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Abstract

Background: The postacute COVID-19 syndrome (PACS) can be addressed with multidisciplinary approaches, including
professional support and digital interventions.

Objective: This research aimed to test whether patients who received a health care facilitation program including medical
internet support from human personal pilots and digital interventions (intervention group [IG] and active control group [ACG])
would experience fewer symptoms and have higher work ability and social participation than an untreated comparison group
(CompG). The second objective was to compare the impact of a diagnostic assessment and digital interventions tailored to patients’
personal capacity (IG) with that of only personal support and digital interventions targeting the main symptoms (ACG).

Methods: In total, 1020 patients with PACS were recruited. Using a randomized controlled trial design between the IG and the
ACG, as well as propensity score matching to include the CompG, analyses were run with logistic regression and hierarchical-linear
models.

Results: Symptoms decreased significantly in all groups over time (βT1-T2=0.13, t549=5.67, P<.001; βT2-T4=0.06, t549=2.83,
P=.01), with a main effect of the group (β=–.15, t549=–2.65, P=.01) and a more pronounced effect in the IG and ACG compared
to the CompG (between groups: βT1-T2=0.14, t549=4.31, P<.001; βT2-T4=0.14, t549=4.57, P<.001). Work ability and social
participation were lower in the CompG, but there was no significant interaction effect. There were no group differences between
the IG and the ACG.

Conclusions: Empowerment through personal pilots and digital interventions reduces symptoms but does not increase work
ability and social participation. More longitudinal research is needed to evaluate the effects of a diagnostic assessment. Social
support and digital interventions should be incorporated to facilitate health care interventions for PACS.

Trial Registration: ClinicalTrials.gov NCT05238415; https://classic.clinicaltrials.gov/ct2/show/NCT05238415.

International Registered Report Identifier (IRRID): RR2-10.1186/s12879-022-07584-z
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Introduction

Background
According to the World Health Organization (WHO),
worldwide, approximately 769 million people have contracted
SARS-CoV-2, as detected by a positive polymerase chain
reaction (PCR) test as of August 2023 [1]. Although a vast
majority of these patients (99.9%) survived their infection,
7.5%-41.0% of nonhospitalized patients suffer from long-term
health impairments. Risk factors include a higher age, the female
sex, and previous health conditions [2,3]. The symptoms can
be classified as long COVID if they persist for more than 4
weeks after an acute infection or post–COVID-19 if they persist
for more than 12 weeks [4]. Both terms can be summarized
under the name “postacute COVID-19 syndrome” (PACS).
Although guidelines to treat PACS exist [5], there is no generally
accepted diagnostic method (eg, [6]).

One reason that there is no accepted diagnostic method is that
various diverse psychological and physiological symptoms may
fall under the potential diagnosis of PACS (see Ref. [7] for an
overview of the symptoms). The most common symptoms
include fatigue, muscle or joint pain, cough and shortness of
breath, altered smell and taste, and (neuro)psychological
symptoms, such as concentration problems, impaired quality
of sleep, and anxiety [8]. It has also been difficult to design a
generic diagnostic instrument for PACS because its
pathophysiological mechanisms are rather unknown. There is
evidence that PACS is driven by several organ-specific
pathophysiological mechanisms, such as tissue damage and
inflammatory reactions caused by autoimmune reactions or viral
persistence [9,10]. This medical complexity, the diversity of
symptoms, and the limitation of the functional capacities of
individuals make it difficult to determine which symptoms were
caused by PACS, consequently leading to either insufficient
diagnostic testing or overuse of diagnostic assessment [11].

To offer clear guidelines and thus address the challenge of
diagnosing PACS, several authors have proposed diagnostic
criteria. These include criteria regarding symptoms and clinical
features for symptomatic and asymptomatic acute SARS-CoV-2
infections that could not be attributed to another cause, as well
as duration criteria for persisting symptoms [3,12]. However,
research using standardized methods to diagnose
post–COVID-19/long COVID is sparse and has not been
implemented widely into care. Thus, health care professionals,
such as primary care workers, face several uncertainties. PACS,
as a relatively new syndrome, is missing evidence-based
research and is surrounded by a high amount of misinformation
[13-15]. These uncertainties are likely to detain health care
professionals from effectively guiding the diagnostic and
treatment process [16]. Consequently, PACS is not diagnosed
and treated effectively, leading to a risk of chronification and
worsening of patient conditions, ultimately negatively affecting
individuals’ functional status [17].

In line with the difficulties regarding diagnostics, PACS
treatment is also fragmented depending on symptom expression.
Currently, individuals are treated mostly in primary care for
specific symptoms. Instead, a more holistic approach, such as

the inclusion of multiprofessional teams of health care
specialists, is needed to target PACS. However, it is difficult
for patients to navigate through the health care system and find
appropriate treatment options [14,18]. Struggling with
symptoms, especially in the case of neuropsychological
impairments (eg, brain fog, concentration problems, and fatigue),
can lead to feelings of isolation, difficulties in engaging in
activities of daily living, and loss of work ability [19]. Thus,
PACS is related to disruptions of social participation, long
absence from work, and impaired work ability [2], and more
in-person or online support is required. A personal counselor
could provide such support, but this has not been tested in a
structured way.

In an international cohort, Davis et al [7] found that 7 months
after their acute infection, only 27.3% of all individuals who
were recruited from long COVID support groups resumed
working their normal hours and that 22.3% of patients did not
return to work. Although this sample was highly selective due
to its recruitment, the study illustrates the impact of PACS on
individuals’work ability. It becomes evident that PACS burdens
not only the individual and the health care system (ie, through
a prolonged treatment process) but also the economy and overall
society [20], increasing the need for effective care and treatment
options.

To address these long-term negative effects of PACS,
researchers have recommended multidisciplinary approaches,
such as (tele)rehabilitation, digital, medical internet, and eHealth
interventions targeting social support [21-23]. However,
Schrimpf et al [16] found that general practitioners (GPs) rated
current treatment options as “poor,” which shows that promising
approaches have rarely been applied in general practice.
Similarly, only few PACS treatment programs have been
validated, especially those using digital elements [24]. This is
a huge shortcoming as medical treatments and self-management
programs play an important role in the management of PACS
[13,25]. Research has shown that digital interventions with
partly asynchronous and partly face-to-face elements can
improve patients’ health status [21,26-28].

Telerehabilitation programs could improve physical capacity
and the quality of life by reducing dyspnea and fatigue
symptoms [29]. Furthermore, in their “Hope Program for Long
COVID,” Wright et al [30] introduced a cocreative
self-management intervention focusing on digital peer support
and goal setting that was acceptable and effective in increasing
self-efficacy and mental well-being, which are important factors
in recovery. Despite good evidence that digital approaches
targeting self-management of PACS can be effective, the
programs that address PACS symptoms have rarely been
evaluated. This includes their their long-term effectiveness in
symptom reduction and work ability, especially in controlled
research designs with a digital intervention platform augmented
by human personal support and tailoring based on diagnostic
assessments. Therefore, the primary objective of this study was
to address this gap in the literature.

Study Hypotheses
To overcome gaps in the literature, this study was conducted
within the “ASAP—Assisted Immediate Augmented
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Post-/Long-COVID Plan” project [31]. We aimed to develop
and evaluate an interdisciplinary health care facilitation program
based on professional personal pilot support and digital
interventions, both delivered as medical internet aid. The project
in which the data for the study were collected included (1) online
screening to diagnose PACS, (2) a human personal pilot concept
that guided patients to recover, (3) a diagnostic assessment, and
(4) digital interventions based on assessment results or the most
prevalent symptoms (digital medical rehabilitation platform
with physical exercises, mindfulness training, and sensory and
functional training).

Overall, the project aimed to increase the self-management of
patients with PACS to ensure their empowerment regarding
their health care facilitation. We assumed that the interventions
would be more effective than spontaneous remission
(comparison group [CompG]). To account for the effect of a
thorough diagnostic assessment, 1 group received all
interventions (intervention group [IG]) and 1 group did not
receive a diagnostic assessment but received all personal support
and digital interventions (active control group [ACG]). We
assumed that the diagnostic assessment would help inform
subsequent personal support and digital interventions, thus
increasing the effectiveness of the program. Hence, we
hypothesized that:

• Hypothesis 1: Patients who receive support from personal
pilots and digital interventions (IG and ACG) experience
fewer symptoms after the program and have higher work
ability and social participation than the untreated CompG.

• Hypothesis 2: For patients who receive a thorough
diagnostic assessment and accordingly tailored digital
interventions based on their personal capacity (IG),
improvements regarding symptom reduction, social
participation, and work ability will be larger than for
patients who only receive the personal pilot and digital
interventions targeting their main symptoms (ACG).

• Hypothesis 3: As previous research has shown that
symptoms can negatively affect patients regarding their
work ability, we hypothesized that symptom reduction over
the course of the pandemic will be associated with higher
work ability and higher social participation after the
program.

Methods

Study Design
This partially randomized controlled trial, which followed the
Consolidated Standards of Reporting Trials (CONSORT)
guidelines (Multimedia Appendix 1), is part of the German
project ASAP funded by the Bavarian State Office for Health
and Food Safety [32]. The study was registered at ClinicalTrials
(ClinicalTrials ID: NCT05238415), and details have been
published in the study protocol [31].

