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Objectives: To examine changes in functional capa-
city, health-related quality of life and psychological
distress in patients with post-COVID-19 condition
following a multidisciplinary rehabilitation pro-
gramme. In addition, to explore whether additional
respiratory muscle training for more impaired
patients might support their recovery process.
Design: Retrospective observational cohort study.
Patients: A total of 779 patients with post-COVID-19
condition (47.9% female, mean age 56.6 years).
Methods: Measures assessed were: 6-minute walk
test (6MWT), 5-level EQ-5D (EQ-5D-5L) including
EQ Visual Analogue Scale (EQ-VAS) and Patient
Health Questionnaire-4 (PHQ-4). Data were provided
pre- and post-rehabilitation from 2 cohorts: (i)
patients participating in a regular multidisciplinary
rehabilitation programme; and (ii) patients receiving
additional respiratory muscle training due to an ini-
tially greater level of impairment. Dependent t-tests
and general linear mixed models were used for data
analysis.

Results: A series of dependent t-tests revea-
led mean overall improvement for both groups in
6-minute walk test distance (6MWD), EQ-5D-5L
index, EQ-VAS and PHQ-4 following the rehabilita-
tion programme. General linear mixed models sho-
wed significant interaction effects between groups
and time for the EQ-5D-5L index and 6MWD.
Conclusion: A multidisciplinary rehabilitation
programme appears to have a beneficial impact
on the recovery process of patients with post-
COVID-19 condition.
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he SARS-CoV-2 (COVID-19) pandemic still poses
major challenges for healthcare systems around the
world. While the situation in acute care hospitals has

(LAY ABSTRACT )
According to the World Health Organization (WHO)
approximately 10-20% of people have ongoing symp-
toms following a SARS-CoV-2 (COVID-19) infection.
If these symptoms persist over a period of at least
2 months it is referred to as post-COVID-19 condi-
tion. Affected patients experience impairments in their
quality of life and daily activities. This study investi-
gated the impact of a multidisciplinary rehabilitation
programme on functional capacity, health-related qua-
lity of life and psychological distress in individuals with
post-COVID-19 condition. The results showed benefi-
cial changes in all 3 areas following a multidisciplinary
rehabilitation programme based on the International
Classification of Functioning, Disability and Health
(ICF). The study also showed that patients receiving
additional respiratory muscle training as part of their
regular rehabilitation programme appeared to recover
\[more rapidly than patients without such training. )

eased, numerous studies report an increasing number
of'individuals who have a variety of long-lasting symp-
toms, even after amild COVID-19 infection (1-3). As
of'the end of January 2022 approximately 350 million
confirmed COVID-19 infections had been reported
by WHO (4). It is estimated that 10-20% of affected
individuals experience mid- to long-term impairment
after their initial illness (5). This symptom complex
of long-term complications was initially termed post-
COVID or post-acute COVID-19 syndrome (PACS)
and defined by the National Institute for Health and
Care Excellence (NICE) in the UK as persistent and/
or delayed or long-term COVID-19 signs and symp-
toms (6). Literature distinguished between 2 subtypes:
(7) ongoing COVID-19 symptoms and abnormalities
lasting 4—12 weeks after infection; and (i7) chronic or
post-COVID-19 syndrome, a symptom complex that
persists beyond 12 weeks after onset of a COVID-19
infection or is characterized by the development of
new symptoms that cannot be otherwise explained
(3, 6, 7). More recently the term post-COVID-19
condition (long COVID) is increasingly used in the
scientific community and is defined by the WHO
as continuation or development of new symptoms
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3 months after the initial infection, with symptoms
lasting for at least 2 months that have no other explana-
tion (5). The most common long COVID health issues
are fatigue, dyspnoea, as well as musculoskeletal,
cognitive, and mental health impairments (1, 3, 8).
These symptoms affect patients’ physical, cognitive
and mental functions, which, in turn, influence their
activities of daily living and reduce their quality of
life (QoL) (8, 9).

