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Abstract
Purpose  Disturbance to physical and psychological characteristics among COVID-19 survivors are not uncommon compli-
cations. In the current systematic review, we aimed to investigate the role of exercise rehabilitation programs, either in acute 
or post-acute phase, on COVID-19 patients’ outcomes.
Methods  A systematic search was conducted in November 2021 of Web of Sciences, PubMed-Medline, Google Scholar, 
and Scopus. Observational and intervention studies on COVID-19-infected patients undergoing a rehabilitation program 
including any type of exercise were included if they reported physical or psychological factors as outcomes. The Cochrane 
risk of bias tool for randomized controlled trials and Joanna Briggs Institute (JBI) critical appraisal checklist were used by 
two independent reviewers.
Results  A total number of 469, and 957 patients were included in 9 intervention studies, and 14 observational studies, 
respectively. Most factors reported by studies as outcomes fell in the categories of exercise capacity, respiratory function, as 
well as psychological aspects. The reported outcomes in almost all studies, disclosed the overall beneficial role of exercise 
rehabilitation in improving the outcomes.
Conclusion  The current review demonstrated that exercise rehabilitation generally could have a beneficial role in improve-
ment of both physical and psychological related outcomes. As the best onset time, and FITT components are not yet com-
pletely clear, further large, well-designed RCTs are suggested to provide details of exercise rehabilitation program.

Keywords  Exercise · Rehabilitation · SARS-Cov-2 · COVID-19 · Systematic review
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Introduction

By the end of February 2021, more than 430 million people 
have been recognized as confirmed cases with SARS-CoV2 
infection. In addition, after almost 2 years of COVID-19 
pandemic, this ongoing public health problem has been 
responsible for more than 5.9 million deaths globally [1].

As the number of confirmed cases with COVID-19 
increases, the pressure posed to global health and economy 
will become more evident [2, 3]. Not only is this due to 
increase in mortality, but also the result of increase in long-
term health consequences among recovered cases [3].

A significant number of patients with COVID-19 suffer 
from prolonged symptoms [4]. Existing research indicates 
that patients with different age group as well as diverse 
severity of disease may experience persistent symptom [5].

Although the evidence suggests that efficacious and trust-
worthy vaccines may play a crucial role in terminating the 
pandemics [6], potential of high mutation rate within SARS-
CoV-2 genome could make it more challenging [7]. Fur-
thermore, long COVID still seems to exist as a significant 
complication of the disease [5].

Finding the most effective therapeutic interventions is 
still emerging with a variety of ongoing studies [8]. Besides 
that, it is likely, along with the primary prevention i.e., using 
vaccine, to combat the pandemic [7], the rehabilitation pro-
grams as a tertiary prevention could help to alleviate the 
huge health adverse effects due to COVID-19 [9], and to 
decrease the disease burden [10].

The evidence suggest that exercise could play a funda-
mental role in rehabilitation and restoring the normal life 
among COVID-19 survivors. In this sense, improvement 
in lung function, immunity enhancement by cytokine reg-
ulation, reduction in oxidative stress, as well as intestinal 
flora modulation were theoretically introduced [2]. On the 
other hand, inactivity has proposed as a novel risk factor 
for increasing COVID-19 duration [11]. In addition, sports 
participation was associated with lower rate of COVID-19 
complication [12].

As the deterioration in physical and psychological char-
acteristics among COVID-19 survivors are not uncommon 
complications [10], we aimed in this systematic review to 
investigate the role of exercise rehabilitation programs, 
either in acute or post-acute phase, on physical and psycho-
logical outcomes among COVID-19 patients.

Methods

This systematic review was undertaken using the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guidelines [13]. The protocol was regis-
tered to PROSPERO (CRD42022301087).

Search strategy

Web of Sciences, PubMed-Medline, Google Scholar, and 
Scopus were searched systematically between December 
2019 and November 2021 in English language. The com-
bination of (“physical activity” OR “exercise” OR “physi-
cal inactivity” OR “sedentary behavior” OR “life-style” 
OR “sports”) with (“COVID-19” OR “SARS-CoV-2” OR 
“SARS-CoV-2”) were defined as the search strategy.