Ethical Considerations
Ethical approval was obtained from the Constructor (formerly
Jacobs) University Bremen Ethics Committee (application no:
2021_08). We ensured that all participants read the study
information and provided informed consent before data

collection. All data were collected and matched using
pseudonymous participant codes.

Recruitment
In this partially randomized controlled trial, 3 groups of patients
were recruited, including an IG, an ACG, and a care-as-usual
CompG (which did not receive any specific treatment). All
individuals who were interested in taking part in the study
participated in an initial online screening (time point T1) to
identify whether they had PACS based on the following criteria
(see Refs. [31,33]) and to make sure that potential participants
matched the inclusion and exclusion criteria:

• The participants had ≥3 (of 14) PACS symptoms with
severity ≥2 on a scale from 0 (no problem) to 3 (extreme
problem).

• Symptoms could not be attributed to other causes by the
participants.

• Symptoms were new or exacerbated after a SARS-CoV-2
infection.

• The SARS-CoV-2 infection had been diagnosed more than
4 weeks ago.

• The participants had not fully or substantially recovered
from their PACS symptoms.

• The participants suffered from impairments in their daily
life.

Additional inclusion criteria were that participants were between
18 and 60 years old, had not received previous treatment (eg,
medical rehabilitation), and did not work in the health care
sector, as that would have made them eligible for specialized
treatment in Germany. Lastly, participants had no or only a low
“care degree.” In Germany, a care degree indicates to what
extent a person is in need of care: A care degree of 1 describes
“slight impairment of independence” of those in need of care
and guarantees them corresponding benefits from long-term
care insurance. With a care degree of 5, long-term care insurance
funds certify that the insured persons have the “most severe
impairment of independence, with special requirements for
nursing care” and thus approve the most extensive benefits from
the long-term care fund.

The IG and ACG were recruited via a separate online link
exclusively in Bavaria through press releases, social media
campaigns, and GPs who received flyers via mail and were
asked to forward the information to their patients if they thought
they might have PACS. After reading the study information and
providing consent to participate in the study, participants started
with the initial screening. If the screening was positive, they
were then admitted to the study program after randomization
in a 1:2 ratio by the rolling of a die. Patients with a 1 or 2 on
the die were allocated to the IG, while patients for whom the
die showed 3-6 were randomized to the ACG. In some cases,
randomization was not possible (eg, if patients could not attend
in-person interventions due to organizational reasons or were
recruited after the assessment dates were booked). Thus, there
was an exception for 30 (13.3%) patients who were reallocated
to the ACG.
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Study Process
Patients were not blinded regarding the study groups in order
to ensure full informed consent. After the screening and
randomization, both the IG and the ACG were contacted by
trained persons working in the project, who were called
“personal pilots.” The pilots evaluated the inclusion criteria in
a first contact over the phone. This first contact was standardized
to assess PACS symptoms, the timeline of the infection and
development of PACS symptoms, potential previous treatment
and management of the condition, and age, residency, and
current employment. If any concerns arose regarding the
eligibility of the patient, the personal pilots clarified with the
research team and the patient. The pilots also provided more
information about the study process during the first contact and
organized the participation in the project. After the initial
contact, weekly telephone meetings were arranged, and the
patients received an introduction to the digital intervention
platform over 2 weeks. They were asked to follow an unspecific
treatment plan including information about hand hygiene and
general health behaviors, such as a healthy diet. After that,
patients were asked to answer the second questionnaire
regarding their current symptoms, social participation, and work
ability (T2).

In addition to synchronous telephone contacts with the personal
pilots and the T2 questionnaire, the IG was administered a 3-day
diagnostic assessment in the cooperating specialized
neurological stationary rehabilitation clinic. After the
assessment, patients in the IG answered another short

questionnaire (T3) on their symptoms and received
asynchronous digital interventions over 6 weeks that were
tailored to their cognitive and physical capacities determined
in the assessment.

The ACG received no assessment in the clinic but received
synchronous telephone contacts and asynchronous digital
interventions based on their main symptoms (ie, fatigue,
cognitive impairment, or cardiorespiratory symptoms). During
the 6 weeks, the personal pilots had biweekly meetings with
the patients to evaluate the patients’ progress and help with
technical issues. They were also available on demand. After the
digital interventions, the patients answered another questionnaire
(T4) regarding symptoms, social participation, and work ability.
The IG and ACG answered a last follow-up questionnaire (T5)
6 weeks after finishing the digital interventions.

Individuals in the CompG who answered not only the baseline
questionnaires but also the repeated measures were included in
the study. They were recruited online not only in Bavaria but
in the entire country of Germany through social media
campaigns and press releases. After providing informed consent,
individuals took part in the screening (T1) and were invited to
provide their email addresses for the follow-up questionnaires
after 4 (T2) and 10-12 weeks (comparable to T4 in the IG/ACG).
The email addresses were not matched to any other data to
ensure anonymity.

Figure 1 includes a flowchart of the study design and participant
dropout.
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Figure 1. Flowchart of the study design and participant dropout. *The T3 questionnaire was a short measure capturing symptom severity directly after
the assessment in the IG and a comparable time point in the ACG. Data from T3 was not analyzed in this study. In the CompG, T3 was comparable to
T4 in the IG and ACG and was thus named T3/T4 in this manuscript. ACG: active control group; IG: intervention group; PACS: postacute COVID-19
syndrome.

Interventions
Patients in the IG participated in the diagnostic assessment in
the clinic, and their digital interventions were tailored based on
their personal capacity identified in the assessment. Patients in
the ACG did not take part in the assessment but received digital
interventions based on their main symptoms. Both the IG and

the ACG received support from their personal pilots. The
CompG only responded to the online questionnaires and did
not receive any intervention.

Diagnostic Assessment
The IG was invited to a 3-day inpatient assessment at a
specialized neurological stationary rehabilitation clinic. An
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interdisciplinary team from the fields of neurology, cardiology,
and pulmonology carried out a detailed medical history and
examination (clinical and technical). These were supplemented
by tests from physiotherapy, occupational therapy, and
neuropsychology to assess the functional status and limitations
that indicated the presence of PACS. All tests were based on
the recommendations of the “S1-Guideline on
Long/Post-COVID” [5]. On the first day, a thorough medical
review was conducted to guide subsequent tests (see Table A1
in Multimedia Appendix 2). The assessment aimed to result in
a diagnosis for PACS by the clinicians and to determine the
need for further diagnostics and treatment options (eg, further
neurological tests or a rehabilitation measure as well as an
assessment of the overall capacity for subsequent digital
interventions).

Digital Interventions
After enrollment and the first contact with their personal pilots,
patients received access to the digital platform. Initially, patients
from the IG and ACG familiarized themselves with the platform
using unspecific interventions, such as general information
about hygiene, nutrition, and exercise. In the ACG, the personal
pilots decided together with the patients which symptom-specific
plan would be the most fitting. They could choose between
digital interventions focusing on fatigue, neurocognitive
symptoms, or cardiorespiratory symptoms. Patients in the IG
received digital interventions based on their physiological and
cognitive capacity that was determined during the assessment
in the clinic. Digital intervention plans were developed
specifically targeted for low, medium, and high capacity.
Capacity was assessed both subjectively and objectively and
finally summarized by a physician. In the online screening,
patients subjectively reported how strongly their condition
affected their resilience and capacity to cope with everyday life
demands. This information was explored in the admission
interview for the diagnostic assessment by medical staff. To
include more objective methods, typical parameters for
echocardiography (performance of the heart at rest), ergometry,
and spirometry (lung function) were assessed to determine the
cardiopulmonary exercise capacity. Impairments regarding
patients’ neuropsychological capacity were assessed with
comprehensive testing of cognitive abilities (attention, thinking,
and memory). In a physiotherapeutic and occupational therapy
assessment, individual tests were performed and the accuracy
as well as the stamina in this assessment were evaluated. In the
final medical interview and the overall medical assessment, an
assessment of exercise capacity was thus made in the areas of
cardiology and pulmonology, neurology, psychosomatics, and
neuropsychology. If reduced resilience was determined in one
area, then remedial therapy was recommended in the treatment
plan for this target. There were no cutoff values for the
integration of capacity measures, as the aim was to use the
patients’ own subjective assessments and the more objective
diagnostic assessments as a basis to categorize the patients’
capacity as low, medium, or high for the digital interventions.

Contents of the digital interventions included breathing and
relaxation exercises, mindfulness training, meditation, physical
strength tasks, and sensory as well as functional training. All
patients in the IG and ACG received personal guidance from

their personal pilots and were encouraged to adapt the exercises
individually, when needed. For this purpose, based on
physiotherapeutic expertise, an exercise manual with different
variants of the physical exercises was provided. The focus of
the digital training was to strengthen the patients’
self-management. Patients took part individually in the
asynchronous offers and were expected to adhere to the daily
intervention plan. The time spent on the daily activities on
average was 50.4 minutes (range 44.6-58.7, depending on the
level of intensity) in the IG and 41.9 minutes (range 32.5-48.7)
in the ACG.

