday activities accordingly (see
MET information in Table 1).

Each phase contains three components to be performed
in the following order:

1. Breath-control exercises (3 min): The breath-control
training component is the starting point of every
15-min BODY unit and includes at least one of the fol-
lowing aspects for a maximum of 3 min: 1-min slow
wave breathing,32,33 respiratory muscle activation and
relaxation, diaphragm self-mobilization, and stretching
postures.25

2. Heart rate-controlled physical activity management:
This module consists of a 6-min interval-type activity
component consisting of repeated 30-s periods of exer-
cise and 30-s breaks (6× [30-s exercise, 30-s break]).
Intensity is controlled with the Borg scale and heart
rate. For example, in phase 1, the load is controlled so
that a maximum of 50% of the maximum heart rate is
reached (general formula: women: 206–0.88× age,
men: 208–0.7× age). On the Borg scale, this load corre-
sponds to a subjective perception of exertion of 6–7/20
(Table 1).

3. The final component of every BODY workout is a short
yoga or meditation session. Beyond learning these tech-
niques for self-use, active relaxation is an additional
focus. The video-based units are available on the
project homepage.

If exercise intolerance occurs during the program, patients
are advised to return to the previous phase for the next train-
ing session. Reaching phase four is not the aim of the

intervention. Patients train in the BODY module three
times per week for 15 min per session, thus resulting in a
total of 9 h of training over the 12 weeks.

To ensure that older patients or patients with an average
or lower level of physical literacy and/or medical knowl-
edge can understand the consecutive structured program
and implement it in everyday life, BODY uses the follow-
ing components: Manual with weekly plan and explana-
tions, homepage for digital content (e.g., guided breathing
exercises, yoga), 2×weekly webinars (Monday 08:30,
Thursday 16:30) with a recurring list of topics as well as
a telephone medical consultation (if required).

SOUL intervention module. SOUL is a short psychotherapy
protocol using techniques of behavioral therapy and princi-
ples of crisis intervention. This module is aimed at improv-
ing coping with sudden changes in living situation and
post-COVID-19, to activate resources that strengthen
everyday functioning and decrease psychopathological
symptoms, particularly depression and anxiety. The
SOUL module is designed to respond flexibly to the indi-
vidually different, frequently complex constellations of
symptom and resources. To accomplish this goal, the
underlying concept is based on the BELLA crisis interven-
tion model described by Sonneck,34 which has been vali-
dated for the treatment of patients with (newly occurring)
psychological symptoms after substantial changes in life
circumstances. Demonstrated cognitive-behavioral therapy
techniques are used, which are intended to convey knowl-
edge regarding the development and handling of psycho-
logical distress, and the newly experienced changes in
health and their effects on everyday life, regardless of the
main psychological symptoms (depression, anxiety, post-
traumatic stress symptoms, etc.). Experienced psycho-
logical psychotherapists perform the intervention via
one-on-one video consultation. The sessions are scheduled
to last 30 min, taking individual pacing into account. The
eight sessions over the 12 weeks may be postponed depend-
ing on the participants’ resilience and ability to focus.

The first session covers the post-COVID-19-related psy-
chotherapeutic anamnesis and creation of the therapeutic rela-
tionship between patients and their psychologists (Figure 2).

Table 1. Phases, intensity, %HRmax (percentage maximal heart rate), and perceived exertion (RPE), adapted from Garber et al. 2011.31

Phase Intensity (Borg scale) %HRmax Perceived exertion (on 6–20 RPE scale) Metabolic equivalents (MET)

1 Not strenuous at all to very light until 50 6–8/20 <2.5

2 Very light to light 50–60 9–10/20 2.5–3.0

3 Fairly light to somewhat hard 60–75 11–13/20 3.0–5.0

4 Very hard 75–90 14–16/20 5.0–8.0

Reuken et al. 5



Session two focusses on factors contributing to the ongoing
struggle with psychological post-COVID-19 symptoms,
according to the bio-psycho-social disease model.35 In this
session, patients are asked to record their physical, mental,
and emotional distress each day, and to document their symp-
toms and level of exhaustion at the end of each day. The proto-
col is interpreted in session 7, thus providing patients with
ideas regarding what causes them the most fatigue; what
might recharge their energy levels; and what amount of
energy they usually have available before the onset of
fatigue, pain, or brain fog. The following session includes psy-
choeducational elements regarding crisis factors and factors of
individual resilience, and builds up to the activation of already
established individual resources (session 4) and to new
resources, including progressive muscle relaxation, according
to Jacobson (session 5) and the Kabat-Zinn mindfulness
concept36 (session 6). The seventh session involves reflection
on the implementation of resources and success or problems
with pacing. The final session is meant to foster acceptance
of the condition and recovery.