Inclusion and exclusion criteria

All published observational and intervention studies on 
COVID-19-infected patients undergoing an exercise reha-
bilitation program were included if they met the following 
inclusion criteria: 1—Studies conducted on patients with 
confirmed diagnosis of COVID-19 regardless of the sever-
ity, either with or without comorbidity. 2—Rehabilitation 
programs included any type of exercise regardless of onset 
time, and duration of program. 3—Studies have reported 
either physical or psychological factors as outcome. All 
other study types (e.g., case reports, case series, qualita-
tive, reviews, commentaries and editorials) were excluded.

Eligibility and data extraction

The title and abstract of studies, found based on the above 
strategy, were screened by two independent investigators 
(FH & BM) and a third one (MS) as consultant in specific 
disagreement cases. Full texts of eligible studies were 
reviewed.

The previously designed data extraction sheet includ-
ing the name of first author, study design, sample size, 
methodology, sex and age range of patients, onset and type 
of rehabilitation, outcome definition and assessment time 
was used.

Quality assessment

For intervention and observational studies, the Cochrane risk 
of bias tool for randomized controlled trials [14] and Joanna 
Briggs Institute (JBI) [15] critical appraisal checklist were 
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used, respectively. Two independent reviewers (BM & BT) 
were involved in quality assessment.

Results

As seen in Fig. 1, 5035 studies were identified initially 
through Web of Sciences, PubMed-Medline, Google 
Scholar, and Scopus databases. After duplicate removal, 
3332 studies were remained. Title/abstract screening 
excluded another 3245 studies and 87 studies were selected 
for full-text review. Finally, 23 studies including fourteen 
observational and nine intervention studies met the inclusion 
criteria. Most factors reported by studies as outcomes fell in 
the categories of exercise capacity, respiratory function, as 
well as psychological aspects.

Risk of bias assessment revealed variation in scores of 
different domains through all studies. Table 1 and Fig. 2 

illustrate the results of quality assessment of observational, 
and intervention studies, respectively. Results of The Risk 
of Bias VISualization (ROBVIS) [16] was utilized to dem-
onstrate the results of quality assessment of intervention 
studies.

Intervention studies

A total number of 469 patients were included in nine inter-
vention studies [17–25] (Table 2). The duration of rehabilita-
tion programs was within the range of 5–42 days. Acute and 
post-acute rehabilitation were considered in six and three 
studies, respectively.

According to the National Institute for Health and Care 
Excellence (NICE), acute and post-acute phases were 
defined as within the first 4 weeks of symptoms onset, and 
more than 4 weeks of symptoms onset, respectively [26]. 
However, acute phase was considered as the first 40 days of 

Fig. 1   PRISMA flowchart of 
systematic literature search 
on exercise rehabilitation and 
COVID-19 outcomes
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symptoms onset in studies by Gonzalez-Gerez et al. [18], 
and Rodriguez-Blanco et al. [24]. This discrepancy was due 
to problems related to diagnostic testing caused by collapses 
in their health systems.

The reported outcomes in eight studies of nine disclosed 
the overall beneficial role of exercise rehabilitation in 
improving the outcomes.

Five studies by Gonzalez-Gerez et al. [18], Liu et al. [21], 
Mohamed et al. [22], Ozlu et al. [23], and Rodriguez-Blanco 
et al. [24] demonstrated the beneficial effects of acute exer-
cise rehabilitation among COVID-19 patients. The reported 
severity was within mild to moderate in these studies.

In studies by Abodonya et al. [17], Liu et al. [20], and 
Tang et al. [25] exercise rehabilitation in post-acute phase 
was significantly effective in improving the physical (includ-
ing both exercise capacity, and respiratory function) and psy-
chological outcomes among the patients with either mild-to-
moderate severity or severe to critically ill.

Andre et al. revealed that inpatient rehabilitation (includ-
ing unsupervised physical activity) among older hospitalized 
patients with COVID-19 was ineffective to improve neither 
exercise capacity nor psychological aspects [19].