Human Support and Personal Pilots
Trained professionals functioning as personal pilots had 2 main
functions. First, they guided patients through the study process
in a mainly synchronous but partially also asynchronous way
over the phone and via email. Each patient was assigned a
personal pilot who was available throughout their study
participation. The pilots reminded the patients of the
questionnaires, arranged the inpatient assessment in the IG, and
provided recommendations and help for the asynchronous digital
interventions.

Second, the pilots empowered the patients in their individual
approaches to cope with their PACS to enable them in finding
the best-possible treatment. To achieve this, the pilots contacted
all patients weekly in the beginning and biweekly during the
digital interventions to reflect on the process, review the
patients’ needs, and work together on options for future care.
The pilots also motivated the patients to identify and access
further diagnostic and therapy options, as well as engage in
activities of daily living, while pacing themselves to foster
recovery. All pilots were either qualified psychologists, health
scientists, or health care professionals (eg, physiotherapists)
and were trained in motivational interviewing [34].

Measures
To evaluate the ASAP project, the IG and ACG were compared
with each other and with the CompG over time regarding
primary and secondary outcomes. Outcomes included symptom
severity (assessed at all time points), work ability (measured at
T2, T4, and T5), and social participation (measured at T2, T4,
and T5).

Symptom severity was measured at all time points with a scale
developed for the project [31]. In the screening and subsequent
questionnaires, a list of 14 common PACS symptoms (eg,
fatigue, muscle pain, respiratory problems) were listed. Patients
indicated whether they suffered from the symptoms on a scale
from 0 (no problem) to 3 (extreme problem). The sum of scores
was calculated. Cronbach α was .80 at T1 across groups.

Work ability was measured with a single item from the Work
Ability Index (WAI) [35], namely “If you give your best-ever
work ability a score of 10, how many points would you give
your current work ability?” The answer options ranged from 0
(completely unable to work) to 10 (currently best work ability).

Social participation was measured using a 12-item questionnaire
[36] that assessed participants’ ability to engage in specific
activities (eg, taking care of one’s health, eating healthy,
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exercising, or taking medication). Answer options ranged from
0 (never) to 5 (always), and Cronbach α was .90 at T2 across
groups.

Control variables included age, sex, the BMI, and previous
health conditions. Age was assessed as the year of birth and
recoded to age in years, while sex was assessed in 3 categories
(man, woman, diverse) and used as a binary variable, as no
participant indicated being diverse. Patients calculated their
BMI based on their weight and height. Regarding preconditions,
patients selected these from 11 prespecified health conditions
(eg, cancer, cardiovascular diseases, diabetes). For the analysis,
this was recoded to a binary variable (yes, no). Patients were
also asked to specify whether they had any other condition that
was not mentioned, which was considered for binary recoding.

Data Analysis
All data analysis was conducted using RStudio version 4.1.2
(Posit). In the IG, the sample size was determined based on the
capacity of the neurological rehabilitation clinic to conduct
assessments, in addition to providing routine care to inpatients.
The capacity was limited to 66 patients undergoing the
assessment. To ensure that propensity score matching (PSM)
could be applied, if necessary, to increase the comparability
between groups without reducing the sample size further, the
target sample size of the ACG was set to twice the size of the
IG. For the CompG, as many participants as possible were
recruited.

For the first hypothesis, the IG and ACG were combined to
reach a sufficient sample size and were compared with the
CompG using hierarchical-linear models (HLMs). The logistic
regression to compare groups was significant for age. As there
was no randomization, PSM was used to increase the groups’
comparability. Individuals were matched applying a 1:1 ratio
using the matchit function before HLMs were carried out
regarding symptom severity (including the time points T1, T2,
and T4), work ability, and social participation (both measured
at T2 and T4).

To test the second hypothesis, the IG and the ACG were
compared over time regarding their symptom severity from T1
to T5, in addition to work ability and social participation (both
measured at T2, T4, and T5) using HLMs in R. Before testing
this hypothesis, a randomization check was conducted using
logistic regression analysis based on the glm function with the
dependent variable of the group. Independent variables were
age, sex, the BMI, and previous health conditions. As there
were no significant differences between groups at baseline (see
later), HLMs were conducted to compare the IG and the ACG
without further control variables. For the HLMs, data were
restructured to a long format using the gather function, and the
HLMs were tested using lme, allowing for random intercepts.
Random slopes could not be included in the HLMs, as there
were not enough observations for the HLMs to converge.

To evaluate the third and final hypothesis, 2 linear regression
analyses were conducted to test whether a reduction in
symptoms over time (T1-T4) predicted better work ability and
social participation, respectively, at follow-up, controlled for
age, sex, the BMI, and previous health conditions. To
operationalize symptom reduction, a difference variable was
calculated (mean symptom score at T4 – mean symptom score
at T1).

Results

Participants
Across all groups, 1020 patients were recruited. On average,
the patients’ age was 45.83 (SD 13.23) years and the BMI was
26.92 (SD 6.63). Most patients were female (763/1020, 74.8%).
Many patients (669/1020, 65.6%) suffered from previous health
conditions, including most commonly cardiovascular diseases
(192/1020, 18.8%), obesity (157/1020, 15.4%), and mental
illness (122/1020, 12.0%). Descriptive statistics for patient
characteristics and more details regarding the demographic data
by group are presented in Table 1.

Means (SDs) for the outcome variables are shown in Table 2.
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Table 1. Demographic data (N=1020).

CompGc (n=795)ACGb (n=152)IGa (n=73)Characteristics

46.32 (13.59)44.55 (11.45)43.47 (12.65)Age (years), mean (SD)

26.76 (6.44)27.38 (7.37)26.73 (6.11)BMI, mean (SD)

Sex, n (%)

602 (75.7)112 (73.7)49 (67.1)Female

160 (20.1)39 (25.7)24 (32.9)Male

01 (0.7)0Other

Previous conditions, n (%)

31 (3.9)5 (3.3)4 (5.5)Diabetes mellitus

120 (15.1)17 (11.2)9 (12.3)Cardiovascular disease

41 (5.2)14 (9.2)6 (8.2)Chronic lung disease

5 (0.6)1 (0.7)0Chronic kidney disease

6 (0.8)1 (0.7)0Chronic liver disease

12 (1.5)1 (0.7)3 (4.1)Cancer

69 (8.7)12 (7.9)9 (12.3)Autoimmune disease

9 (1.1)1 (0.7)1 (1.4)Stroke

79 (9.9)24 (15.8)8 (8.0)Obesity

72 (9.1)16 (10.5)7 (9.6)Mental illness

31 (3.9)9 (5.9)5 (6.8)Nicotine abuse

aIG: intervention group.
bACG: active control group.
cCompG: comparison group.

Table 2. Means (SDs) for the main outcome variables over time.

CompGc (n=795)ACGb (n=152)IGa (n=73)Outcome variables and time points

Symptom severity

2.67 (0.73)2.71 (0.60)2.73 (0.50)T1

2.46 (0.62)2.35 (0.56)2.37 (0.54)T2

N/Ad2.32 (0.57)2.29 (0.51)T3

2.45 (0.67)2.20 (0.60)2.22 (0.57)T4

N/A2.18 (0.65)2.06 (0.56)T5

Work ability

4.46 (2.65)4.97 (2.21)5.13 (2.56)T2

4.72 (2.89)5.65 (2.51)5.43 (2.40)T4

N/A5.65 (2.77)5.69 (2.87)T5

Social participation

3.20 (0.84)3.43 (0.76)3.34 (0.88)T2

3.39 (0.86)3.53 (0.92)3.34 (0.89)T4

N/A3.46 (0.95)3.67 (0.90)T5

aIG: intervention group.
bACG: active control group.
cCompG: comparison group.
dN/A: not applicable.
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Testing Hypothesis 1: Intervention Effects Between
the IG and the ACG vs the CompG
Logistic regression showed a significant association between
age and group (β=–.04, P<.001; see Table 3). Thus, PSM was
applied to increase the comparability between groups, resulting
in 137 matched pairs.

Comparing symptom severity across the time points T1, T2,
and T4, we found a significant reduction in both the IG and the
ACG over time (T1 vs T2: β=.13, t549=5.67, P<.001; T2 vs T4:
β=.06, t549=2.83, P=.01). The main effect of the group was
significant (β=–.15, t549=–2.65, P=.01), and the reduction in
symptoms over time was more pronounced in the IG and ACG

compared to the CompG (T1 vs T2 between groups: β=.14,
t549=4.31, P<.001; T2 vs T4 between groups: β=.14, t549=4.57,
P<.001).

For work ability, there was no significant difference between
T2 and T4, but the work ability was higher in the IG and ACG
compared to the CompG (β=.78, t271=2.73, P=.01). Finally,
social participation increased over time (β=.13, t277=1.98,
P=.049) and was higher in the IG and ACG (β=.27, t277=2.89,
P=.004), but there was no significant interaction effect. Figure
2 shows the development of symptom severity, work ability,
and social participation over time. All statistics are reported in
Table 4.

Table 3. Randomization check for the 2 treatment groups (IGa and ACGb) vs the CompGc.

P valuez ValueSEEstimateCharacteristics

.3320.970.610.60(Intercept)

.0651.850.250.45Sex

<.001–4.690.01–0.04Age

.8120.240.240.06Precondition

.2861.070.020.02BMI

aIG: intervention group.
bACG: active control group.
cCompG: comparison group.