Patients are encouraged to freely use the acquired tech-
niques and implement them in their daily lives after comple-
tion of the SOUL module. If patients present ongoing
psychological or psychiatric distress beyond their
post-COVID-19 symptoms that are otherwise not addressed
by the intervention, they are provided with contact informa-
tion for psychotherapists near their homes to pursue ambu-
latory psychotherapy.

If the therapist identifies critical symptoms, such as sui-
cidality, ongoing substance use or acute psychotic symp-
toms, the case is discussed with the supervising

psychiatrist of the SOUL intervention. The patient might
then receive a psychiatric consultation or be advised to
seek urgent psychiatric care at the closest specialist hos-
pital. In that event, they will not be able to participate
further in WATCH.

Manual, homepage and webinars

All participants receive a detailed manual with information
on post-COVID-19 condition and associated symptoms,
technical instructions for the telemedicine intervention,
and instructions for the intervention tasks at the beginning
of the telemedicine intervention. This manual serves as an
advisor and project guide. It guides you step by step
through the project and enables you to actively participate.
Like a workbook at school, the handbook contains all the
necessary information and at the same time sets tasks to
be completed. The handbook consists of three parts: In
the first part, it contains evidence-based “Information on
post-COVID” presented in simple language. The second
part summarizes the digital requirements for WATCH so
that the digital offers of WATCH (NeuroNation MED
app®, Pulsatio® app, fitness tracker, video consultation,
webinars) can be used. The third part presents the
12-week plan and the three modules BODY, BRAIN and
SOUL in more detail. For the BODY part, the 12-week
plan (Figure 3) is prepared on 12 pages so that participants
can follow a regular schedule week after week. The follow-
ing entries are made in the weekly plan: Resting heart rate in
the morning after sleeping in a sitting position, exercise
times for BODY, BRAIN and SOUL. To make the

Figure 2. Overview of topics of the video consultations used in the SOUL module.
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Figure 3. Overview of the weekly schedule (excerpt from the manual).
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scheduling feasible for patients, the manual contains 12
blank schedule pages for individual scheduling of the inter-
vention for every participant. All intervention modules can
be combined by the participants as self-training in a weekly
schedule, which patients can to fit their personal exertion
limits and other activities. Participants are instructed in cre-
ating such individual schedules (Table 2).

Participants are given access to the project homepage at the
beginning of the intervention, where the manual is available in
digital format; additionally, video content regarding
post-COVID-19 knowledge and video instructions for the
intervention tasks are available. The homepage is structured
analogously to the manual and contains digitally prepared
content from the manual and the digital guided sequences for
BODY e.g., videos on breath-control exercises (e.g., https://
www.youtube.com/watch?v=Hf1djad0jbE&t= 2s), medita-
tion and yoga (e.g., https://www.youtube.com/watch?v=
CyQnVY3phc8&t=3s). In addition, the homepage contains
the recurring schedule for the webinars (dial-in data, table of
contents and e-mail support) and recorded webinars on the
topics. On Monday, all new participants receive the basic
explanations of the program. These webinars are repeated
every 3 weeks. Monday-Webinar 1: The WATCH project
and the Body Intervention, Monday-Webinar 2: PACING,
Monday-Webinar 3: Introduction to the tracker data. On
Thursday, the webinars will be held on specific topics.
Table 3 provides an overview of the content of the WATCH
webinar for Thursday. In webinars patients receive further
information on how to use pacing strategies correctly and
how to recognize early warning signs of worsening symptoms.
Objective data such as resting heart rate are also used. In these
webinars, anonymous, group-aggregated data from the
Pulsatio® app are used to explain the theoretical background
of pacing, PEM, and heart rate monitoring. Participants are
given opportunities to ask the project personnel questions
anonymously.

To ensure knowledge communication for all partici-
pants, the webinars are recorded and made available as an
on-demand-service on the project homepage.

Methods: data collection, management, and
analysis

Outcome measures

As the primary outcome, we chose the difference in quality
of life, as defined by the SF36-PCS subscore between week
1 and week 12. A difference of 2.5 points is considered as
clinically relevant (see above). The SF36 is delivered to the
patients at each of the three visits in the post-COVID-19
outpatient clinic in paper questionnaire format and twice
between visits via the Pulsatio® app.

