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Abstract
Background: COVID-19 survivors face the risk of long-term
sequelae including fatigue, breathlessness, and functional
limitations. Pulmonary rehabilitation has been recommended, although formal studies quantifying the effect of rehabilitation in COVID-19 patients are lacking. Methods: We
conducted a prospective observational cohort study including consecutive patients admitted to an outpatient pulmonary rehabilitation center due to persistent symptoms after
COVID-19. The primary endpoint was change in 6-min walk
distance (6MWD) after undergoing a 6-week interdisciplinary individualized pulmonary rehabilitation program. Secondary endpoints included change in the post-COVID-19
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functional status (PCFS) scale, Borg dyspnea scale, Fatigue
Assessment Scale, and quality of life. Further, changes in pulmonary function tests were explored. Results: Of 64 patients
undergoing rehabilitation, 58 patients (mean age 47 years,
43% women, 38% severe/critical COVID-19) were included in
the per-protocol-analysis. At baseline (i.e., in mean 4.4
months after infection onset), mean 6MWD was 584.1 m
(±95.0), and functional impairment was graded in median at
2 (IQR, 2–3) on the PCFS. On average, patients improved their
6MWD by 62.9 m (±48.2, p < 0.001) and reported an improvement of 1 grade on the PCFS scale. Accordingly, we observed
significant improvements across secondary endpoints including presence of dyspnea (p < 0.001), fatigue (p < 0.001),
and quality of life (p < 0.001). Also, pulmonary function parameters (forced expiratory volume in 1 s, lung diffusion capacity, inspiratory muscle pressure) significantly increased
during rehabilitation. Conclusion: In patients with long COVID, exercise capacity, functional status, dyspnea, fatigue,
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and quality of life improved after 6 weeks of personalized
interdisciplinary pulmonary rehabilitation. Future studies
are needed to establish the optimal protocol, duration, and
long-term benefits as well as cost-effectiveness of rehabilitation.
© 2022 S. Karger AG, Basel

