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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 recommend-
ed, although formal studies quantifying the effect of reha-
bilitation in COVID-19 patients are lacking. Methods: We
conducted a prospective observational cohort study includ-
ing consecutive patients admitted to an outpatient pulmo-
nary 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 interdisciplin-
ary individualized pulmonary rehabilitation program. Sec-
ondary endpoints included change in the post-COVID-19

functional status (PCFS) scale, Borg dyspnea scale, Fatigue
Assessment Scale, and quality of life. Further, changes in pul-
monary 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 improve-
ment of 1 grade on the PCFS scale. Accordingly, we observed
significant improvements across secondary endpoints in-
cluding presence of dyspnea (p < 0.001), fatigue (p < 0.001),
and quality of life (p < 0.001). Also, pulmonary function pa-
rameters (forced expiratory volume in 1 s, lung diffusion ca-
pacity, inspiratory muscle pressure) significantly increased
during rehabilitation. Conclusion: In patients with long CO-
VID, 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 rehabilita-
tion. © 2022 S. Karger AG, Basel

Introduction

Over 100 million people have been infected with se-
vere acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), and a significant proportion of patients experi-
ence severe symptoms leading to hospitalization due to
COVID-19, of which some develop acute respiratory dis-
ease syndrome (ARDS) and many venous and arterial
thromboembolic complications [1, 2]. The majority of
patients survive but COVID-19 is not a time-limited dis-
ease, as COVID-19 survivors face the risk of long-term
sequelae including respiratory, neuropsychiatric, cardio-
vascular, hematologic, gastrointestinal, renal, and endo-
crine manifestations, also referred to as “long COVID”
[3-5]. The pathological mechanisms underlying the dis-
ease 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 CO-
VID-19 syndrome has not been reached yet [5, 7]. Fa-
tigue, breathlessness, muscle weakness, and psychologi-
cal distress rank among the most frequent symptoms
reported by hospitalized COVID-19 patients after dis-
charge [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 bur-
den 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 rehabilita-
tion in patients suffering from long-term health impair-
ments after COVID-19. To address this lack of evidence,
we conducted a prospective study with the aim to char-
acterize the effectiveness and safety of outpatient pul-
monary rehabilitation in patients with persistent or pro-
gressive 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 rehabilita-
tion center (Vienna, Austria) due to persistent or progressive
symptoms after laboratory-confirmed COVID-19 in a single-cen-
ter prospective study. All patients included in the analysis provid-
ed 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 prin-
ciples 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, sever-
ity, 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 pneumo-
nia), severe (hospitalized patients treated in a general ward), and
critical (hospitalized patients treated in an intensive care unit) [17].

Atbaseline, patients underwent a detailed and structured initial
functional capacity, respiratory function, dyspnea, and quality of
life assessment. Thereafter, patients underwent a multi-profes-
sional 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, physiothera-
pists, and sports scientists. A fundamental aspect of the program
consisted of individualized patient education, psychosocial coun-
seling 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. ma-
terial).

Measurements and Outcomes

The primary study endpoint was the change in 6-min walk dis-
tance (6MWD) after 6 weeks of rehabilitation. The 6-min walk test,
a well-established tool to evaluate functional capacity, was per-
formed 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 mini-
mal clinically important difference (MCID) [19].

Secondary outcomes comprise change in the post-COVID-19
functional status (PCES) scale (which ranges from 0 to 4, with 0
representing no functional limitation and 4 severe functional lim-
itations; 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 dys-
pnea and 4 maximal dyspnea), Borg dyspnea scale assessed at max-
imal 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