Recent literature (8, 10), medical societies (11, 12)
and the WHO (13) suggest that rehabilitation is an
effective intervention to improve respiratory, phy-
sical and psychosocial impairments in patients with
post-COVID-19 condition. Due to the complexity of
post-COVID-19 condition and the resulting individual
needs of patients, comprehensive and multidisciplinary
rehabilitation should be considered (10, 14). Multidis-
ciplinary rehabilitation programmes rely mainly on
an individualized, supervised exercise programme as
well as patient education, occupational therapy and
psychological treatment (10). Such programmes are
well established as rehabilitation interventions for
many other chronic diseases (15-18).

Although rehabilitation treatment is suggested for
patients with post-COVID-19 condition, and recent
studies have shown promising results for multidis-
ciplinary treatments (10, 19, 20), as well as specific
single interventions (21), the evidence of its effecti-
veness is still limited. Moreover, to our knowledge,
there are limited guidelines regarding a rehabilitation
programme for these individuals (22).

The aim of the present study is to evaluate the effects
of a multidisciplinary rehabilitation programme on
changes in functional capacity, health-related quality
of'life (HRQoL) and psychological distress in patients
with post-COVID-19 condition. We hypothesize that
a multidisciplinary rehabilitation programme can
improve functional capacity, patient’s HRQoL and
psychological distress. Moreover, since COVID-19
has been shown to affect respiratory muscles (23), this
study also explores whether patients who initially had
impaired respiratory muscle strength and, therefore,
received additional specific respiratory muscle train-
ing (RMT) recover more rapidly with regard to their
functional capacity, HRQoL and psychological distress
compared with patients without initial muscle strength
limitations who did not undergo RMT.

METHODS

Study design, sample and procedure

This retrospective secondary data analysis used data
drawn from regular clinical practice and included
records from 779 patients with post-COVID-19
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condition (47.9% female, mean age 56.6 years (stan-
dard deviation (SD) 13.2 years) enrolled in a 3-week
inpatient rehabilitation programme between October
2020 and January 2022 at the Pension Insurance In-
stitution rehabalitation centre in Weyer, Austria. All
patients who completed their rehabilitation stay and
had pre- and post-measures of the 6-minute walk test
(6MWT) were included in the sample. For patients
with multiple rehabilitation visits, only data from their
first visit were used. All data used in this study were
provided anonymously. The study was submitted to the
clinical trials database (NCT05496842) and approved
by the local ethics committee of the Medical Faculty
of JKU Linz (1122/2022).

Based on an initial respiratory muscle strength
measurement (MasterScreen Body, Jaeger, Germany),
represented by the maximum inspiratory pressure
(MIP), patients were assigned either to a group with
RMT or a group without RMT. The cut-off for assign-
ment to RMT was set at MIP <6 kPa or 60 cmH,O. In
some cases, the assignment was based on the expertise
of the attending physician. Patients who had contrain-
dications, such as pulmonary hypertension, pregnancy,
acute infections, aortic aneurysm or other conditions
which precluded RMT (e.g. hernia), did not receive
RMT during rehabilitation and were therefore assigned
to the non-RMT group.

Multidisciplinary rehabilitation programme for
COVID-19 patients (non-respiratory muscle training)

The multidisciplinary rehabilitation programme is
a coordinated pool of treatments and therapeutic
interventions lasting approximately 3 weeks to treat
lung-related diseases and to provide the best possible
physical, mental and social conditions for recovery
within the framework of the International Classifi-
cation of Functioning, Disability and Health (ICF)
(24). The goal for recovery may be individual for
each patient, but can be generalized to maintaining
or regaining optimal functioning in their community
through their own efforts and slowing or reversing
disease progression through improved health beha-
viours. Accordingly, multidisciplinary rehabilitation is
a complex, comprehensive intervention, which inclu-
des exercise training, patient education, psychosocial
management and behavioural modification program-
mes to improve physical and emotional well-being.
The rehabilitation programme for patients with post-
COVID-19 condition consists of an individualized
set of supervised exercises, individual therapy (e.g.
physical, occupational therapy), nutritional counsel-
ling, smell retraining therapy, patient education and
psychosocial support, depending on their specific
needs (see Table I for an overview).
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Table I. Description of the treatment pool in multidisciplinary
rehabilitation