Introduction

Over 100 million people have been infected with severe acute respiratory syndrome coronavirus 2 (SARSCoV-2), and a significant proportion of patients experience severe symptoms leading to hospitalization due to
COVID-19, of which some develop acute respiratory disease syndrome (ARDS) and many venous and arterial
thromboembolic complications [1, 2]. The majority of
patients survive but COVID-19 is not a time-limited disease, as COVID-19 survivors face the risk of long-term
sequelae including respiratory, neuropsychiatric, cardiovascular, hematologic, gastrointestinal, renal, and endocrine manifestations, also referred to as “long COVID”
[3–5]. The pathological mechanisms underlying the disease and its differences in clinical symptoms still remain
largely unknown. Persistent inflammation, however, is
considered a key mediator in the multifactorial genesis of
the long-term sequelae [5, 6].
Consensus to define long COVID or post-acute COVID-19 syndrome has not been reached yet [5, 7]. Fatigue, breathlessness, muscle weakness, and psychological distress rank among the most frequent symptoms
reported by hospitalized COVID-19 patients after discharge [3, 8, 9]. Notably, also a considerable proportion
of low-risk individuals with mild COVID-19 experience
prolonged symptoms affecting work, social, and home
life [3, 10–12]. In light of a fast-increasing disease burden of long COVID, strategies to improve long-term
outcomes of patients are urgently needed. Currently,
guidance statements and position papers propose acute
and long-term rehabilitation [13–16]. However, these
recommendations are based on expert consensus only
without evidence from dedicated studies evaluating the
beneficial effects of inpatient or outpatient rehabilitation in patients suffering from long-term health impairments after COVID-19. To address this lack of evidence,
we conducted a prospective study with the aim to characterize the effectiveness and safety of outpatient pulmonary rehabilitation in patients with persistent or progressive respiratory and/or functional limitations after
COVID-19.
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Methods
Study Design and Participants
We included all consecutive adult patients admitted between
May 2020 and April 2021 to an outpatient pulmonary rehabilitation center (Vienna, Austria) due to persistent or progressive
symptoms after laboratory-confirmed COVID-19 in a single-center prospective study. All patients included in the analysis provided written informed consent for study participation. The study was
approved by the local Ethics Committee of the Medical University
of Vienna (Nr. 1539/2020) and conducted according to the principles of the Declaration of Helsinki.
Procedures
Data on patient demographics (i.e., age, sex, body mass index,
education level, cigarette smoking), comorbidities, medications,
and COVID-related information (date of positive PCR test, severity, clinical course and complications, signs and symptoms of long
COVID) were collected in a face-to-face interview by the treating
physician. Clinical data on the acute phase of patients hospitalized
for COVID-19 were retrieved from electronic medical records. The
severity of COVID-19 was categorized into 3 categories: mild to
moderate (outpatients with flu-like illness or suspected pneumonia), severe (hospitalized patients treated in a general ward), and
critical (hospitalized patients treated in an intensive care unit) [17].
At baseline, patients underwent a detailed and structured initial
functional capacity, respiratory function, dyspnea, and quality of
life assessment. Thereafter, patients underwent a multi-professional and individualized rehabilitation according to the Austrian
guidelines for outpatient pulmonary rehabilitation [18]. In brief,
participants completed individualized endurance, strength, and
inspiratory muscle training over a 6 weeks period, 3 times per week
for 3–4 h each, under the supervision of physicians, physiotherapists, and sports scientists. A fundamental aspect of the program
consisted of individualized patient education, psychosocial counseling by a psychologist, nutritional education by a dietologist, and
smoking cessation sessions (online suppl. File and Table S1; see
www.karger.com/doi/10.1159/000522118 for all online suppl. material).
Measurements and Outcomes
The primary study endpoint was the change in 6-min walk distance (6MWD) after 6 weeks of rehabilitation. The 6-min walk test,
a well-established tool to evaluate functional capacity, was performed according to the European Respiratory Society (ERS)
guidelines. Based on the European Respiratory Society guidelines
and a systematic review of patients with cardiopulmonary diseases,
we predefined that an improvement of 30.5 m would be the minimal clinically important difference (MCID) [19].
Secondary outcomes comprise change in the post-COVID-19
functional status (PCFS) scale (which ranges from 0 to 4, with 0
representing no functional limitation and 4 severe functional limitations; a separate category of 5 is usually added for patients who
expire) [20], the modified Medical Research Council (mMRC)
scale at rest (which ranges from 0 to 4, with 0 representing no dyspnea and 4 maximal dyspnea), Borg dyspnea scale assessed at maximal exertion on cycle ergometer (which ranges from 0 to 10, with
0 representing no dyspnea and 10 maximal dyspnea), 1-min sit to
stand test (1-MSTST) and maximal workload in watt measured on
a cycle ergometer.
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Table 1. Baseline characteristics

Demographics
Age, years
Female sex, n (%)
BMI, kg/m2
Education, n (%)
Lower secondary
Upper secondary
Higher
Smoking, n (%)
Current
Former
Never
COVID-19-specific characteristics
Severity, n (%)
Mild/moderate
Severe
Critical
Length of hospitalization, days
Time to rehabilitation after confirmed COVID-19,
months
PCFS scale (5)
Signs and symptoms of long COVID, n (%)
Dyspnea
Fatigue
Neurocognitive sequelae
Lung residues
Cardiac sequelae
Gastrointestinal sequelae
Hematologic sequelae
Comorbidities, n (%)
Chronic obstructive pulmonary disease
Emphysema
Asthma
Coronary artery disease
Arterial hypertension
Diabetes mellitus II
Atrial fibrillation
Hyperlipidemia
Hyperuricemia
Thyroid disease
Renal disease
Liver disease (steatosis hepatis)
Medications, n (%)
Corticosteroids (oral or inhaled)#
Long acting β-agonists
Psychoactive agents
Antihypertensive drugs
Statins
Oral antidiabetics
Antithrombotic agents
Thyroxine
Antihistamines
Supplements (vitamin D, calcium, etc.)