Rehabilitation and exercise capacity

Six minutes’ walk test (6MWT), and thirty-second sit-to-
stand test (30STS) were the most common tests evaluated 
as exercise capacity in included studies. The results demon-
strated a significant improvement in favor of rehabilitation 
group. Sit to stand test, semi-tandem and side by side stand, 

as well as walking speed were considered as outcomes in 
study by Andre et al. [19] They have not reported significant 
difference between two groups.

Rehabilitation and respiratory function

Spirometry outcomes and dyspnea scale were considered 
as the most common outcomes. Spirometry-related factors 
consisted of force expiratory volume in one second (FEV1), 
forced volume capacity (FVC), FEV/FVC%, and transfer 
factor for lung carbon monoxide (TLCO%). Borg scale and 
modified Medical Research Council (mMRC) were consid-
ered as dyspnea scale in two and one studies, respectively. 
All factors were significantly improved in favor of rehabili-
tation group.

Rehabilitation and psychological aspects

Outcomes in this field generally were related to the quality 
of life, anxiety, and depression measured via questionnaire-
based approach.

Other outcomes

Only in one study, blood immune markers including leuko-
cytes, lymphocytes, interleukins, IgA, and TNF-alpha were 
considered as outcomes. Although only changes in leuko-
cytes, lymphocytes and IgA were reached statistical differ-
ence, improvement in all investigated factors was seen. All 

Table 1   Results of quality assessment of included observational studies using the Joanna Briggs Institute (JBI) critical appraisal checklist

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8

Cross-sectional
Evaraerts et al. 2021 No Yes Yes Yes No No Yes Yes
Maniscalco et al. 2021 No Yes Yes Yes No No Yes Yes
Olezene et al. 2021 No Yes Yes Yes No No Yes Yes
Rosen et al. 2020 No Yes Yes Yes No No Yes Yes
Zampogna et al. 2021 Yes Yes Yes Yes No No Yes Yes
Zhang et al. 2021 Yes Yes Yes Yes No No No Yes

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11

Cohort
Chikhanie et al. 2021 No Yes Yes No No Yes Yes Not applicable Yes Yes Yes
Daynes et al. 2021 No Yes Yes No No Yes Yes Not applicable Yes Yes Yes
Hameed et al. 2021 Yes Yes Yes No No Yes Yes Not applicable Yes Yes Yes
Jiandani et al. 2020 Yes Yes Yes No No Yes Yes Not applicable Yes Yes Yes
Li et al. 2021 No Yes Yes No No Yes Yes Not applicable Yes Yes Yes
Martin et al. 2021 Yes Yes Yes Yes No Yes Yes Not applicable Yes Yes Yes
Udina et al. 2021 Yes Yes Yes No No Yes Yes Not applicable Yes Yes Yes
Zha et al. 2020 No No Yes No No Yes Yes Not applicable Yes Yes Yes
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differences were in favor of exercise rehabilitation except 
TNF-alpha [22].

Observational studies

A total number of 957 patients were included in 14 observa-
tional studies [27–40] (Table 3).

The duration of rehabilitation programs was within 
the range of 1–42 days. Acute and post-acute rehabilita-
tion were considered in five and nine studies, respectively. 
The reported outcomes in all studies disclosed the overall 

beneficial role of exercise rehabilitation in improving the 
outcomes. All types of disease severity from mild to severe 
and critically ill patients were included in the studies. Only 
one study dealt with the rehabilitation of patients with per-
sistent symptoms.

Rehabilitation and exercise capacity

Factors related to aerobic capacity, as well as strength and 
balance capacity were measured as outcomes in this field. 
Aerobic capacity-related factors, including 6MWT, shuttle 

Fig. 2   Results of quality assessment of included intervention studies using the Cochrane risk of bias tool. a Traffic light plot and b summary plot
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test, cardio-pulmonary exercise test (CPET), sit to stand 
score (STSS), step test score (STS), and 10-m walk test 
were measured in seven studies. Significant improvement 
in hand grip and quadriceps muscle strength reported in 
cohort and cross-sectional studies on 21, and 22 patients 
with severe–critically ill COVID-19, respectively. Tinetti 
balance test, Berg Balance Scale, Short Physical Perfor-
mance Battery (SPPB), and Barthel Index (BI) were con-
sidered as balance factors in included studies. The overall 
results demonstrated significant improvement in favor of 
rehabilitation groups.