Further variables collected during the project include heart
rate, sleep quality, and steps walked, all of which are collected
continuously for 24 weeks with the Pulsatio® app and the
wearable devices provided. Additionally, questionnaires for
fatigue (Fatigue Assessment Scale37), depression (Patient
Health Questionnaire38), sleep quality,39 working ability,40

cognitive failures,41 and PEM are delivered via the Pulsatio®

App. The detailed timeline is provided in Table 4.
Changes in the parameters of physical and cognitive assess-

ment (sit to stand test, handgrip, MoCA, OCS-plus, subjective
andobjective exertion) between the three visits in thePoCobus
will be evaluated as secondary outcomes. Acceptance and user
experience of the WATCH concept will be assessed through
structured interviews performed in a subgroup of participants
during the course of the project as well as interviews and a
survey with general practitioners recruiting participants for
the project and with project personnel.

Wearables and Pulsatio® App

A core aspect of evaluating the aims of WATCH is therapy
guidance through continuous heart rate monitoring.
Therefore, every participant in WATCH receives a wear-
able (Garmin VivoSmart4®) for continuous monitoring of
heart rate, daily steps walked, and sleep quality. If a partici-
pant already uses a smartwatch or similar device compatible
with the Pulsatio® app, that device can instead be used

Table 2. Parameters of general intervention prescription for the modules in WATCH.

Module

Duration Frequency Density Total duration Webinar

Single session per week Distribution/day 12 weeks

[min] [Sessions|min] (Maximum two modules/day) Number|hours Number|hours

BRAIN 30 3|90 1 36|18 1|30 min

BODY 15 3|45 1 36|9

SOUL 30 1|30 1/wo 8|4

Total 75 7|165 2 80|31
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within the project. The data measured by the device are
recorded with the Pulsatio® app, which is the study-version
of the former Corona-Datenspende-App. All participants
are instructed in using the device and the Pulsatio® app at
the beginning of the project, and receive a unique QR
code to identify themselves in the app and ensure linkage
with the project database.

Beyond data collection, the Pulsatio® app is used for deli-
vering questionnaires to assess the feasibility and effectiveness
of WATCH throughout the project duration. Participants can
directly answer the questionnaires in the app. A detailed list
of questionnaires and time points is provided in Table 4.
Furthermore, participants can monitor their own heart rate,
sleep quality, and walked steps in the Pulsatio® app, and use
the informationwhen performing themultimodal intervention.

Thedetailed dataflow is illustrated inFigure 4. Thevital par-
ameter data are transferred to aGermany-based server to ensure
adherence to data protection agreements and are analyzed in
twoways. First, theQRcode allows individual, pseudonymized
data to be combinedwith information collected in the PoCo bus
and demographic data. Second, data will be anonymized and
aggregated for use in webinars for instructing patients.

Statistical analysis

As described above, the primary outcome measure is the
absolute change in SF36-PCS score between week 1 and
week 12. Given the multimodal nature of the WATCH

intervention and the typical symptoms of cognitive dys-
function (BRAIN), physical stress insufficiency (BODY),
and depressive moods (SOUL) reported by patients with
post-COVID-19 condition, we have intensively examined
whether additional endpoints in (neuro-)psychological
health might be upgraded to primary endpoints.15,42,43 We
decided on testing hierarchically ordered hypotheses as a
framework for the confirmatory test with strict control of
the familywise error.44

Thus, the SF36-PCS is initially considered the primary end-
point. If a significant difference (α= 0.05) is observed between
groups, the confirmatory analysis will be repeated for the
Mental Component Score of the SF-36 (SF36-MCS).
According to the principle of hierarchical testing, no adjust-
ment of the α-level is required. On the basis of the recom-
mended procedure for handling potentially confounding
variables, the two groupswill be compared through descriptive
statistics considering the variables age, sex, pre-existing condi-
tions, GAF scale (acute illness and post-COVID-19 severity),
and COVID-19 vaccination status. The primary endpoints will
be analyzed using a linear mixed regression model, with treat-
ment arm and the SF36-PCS/ SF36-MCS from week one as
fixed effects, and the district stratum as a random effect, adjust-
ing for further covariates in case of a misbalance between
groups (see below).

Only patients with no missing values for the required
variables will be considered. The analysis will be performed
according to the intention-to-treat concept. Dropouts and

Table 3. Overview of the content of the WATCH-webinar (every Thursday at 16:30).