Total
(N = 58)

Home care
(N = 36)

Hospitalized COVID-19
patients (N = 22)

46.8 (±12.6)
25 (43.1)
26.2 (±5.3)

43.2 (±12.7)
22 (61.1)
25.3 (±5.3)

52.7 (±11.4)
3 (13.6)
27.6 (±4.8)

19 (32.3)
10 (17.2)
29 (50.0)

8 (22.3)
7 (19.4)
21 (58.3)

11 (50.0)
3 (13.6)
8 (36.4)

2 (3.4)
20 (34.5)
36 (62.1)

2 (5.6)
10 (27.8)
24 (66.7)

0 (0.0)
10 (45.5)
12 (54.5)

36 (62.1)
11 (19.0)
11 (19.0)
–
4.4 (±2.0)

36 (100.0)
–
–
–
4.4 (±2.1)

–
11 (50.0)
11 (50.0)*
19.6 (±10.1)
4.3 (±1.8)

2 (2–3)

2 (1–3)

2 (2–3)

41 (70.7)
37 (63.8)
22 (37.9)
10 (17.2)
1 (1.7)
5 (8.6)
6 (10.3)

25 (69.4)
23 (63.9)
13 (36.1)
3 (8.3)
0 (0.0)
3 (8.3)
4 (11.1)

16 (72.7)
14 (63.7)
9 (40.9)
7 (31.8)
1 (4.5)
2 (9.1)
2 (9.1)

1 (1.7)
2 (3.4)
11 (19.0)
3 (5.2)
13 (22.4)
6 (10.3)
1 (1.7)
18 (31.0)
5 (8.6)
5 (8.6)
0 (0.0)
3 (5.2)

1 (2.8)
1 (2.8)
9 (25.0)
0 (0.0)
5 (13.9)
1 (2.8)
0 (0.0)
4 (11.1)
1 (2.8)
3 (8.3)
0 (0.0)
0 (0.0)

0 (0.0)
1 (4.5)
2 (9.1)
3 (13.6)
8 (36.4)
5 (22.7)
1 (4.5)
14 (63.6)
4 (18.2)
2 (9.1)
0 (0.0)
3 (13.6)

17 (29.3)#
14 (24.1)
10 (17.2)
13 (22.4)
7 (12.1)
5 (8.6)
4 (6.9)
3 (5.2)
4 (6.9)
8 (13.8)

12 (33.3)#
10 (27.8)
7 (19.4)
6 (16.7)
1 (2.8)
0 (0)
0 (0)
2 (5.6)
2 (5.6)
6 (16.7)

5 (22.7)
4 (18.2)
3 (13.6)
7 (31.8)
6 (27.3)
5 (22.7)
4 (18.2)
1 (4.5)
2 (9.1)
2 (9.1)

Number in brackets indicate missing values * Of those, 7 patients were mechanically ventilated. # One patient
was on oral corticosteroids.
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Table 2. Change from baseline to end of 6-week-rehabilitation in primary and secondary end points and in pulmonary function testing

Primary endpoint
6MWD, m
Secondary endpoints
PCFS scale
Borg dyspnea score at max exertion
mMRC scale
1-MSTST, count
Maximal workload, watt
EQ-5D index score
EQ-5D VAS
Fatigue assessment scale
Exploratory endpoints – pulmonary function tests
FEV1, % predicted
FEV1/FVC, % predicted
DLCO, % predicted
Maximal inspiratory pressure, mbar

Patients, n

Baseline

Discharge

Change

p value

51

584.1 (±95.0)

647.0 (±99.5)

62.9 (±48.2)

<0.001

53
49
56
48
57
34
35
39

2 (2–3)
7 (6–8)
1 (0–1)
33.3 (±10.4)
156.4 (±80.4)
0.89 (0.81–0.91)
63.7 (±17.9)
26 (20–32)

1 (0–2)
7 (4–7)
0 (0–1)
42.5 (±13.7)
178.3 (±61.0)
0.91 (0.84–1.00)
78.6 (±13.9)
20 (16–25)