Rehabilitation and respiratory function

Dyspnea scores including Borg dyspnea scale, and spirom-
etry factors including FEV1%, FVC%, total lung capacity 
(TLC), diffusing capacity for carbon monoxide (DLCO), 
maximum inspiratory pressure (MIP), maximum expira-
tory pressure (MEP), P/F ratio, peak expiratory flow rate 
(PEFR), maximum inspiratory pressure (PImax), maximum 
expiratory pressure (PEmax), as well as acute symptoms 
and oxygen requirement were considered as parameters of 
respiratory function in included observational studies.

Rehabilitation and psychological aspects

Questionnaire-based measurement of quality of life, anxi-
ety, and depression were generally regarded as psychologi-
cal outcomes. Improvement in psychological aspects were 
observed in all studies, although statistical significance was 
not reached in some studies.

Discussion

The current systematic review aimed to figure out the role 
of exercise rehabilitation on COVID-19 patients’ outcomes. 
Results of included studies generally have revealed the ben-
efits of exercise rehabilitation. Overall, both physical and 
psychological related outcomes have improved by exercise 
rehabilitation.

The results are contrary to that of Connoly et al. who 
found that the benefit of post-discharge exercise-based 
rehabilitation on exercise capacity and health-related qual-
ity of life among 483 ICU survivors were inconclusive [41], 
but are broadly consistent with earlier systematic review 
study conducted by Goodwin et al., which has postulated 
that exercise and mobilization could have a substantial role 
in improving the outcomes among critical care admitted 
patients with severe respiratory illness. As they general-
ized the results to the cases with COVID-19 infection, 
they have concluded that exercise could make a significant 
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contribution to improve the physical outcomes. However, 
their finding regarding quality of life was under debate [42].

In a 2022 study by Barman et al., respiratory rehabilita-
tion including either aerobic or respiratory muscle training 
has a positive effect on exercise capacity as well as pulmo-
nary function among patients with Severe Acute Respiratory 
Syndrome (SARS) [43]. With respect to the minimal clini-
cally important difference (MCID) of 20–30 m established 
for 6MWD, analysis of pooled data in the mentioned study 
revealed that 6MWD as a valid tool to determine the exercise 
capacity had been improved significantly higher than MCID. 
[43] The amount of such increase in all included studies 
were higher than previously reported MCID except in study 
by Tang et al. [25]

It is worth noting that a wide variety in the rehabilitation 
onset were used in included studies in our review. Although 
most of intervention studies focus on acute rehabilitation, 
post-acute rehabilitation was considered as a dominant 
approach in observational studies.

It seems there is still big controversy over the appropri-
ate time of rehabilitation onset among COVID-19 patients. 
Chinese and Italian societies of rehabilitation did not rec-
ommend acute rehabilitation due to probable decrease in 
oxygen blood saturation [44, 45]. A similar conclusion was 
reached by Demeco et al. [46] In their study, severe and criti-
cally ill patients were recommended to postpone the respira-
tory rehabilitation until their status become more stable. In 
contrast, the results of the study by Goodwin et al. focusing 
on acute rehabilitation in critical care setting were pleasant 
[42].

The results of the current review revealed that acute reha-
bilitation in either mild to moderate [18, 21, 22, 24, 39, 40] 
or severe patients [8, 23, 29, 36] were associated with suc-
cessful outcomes.

In addition, components of exercise prescription includ-
ing frequency, intensity, time and type (FITT) were broadly 
varied through the studies. It is not yet completely clear what 
FITT components are of interest to COVID-19-affected 
patients.