Week Theme Date (Thursday)

1 The components of PACING July 04

2 Respiratory regulation with and without position change July 11

3 PACING/PEM component 1 and diaphragm self-mobilization July 25

4 Body activity - standing up / sitting down (sit-to-stand) August 01

5 What do the tracker data mean? August 08

6 PACING component 2 and cyclical breathing August 15

7 Energy, metabolism, PEM and preparation for Body August 22

8 PACING/PEM component 3 and 4-7-8 breathing August 29

9 Nutrition September 05

10 PACING/PEM component 4 and pranayama breathing September 12

11 What happens after WATCH? September 19

12 What do I take away from WATCH? September 26

Reuken et al. 9



Table 4. Overview of questionnaires used in the WATCH module and the timepoints of assessment.

Variables and parameters Measurement time Instrument
Items
(number)

Primary endpoint

Physical health T0p, W4a, W8a, T1p,
T2p

SF-36 Physcial component Subscore (PCS) 36

Secondary endpoints / Ecological momentary assessment (EMA) - diagnostic equipment in the bus

Mental health T0p, W4a, W8a, T1p,
T2p

SF-36 Mental component Subscore (MCS) 36

Tablet-based concentration, attention and
memory test

T0, T1, T2 Oxford screening Plus (OCS-plus)

Test to assess mild cognitive dysfunction T0, T1, T2 Montreal Cognitive Assessment (MoCA)

Cardiorespiratory physical performance T0, T1, T2 1-Minute Sit-to-Stand-Test inklusive
Herzfrequenz, Sauerstoffsättigung

Muscular physical performance T0, T1, T2 Measurement of hand grip strength

Ventilation disorders T0, T1, T2 Lung monitoring with electrical impedance
tomography

Ecological momentary assessment (EMA)

Screening Depression T0p, W6a, T1p, W18a,
T2p

Patient Health Questionnaire (PHQ-9) 9

Current coping efforts to cope with the illness
(emotional, cognitive)

T0p, W6a, T1p, T2p Essener Fragebogen zur
Krankheitsverarbeitung (EFK)

45

Status and severity of mental disorders T0p, W6a, W12p,
W24p

ICD-10-Symptom-Rating-Scale (ISR) 29

Physical and mental fatigue T0p, W2a, W4a, W6a,
…T1a,…T2a

Fatigue assessment scale (FAS) 10

Daily cognitive problems T0p, W3a, W6a, W9a,
…T1a,…T2a

Cognitive failure questionaire (CFQ) 25

Sleep quality T0p, W2a, W4a, W6a,
…T1a,…T2a

Pittsburgh Sleep Quality Index (PSQI) 19

Immunological recovery and stress T0p, W2a, W4a, W6a,
…T1a,…T2a

Immunological inventory acute recovery,
stress (II-EBZ)

18

Post exertional malaise T0a-T2a
(wöchentlich)

Post exertional mailaise (PEM) 10

Current and future subjective work ability T0p, T1p, T2p Work Ability Index (WAI) 10

Interview: Usage behavior, adherence,
acceptance

W3i, W9i, W18i Survey by the DScK (interviews): 10–12 per
BRAIN, BODY, SOUL

30–45 min

(continued)
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the corresponding reasons for early withdrawal from the
study, if voluntary information is provided, will be
reported. Accordingly, participants who do not fully imple-
ment the intervention will also be analyzed, provided that
the data necessary for the analysis are available.

In addition to the main analysis, we will perform a per-
protocol analysis, taking into account the number of
attended intervention appointments.

The protocol does not include interim analysis; there-
fore, we do not have any preliminary data until the end of
the study.

Additional analyses. The secondary endpoints will also be
analyzed with a linear mixed regression model. All add-
itional analyses will be exploratory; effect estimates will

Table 4. Continued.

Variables and parameters Measurement time Instrument
Items
(number)

Wearable-Data

Physical exertion: number of steps, metabolic
equivalent, distance traveled per day

Continuously Pulsatio-App

Physical demands: resting heart rate night and
day, sleep regularity and duration, peak heart
rate day

Continuously Pulsatio-App

Variables, outcomes, measurement times, Instruments and Items in WATCH. Measurement time: T0: bus visit 1a; T1: bus visit 2; T2: bus visit 3; week (W); p:
paper; a: Pulsatio app; i: Interview telephone or video

Figure 4. Detailed data flow within WATCH and the Pulsatio® app.
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be reported with confidence intervals, but no significance
testing will be performed.

The regression analyses will be repeated by considering
variables that are imbalanced between groups. A difference
of more than two percentage points in the categorical vari-
ables, a difference in the median age of more than 2 years,
and a difference in the mean GAF scale of more than two
points will be considered to indicate imbalance.

Furthermore, subgroup analyses will be conducted with
stratification by sex as well as certain comorbidities. To
evaluate the sustainability of the intervention, the primary
and secondary endpoints will be analyzed again 12 weeks
post-intervention in the early intervention group (compared
to the initial values).