Treatment pool

Endurance exercise 2-4 times/week for 25 min per session

Supervised continuous cycle endurance training at
60% of maximal performance (watt) or interval
training at 80% of maximal performance (watt)
2-4 times/week for 25 min per session

Supervised strength training using resistance training
machines or resistance bands to train legs, arms,
back and core

If necessary, sessions 2-3 times/week for 25 min
were provided

Inanindividual setting (e.g. exercises forimpairments
in all daily living activities, pacing/coping strategies
including stress and well-being diary, etc.)

2 times/week for 30-50 min depending on state of
health and diagnosis

Supervised hiking and walking exercise

2 times/week for 30 min (each)

Supervised QiGong and progressive muscle relaxation
(Jacobson technique)

Psychological counselling If necessary, psychological counselling was provided
Nutritional counselling If necessary, nutritional counselling (e.g.
supplementary nutrition, problems with gut
microbiome, etc.) was provided

3 times/week for 25 min

Supervised in small groups (7 sets for 90 s breathing
and 60 s rest at 60-70% MIP)

Strength/resistance
exercise

Occupational therapy

Physical activity

Relaxation techniques

Respiratory muscle
training (RMT)

MIP: maximal inspiratory pressure.

Multidisciplinary rehabilitation with respiratory
muscle training

Patients with a MIP <6 kPa or physician referral un-
derwent supervised RMT in accordance with Gohl et
al. (25) as an additional part of their multidisciplinary
rehabilitation programme (see Table I). RMT was
performed 3 times a week for the duration of their
rehabilitation stay in a group of up to 6 participants.
Each session consisted of 7 sets of training using a
positive expiratory pressure device (PEP—IN 3.5 mm,
OUT 5 mm and +100/~150 manometer) (PEP/RMT
Set, Mediplast, Sweden). Participants breathed for
90 s in each set followed by a 60-s rest. The intensity
was at 60-70% of their individual MIP. Participants
were asked to train on their own (unsupervised) on the
remaining days (maximum 7 days/week).

Measures

Six-minute walk test. To measure functional capacity, a
6MWT was performed on the day of admission and 2
days before discharge from rehabilitation. The 6MWT
is a valid and reliable test of functional capacity in ch-
ronic respiratory conditions (26). The primary outcome
of the 6MWT, the 6-minute walk distance (6MWD),
is used to compare changes in functional performance
over the course of rehabilitation. Changes exceeding 30
m can be considered clinically meaningful, as shown
by studies in adult patients with chronic respiratory
disease (26, 27).

5-level EQ-5D. The EQ-5D-5L is a general instru-
ment for measuring patient-reported outcomes that can
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be used to evaluate subjective HRQoL. It includes 5
dimensions: mobility, self-care, usual activities, pain/
physical discomfort, and anxiety/depression. Each
dimension is represented by 1 item with response
levels ranging from “1 —no problems” to ““5 — extreme
problems”. The EQ-5D-5L is capable of describing
55=3,125 different states of health and provides an
EQ-5D-5L index value that can be calculated using
a set of preference values from a general population.
Since there is no value set for the Austrian population,
the German value set was used for calculations. The
index value ranges between —0.661 (extreme problems
in all 5 dimensions) and 1 (no problems in any dimen-
sion) (28). In addition, a visual analogue scale (VAS)
measures respondents’ subjective health conditions by
asking them to rate their current condition on a scale
ranging from 0 (worst imaginable health) to 100 (best
imaginable health) (29).

Patient Health Questionnaire-4. The PHQ-4 is an
ultra-brief self-reported questionnaire screening for
symptoms of anxiety and depression. It consists of 2
2-item subscales: the PHQ-2 for depression and the
GAD-2 for anxiety. Items are combined to form 2
corresponding sub-scores or a total score. Thus, the
subscale values can have scores between 0 and 6, while
the total score ranges from 0 to 12. PHQ-4 scores can
be categorized as normal (0-2), mild (3—5), moderate
(6-8) or severe (9—12) (30, 31).