Wittmer et al. have sounded a note of caution on exercise 
prescription for COVID-19 patients [47]. They concluded 
that exercise intensity must be adapted according to clinical 
status and stage of illness. Neither too much to be prob-
lematic nor too little to be ineffective. The challenges to 
determine the intensity are twofold. First, it should be com-
patible with patients with muscle strength decrement [48]. 
Second, the intensity should not be as vigorous as it poses 
a further pressure to respiratory system for the reason that 
SARS could happen to some mild-moderate patients [49].

The results of observational studies included in study 
by Wittmer et al. demonstrated that low-to-moderate inten-
sity and low intensity were associated with good results in 
mild, and moderate COVID-19 patients, respectively. Early Ta

bl
e 

3  
(c

on
tin

ue
d)

A
ut

ho
r a

nd
 y

ea
r

D
es

ig
n

Sa
m

pl
e 

si
ze

 (c
as

e/
co

nt
ro

l r
at

io
)

A
ge

 (y
ea

rs
) [

m
ea

n 
(S

D
)/m

ed
ia

n 
(I

Q
R

)]
Pa

rti
ci

pa
nt

s
Ex

er
ci

se
 re

ha
bi

lit
a-

tio
n 

vs
. c

om
pa

ra
to

r 
(if

 av
ai

la
bl

e)

Re
ha

bi
lit

at
io

n 
du

ra
tio

n
O

ns
et

 o
f r

eh
ab

ili
ta

-
tio

n
O

ut
co

m
es

Zh
an

g 
et

 a
l. 

20
21

 
[4

0]
C

ro
ss

-s
ec

tio
na

l
91

N
A

M
ild

 c
as

es
 o

r c
om

-
m

on
 c

lin
ic

al
 ty

pe
s

B
ad

ua
nj

in
 e

xe
rc

is
e

N
A

A
cu

te
 p

ha
se

C
or

re
la

tio
n 

be
tw

ee
n 

hi
gh

er
 fr

eq
ue

nc
y 

of
 

B
ad

ua
nj

in
 e

xe
rc

is
e 

an
d 

im
pr

ov
e-

m
en

t i
n 

Ps
yc

ho
-

lo
gi

ca
l a

sp
ec

ts
 

in
cl

ud
in

g 
H

A
D

 
an

xi
et

y 
(P

 =
 0.

65
) 

an
d 

de
pr

es
si

on
 

(P
 <

 0.
01

)

BI
, B

ar
th

el
 I

nd
ex

; C
PE

T,
 C

ar
di

oP
ul

m
on

ar
y 

Ex
er

ci
se

 T
es

t; 
D

LC
O

, D
iff

us
in

g 
C

ap
ac

ity
 fo

r 
C

ar
bo

n 
m

on
ox

id
e;

 F
EV

1,
 F

or
ce

d 
Ex

pi
ra

to
ry

 V
ol

um
e 

in
 O

ne
 s

ec
on

d;
 F

VC
, F

or
ce

d 
V

ita
l C

ap
ac

ity
; 

H
AD

S,
 H

os
pi

ta
l 

A
nx

ie
ty

 a
nd

 D
ep

re
ss

io
n 

Sc
al

e;
 H

PT
, h

om
e 

ph
ys

ic
al

 t
he

ra
py

; 
IE

, i
nd

ep
en

de
nt

 e
xe

rc
is

e 
pr

og
ra

m
; 

M
EP

, M
ax

im
al

 E
xp

ira
to

ry
 P

re
ss

ur
e;

 M
IP

: 
M

ax
im

al
 I

ns
pi

ra
to

ry
 P

re
ss

ur
e;

 
M

oC
A,

 M
on

tre
al

 C
og

ni
tiv

e 
A

ss
es

sm
en

t; 
M

RC
, M

ed
ic

al
 R

es
ea

rc
h 

C
ou

nc
il;

 P
EF

R,
 P

ea
k 

Ex
pi

ra
to

ry
 F

lo
w

 R
at

e;
 P

Em
ax

, M
ax

im
al

 E
xp

ira
to

ry
 P

re
ss

ur
e;