–
–
–
9.2 (±7.7)
21.8 (±74.0)
–
14.9 (±13.2)
–

<0.001
<0.001
<0.001
<0.001
0.030
0.075
<0.001
<0.001

58
58
42
54

82.6 (±18.4)
77.7 (±10.1)
83.9 (±19.9)
90.2 (±30.1)

89.5 (±16.2)
78.6 (±9.5)
88.0 (±16.9)
115.6 (±30.0)

6.9 (±20.0)
0.9 (±10.0)
4.1 (±11.3)
25.4 (±18.1)

0.011
0.502
0.037
<0.001

Data are presented as mean (± standard deviation) or median (interquartile range). For semicontinuous scales, Wilcoxon matched-pairs
sign rank test was used: PCFS scale (which ranges from 0 to 4, with 0 representing no functional limitation and 4 severe functional limitations),
Borg dyspnea scale (which ranges from 0 to 10, with 0 representing no dyspnea and 10 maximal dyspnea), mMRC scale (which ranges from
0 to 4, with 0 representing no dyspnea and 4 maximal dyspnea), EQ-5D index score (in which scores range from −0.6 to 1.0, with higher
scores indicating a better quality of life), FAS (which ranges from 10 to 50, with >21 indicating substantial fatigue, MCID was defined as a
change of ≥4).

Over the course of the study, due to the concurrently increasing
knowledge about long-term consequences of COVID-19, two additional questionnaires were amended to the study protocol to assess changes in fatigue, as assessed by the Fatigue Assessment Scale
(FAS, which ranges from 10 to 50, with >21 indicating substantial
fatigue, MCID was defined as a change of ≥4) [21], and quality of
life measured by the EuroQol Group 5-dimension 5-level (EQ-5D5L) questionnaire. Results on quality of life are presented as EQindex scores (in which scores range from −0.6 to 1.0, with higher
scores indicating a better quality of life) and visual analog scale
(VAS, which range from 0 to 100%). Further, changes in pulmonary function tests between pre- and post-rehabilitation assessments were explored including forced expiratory volume in 1 s
(FEV1), maximal inspiratory muscle strength, and lung diffusion
capacity (DLCO).

habilitation. The secondary efficacy endpoints were analyzed similarly when the mean change from baseline was normally distributed. In the case of semicontinuous scales (e.g., Borg dyspnea
scale) or skewed distributions, Wilcoxon matched-pairs sign rank
test was used alternatively.
All statistical tests were two-tailed, and an alpha value of <0.05
was considered statistically significant. Due to the explorative nature of the study, we did not adjust for multiple testing. Statistical
analysis was conducted using R (Version 3.6.2; R Core Team,
2019).

Statistical Analysis
Categorical variables are presented as frequencies (percentage)
and continuous data as mean (±standard deviation) or median (interquartile range), as appropriate. Missing values were not imputed and presented accordingly in the results.
To detect a mean difference from baseline (i.e., admission to
rehabilitation center) of 30.5 m in the 6MWD, at a power of 80%,
we calculated that a sample size of 55 patients was required when
using a paired sample t test with a 5% two-sided significance level
and assuming a 5% dropout rate. The primary efficacy analysis was
performed with data from the per-protocol population, which was
defined as patients who completed at least 70% of the rehabilitation sessions. An intention-to-treat analysis was not possible due
to the lack of outcome data in patients who did not complete re-

Study Population
In total, 64 consecutive patients were admitted to the
outpatient pulmonary rehabilitation center due to persistent or progressive respiratory symptoms or functional
limitations after confirmed COVID-19. Of those, 6 patients discontinued rehabilitation prematurely, all of
whom completed less than 28% of rehabilitation sessions.
Reason for termination included positive retesting for
SARS-CoV-2, fear of infection at the rehabilitation center, injury at home, fever with suspected pneumonia but
negative SARS-CoV-2 test, death of a close family member, and one participant mentioned personal issues.
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Fig. 1. Change in 6MWD between baseline

and end of rehabilitation. The number
needed to treat (NNT) to improve the
6MWD by the minimal clinical important
difference of 30.5 m was 1.42.