Total Home care Hospitalized COVID-19
(N =58) (N=36) patients (N = 22)
Demographics
Age, years 46.8 (£12.6) 432 (£12.7) 52.7 (x11.4)
Female sex, n (%) 25 (43.1) 22 (61.1) 3(13.6)
BMI, kg/m? 26.2 (£5.3) 25.3 (£5.3) 27.6 (£4.8)
Education, n (%)
Lower secondary 19(32.3) 8(22.3) 11 (50.0)
Upper secondary 10(17.2) 7 (19.4) 3(13.6)
Higher 29 (50.0) 21 (58.3) 8(36.4)
Smoking, n (%)
Current 2(3.4) 2 (5.6) 0(0.0)
Former 20 (34.5) 10 (27.8) 10 (45.5)
Never 36 (62.1) 24 (66.7) 12 (54.5)
COVID-19-specific characteristics
Severity, n (%)
Mild/moderate 36 (62.1) 36 (100.0) -
Severe 11(19.0) - 11 (50.0)
Critical 11(19.0) - 11 (50.0)*
Length of hospitalization, days - - 19.6 (£10.1)
Time to rehabilitation after confirmed COVID-19, 4.4 (£2.0) 4.4 (+2.1) 4.3 (£1.8)
months
PCFS scale (5) 2(2-3) 2(1-3) 2(2-3)
Signs and symptoms of long COVID, n (%)
Dyspnea 41 (70.7) 25 (69.4) 16 (72.7)
Fatigue 37 (63.8) 23 (63.9) 14 (63.7)
Neurocognitive sequelae 22(37.9) 13 (36.1) 9 (40.9)
Lung residues 10(17.2) 3(8.3) 7(31.8)
Cardiac sequelae 1(1.7) 0(0.0) 1(4.5)
Gastrointestinal sequelae 5(8.6) 3(8.3) 2(9.1)
Hematologic sequelae 6(10.3) 4(11.1) 2(9.1)
Comorbidities, n (%)
Chronic obstructive pulmonary disease 1(1.7) 1(2.8) 0(0.0)
Emphysema 2(3.4) 1(2.8) 1(4.5)
Asthma 11(19.0) 9(25.0) 2(9.1)
Coronary artery disease 3(5.2) 0(0.0) 3(13.6)
Arterial hypertension 13(22.4) 5(13.9) 8(36.4)
Diabetes mellitus Il 6(10.3) 1(2.8) 5(22.7)
Atrial fibrillation 1(1.7) 0(0.0) 1(4.5)
Hyperlipidemia 18 (31.0) 4(11.1) 14 (63.6)
Hyperuricemia 5(8.6) 1(2.8) 4(18.2)
Thyroid disease 5(8.6) 3(8.3) 2(9.1)
Renal disease 0(0.0) 0(0.0) 0(0.0)
Liver disease (steatosis hepatis) 3(5.2) 0(0.0) 3(13.6)
Medications, n (%)
Corticosteroids (oral or inhaled)* 17 (29.3)* 12 (33.3)* 5(22.7)
Long acting 3-agonists 14 (24.1) 10 (27.8) 4(18.2)
Psychoactive agents 10(17.2) 7 (19.4) 3(13.6)
Antihypertensive drugs 13 (22.4) 6(16.7) 7(31.8)
Statins 7(12.1) 1(2.8) 6(27.3)
Oral antidiabetics 5(8.6) 0(0) 5(22.7)
Antithrombotic agents 4(6.9) 0(0) 4(18.2)
Thyroxine 3(5.2) 2 (5.6) 1(4.5)
Antihistamines 4(6.9) 2 (5.6) 2(9.1)
Supplements (vitamin D, calcium, etc.) 8(13.8) 6(16.7) 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

Patients, n Baseline Discharge Change p value
Primary endpoint
6MWD, m 51 584.1 (£95.0) 647.0 (£99.5) 62.9 (+48.2) <0.001
Secondary endpoints
PCFS scale 53 2(2-3) 1(0-2) - <0.001
Borg dyspnea score at max exertion 49 7 (6-8) 7 (4-7) - <0.001
mMRC scale 56 1(0-1) 0(0-1) - <0.001
1-MSTST, count 48 33.3(+10.4) 42.5(+£13.7) 9.2 (£7.7) <0.001
Maximal workload, watt 57 156.4 (+80.4) 178.3 (x61.0) 21.8 (£74.0) 0.030
EQ-5D index score 34 0.89(0.81-0.91) 0.91(0.84-1.00) - 0.075
EQ-5D VAS 35 63.7 (£17.9) 78.6 (+13.9) 14.9 (£13.2) <0.001
Fatigue assessment scale 39 26 (20-32) 20 (16-25) - <0.001
Exploratory endpoints — pulmonary function tests
FEV1, % predicted 58 82.6 (+18.4) 89.5 (+16.2) 6.9 (+20.0) 0.011
FEV1/FVC, % predicted 58 77.7 (£10.1) 78.6 (+9.5) 0.9 (£10.0) 0.502
DLCO, % predicted 42 83.9 (19.9) 88.0 (£16.9) 4.1 (+11.3) 0.037
Maximal inspiratory pressure, mbar 54 90.2 (£30.1) 115.6 (+30.0) 254 (£18.1) <0.001