Data analysis

Statistical procedures were performed using SAS Viya
V.03.05 (SAS Institute, Cary, NC, USA). Descriptive
results for continuous data are presented as mean
values (M) with standard deviation (SD), and catego-
rical data are presented as frequencies. Differences in
outcomes before and after treatment were calculated
by a series of dependent ¢-tests with Bonferroni-Holm-
correction. Pre-post effect sizes and 95% confidence
intervals (95% CI) are reported (32, 33). To deal with
missing data within the #-test, pairwise deletion was
used, which involves analysing only the available
data for each pair of variables. This method allowed
us to maximize the sample size for each analysis. In
order to examine differences in outcomes between
patient groups with and without RMT and to calculate
group (RMT vs non-RMT) x time (before and after
treatment) interaction effects, a series of general linear
mixed models (GLMM) were performed using the
restricted maximum likelihood (REML) estimator. To
deal with missing data within the GLMMs maximum
likelihood estimation (MLE) was utilized in the PROC
MIXED procedure of SAS. The significance level for
all procedures was set at p<0.05.
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Table II. Sample characteristics and results with and without
respiratory muscle training (RMT)

Total group  RMT Non-RMT
Characteristics (N=779) (n=352) (n=427)
Female, n (%) 373 (47.88) 226 (64.20) 147 (34.43)
Male, n (%) 406 (52.12) 126 (35.79) 280 (65.57)
Age, years, mean (SD) 56.56 (13.16) 57.00 (14.69) 56.21 (11.75)
Baseline MIP [kPa], mean (SD) 7.97 (2.97) 6.1 (2.22) 9.54 (2.58)

Baseline MIP [% predicted],
mean (SD)

75.46 (28.59) 57.06 (20.70) 90.93 (24.91)

SD: standard deviation; MIP: maximal inspiratory pressure; kPa: kilopascal.

RESULTS

Descriptive statistics

In total, 352 patients (64.2% female, mean (SD) age
57.0 (14.7) years were enrolled in a rehabilitation pro-
gramme with RMT and 427 patients (34.4% female,
mean (SD) age 56.2 (11.8) years in a rehabilitation
programme without RMT (non-RMT). Table Il shows
sample characteristics and results for patients with and
without RMT. The mean (SD) MIP was 6.10 (2.22) in
the RMT group and 9.54 (2.58) in the non-RMT group
(see Table II).

Overall changes in exercise capacity, health-related
quality of life, and psychological distress

Results indicate that patients walked significantly
longer distances in the 6BMWT after treatment (mean
(SD) 516.0 (119.3) m) than before (415.3 (128.8) m).
The mean difference in the 6MWD was 100.8 m (95%
CI 95.8, 105.8). In addition, patients reported to be
significantly less restricted in their HRQoL (EQ-5D-
5L index) after treatment (mean (SD) 0.91 (0.12))
than before (0.80 (0.18)). The mean improvement in
the EQ-5D-5L index following rehabilitation was 0.11
(95% CI 0.10, 0.13). Moreover, patients rated their
state of health (EQ-VAS) as being significantly better
after treatment (mean (SD) 79.76 (14.77)) than before
(62.11 (15.6)). Amean change in the EQ-VAS of 17.65
(95% CI 16.20, 19.10) could be observed. Finally,
patients indicated less psychological distress after

Table III. Results of t-tests with effect sizes
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rehabilitation treatment (mean (SD) 2.32 (2.64)) than
before (2.87 (2.67)). The mean reduction in the PHQ-4
was 0.55 (95% CI1 0.42, 0.68). Detailed results for all
scales and related subscales are shown in Table I11.

Differences in changes in exercise capacity, health-
related quality of life and psychological distress
between groups

A series of general linear mixed models revealed a
significant main effect of group for the 6MWD, the
EQ-5D-5L index score, the EQ-VAS and the PHQ-4.
These results indicate that the non-RMT group sho-
wed less severe impairments than the RMT group in
all outcomes across time. There was also a significant
main effect of time for the 6MWD, the EQ-5D-5L
index score, the EQ-VAS and the PHQ-4, indicating
that all outcome variables improved from time 1 to
time 2 for both groups.