Figure 2. Symptom development, work ability, and social participation over time in the IG, ACG, and CompG. Error bars represent SDs in the respective
groups. ACG: active control group; CompG: comparison group; IG: intervention group.
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Table 4. HLMa results for the comparison between the treatment groups (IGb and ACGc) and the CompGd.

P valuet (df)SEEstimateOutcome variables

Symptom severity

<.00157.87 (549)0.042.58(Intercept)

<.0015.67 (549)0.020.13Time point T1/T2

.0052.84 (549)0.020.06Time point T2/T4

.008–2.65 (549)0.06–0.15Group

<.0014.31 (549)0.030.14Time point T1/T2 × group

<.0014.57 (549)0.030.14Time point T2/T4 × group

Work ability

<.00120.10 (271)0.214.25(Intercept)

.0631.87 (271)0.150.28Time point T2/T4

.0072.73 (271)0.290.78Group

.1551.43 (271)0.210.30Time point T2/T4 × group

Social participation

<.00146.70 (277)0.073.18(Intercept)

.0491.98 (277)0.070.13Time point T2/T4

.0042.89 (277)0.090.27Group

.339–0.96 (277)0.09–0.09Time point T2/T4 × group

aHLM: hierarchical-linear model.
bIG: intervention group.
cACG: active control group.
dCompG: comparison group.

Testing Hypothesis 2: Intervention Effects Between
the IG and the ACG
Logistic regression did not reveal any significant associations
between sociodemographic variables and group allocation (Table
5). Hence, no PSM was used prior to comparing the IG and the
ACG regarding the effectiveness of the assessment, but group
differences were directly compared.

Concerning symptom severity, the HLM revealed a decrease
over time in both the IG and the ACG but no group differences
between the IG and the ACG. All time points significantly

differed from the first time point (T1 vs T2: β=.27, t456=8.29,
P<.001; T2 vs T3: β=.33, t456=8.10, P<.001; T3 vs T4: β=.32,
t456=7.87, P<.001; T4 vs T5: β=.18, t456=5.32, P<.001).

The work ability of patients increased over time (T2 vs T4:
β=–.58, t230=–4.25, P<.001; T4 vs T5: β=–.34, t230=–2.59,
P=.01), but no difference between the IG and the ACG was
found. There were also no significant differences in social
participation over time or between groups. Figure 3 shows the
development of symptom severity, work ability, and social
participation over time. All inference statistics are reported in
Table 6.

Table 5. Randomization check for the IGa and ACGb.

P valuez ValueSEEstimateCharacteristics

.780–0.280.92–0.26(Intercept)

.3600.920.350.32Sex

.581–0.550.01–0.01Age

.6660.430.360.15Precondition

.520–0.640.03–0.02BMI

aIG: intervention group.
bACG: active control group.
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Figure 3. Symptom development, work ability, and social participation over time in the IG and the ACG. Error bars represent 1 SD in the respective
groups. Treatments for the IG included diagnostic assessment, personal support, and digital interventions, while those for the ACG included only personal
support and digital interventions. ACG: active control group; IG: intervention group.
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Table 6. HLMa results for the comparison between the IGb and the ACGc.

P valuet (df)SEEstimateOutcome variables

Symptom severity

<.00139.38 (456)0.062.35(Intercept)

<.0018.29 (456)0.030.27Time T1/T2

<.0018.10 (456)0.040.33Time T2/T3

<.0017.87 (456)0.040.32Time T3/T4

<.0015.32 (456)0.030.18Time T4/T5

.365–0.91 (114)0.10–0.09Group

.1431.470.050.09Time T1/T2 × group

.6530.45 (456)0.070.03Time T2/T3 × group

.982–0.02 (456)0.070.00Time T3/T4 × group

.6320.48 (456)0.050.03Time T4/T5 × group

Work ability

<.00120.34 (230)0.275.42(Intercept)

<.001–4.25 (230)0.13–0.58Time T2/T4

.010–2.59 (230)0.13–0.34Time T4/T5

.875–0.16 (115)0.43–0.07Group

.1011.65 (230)0.220.36Time T2/T4 × group

.5470.60 (230)0.220.13Time T4/T5 × group

Social participation

<.00146.82 (232)0.073.50(Intercept)

.368–0.90 (232)0.06–0.06Time T2/T4

.7300.34 (232)0.060.02Time T4/T5

.875–0.16 (116)0.12–0.02Group

.7370.34 (232)0.100.03Time T2/T4 × group

.091–1.70 (232)0.10–0.18Time T4/T5 × group

aHLM: hierarchical-linear model.
bIG: intervention group.
cACG: active control group.

Testing Hypothesis 3: Association Between Symptom
Reduction, Work Ability, and Social Participation
Two linear regression analyses were conducted to test whether
a reduction in symptoms between T1 and T4 had positive effects
on patients’ work ability and social participation. The analyses
revealed that a greater reduction in symptoms does not predict
a higher reported work ability when controlling for age, sex,
the BMI, and previous health conditions (β=–.18, t111=–1.92,

P=.06; R2=0.32) but does predict a higher social participation

(β=–.34, t111=–2.11, P=.04, R2=0.24). All statistics are reported
in Multimedia Appendix 2 (Tables A2 and A3).

Discussion

Principal Findings
The aim of this study was to develop and evaluate an
interdisciplinary health care facilitation program based on
professional support and digital interventions by increasing the
self-management of patients with PACS. Within the ASAP
project, the IG received a diagnostic assessment in a clinic,
accordingly tailored digital interventions, and support from a
human personal pilot. The ACG received the digital
interventions and personal support but no assessment and no
interventions tailored to the assessment results.

Our first hypothesis was that both groups receiving interventions
would benefit when compared to the passive CompG. Regarding
symptom severity, there was a larger reduction in both the IG
and the ACG compared to the CompG. Furthermore, work
ability and social participation were higher in both treatment
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groups (IG and ACG). Our second hypothesis was that patients
in the IG would benefit more than patients in the ACG as they
received a diagnostic assessment that could potentially lead to
more tailored treatment in the long run and also received a more
tailored digital intervention program than patients in the ACG.
However, based on the inferential statistics, this hypothesis
failed to hold true. Both groups showed a similar level of
symptom reduction and an increase in their work ability over
time. Third, we hypothesized that patients’ symptom reduction
over the course of the intervention program would predict their
work ability and social participation at follow-up. This was only
the case for social participation but not work ability as the P
value just failed to reach <.05.

It is common in PACS that symptoms change and decrease over
time without any intervention [37]. Nevertheless, a substantial
number of patients still suffer from long-term consequences of
the infection [3], indicating that prevention and tailored
interventions are needed to manage the impact on individuals
and society. Promisingly, there were positive effects in the
treatment groups compared to the CompG, showing that a
combination of support from a personal pilot over the phone
and digital rehabilitation treatment can help facilitate recovery
(see also Ref. [21]). However, due to the study design, it is not
possible to disentangle the specific effects of either intervention
on its own (ie, whether the personal support or digital
interventions were more effective in symptom reduction). Hence,
more studies are needed to find out whether and how specific
tailored support to facilitate the treatment process, as well as
digital interventions, can help patients with PACS recover.

The specific intervention approaches included support from
personal pilots, who helped manage the health care system via
regular, scheduled phone calls and on-demand meetings. The
personal pilots helped the patients manage 3 different
challenges: their daily life with their symptoms, the difficult
process of finding individual diagnostic and treatment options,
and taking part in a study. Although the personal pilots were
not all trained as therapists, they provided vital support that was
recognized by the patients, who perceived them as important
partners in their recovery process. Earlier studies have also
found that a supportive relationship and therapeutic
companionship can be established through online platforms
[38,39]. However, some interventions may require more time
to achieve similar outcomes as face-to-face settings [40].
Fortunately, the ASAP project, which ran for approximately 10
weeks, was able to maintain regular contact and overcome this
potential challenge.

Another intervention in this study was the use of digital
interventions through a digital rehabilitation platform, including
physical exercises, mindfulness training, and sensory as well
as functional training. This intervention was delivered without
a physical therapist. In general, patients describe web-based
interventions as useful and satisfactory when they are delivered
by a therapist [41], and engage more in live or synchronous
digital interventions [42]. In the ASAP project, interventions
were asynchronous, which had the advantage that patients could
complete the program more flexibly and integrate the
interventions in their daily routines and physical conditions, as
well as adapt them to their current symptoms. Additionally,

personal pilots were available if patients needed any kind of
support, for example, for technical support or if exercises did
not fit their demands.

Based on the feedback of patients as well as earlier research
[41,42], it can be suggested that digital interventions and
personal support should be combined. This was the case in the
ASAP project, and the combination of both digital therapy and
personal support could account for positive effects. These
positive effects also occurred after the digital interventions were
finished over a time frame of another 6 weeks, showing the
sustainability of the health care facilitation program concerning
symptoms. The sustainable reduction in symptoms and even
further improvements in the intervention and ACGs indicated
that patients might have learned skills and active coping
strategies that they continued to use and transferred to other life
areas, in addition to finding good treatment options within the
health care system. Importantly, our results are in line with a
review published in Lancet Respiratory Medicine that
emphasized that the complex and multifactorial impairments
of patients with PACS need a coordinated, multidisciplinary
approach, including support and behavioral interventions, to
develop coping and compensatory strategies [43]. The ASAP
project has the advantage that the personal pilots can care for
more patients in a flexible, individual approach.