Data are presented as mean (+ standard deviation) or median (interquartile range). For semicontinuous scales, Wilcoxon matched-pairs
signrank testwas used: PCFS scale (which ranges from 0to 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 ad-
ditional questionnaires were amended to the study protocol to as-
sess 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-5D-
5L) questionnaire. Results on quality of life are presented as EQ-
index 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 pulmo-
nary function tests between pre- and post-rehabilitation assess-
ments were explored including forced expiratory volume in 1 s
(FEV1), maximal inspiratory muscle strength, and lung diffusion
capacity (DLCO).

Statistical Analysis

Categorical variables are presented as frequencies (percentage)
and continuous data as mean (+standard deviation) or median (in-
terquartile range), as appropriate. Missing values were not imput-
ed 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 6SMWD, at a power of 80%,
we calculated that a sample size of 55 patients was required when
using a paired sample ¢ 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 rehabilita-
tion sessions. An intention-to-treat analysis was not possible due
to the lack of outcome data in patients who did not complete re-
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habilitation. The secondary efficacy endpoints were analyzed sim-
ilarly when the mean change from baseline was normally distrib-
uted. 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 na-
ture of the study, we did not adjust for multiple testing. Statistical
analysis was conducted using R (Version 3.6.2; R Core Team,
2019).

Results

Study Population

In total, 64 consecutive patients were admitted to the
outpatient pulmonary rehabilitation center due to persis-
tent or progressive respiratory symptoms or functional
limitations after confirmed COVID-19. Of those, 6 pa-
tients 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 cen-
ter, injury at home, fever with suspected pneumonia but
negative SARS-CoV-2 test, death of a close family mem-
ber, and one participant mentioned personal issues.
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Fig. 1. Change in 6MWD between baseline NNT =1.42
and end of rehabilitation. The number
needed to treat (NNT) to improve the
6MWD by the minimal clinical important Admission Discharge
difference of 30.5 m was 1.42.

Thus, the per-protocol study population consisted of Secondary Endpoints

58 patients (43% female). Patients were 46.8 (+12.6) years
old and had a body mass index of 26.2 (+5.3) kg/m?.
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 infor-
mation on COVID-19 and long-term symptoms are pre-
sented. In brief, preexisting conditions included arterial
hypertension (22%), asthma (19%), diabetes mellitus type
11 (10%), and coronary artery disease (5%). Patients start-
ed rehabilitation 4.4 (£2.0, range 1.9-11.1) months after
testing positive for SARS-CoV-2. Mean baseline 6 MWD
was 584.1 (+95.0) m (87.7% of predicted). The median
PCES scale was 2 (IQR, 1-3). All patients reported signs
and symptoms of long COVID such as functional limita-
tions (94%), exertional dyspnea (71%), and substantial fa-
tigue (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 6 MWD during
rehabilitation (Fig. 1). The number needed to treat (NNT)
to improve the 6 MWD by the MCID was 1.42.

Pulmonary Rehabilitation in Patients with
Long COVID

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 PCES 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 en-
durance 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 me-
dian decrease of 6.0 points on the FAS (p < 0.001) indicat-
ing a clinically significant improvement. Quality of life
increased when assessed with the EuroQol Group 5-di-
mension 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 mus-
cle 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 re-
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Fig. 2. Change in PCFS scale from baseline 0
to end of rehabilitation. The number need-
ed to treat (NNT) to reduce functional lim-
itations by 1 grade was 1.26.