Thus, the per-protocol study population consisted of
58 patients (43% female). Patients were 46.8 (±12.6) years
old and had a body mass index of 26.2 (±5.3) kg/m2.
Twenty-two patients (38%) had been hospitalized due to
COVID-19, while 36 (62%) patients were quarantined at
home with mild to moderate symptoms of which 5 (14%)
had clinically defined pneumonia. In Table 1, additional
patient demographics, comorbidities, and specific information on COVID-19 and long-term symptoms are presented. In brief, preexisting conditions included arterial
hypertension (22%), asthma (19%), diabetes mellitus type
II (10%), and coronary artery disease (5%). Patients started rehabilitation 4.4 (±2.0, range 1.9–11.1) months after
testing positive for SARS-CoV-2. Mean baseline 6MWD
was 584.1 (±95.0) m (87.7% of predicted). The median
PCFS scale was 2 (IQR, 1–3). All patients reported signs
and symptoms of long COVID such as functional limitations (94%), exertional dyspnea (71%), and substantial fatigue (64%) (Table 1).
Primary Endpoint
The primary endpoint 6MWD had increased from
baseline to end of rehabilitation by 62.9 (±48.2) meters,
which is twice the MCID (Table 2); overall, 36 (70.6%)
patients increased their 6MWD with more than 30.5 m,
11 (21.6%) patients improved but below the MCID, and
4 (7.8%) patients did not improve their 6MWD during
rehabilitation (Fig. 1). The number needed to treat (NNT)
to improve the 6MWD by the MCID was 1.42.

Pulmonary Rehabilitation in Patients with
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Secondary Endpoints
After 6 weeks of pulmonary rehabilitation, the PCFS
scale decreased from a median of 2 (IQR, 2–3) to 1 (IQR,
0–2; p < 0.001) (Fig. 2). NNT to improve 1 PCFS scale
grade was 1.26. The Borg dyspnea score, measured at
maximal exertion during cycle ergometer, decreased to 7
(IQR, 4–7; p < 0.001). Similarly, dyspnea measured with
the mMRC scale decreased to 1 (IQR, 0–1; p < 0.001).
Further, patients improved in maximal workload and endurance capacity represented by an increase of 21.8 W
(±74.0; p = 0.03) on the cycle ergometer and 9.2 more
repetitions at the 1-MSTST (±7.7; p < 0.001). As the FAS
and EQ-5D-5L, questionnaires were amended during the
study, fewer patients completed the 2 questionnaires (N
= 39 and N = 35). At discharge, patients reported a median decrease of 6.0 points on the FAS (p < 0.001) indicating a clinically significant improvement. Quality of life
increased when assessed with the EuroQol Group 5-dimension visual analog scale by 14.9 percent points (±13.2;
p < 0.001). The EQ-5D index score increased with 0.04
points (±0.14; p = 0.075).
Exploratory Endpoints and Safety
Changes in pulmonary function and respiratory muscle strength were explored after initial data analysis. At
baseline, patients presented with a decreased FEV1
(82.6% ± 18.4) and DLCO (84.6% ± 18.5) from their age,
sex, and height-specific expected value. Both parameters
improved by 6.9 (±20.0; p = 0.011) and 4.1 (±11.3; p =
0.037) percent points, while the FEV1/FVC ratio reRespiration
DOI: 10.1159/000522118
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Fig. 2. Change in PCFS scale from baseline
to end of rehabilitation. The number needed to treat (NNT) to reduce functional limitations by 1 grade was 1.26.

mained constant (mean change of 0.9 ± 10.0 percent
points; p = 0.50). Further, maximal inspiratory mouth
pressure increased by 28% (25.4 ± 18.1 mbar; p < 0.001)
from 90.2 (±30.1) to 115.6 (±30.0) mbar.
No adverse events were recorded during rehabilitation. In particular, no patients had a blood oxygenation
level below 90% (at rest and maximal exertion) and no
usage of oxygen therapy was required during rehabilitation.
Discussion