Despite the likelihood that the interventions introduced in this
study had positive effects on the patients’ symptoms, these
effects in self-reported symptom severity could also be attributed
(partly) to the placebo effect [44,45]. As can be seen in Figure
2, the symptoms in the IG and ACG already decreased between
T1 and T2, where no specific intervention targeting the
management of symptoms was offered. This could be attributed
to unspecific interventions, such as general information about
hygiene, nutrition, and exercise, and thus the placebo effect.
Additionally, other psychological mechanisms, such as social
desirability or the new relationship with the pilot, could account
for the positive effects of the intervention. Nevertheless, there
was an additional decrease in symptom severity when specific
interventions were introduced, so it is unclear at this point how
much of the decrease was caused by the placebo effect and
specific intervention effects. It should thus be established in
future research how important the placebo effect is in the
reduction of PACS symptoms and how it can be effectively
used to strengthen intervention approaches.

The results regarding social participation and work ability
showed a different pattern. Although the interaction term
indicating group differences between the treatment groups and
the CompG was significant for symptom reduction, there was
no such advantage of the treatment regarding these constructs
that are crucial for the quality of life of patients with PACS
[46]. It might be that the project was too focused on facilitating
health care for symptoms, understanding these as major barriers
to work ability and social participation and not focusing enough
on the quality of life. Nevertheless, a reduction in symptoms
over the course of the project predicted higher social
participation at follow-up, indicating that the interventions with
the final goal of symptom reduction might still have positive
effects on the quality of life via indirect mechanisms. Dahmen
et al [45] also found that there is no difference regarding the
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outcome of social participation, depending on whether
rehabilitation patients receive digital or in-person aftercare.

Concerning work ability, Zwerenz et al [46] found positive
effects of psychological aftercare through web-based programs
targeting not only the patient but also the workplace. Although
the personal pilots had the goal to facilitate coping with
symptoms in daily life and thus increase social participation, it
seems that despite a reduction in PACS symptoms related to
social participation and thus the quality of life, work ability is
determined by a number of other factors [47]. This could be
explained by the fact that work ability and social participation
not only concern the individual patient but also the broader
social network (ie, families and workplaces). Hence, the ASAP
project might need to be broadened to also target the patients’
environment to improve aspects regarding the quality of life.

Finally, the 2 treatment groups did not differ from each other
over time concerning any outcome measure. This would suggest
that the 3-day diagnostic assessment seems to have failed to
create long-term advantages in the IG despite a comprehensive
diagnostic program assessing physical, respiratory, neurological,
and neuropsychological functions. The ACG consisted of shared
decision-making of the personal pilots, together with patients,
regarding digital interventions focusing on fatigue,
neurocognitive symptoms, or cardiorespiratory symptoms. This
approach managed to guide individualized digital treatment
decisions in an easy and cost-effective way, so no advantages
of the IG with digital interventions tailored to the diagnostic
assessment could be detected. Nevertheless, there are several
reasons to assume that the clinical assessment could have
positive effects on symptom reduction and social participation
in the long run: Patients especially valued the comprehensive
(neuro)psychological diagnostics and the associated contact
with a therapist. A lot of patients with PACS disclosed that they
had not felt understood and validated in their symptoms and
concerns before [48]. The patients who received the 3-day
diagnostic assessment provided positive feedback regarding the
time and care that went into their assessment. The clinical
assessment was particularly designed to provide patients with
objective findings that could guide further outpatient specialty
and rehabilitative care. However, finding and completing
specialist and rehabilitative care that meets individual needs
might take a long time and the effects, accordingly, were thus
not captured in follow-up measures of this study [49].

After the assessment, patients were followed up over the course
of approximately 3 months. Despite clear recommendations for
medical rehabilitation provided in the diagnostic assessment,
there are several health care–associated challenges as well as
personal barriers that were not sufficiently considered in this
study. Thus, the uptake or completion of a subsequent
rehabilitative intervention might not have been possible during
the time frame that was covered by the study’s outcome
assessments. Another study demonstrated that 80% of all
rehabilitation patients return to work within 2 years
postrehabilitation, indicating a positive effect of rehabilitation
tailored to individual needs. Nevertheless, further studies need
to clarify whether this is also the case for patients with PACS
[50]. It seems likely that a comprehensive assessment can be
used to reliably determine the need for therapy as well as

rehabilitation but that barriers in the health care system prevent
patients from taking up effective rehabilitation treatment, as
has been identified in other conditions [51,52].

Limitations and Recommendations for Future
Research and Practice
Although this study used the gold standard with a randomized
controlled trial between the IG and the ACG, it should be kept
in mind that the CompG was only matched but not randomized.
The reason was that there were ethical concerns to not
administer the intervention to patients with PACS in the same
recruitment in which other patients received the intervention.
It was anticipated that many of the potential patients with PACS
would have already sought help or treatment, and we did not
want to cause substantial frustration and despair when
randomizing them to a passive control group. Due to the
different recruitment pathways, patients could be immediately
informed that they would only receive questionnaires. To
statistically control for differences between groups, we chose
the PSM approach.

The inclusion criteria were largely the same for all groups,
including patients who had the same symptoms of PACS, were
between 18 and 60 years old, had not received previous
treatment, and did not work in the health care sector.
Nevertheless, patients in the CompG were recruited from the
whole country of Germany, not just Bavaria, to reach a
potentially larger pool of participants. In the future,
randomization and completely similar inclusion criteria should
be applied to allocate patients to all groups, including a passive
control group. This would be beneficial to ensure the
comparability of patients across groups as well as the
generalizability of findings.

In this study, the follow-up period after completing the digital
assessments was only 6 weeks due to the total funding period
of 12 months. Despite the apparently stable improvements in
both the IG and the ACG, this period is too short to conclude
that the program caused sustainable improvements. This is
especially true due to the dynamic and fluctuating nature of
PACS symptoms that many patients experience. Furthermore,
no effects of the diagnostic assessment were found, which might
have been, among other reasons, because of a too short
follow-up period. Patients received recommendations for future
interventions, such as rehabilitation after the diagnostic
assessment, which was approximately 12 weeks before the
follow-up measure. During that time, most patients could not
apply for and complete rehabilitation, so the long-term effects
of the diagnostic assessment were potentially underestimated.
Despite the limited follow-up period that should be addressed
in future intervention evaluations, we believe that as one of the
first studies examining an intervention aimed at treating PACS,
our research provides valuable insights into potential treatment
approaches during this pressing health care challenge.

In addition, digital interventions and the support of personal
pilots could not be evaluated independently in this design, but
the results indicated that a combined approach is effective in
treating PACS. It is possible that the patients took part in other
interventions, as the personal pilots empowered them to find
effective medical treatment. This can also be seen as a strength
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of this evaluation as it examines an applied approach in a
realistic health care setting. However, it is possible that some
of the effects that we found were caused by the placebo effect
rather than specific intervention effects, as indicated in the
discussion. In this study, we did not have a placebo control arm,
which would be beneficial for future research. This group could
include unspecific interventions (eg, information about the
COVID-19 pandemic and PACS symptoms) as well as
counseling that is not focused on symptom management).

Finally, all outcome assessments were taken at a subjective
level only and need to be validated with objective measurements.
This is also true for the condition of PACS, as only patients in
the IG and ACG were assessed for whether they had PACS.
More objective assessments should be applied to carefully
diagnose PACS and and improvements in the condition (eg,
spirometry or electrocardiography).

Conclusion
Future research should apply study designs with more
standardized recruitment, rigorous randomization, objective
measures, and longer follow-up periods to strengthen the validity
and generalizability of results. Nevertheless, this study clearly

demonstrated the potential and effectiveness of empowering
patients to cope with their symptoms. Therefore, professional
support should be incorporated in medical treatment as it seems
to be an effective way to support patients with PACS. Providing
patients with human support and thereby also knowledge about
their condition, possible treatment options, and symptom
management can help them cope with their situation. In the
shared decision-making approach in the ACG, the digital
interventions were individualized by involving patients, which
resulted in symptom reduction when compared to the passive
CompG. However, this group was recruited via a different
recruitment pathway, which should be considered when
interpreting the findings. Encouraging patients to play an active
role in their own care can help them feel empowered. This can
include strategies of developing a self-care plan, tracking
symptoms, and monitoring medication use, as well as
completing their exercises in the digital interventions. Promising
digital interventions are breathing and relaxation exercises,
mindfulness training, meditation, physical strength tasks, and
sensory as well as functional training. Improving patients’access
to care and their capability to take an active part in their
treatment can potentially help reduce symptoms and thus
alleviate the pandemic burden on the society.

Acknowledgments
We are grateful to the personnel at the Dr Becker Kiliani-Klinik in Bad Windsheim for their assistance with the diagnostic
assessment and to the personal pilots who supported the patients. We would also like to thank all the participants who provided
data.