Ethics

The protocol has been approved by the local ethics commit-
tee of Jena University Hospital (No 2022-2634-BO), and all
patients will provide written informed consent before par-
ticipating in the project.

Funding

The WATCH consortium is funded by the Innovationsfonds
des Gemeinsamen Bundesausschusses in Germany
(01NVF22114). The funder did not have any influence on
the project design, andwill have no influence on data interpret-
ation and publication.

Discussion
The WATCH study is aimed at enhancing post-COVID-19
care by using a mobile ambulance and a multimodal tele-
medicine intervention. This innovative study involves the
first integration of three distinct data streams: three-point
measurements of patient data from a mobile
post-COVID-19 clinic, weekly disease parameters via ques-
tionnaires, and, most importantly, daily data from wearable
devices. An additional aim is improving disease manage-
ment through patient education provided via manuals and
webinars.

This study uses a multimodal intervention designed to
address the most important and relevant symptoms in
patients with post-COVID-19 condition, as reported by
affected individuals. Data from our outpatient clinic have
revealed that cognitive dysfunction, impaired physical
fitness including fatigue, and depressive disorders are the
most relevant problems in these patients.4,8,42 A recent
Delphi statement has emphasized the importance of inter-
disciplinary and individual concepts in therapy for
post-COVID-19 condition.43 WATCH provides excellent
opportunities for patients to individualize their therapeutic
schedules. Patients can combine different modules through-
out the week according to their daily routines and current

feelings/exercise capacity, thus creating their own sche-
dules. The basic rules for this schedule are simple and are
explained to the patients at the beginning of the interven-
tion. As part of the intervention, the NeuroNation Med®

app used for the BRAIN module automatically adjusts to
the individual skills of the patients. In the BODY module,
patients can tailor their daily tasks according to their symp-
toms of PEM and exercise capacity. By using these
mechanisms, we aim to prevent triggering of
exercise-induced PEM episodes. SOUL improves disease
management and the psychological burden of disease.

Current concepts for PEM have described heart rate as a
potentially easily measured parameter for avoiding PEM.44

However, these recommendations have been based on trad-
itional concepts in which the heart rate is measured at single
points. The use of wearable devices for continuous meas-
urement provides an opportunity to gather information on
heart rate even in special situations, such as during exercise,
and therefore has the potential to enhance knowledge
regarding the value of heart rate as a diagnostic tool, and
consequently enable better activity management concepts
in the future. Despite these theoretical benefits and the
current broad availability of these devices in the population,
data regarding device usability in therapeutic concepts
remain lacking.44

We have chosen quality of life as the primary endpoint in
WATCH, as assessed via the SF36, an established scoring
system. In previous studies, we have observed significant
differences in people reporting any symptoms after
SARS-CoV-2 infection and those with relevant symptoms
affecting their daily lives5; the latter group requires
medical help. These two groups are effectively distin-
guished by the SF36-PCS; therefore because we aimed to
include the second group, we have chosen the SF-36 as
an inclusion criterion. Additionally, the cutoff of 45
points was selected on the basis of this post-COVID-19
cohort and data from our outpatient clinic.5,10 Another
aspect of WATCH is educating patients in handling PEM
in their daily lives; this education is delivered through
regular webinars, and disease processing is enhanced
through a video-based psychological intervention.

In planning this study, we considered various
approaches to measure clinical symptoms. The use of mul-
tiple measurement approaches in clinical trials is a well-
established concept aimed at providing a comprehensive
understanding of intervention or treatment effectiveness.
The use of multiple methods to assess key outcomes is
intended to elucidate treatment outcomes, thus facilitating
the development of more effective interventions.45

Conducting self-assessments or measurements at different
time points and using diverse instruments to evaluate the
same construct can mitigate biases associated with self-
report measures and offer a more comprehensive depiction
of disease changes during an intervention. The evaluation
of multiple measurement approaches can provide additional
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insights into responders and diverse analysis options for
interventions, including response timing.46 Notably, eco-
logical momentary assessments offer the potential to
gather more detailed information about intervention
effects than can be achieved through relying on pre- and
post-results, or even weekly symptom point measurements.
In order to tailor the intervention to the needs of the
patients, they were already involved in the planning of
the study.

Conclusion
In summary, WATCH integrates a mobile post-COVID-19
outpatient clinic with multimodal holistic telemedicine
interventions to provide high-quality therapy, particularly
for patients with post-COVID-19 condition in rural
regions. Highly innovative elements include the incorpor-
ation of continuous daily monitoring of physical perform-
ance through wearable devices, considering PEM together
with self-education components.
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