In addition, a significant interaction was observed
between group and time for the 6MWD and for the
EQ-5D-5L index score, indicating that the effect of
time on the 6MWD and the EQ-5D-5L index score
differed between the 2 groups. Specifically, the RMT
group showed a better recovery for these outcomes
from time 1 to time 2 compared with the non-RMT
group. No interaction between group and time was
found for the EQ-VAS and the PHQ-4. Detailed results
are shown in Table IV. A graphical representation is
shown in Fig. 1.

DISCUSSION

Multidisciplinary rehabilitation is recommended by
several healthcare organizations (e.g. NICE, WHO) as
treatment for managing the effects of post-COVID-19
condition; however there is a lack of evidence concer-
ning the effectiveness of certain interventions (13).
Nevertheless, positive effects of multidisciplinary
rehabilitation treatments have been observed in several
studies. For instance, Ostrowska et al. (34) found that

Measures n Pre-treatment Post-treatment Mean change t-value DF Cohen’s d
6MWD 779 415.26 (128.75) 516.04 (119.34) 100.80 (95.81, 105.80) 39.79%** 778 0.81 (0.76, 0.87)
EQ-5D-5L index score 577 0.80 (0.18) 0.91 (0.12) 0.11 (0.10, 0.13) 14,945 576 0.75 (0.64, 0.85)
Mobility 588 1.66 (0.96) 1.25 (0.59) -0.42 (-0.49, -0.35) —11.16%%* 587 -0.53 (-0.62, -0.43)
Self-care 589 1.15 (0.47) 1.05 (0.27) -0.09 (- 0.13, -0.06) =5.44%*x* 588 -0.25 (-0.33, -0.16)
Usual activity 587 2.12 (0.93) 1.41 (0.72) -0.71 (-0.79, -0.63) -17.97%*x* 586 -0.86 (-0.97, -0.76)
Pain/discomfort 585 2.36 (0.88) 1.82 (0.73) -0.55 (-0.63, -0.47) —-13.54%** 584 -0.68 (-0.78, -0.57)
Anxiety/depression 588 1.76 (0.93) 1.26 (0.59) -0.50 (-0.58, -0.42) -12,99%%* 587 -0.64 (-0.74, -0.54)
EQ-VAS 585 62.11 (15.60) 79.76 (14.76) 17.65 (16.20, 19.10) 23.90%*** 584 1.16 (1.05, 1.28)
PHQ-4 702 2.87 (2.67) 2.32 (2.64) -0.55 (-0.68, -0.42) —8.29%xx 701 -0.21 (-0.26, -0.16)
Depression 702 1.52 (1.48) 1.16 (1.45) -0.36 (-0.44, -0.29) -9.60%**x* 701 -0.25 (-0.30, -0.20)
Anxiety 702 1.35 (1.47) 1.16 (1.41) -0.19 (-0.26, -0.11) —4.88%x* 701 -0.13 (-0.18, -0.08)

Data are presented as n, mean (SD), mean change (95% CI) and effect size as Cohen’s d (95% CI). EQ-5D-5L: 5-level EQ-5D; EQ-VAS: EQ Visual Analog Scale;
PHQ-4: Patient Health Questionnaire-4; 6MWD: 6-minute walk distance in m; DF: degrees of freedom.