This study was funded by the Bavarian State Office for Health and Food Safety (Gesamt-2490-PC-2021-V7-D56613/2021;
Förderung durch den Freistaat Bayern, Bayerisches Staatsministerium für Gesundheit und Pflege, Förderinitiative
Post-COVID-Syndrom des Bayerischen Staatsministeriums für Gesundheit und Pflege, Projekt “ASAP—Assistierter Sofortiger
Augmentierter Post-/Long-COVID Plan”). The funding source had no role in the design of this study and will not play any role
during its execution, analyses, interpretation of the data, or decision to submit results.

Data Availability
The data and syntax for this manuscript are available in Ref. [53].

Authors' Contributions
CD contributed to conceptualization, data curation, formal analysis, investigation, methodology, project administration, and
writing of the original draft. RR contributed to conceptualization, data curation, formal analysis, methodology, project
administration, visualization, and writing of the original draft. LG contributed to data curation and formal analysis. AD contributed
to conceptualization, funding acquisition, and validation. CC contributed to investigation, project administration, and resources.
CK contributed to project administration and validation. PB contributed to conceptualization, funding acquisition, project
administration, resources, and validation. SL contributed to conceptualization, funding acquisition, methodology, project
administration, resources, supervision, validation, and writing of the original draft. All authors contributed to the review and
editing of the original draft.

Conflicts of Interest
PB is a shareholder of Dr. Becker Klinikgruppe, which has set itself the goal of transferring scientific findings into the everyday
rehabilitation services for patients diagnosed with postacute COVID-19 syndrome. No generative artificial intelligence was used
in any portion of the manuscript writing.

Multimedia Appendix 1
CONSORT-eHEALTH checklist (V 1.6.1).
[PDF File (Adobe PDF File), 1097 KB-Multimedia Appendix 1]

J Med Internet Res 2023 | vol. 25 | e49342 | p. 15https://www.jmir.org/2023/1/e49342
(page number not for citation purposes)

Derksen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v25i1e49342_app1.pdf&filename=07d064537efa1dd7d6fe031e36c7d26d.pdf
https://jmir.org/api/download?alt_name=jmir_v25i1e49342_app1.pdf&filename=07d064537efa1dd7d6fe031e36c7d26d.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 2
Supplementary Tables A1-A3.
[DOCX File , 26 KB-Multimedia Appendix 2]

References

1. Weekly epidemiological update on COVID-19. World Health Organization. 2023 Aug 10. URL: https://tinyurl.com/2p89cbkz
[accessed 2023-09-15]

2. Nittas V, Gao M, West EA, Ballouz T, Menges D, Wulf Hanson S, et al. Long COVID through a public health lens: an
umbrella review. Public Health Rev 2022 Mar 15;43:1604501 [FREE Full text] [doi: 10.3389/phrs.2022.1604501] [Medline:
35359614]

3. Raveendran AV, Jayadevan R, Sashidharan S. Long COVID: an overview. Diabetes Metab Syndr 2021;15(3):869-875
[FREE Full text] [doi: 10.1016/j.dsx.2021.04.007] [Medline: 33892403]

4. Venkatesan P. NICE guideline on long COVID. Lancet Respir Med 2021 Feb;9(2):129 [FREE Full text] [doi:
10.1016/S2213-2600(21)00031-X] [Medline: 33453162]

5. Koczulla AR, Ankermann T, Behrends U, Berlit P, Böing S, Brinkmann F, et al. [S1 guideline post-COVID/long-COVID].
Pneumologie 2021 Nov 02;75(11):869-900 [FREE Full text] [doi: 10.1055/a-1551-9734] [Medline: 34474488]

6. Pavli A, Theodoridou M, Maltezou HC. Post-COVID syndrome: incidence, clinical spectrum, and challenges for primary
healthcare professionals. Arch Med Res 2021 Aug;52(6):575-581 [FREE Full text] [doi: 10.1016/j.arcmed.2021.03.010]
[Medline: 33962805]

7. Davis HE, Assaf GS, McCorkell L, Wei H, Low RJ, Re'em Y, et al. Characterizing long COVID in an international cohort:
7 months of symptoms and their impact. EClinicalMedicine 2021 Aug 15;38:101019 [FREE Full text] [doi:
10.1016/j.eclinm.2021.101019] [Medline: 34308300]

8. Aiyegbusi OL, Hughes SE, Turner G, Rivera SC, McMullan C, Chandan JS, et al. Symptoms, complications and management
of long COVID: a review. J R Soc Med 2021 Sep 15;114(9):428-442 [FREE Full text] [doi: 10.1177/01410768211032850]
[Medline: 34265229]

9. Umesh A, Pranay K, Pandey RC, Gupta MK. Evidence mapping and review of long-COVID and its underlying
pathophysiological mechanism. Infection 2022 Oct 30;50(5):1053-1066 [FREE Full text] [doi: 10.1007/s15010-022-01835-6]
[Medline: 35489015]

10. Yong SJ. Long COVID or post-COVID-19 syndrome: putative pathophysiology, risk factors, and treatments. Infect Dis
(Lond) 2021 Oct 22;53(10):737-754 [FREE Full text] [doi: 10.1080/23744235.2021.1924397] [Medline: 34024217]

11. O'Hare AM, Vig EK, Iwashyna TJ, Fox A, Taylor JS, Viglianti EM, VA COVID Observational Research Collaboratory
(CORC). Complexity and challenges of the clinical diagnosis and management of long COVID. JAMA Netw Open 2022
Nov 01;5(11):e2240332 [FREE Full text] [doi: 10.1001/jamanetworkopen.2022.40332] [Medline: 36326761]

12. Rivas-Vazquez RA, Rey G, Quintana A, Rivas-Vazquez AA. Assessment and management of Long COVID. J Health Serv
Psychol 2022 Feb 09;48(1):21-30 [FREE Full text] [doi: 10.1007/s42843-022-00055-8] [Medline: 35572152]

13. Brown K, Yahyouche A, Haroon S, Camaradou J, Turner G. Long COVID and self-management. Lancet 2022
Jan;399(10322):355 [doi: 10.1016/s0140-6736(21)02798-7]

14. Holmes EA, O'Connor RC, Perry VH, Tracey I, Wessely S, Arseneault L, et al. Multidisciplinary research priorities for
the COVID-19 pandemic: a call for action for mental health science. Lancet Psychiatry 2020 Jun 15;7(6):547-560 [FREE
Full text] [doi: 10.1016/S2215-0366(20)30168-1] [Medline: 32304649]

15. Rosenfeld DL, Balcetis E, Bastian B, Berkman ET, Bosson JK, Brannon TN, et al. Psychological science in the wake of
COVID-19: Social, methodological, and metascientific considerations. Perspect Psychol Sci 2022 Mar;17(2):311-333
[FREE Full text] [doi: 10.1177/1745691621999374] [Medline: 34597198]

16. Schrimpf A, Braesigk A, Lippmann S, Bleckwenn M. Management and treatment of long COVID symptoms in general
practices: an online-based survey. Front Public Health 2022 Sep 13;10:937100 [FREE Full text] [doi:
10.3389/fpubh.2022.937100] [Medline: 36176520]

17. Nehme M, Braillard O, Chappuis F, CoviCare Study Team, Guessous I. The chronification of post-COVID condition
associated with neurocognitive symptoms, functional impairment and increased healthcare utilization. Sci Rep 2022 Aug
25;12(1):14505 [FREE Full text] [doi: 10.1038/s41598-022-18673-z] [Medline: 36008436]

18. Baz S, Chao F, Carpentieri J, Sheard L. Understanding the lived experiences of long COVID: a rapid literature review.
University College London. 2021. URL: https://www.ucl.ac.uk/covid-19-longitudinal-health-wellbeing/sites/
covid_19_longitudinal_health_wellbeing/files/understanding_the_lived_experience_of_long_covid.pdf [accessed 2023-09-12]

19. Lerer L, Cherney L, Roth E. Characterizing symptoms and impact of “long COVID”: a qualitative perspective. Arch Phys
Med Rehabilit 2022 Dec;103(12):e49 [doi: 10.1016/j.apmr.2022.08.553]

20. Wolf S, Erdos J. Epidemiologie von Long-Covid: ein vorläufiger Bericht. Deutsche Kurzfassung zum gleichnamigen
KCE-Bericht [Epidemiology of long-Covid: A preliminary report.]. World Health Organization. 2021. URL: https://search.
bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/resource/en/grc-751178 [accessed 2023-09-12]

J Med Internet Res 2023 | vol. 25 | e49342 | p. 16https://www.jmir.org/2023/1/e49342
(page number not for citation purposes)