In this study, a 6-week outpatient pulmonary rehabilitation significantly improved exercise capacity of patients
with long COVID. On average, we observed a lowering of
one grade on the PCFS scale. Notably, we saw an increase
in pulmonary function (i.e., FEV1 and DLCO) and inspiratory muscle strength. Furthermore, significant improvements were also observed in secondary endpoints,
including dyspnea, fatigue, and quality of life.
In this cohort, most patients suffered from mild to
moderate COVID-19 but had substantial limitations in
form of persistent symptoms including reduced exercise
capacity, dyspnea, fatigue, and functional impairment. In
the baseline evaluation, these complaints were substantiated, with patients on average reaching only 88% of their
predicted 6MWD and a median impairment grade of 2 on
the PCFS scale. Such findings are well-known in survivors
6
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of critical illness, who face the risk of substantial impairment due to the post-intensive care syndrome [22]. This
condition includes ICU-acquired weakness, critical illness polyneuropathy, and myopathy [23]. Often, recovery is slow and incomplete. In a 5-year follow-up study on
109 ARDS survivors, the 6MWD was at 76% of the predicted capacity with patients reporting physical and psychological sequelae [24]. Predominantly, restrictive pulmonary alterations and decreased diffusion capacity after
acute lung injury contribute to long-term functional limitations and lead to a decreased health-related quality of
life [25]. Taken together, these aspects might explain the
long-term sequelae of COVID-19 associated ARDS patients and provide reasonable evidence to support rehabilitation for this patient group [26]. However, there is
also extensive data on the dismal long-term health impact
on patients with COVID-19 with only mild to moderate
disease and without COVID-19-related hospitalization
[8, 27, 28]. Similarities to the severe acute respiratory syndrome coronavirus (SARS) epidemic of 2003 and the
Middle East respiratory syndrome coronavirus outbreak
of 2012 could be recognized [29–31]. In a study on 97
SARS survivors at 1-year, 6MWD and DLCO were lowered compared to normal healthy subjects [32]. The complexity and severity of the sequelae led to the definition of
the post-SARS syndrome, to which the long COVID/
post-acute COVID-19 syndrome shows similarities [33].
Lessons learned from those 2 outbreaks may now guide
health care strategies including exercise training and reNopp/Moik/Klok/Gattinger/Petrovic/
Vonbank/Koczulla/Ay/Zwick

habilitation programs in patients at risk for long-term sequelae [34–36].
Despite their young age and rather high baseline
6MWD, participants improved their 6MWD by twice the
MCID, which is substantially higher compared to rehabilitation data in other respiratory diseases [37, 38]. Similar improvements in exercise capacity were observed in
maximal workload and the 1-MSTST. Functional status
improved as indicated by an NNT of 1.26 to lower the
PCFS by 1 grade. Further, patients improved their level of
dyspnea during daily activities (mMRC scale) and at
maximal exertion (Borg scale). We observed a 14.9 percent point increase in quality of life on the EuroQol Group
5-dimension visual analog scale. The impact on quality of
life was not statistically significant when measured with
the EQ-5D index score, which is likely due to the lower
number of patients completing this questionnaire. Furthermore, we noted a clinically significant reduction in
fatigue (i.e., change in FAS) between baseline and end of
rehabilitation. In line with previous data on post-CO
VID-19, patients showed a reduced FEV1 and DLCO of
82.6% and 84.6% at baseline [39–41]. Of note, both parameters (i.e., DLCO and FEV1) significantly improved
over the 6-week-rehabilitation period, which is reassuring as impaired diffusion capacity was the most common
anomaly reported at discharge in a study on noncritical
COVID-19 cases [41].
Beneficial effects of rehabilitation have been clearly
demonstrated in a broad range of health conditions. In
patients with pulmonary diseases (e.g., chronic obstructive pulmonary disease, interstitial lung disease, pulmonary hypertension), rehabilitation reduces dyspnea, increases exercise, and improves health-related quality of
life [42]. Thus and based on our and previous findings,
rehabilitation might be a valuable treatment option in
patients with persistent symptoms after COVID-19 [13–
15, 43]. Two previous studies investigated acute or postacute inpatient rehabilitation in patients with COVID-19.
The first study retrospectively analyzed rehabilitation after acute care and provided feasibility data on 28 COVID-19 survivors [39]. The second study prospectively
followed up 24 mild to moderate and 26 severe to critical
cases [40]. To the best of our knowledge, our study provides the first results on outpatient rehabilitation on patients with long COVID. The patients in our study were
substantially younger compared to the inpatient rehabilitation population described in the previous study but
had a fairly similar age distribution when compared to a
prior study of our outpatient rehabilitation center [38].
A possible explanation here is that older patients are