 P
Im

ax
, M

ax
im

al
 In

sp
ira

to
ry

 P
re

ss
ur

e;
 P

/F
 

ra
tio

, P
aO

2/
FI

O
2;

 S
pO

2,
 P

ul
se

 O
xi

m
et

er
 O

xy
ge

n 
Sa

tu
ra

tio
n;

 S
PP

B,
 S

ho
rt 

Ph
ys

ic
al

 P
er

fo
rm

an
ce

s 
B

at
te

ry
; S

TS
, S

te
p 

Te
st 

Sc
or

e;
 S

TS
S,

 S
it 

To
 S

ta
nd

 S
co

re
; S

TS
T,

 S
it 

To
 S

ta
nd

 T
es

t; 
TL

C
, T

ot
al

 
Lu

ng
 C

ap
ac

ity
; V

O
2,

 o
xy

ge
n 

co
ns

um
pt

io
n;

 V
PT

, v
irt

ua
l p

hy
si

ca
l t

he
ra

py
; 6

M
W

D
, 6

-m
in

 w
al

ki
ng

 d
ist

an
ce



1217Sport Sciences for Health (2022) 18:1201–1219	

1 3

mobilization was also related to better prognosis in severe to 
critical COVID-19 patients [47]. Similarly, included studies 
in our review revealed that progressive mild-to-moderate 
intensity could bring positive results.

Hassanodin et al. demonstrated that comorbidities should 
be considered in any rehabilitation. It is clearly affect the 
participation or progression of program [50]. It seems indi-
vidualized rehabilitation approach is rational. According to 
position statement of Taiwan Academy, rehabilitation pro-
grams for patients with COVID-19 should adjusted accord-
ing to clinical statuses. COVID-19 patients were categorized 
into the following groups: 1—mild severity without any 
risk factor, 2—mild severity with established risk factor, 
3—moderate-to-severe severity, 4—ventilator-assisted cases 
without cognitive problem, and 5- ventilator- assisted cases 
with cognitive problem [51].

As there was a huge heterogeneity regarding the compo-
nents of rehabilitation training, it is not possible to compare 
the results within the different frequency and duration of 
programs. Also, a large modes of workouts including breath-
ing exercise, muscle relaxation training, aerobic, strength-
ening, stretching as well as balance training were used as 
exercise rehabilitation in included studies.

It is thought that the broad expression of Human Angio-
tensin-Converting Enzyme-2 (hACE-2) receptors in multiple 
organs could lead to wide extra-pulmonary manifestations 
in COVID-19 [52]. Most outcomes have been addressed 
by included studies were related to cardiopulmonary, and 
psychological factors. It seems the remaining extra-pulmo-
nary manifestations including neurologic, gastrointestinal, 
hematologic, hepatic, and renal involvement should be more 
considered in future studies. Although study by Mohammed 
et al. demonstrated the benefits of exercise on some hema-
tologic factors [52], the role of exercise in coagulopathy is 
relatively scarce. Previous research introduced the coagulop-
athy as the most important feature of hematologic manifesta-
tions in COVID-19 [53]. In this regard, Zadow et al. reported 
that mild-to-moderate exercise training might improve the 
coagulopathy problems associated with COVID-19. How-
ever, probably the opposite effect could be observed in high 
intensity exercise [54].

Limitation

In current study, there were huge heterogeneity in included 
studies. In addition to differences in FITT components of 
exercise, large variation in disease severity, as well as reha-
bilitation onset was observed. In addition, the measured out-
comes were broadly different in each study. In light of these 
considerations, meta-analysis could not be performed. We 
have also included all studies determining the effect of exer-
cise as a part of rehabilitation on COVID-19 outcomes. As 

the other non-exercise component of rehabilitation programs 
including either nutritional, or psychological consultation 
have been neglected, the results should be interpreted with 
some cautions.

Conclusion

Exercise rehabilitation generally could have a beneficial role 
in improvement of both physical and psychological related 
outcomes. As the best onset time, and FITT components are 
not yet completely clear, further large, well-designed RCTs 
are mandatory to provide details of exercise rehabilitation 
program.
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