Derksen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v25i1e49342_app2.docx&filename=9e456d083ccd69d21cbd963f49e824ae.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e49342_app2.docx&filename=9e456d083ccd69d21cbd963f49e824ae.docx
https://tinyurl.com/2p89cbkz
https://europepmc.org/abstract/MED/35359614
http://dx.doi.org/10.3389/phrs.2022.1604501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35359614&dopt=Abstract
https://europepmc.org/abstract/MED/33892403
http://dx.doi.org/10.1016/j.dsx.2021.04.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33892403&dopt=Abstract
https://europepmc.org/abstract/MED/33453162
http://dx.doi.org/10.1016/S2213-2600(21)00031-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33453162&dopt=Abstract
http://www.thieme-connect.com/DOI/DOI?10.1055/a-1551-9734
http://dx.doi.org/10.1055/a-1551-9734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34474488&dopt=Abstract
https://europepmc.org/abstract/MED/33962805
http://dx.doi.org/10.1016/j.arcmed.2021.03.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33962805&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-5370(21)00299-6
http://dx.doi.org/10.1016/j.eclinm.2021.101019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34308300&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/01410768211032850?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/01410768211032850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34265229&dopt=Abstract
https://europepmc.org/abstract/MED/35489015
http://dx.doi.org/10.1007/s15010-022-01835-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35489015&dopt=Abstract
https://europepmc.org/abstract/MED/34024217
http://dx.doi.org/10.1080/23744235.2021.1924397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34024217&dopt=Abstract
https://europepmc.org/abstract/MED/36326761
http://dx.doi.org/10.1001/jamanetworkopen.2022.40332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36326761&dopt=Abstract
https://europepmc.org/abstract/MED/35572152
http://dx.doi.org/10.1007/s42843-022-00055-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35572152&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(21)02798-7
http://europepmc.org/abstract/MED/32304649
http://europepmc.org/abstract/MED/32304649
http://dx.doi.org/10.1016/S2215-0366(20)30168-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32304649&dopt=Abstract
https://europepmc.org/abstract/MED/34597198
http://dx.doi.org/10.1177/1745691621999374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34597198&dopt=Abstract
https://europepmc.org/abstract/MED/36176520
http://dx.doi.org/10.3389/fpubh.2022.937100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36176520&dopt=Abstract
https://doi.org/10.1038/s41598-022-18673-z
http://dx.doi.org/10.1038/s41598-022-18673-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36008436&dopt=Abstract
https://www.ucl.ac.uk/covid-19-longitudinal-health-wellbeing/sites/covid_19_longitudinal_health_wellbeing/files/understanding_the_lived_experience_of_long_covid.pdf
https://www.ucl.ac.uk/covid-19-longitudinal-health-wellbeing/sites/covid_19_longitudinal_health_wellbeing/files/understanding_the_lived_experience_of_long_covid.pdf
http://dx.doi.org/10.1016/j.apmr.2022.08.553
https://search.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/resource/en/grc-751178
https://search.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/resource/en/grc-751178
http://www.w3.org/Style/XSL
http://www.renderx.com/


21. Rinn R, Gao L, Schoeneich S, Dahmen A, Anand Kumar V, Becker P, et al. Digital interventions for treating post-COVID
or long-COVID symptoms: scoping review. J Med Internet Res 2023 Apr 17;25:e45711 [FREE Full text] [doi: 10.2196/45711]
[Medline: 36943909]

22. Smits M, Staal JB, van Goor H. Could virtual reality play a role in the rehabilitation after COVID-19 infection? BMJ Open
Sport Exerc Med 2020 Oct 23;6(1):e000943 [FREE Full text] [doi: 10.1136/bmjsem-2020-000943] [Medline: 33178449]

23. The Lancet. Facing up to long COVID. Lancet 2020 Dec;396(10266):1861 [doi: 10.1016/s0140-6736(20)32662-3]
24. Vieira AGDS, Pinto ACPN, Garcia BMSP, Eid RAC, Mól CG, Nawa RK. Telerehabilitation improves physical function

and reduces dyspnoea in people with COVID-19 and post-COVID-19 conditions: a systematic review. J Physiother 2022
Apr;68(2):90-98 [FREE Full text] [doi: 10.1016/j.jphys.2022.03.011] [Medline: 35414491]

25. Callan C, Ladds E, Husain L, Pattinson K, Greenhalgh T. 'I can't cope with multiple inputs': a qualitative study of the lived
experience of 'brain fog' after COVID-19. BMJ Open 2022 Feb 11;12(2):e056366 [FREE Full text] [doi:
10.1136/bmjopen-2021-056366] [Medline: 35149572]

26. Harenwall S, Heywood-Everett S, Henderson R, Godsell S, Jordan S, Moore A, et al. Post-COVID-19 syndrome:
improvements in health-related quality of life following psychology-led interdisciplinary virtual rehabilitation. J Prim Care
Community Health 2021 Dec 23;12:21501319211067674 [FREE Full text] [doi: 10.1177/21501319211067674] [Medline:
34939506]

27. Kortianou E, Tsimouris D, Mavronasou A, Lekkas S, Kazatzis N, Apostolara Z, et al. Application of a home-based exercise
program combined with tele-rehabilitation in previously hospitalized patients with COVID-19: a feasibility, single-cohort
interventional study. Pneymōn 2022 Apr 19;35(2):1-10 [doi: 10.18332/pne/146521]

28. Li J, Xia W, Zhan C, Liu S, Yin Z, Wang J, et al. A telerehabilitation programme in post-discharge COVID-19 patients
(TERECO): a randomised controlled trial. Thorax 2022 Jul 26;77(7):697-706 [FREE Full text] [doi:
10.1136/thoraxjnl-2021-217382] [Medline: 34312316]

29. Dalbosco-Salas M, Torres-Castro R, Rojas Leyton A, Morales Zapata F, Henríquez Salazar E, Espinoza Bastías G, et al.
Effectiveness of a primary care telerehabilitation program for post-COVID-19 patients: a feasibility study. J Clin Med 2021
Sep 27;10(19):4428 [FREE Full text] [doi: 10.3390/jcm10194428] [Medline: 34640447]

30. Wright H, Turner A, Ennis S, Percy C, Loftus G, Clyne W, et al. Digital peer-supported self-management intervention
codesigned by people with long COVID: mixed methods proof-of-concept study. JMIR Form Res 2022 Oct 14;6(10):e41410
[FREE Full text] [doi: 10.2196/41410] [Medline: 36166651]

31. Dahmen A, Keller FM, Derksen C, Rinn R, Becker P, Lippke S. Screening and assessment for post-acute COVID-19
syndrome (PACS), guidance by personal pilots and support with individual digital trainings within intersectoral care: a
study protocol of a randomized controlled trial. BMC Infect Dis 2022 Aug 15;22(1):693 [FREE Full text] [doi:
10.1186/s12879-022-07584-z] [Medline: 35971066]

32. Contact: Bavarian State Office for Health and Food Safety (LGL). LGL. URL: https://www.lgl.bayern.de/kontakt/index.
htm [accessed 2023-09-12]

33. Lippke S, Rinn R, Derksen C, Dahmen A. Patients' post-/long-COVID symptoms, vaccination and functional status-findings
from a state-wide online screening study. Vaccines (Basel) 2023 Mar 17;11(3):691 [FREE Full text] [doi:
10.3390/vaccines11030691] [Medline: 36992274]

34. Miller WR, Rose GS. Toward a theory of motivational interviewing. Am Psychol 2009 Sep;64(6):527-537 [FREE Full
text] [doi: 10.1037/a0016830] [Medline: 19739882]

35. Ilmarinen J. The Work Ability Index (WAI). Occupat Med 2006 Oct 17;57(2):160-160 [doi: 10.1093/occmed/kqm008]
36. Lemhöfer C, Gutenbrunner C, Schiller J, Loudovici-Krug D, Best N, Bökel A, et al. Assessment of rehabilitation needs in

patients after COVID-19: development of the COVID-19-rehabilitation needs survey. J Rehabil Med 2021 Apr
27;53(4):jrm00183 [FREE Full text] [doi: 10.2340/16501977-2818] [Medline: 33764478]

37. Tran V, Porcher R, Pane I, Ravaud P. Course of post COVID-19 disease symptoms over time in the ComPaRe long COVID
prospective e-cohort. Nat Commun 2022 Apr 05;13(1):1812 [FREE Full text] [doi: 10.1038/s41467-022-29513-z] [Medline:
35383197]

38. Dahmen A, Gao L, Keller FM, Becker P, Lippke S. [For which patients is web-based psychotherapeutic aftercare after
psychosomatic rehabilitation most suitable?]. Psychother Psychosom Med Psychol 2022 Jun 24;72(6):235-242 [doi:
10.1055/a-1663-6747] [Medline: 34820818]

39. Davies F, Shepherd HL, Beatty L, Clark B, Butow P, Shaw J. Implementing web-based therapy in routine mental health
care: systematic review of health professionals’ perspectives. J Med Internet Res 2020 Jul 23;22(7):e17362 [FREE Full
text] [doi: 10.2196/17362] [Medline: 32706713]

40. Bengtsson J, Nordin S, Carlbring P. Therapists' experiences of conducting cognitive behavioural therapy online vis-a-vis
face-to-face. Cogn Behav Ther 2015 Jun 19;44(6):470-479 [doi: 10.1080/16506073.2015.1053408] [Medline: 26090947]

41. Davies EB, Morriss R, Glazebrook C. Computer-delivered and web-based interventions to improve depression, anxiety,
and psychological well-being of university students: a systematic review and meta-analysis. J Med Internet Res 2014 May
16;16(5):e130 [FREE Full text] [doi: 10.2196/jmir.3142] [Medline: 24836465]

J Med Internet Res 2023 | vol. 25 | e49342 | p. 17https://www.jmir.org/2023/1/e49342
(page number not for citation purposes)