more likely to choose inpatient rehabilitation, while
younger patients attend outpatient rehabilitation likely
due to better compatibility of outpatient rehabilitation
with duties at home or work. Taken together, pulmonary
rehabilitation was found to have short-term benefits in
exercise capacity and patient-reported outcomes and no
adverse events in all 3 studies. To ensure long-term effects, maintenance of physical activity and healthy lifestyles should be enforced by generating personalized
home-based rehabilitation plans or transition patients
into phases of long-term rehabilitation at an outpatient
center.
Several limiting aspects need to be considered when
interpreting our study findings. First, no causal role of
rehabilitation can be assumed with certainty due to our
observational study design. However, the conduct of a
randomized controlled study on the effect of rehabilitation was considered unethical due to the lack of clinical
equipoise as highlighted in the corresponding guidance
statements [13–15]. Therefore, the observed improvement in the primary and secondary endpoints might also
be due to the normal recovery process or regression to the
mean. However, given that patients went through outpatient rehabilitation in mean 4.4 months after the infection, causal beneficial effects of this 6-weeks individualized rehabilitation program seem to be a reasonable assumption. Second, our study is limited by missing values
for some of the secondary outcomes. Third, our results
cannot be generalized to the total population of COVID-19 survivors, as the study population was relatively
young and had a high proportion of highly educated people who likely had a good health care provider network
that referred them to outpatient rehabilitation without
clear guidelines at that time. Fourth, the limited number
of patients hindered subgroup analysis to examine differences in outcome and course of the disease stratified by
patient characteristics (e.g., severity of COVID-19 or primary symptom of long COVID). However, in conjunction with prior reports on acute and post-acute inpatient
rehabilitation [39, 40, 43], multi-professional individualized pulmonary rehabilitation appears to be an important
treatment strategy for COVID-19 survivors with persistent or progressive symptoms.
The cause of long-term sequelae in COVID-19 is currently unknown. However, it is evident now that not only
the majority of COVID-19 survivors discharged from
hospital but also patients with home treatment need an
integrated model of care to recognize and treat long-term
consequences of this multi-organ disease. Therefore, clinicians should monitor COVID-19 patients and evaluate
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a potential need for rehabilitation. Rehabilitation service
providers should be aware of deconditioning as seen in
chronic fatigue syndrome and should focus on individualized rehabilitation plans in contrast to a one-model-fitsall approach. As more patients accrue, identification of
specific subgroups would be of high relevance to tailor
specific therapies to each subgroup. Future rehabilitation
studies may shed more light on the optimal treatment of
patients with long COVID and evaluate cost-effectiveness (NCT04649918, NCT04365738, NCT04406532,
NCT04642040).

Statement of Ethics
This study protocol was reviewed and approved by the Ethics
Committee of the Medical University of Vienna, approval number
1539/2020. All patients included in the analysis provided written
informed consent for study participation.

Conflict of Interest Statement
All authors declare that there is no conflict of interest.

Funding Sources
The authors have no funding to report.

Conclusion

In summary, our findings support personalized rehabilitation as an integrated model of care for patients with
long COVID. In our study, functional limitations and fatigue, the 2 most commonly reported long-term sequelae
in patients with COVID-19, improved after the 6-week
period of outpatient pulmonary rehabilitation. Longterm effects of rehabilitation and the observed improvement of pulmonary function need to be addressed in future trials.
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