Post-COVID-19 Functional Status Scale

Admission

Discharge

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 rehabilita-
tion. 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 rehabilita-
tion.

Discussion

In this study, a 6-week outpatient pulmonary rehabili-
tation 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 inspi-
ratory muscle strength. Furthermore, significant im-
provements 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 substanti-
ated, with patients on average reaching only 88% of their
predicted 6 MWD and a median impairment grade of 2 on
the PCFS scale. Such findings are well-known in survivors
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of critical illness, who face the risk of substantial impair-
ment due to the post-intensive care syndrome [22]. This
condition includes ICU-acquired weakness, critical ill-
ness polyneuropathy, and myopathy [23]. Often, recov-
ery is slow and incomplete. In a 5-year follow-up study on
109 ARDS survivors, the 6 MWD was at 76% of the pre-
dicted capacity with patients reporting physical and psy-
chological sequelae [24]. Predominantly, restrictive pul-
monary alterations and decreased diffusion capacity after
acute lung injury contribute to long-term functional lim-
itations 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 pa-
tients and provide reasonable evidence to support reha-
bilitation 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 syn-
drome 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, 6 MWD and DLCO were low-
ered compared to normal healthy subjects [32]. The com-
plexity 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 re-
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habilitation programs in patients at risk for long-term se-
quelae [34-36].

Despite their young age and rather high baseline
6MWD, participants improved their 6 MWD by twice the
MCID, which is substantially higher compared to reha-
bilitation data in other respiratory diseases [37, 38]. Sim-
ilar 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
PCES 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 per-
cent 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. Fur-
thermore, 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 pa-
rameters (i.e., DLCO and FEV1) significantly improved
over the 6-week-rehabilitation period, which is reassur-
ing 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 obstruc-
tive pulmonary disease, interstitial lung disease, pulmo-
nary hypertension), rehabilitation reduces dyspnea, in-
creases 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 post-
acuteinpatient rehabilitation in patients with COVID-19.
The first study retrospectively analyzed rehabilitation af-
ter acute care and provided feasibility data on 28 CO-
VID-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 pro-
vides the first results on outpatient rehabilitation on pa-
tients with long COVID. The patients in our study were
substantially younger compared to the inpatient reha-
bilitation 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

Pulmonary Rehabilitation in Patients with
Long COVID

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 ef-
fects, maintenance of physical activity and healthy life-
styles 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 rehabilita-
tion was considered unethical due to the lack of clinical
equipoise as highlighted in the corresponding guidance
statements [13-15]. Therefore, the observed improve-
ment 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 outpa-
tient rehabilitation in mean 4.4 months after the infec-
tion, causal beneficial effects of this 6-weeks individual-
ized rehabilitation program seem to be a reasonable as-
sumption. 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 CO-
VID-19 survivors, as the study population was relatively
young and had a high proportion of highly educated peo-
ple 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 differ-
ences in outcome and course of the disease stratified by
patient characteristics (e.g., severity of COVID-19 or pri-
mary symptom of long COVID). However, in conjunc-
tion with prior reports on acute and post-acute inpatient
rehabilitation [39, 40, 43], multi-professional individual-
ized pulmonary rehabilitation appears to be an important
treatment strategy for COVID-19 survivors with persis-
tent or progressive symptoms.

The cause of long-term sequelae in COVID-19 is cur-
rently 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, cli-
nicians 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 individu-
alized rehabilitation plans in contrast to a one-model-fits-
all 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-effective-
ness (NCT04649918, NCT04365738, NCT04406532,
NCT04642040).

Conclusion

In summary, our findings support personalized reha-
bilitation as an integrated model of care for patients with
long COVID. In our study, functional limitations and fa-
tigue, the 2 most commonly reported long-term sequelae
in patients with COVID-19, improved after the 6-week
period of outpatient pulmonary rehabilitation. Long-
term effects of rehabilitation and the observed improve-
ment of pulmonary function need to be addressed in fu-
ture trials.
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