Derksen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2023//e45711/
http://dx.doi.org/10.2196/45711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36943909&dopt=Abstract
https://europepmc.org/abstract/MED/33178449
http://dx.doi.org/10.1136/bmjsem-2020-000943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33178449&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(20)32662-3
https://linkinghub.elsevier.com/retrieve/pii/S1836-9553(22)00019-4
http://dx.doi.org/10.1016/j.jphys.2022.03.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35414491&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=35149572
http://dx.doi.org/10.1136/bmjopen-2021-056366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35149572&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/21501319211067674?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/21501319211067674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34939506&dopt=Abstract
http://dx.doi.org/10.18332/pne/146521
https://europepmc.org/abstract/MED/34312316
http://dx.doi.org/10.1136/thoraxjnl-2021-217382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34312316&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm10194428
http://dx.doi.org/10.3390/jcm10194428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34640447&dopt=Abstract
https://formative.jmir.org/2022/10/e41410/
http://dx.doi.org/10.2196/41410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36166651&dopt=Abstract
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-022-07584-z
http://dx.doi.org/10.1186/s12879-022-07584-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35971066&dopt=Abstract
https://www.lgl.bayern.de/kontakt/index.htm
https://www.lgl.bayern.de/kontakt/index.htm
https://www.mdpi.com/resolver?pii=vaccines11030691
http://dx.doi.org/10.3390/vaccines11030691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36992274&dopt=Abstract
https://europepmc.org/abstract/MED/19739882
https://europepmc.org/abstract/MED/19739882
http://dx.doi.org/10.1037/a0016830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19739882&dopt=Abstract
http://dx.doi.org/10.1093/occmed/kqm008
https://doi.org/10.2340/16501977-2818
http://dx.doi.org/10.2340/16501977-2818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33764478&dopt=Abstract
https://doi.org/10.1038/s41467-022-29513-z
http://dx.doi.org/10.1038/s41467-022-29513-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35383197&dopt=Abstract
http://dx.doi.org/10.1055/a-1663-6747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34820818&dopt=Abstract
https://www.jmir.org/2020/7/e17362/
https://www.jmir.org/2020/7/e17362/
http://dx.doi.org/10.2196/17362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32706713&dopt=Abstract
http://dx.doi.org/10.1080/16506073.2015.1053408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26090947&dopt=Abstract
https://www.jmir.org/2014/5/e130/
http://dx.doi.org/10.2196/jmir.3142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24836465&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


42. Montero-Marín J, Prado-Abril J, Botella C, Mayoral-Cleries F, Baños R, Herrera-Mercadal P, et al. Expectations among
patients and health professionals regarding web-based interventions for depression in primary care: a qualitative study. J
Med Internet Res 2015 Mar 10;17(3):e67 [FREE Full text] [doi: 10.2196/jmir.3985] [Medline: 25757358]

43. Parker AM, Brigham E, Connolly B, McPeake J, Agranovich AV, Kenes MT, et al. Addressing the post-acute sequelae of
SARS-CoV-2 infection: a multidisciplinary model of care. Lancet Respir Med 2021 Nov;9(11):1328-1341 [doi:
10.1016/s2213-2600(21)00385-4]

44. Jandhyala R. Design, validation and implementation of the post-acute (long) COVID-19 quality of life (PAC-19QoL)
instrument. Health Qual Life Outcomes 2021 Sep 28;19(1):229 [FREE Full text] [doi: 10.1186/s12955-021-01862-1]
[Medline: 34583690]

45. Dahmen A, Gao L, Keller FM, Lehr D, Becker P, Lippke S. [Curriculum Hannover - web-based vs. analogue
psychotherapeutic aftercare after psychosomatic rehabilitation and vs. care as usual]. Rehabilitation (Stuttg) 2022 Aug
22;61(4):287-296 [doi: 10.1055/a-1872-9727] [Medline: 35995058]

46. Zwerenz R, Baumgarten C, Dahn I, Labitzke N, Schwarting A, Rudolph M, et al. Implementation of a web-based work-related
psychological aftercare program into clinical routine: results of a longitudinal observational study. J Med Internet Res 2019
Jun 18;21(6):e12285 [FREE Full text] [doi: 10.2196/12285] [Medline: 31215515]

47. Lemhöfer C, Sturm C, Loudovici-Krug D, Best N, Gutenbrunner C. The impact of post-COVID-syndrome on functioning
- results from a community survey in patients after mild and moderate SARS-CoV-2-infections in Germany. J Occup Med
Toxicol 2021 Oct 07;16(1):45 [FREE Full text] [doi: 10.1186/s12995-021-00337-9] [Medline: 34620202]

48. Shah W, Hillman T, Playford ED, Hishmeh L. Managing the long term effects of COVID-19: summary of NICE, SIGN,
and RCGP rapid guideline. BMJ 2021 Jan 22;372:n136 [doi: 10.1136/bmj.n136] [Medline: 33483331]

49. Demeco A, Marotta N, Barletta M, Pino I, Marinaro C, Petraroli A, et al. Rehabilitation of patients post-COVID-19 infection:
a literature review. J Int Med Res 2020 Aug;48(8):300060520948382 [FREE Full text] [doi: 10.1177/0300060520948382]
[Medline: 32840156]

50. Stecker C. Reha-Bericht 2021. Die medizinische und berufliche Rehabilitation der Rentenversicherung im Licht der Statistik.
Deutsche Rentenversicherung. 2021. URL: https://tinyurl.com/57wdrxf5 [accessed 2023-09-12]

51. Olsson Möller U, Olsson I, Sjövall K, Beck I, Rydén L, Malmström M. Barriers and facilitators for individualized
rehabilitation during breast cancer treatment - a focus group study exploring health care professionals' experiences. BMC
Health Serv Res 2020 Mar 26;20(1):252 [FREE Full text] [doi: 10.1186/s12913-020-05107-7] [Medline: 32216786]

52. Tod A, Lacey E, McNeill F. 'I'm still waiting...': barriers to accessing cardiac rehabilitation services. J Adv Nurs 2002
Nov;40(4):421-431 [doi: 10.1046/j.1365-2648.2002.02390.x] [Medline: 12421401]

53. OSF home. OSF. URL: https://osf.io/w3bpc/ [accessed 2023-09-12]

Abbreviations
ACG: active control group
ASAP: Assisted Immediate Augmented Post-/Long-COVID Plan
CompG: comparison group
GP: general practitioner
HLM: hierarchical-linear model
IG: intervention group
PACS: postacute COVID-19 syndrome
PSM: propensity score matching

Edited by T de Azevedo Cardoso; submitted 25.05.23; peer-reviewed by W Wei, N Rusibamayila; comments to author 17.07.23; revised
version received 31.07.23; accepted 06.09.23; published 04.10.23

Please cite as:
Derksen C, Rinn R, Gao L, Dahmen A, Cordes C, Kolb C, Becker P, Lippke S
Longitudinal Evaluation of an Integrated Post–COVID-19/Long COVID Management Program Consisting of Digital Interventions
and Personal Support: Randomized Controlled Trial
J Med Internet Res 2023;25:e49342
URL: https://www.jmir.org/2023/1/e49342
doi: 10.2196/49342
PMID: 37792437

©Christina Derksen, Robin Rinn, Lingling Gao, Alina Dahmen, Cay Cordes, Carina Kolb, Petra Becker, Sonia Lippke. Originally
published in the Journal of Medical Internet Research (https://www.jmir.org), 04.10.2023. This is an open-access article distributed

J Med Internet Res 2023 | vol. 25 | e49342 | p. 18https://www.jmir.org/2023/1/e49342
(page number not for citation purposes)

Derksen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2015/3/e67/
http://dx.doi.org/10.2196/jmir.3985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25757358&dopt=Abstract
http://dx.doi.org/10.1016/s2213-2600(21)00385-4
https://hqlo.biomedcentral.com/articles/10.1186/s12955-021-01862-1
http://dx.doi.org/10.1186/s12955-021-01862-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34583690&dopt=Abstract
http://dx.doi.org/10.1055/a-1872-9727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35995058&dopt=Abstract
https://www.jmir.org/2019/6/e12285/
http://dx.doi.org/10.2196/12285
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31215515&dopt=Abstract
https://occup-med.biomedcentral.com/articles/10.1186/s12995-021-00337-9
http://dx.doi.org/10.1186/s12995-021-00337-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34620202&dopt=Abstract
http://dx.doi.org/10.1136/bmj.n136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33483331&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/0300060520948382?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/0300060520948382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32840156&dopt=Abstract
https://tinyurl.com/57wdrxf5
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-020-05107-7
http://dx.doi.org/10.1186/s12913-020-05107-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32216786&dopt=Abstract
http://dx.doi.org/10.1046/j.1365-2648.2002.02390.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12421401&dopt=Abstract
https://osf.io/w3bpc/
https://www.jmir.org/2023/1/e49342
http://dx.doi.org/10.2196/49342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37792437&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of
Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication on
https://www.jmir.org/, as well as this copyright and license information must be included.

J Med Internet Res 2023 | vol. 25 | e49342 | p. 19https://www.jmir.org/2023/1/e49342
(page number not for citation purposes)

Derksen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