***p<0.001 (Bonferroni-Holm adjusted).
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Table IV. Main and interaction effects of 6-minute walk test
(6MWT), 5-level EQ-5D (EQ-5D-5L) index score, EQ Visual Analog
Scale (EQ-VAS) and Patient Health Questionnaire-4 (PHQ-4)

Effect DF Estimate t-value
6MWT

Group 1:777 -96.27 (8.61) -11.18***
Time 1:777 91.32(3.39)  26.97***
Time*Group 1:777 20.96 (5.04) 4.16%**
EQ-5D-5L index score

Group 1:620 -0.09 (0.01) -6.31%**
Time 1:596 0.10 (0.01) 9.67%**
Time*Group 1:596 0.04 (0.02) 2.97*
EQ-VAS

Group 1:645 -5.60 (1.24) —4.50%**
Time 1:618 17.85 (0.98)  18.26***
Time*Group 1:618 -0.73(1.46) -0.50
PHQ-4

Group 1:700 1.04 (0.20) 5.23%*x*
Time 1:700 -0.47 (0.09) -5.28%**
Time*Group 1:700 -0.18 (0.13) -1.34

Data are presented as fixed effect estimates and standard errors (SE). DF:
degrees of freedom.
*p<0.05; ***p<0.001.

individuals with post-COVID-19 condition benefited
from a 6-week outpatient multidisciplinary rehabilita-
tion, particularly in terms of functional capacity. These
findings are consistent with previous studies by Glockl
et al. (10) and Hermann et al. (19), who also reported
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improvements in functional capacity as well as in pa-
tients’ QoL after a 3-week and a 2- to 4-week inpatient
rehabilitation programme, respectively. Moreover,
individual interventions, such as RMT, have also been
shown to be effective in improving the recovery of
patients affected by post-COVID-19 condition (21, 35).

The current study retrospectively analysed changes
in multiple outcomes, i.e. functional capacity, HRQoL
and psychological distress after a 3-week inpatient
comprehensive and multidisciplinary rehabilitation
programme with a specific focus on RMT. The study
found that, after completing the programme, patients
with post-COVID-19 condition improved their fun-
ctional capacity, HRQoL, and psychological distress.
Specifically, functional capacity measured by the
6MWD improved significantly during rehabilitation,
with a mean improvement of 100.8 m across the total
patient cohort, which is above the suggested minimal
clinically important difference (MCID) of 14-33 m
for individuals with different pathologies including
respiratory diseases (26, 27). However, compared with
a healthy reference population (36), the 6MWD was
lower in the analysed sample at both measurement
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Fig. 1. Graphical representation of the results of the general linear mixed model. (a) Six-minute walk distance (6MWD), (b) 5-level EQ-5D (EQ-
5D-5L) index score, (c) EQ Visual Analog Scale (EQ-VAS), and (d) Patient Health Questionnaire-4 (PHQ-4) score. ***p<0.001.
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points. Nevertheless, the findings of the current study
regarding the 6MWT were similar to values found in
comparable studies, which also documented improve-
ments in the 6(MWD (10, 37, 38). While patients in the
RMT group had lower values at both time-points, they
showed greater improvements in their 6MWD than
patients without RMT. One explanation could be that
RMT leads to a more efficient work of the respiratory
muscles during exercise performance, thus reducing
the feeling of exertion and shortness of breath, allo-
wing patients to walk faster and increase their distance
during the 6BMWT (23, 39). Another explanation for
the improvement in functional capacity could be adap-
tations of the cardiovascular system or improvement
in skeletal musculature due to exercise therapy (40).
Finally, a greater potential for improvement may also
have contributed to the stronger recovery in the RMT
group.

Regarding HRQoL, this study made similar obser-
vations. Compared with healthy adult German and
Italian reference data, the mean EQ-5D-5L index score
in the current study sample was slightly lower before
rehabilitation, but improved to a score comparable to
that of a healthy population at the end of rehabilitation
(41, 42). Compared with the normative mean EQ-
VAS for healthy German and Italian populations (41,
42), slightly lower values were observed at baseline.
However, as with the EQ-5D-5L index, the EQ-VAS
improved to a level similar to that of a healthy popu-
lation at the end of rehabilitation. Moreover, patients
with RMT had a generally lower EQ-5D-5L index
score at both measurement points, but improved to a
greater extent over the course of rehabilitation than
patients without RMT.

The current analysis also distinguished between
different dimensions of the EQ-5D-5L questionnaire.
Examining the different dimensions constituting the
EQ-5D-5L can be useful to learn more about the
complex symptoms that patients with post-COVID-19
condition experience, and might be helpful in deve-
loping tailored rehabilitation programmes for this
relatively new group of patients. The current study
showed that, on average, patients were more affected
in the dimensions pain and discomfort, as well as usual
activities at both time-points. These 2 dimensions of
HRQoL might be especially affected due to the reduced
functional capacity and the impairment of respiratory
muscle strength. Moreover, other factors, such as
symptoms of fatigue, could additionally play a role
in the context of HRQoL outcomes (43). With respect
to the sub-dimension of self-care, floor effects could
be observed, suggesting that, even at the beginning of
rehabilitation, patients were not limited in caring for
themselves even while experiencing post-COVID-19
condition. Regarding the EQ-VAS, patients improved
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by a mean of 17.6 points, which is more than double
the MCID of 8 points (44). This is in line with findings
reported by Hayden et al. (37), who report similar
changes and developments in the EQ-VAS. In addi-
tion, no differences were found in the improvement
of the EQ-VAS over time between the RMT vs the
non-RMT group.

In contrast to recent studies, that reported clinically
relevant or a higher psychological load in patients with
post-COVID-19 condition (10, 37, 45), the current
study did not identify greater emotional distress for
patients. When comparing the RMT vs the non-RMT
group, it was found that the RMT group reported mild
psychological distress before treatment, but this was
reduced to a normal score in the course of the rehabi-
litation programme. In the non-RMT group, the mean
PHQ-4 score was in a normal range before and after
treatment (30).

In terms of effect sizes, strong effects (i.e. before
treatment — after treatment) were found in the EQ-VAS
and the 6MWT. Hayden et al. (37) also noted similar
findings in the EQ-VAS and 6MWT in patients with
post-COVID-19 condition. Furthermore, a moderate
effect size was found for the EQ-5D-5L index score
and a small effect size for the PHQ-4.

Overall, these results suggest that both groups (RMT
and non-RMT) benefited from the rehabilitation
programme and showed improvements in functional
capacity, HRQoL and psychological distress. How-
ever, despite improving functional capacity, the mean
6MWD at discharge was still lower compared with a
healthy population. This indicates that some patients
may require ongoing treatment, such as telerehabilita-
tion, outpatient forms of rehabilitation, or home-based
self-management programmes.

Study limitations

Despite the strengths of this study (i.e. simultaneous
consideration of numerous health-related outcomes,
a relatively large sample of a relatively new patient
population, differentiation of patients with and without
RMT), some limitations must be mentioned. First, the
data analysed were collected in the context of a regu-
lar inpatient rehabilitation programme, rather than a
randomized controlled trial. Therefore, the causality of
the results cannot be assumed with complete certainty
due to the lack of a control group. That is, improve-
ment over time could also be due to natural recovery
processes. Secondly, the study does not include a
follow-up measurement. Thus, no conclusions can be
drawn about the stability and long-term effects of the
results. Thirdly, due to the naturalistic approach taken,
it was not possible to distinguish between the different
stages of post-COVID-19 condition or the severity
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of the individual’s COVID-infection. Future studies
should consider this as a covariate in order to control
for the individual potential for recovery.

In addition, although it is recommended to repeat the
6MWT twice per session, due to a possible learning
effect, the strict timeframe of the routine setting did
not allow for this procedure. Finally, the distribution of
responses to some EQ-5D-5L items suggest the occur-
rence of floor effects, making it difficult to calculate a
central tendency for these dimensions.

Conclusion

Multidisciplinary rehabilitation appears to have posi-
tive effects on patient recovery. The results of the cur-
rent study support the integration of such a programme
as a model of care for patients with post-COVID-19
condition. Functional capacity and HRQoL improved
during the 3-week inpatient rehabilitation, with patients
experiencing more severe impairments possibly bene-
fiting more. In addition, reductions in psychological
distress were observed. Further research is needed
into the long-term effects, as well as changes in other
clinical and patient-reported outcomes, following mul-
tidisciplinary long COVID-related rehabilitation treat-
ments. Therefore, (quasi-)experimental designs could
be used to analyse possible causalities and effects of
rehabilitation interventions.
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