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ABSTRACT      
BACKGROUND: COVID-19 has been mainly investigated concerning the acute and subacute phase implications and management. Meanwhile, 
few studies focused on the midterm sequelae, which still remain largely unknown.
AIM: To assess the physical performance of COVID-19 survivors at 3 to 6 months from Hospital discharge.
DESIGN: A cross-sectional study focused on mid-term functional outcomes evaluation in COVID-19 survivors.
SETTING: Outpatients who had been previously hospitalized due to COVID-19 from March to May 2020 at the University Hospital of Novara, 
Italy.
POPULATION: We enrolled 204 patients, of which 60% were men, with the mean age of 57.9 years.
METHODS: Patients firstly underwent the short physical performance battery test (SPPB), which is composed of a series of physical tests as-
sessing the lower limb function and the functional status of the subjects. Subsequently, based on SPPB results, patients’ cardiorespiratory fitness 
performance was further investigated. Patients with normal SPPB score (SPPB>10) underwent the 2-minute walking test (2MWT) whereas, in 
order to safely test the cardiorespiratory function, in patients with abnormal SPPB score (SPPB≤10) the 1-minute sit-to-stand test (1MSTST) was 
performed. It should be noted that the 1MSTST can be safely performed even by subjects with compromised walking ability.
RESULTS: Overall, 66 patients (32% of our sample) showed an impaired physical performance at 3 to 6 months after hospital discharge. In 
particular, 29 patients presented an SPPB score ≤10, and the 1MSTST confirmed this status in the whole group (100%) compared to the refer-
ence values for age and sex. Besides, among patients with a normal SPPB score, 37 showed a lower sex- and age-matched 2MWT score. Finally, 
a significant association between Intensive Care Unit hospitalization or mechanical ventilation and physical impairment was observed together 
with a significant association between the walking ability (measured with SPPB and 2MWT) and the number of comorbidities.
CONCLUSIONS: A residual physical and functional impairment was observed in COVID-19 survivors at mid-term evaluation after hospitalization.
CLINICAL REHABILITATION IMPACT: Considering the current COVID-19 epidemiology, we might expect a tremendous burden of disabil-
ity in the next future. Thus, an appropriate clinical rehabilitation pathway must be implemented.
(Cite this article as: Baricich A, Borg MB, Cuneo D, Cadario E, Azzolina D, Balbo PE, et al.; No-more Covid Group. Midterm functional se-
quelae and implications in rehabilitation after COVID-19: a cross-sectional study. Eur J Phys Rehabil Med 2021;57:199-207. DOI: 10.23736/S1973-
9087.21.06699-5)
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In late 2019, a new highly infectious pathogenetic coro-
navirus (CoV-2) responsible for severe acute respiratory 

syndrome (SARS-CoV-2) appeared in Wuhan, China and 
rapidly spread throughout the world.1 On March 11, 2020, 

the World Health Organization (WHO), after assessing the 
levels of severity and spread of CoV-2 infection, declared 
the state of pandemic.2

Although the first organ to be involved is usually the 
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Vaes et al. described a significant decrease in health sta-
tus in non-hospitalized patients after 79±17 (mean±SD) 
days from the beginning of the infection symptoms. More 
in detail, they found that almost all of the patients stud-
ied (98%) experienced fatigue, (90%) muscle weakness, 
(88%) sleeping problems and (87%) pain.14

Thus, to date, we are only aware that COVID-19 could 
determine many different sequelae, including remarkable 
functional and physical impairment. However, there still 
is a gap in knowledge in literature: we are not even com-
pletely aware of how the disease affects the physical fit-
ness of patients, for how long these impairments will last, 
and what strategies could be implemented in the clinical 
practice to provide a full physical recovery.

With regard to the rehabilitation treatment, McWilliams 
et al. have recently published exciting results supporting the 
positive effects of acute rehabilitation during the ICU hospi-
talization over mobility levels of patients.15 By contrast, lev-
el 1 and 2 studies about mid and long-term physical sequelae 
of COVID-19 and rehabilitation efficacy are still lacking, 
according to Negrini et al.16 Consequently, these patients are 
only supposed to be eligible for an individualized and pro-
gressive treatment plan focusing on function, disability, and 
social life returning months after the acute illness.17

This study aimed to assess the physical and functional 
midterm sequelae in COVID-19 survivors. For this pur-
pose, we assessed physical performance in these patients 
through a series of tests in order to find out the proportion 
of patients still affected by an impaired performance or 
low physical functioning at 3 to 6 months from Hospital 
discharge.

Materials and methods

We conducted a cross-sectional study on a subpopula-
tion of previously independent walking patients already 
enrolled in a local multidisciplinary project focused on 
evaluating different outcomes in Coronavirus disease 19 
survivors (No-more Covid Project).

STROBE checklist was followed for manuscript draft.
The eligibility criteria we used to select our subgroup of 

patients were the following: age 18-79 years, hospitaliza-
tion for COVID-19 in the University Hospital of Novara 
(Italy) from March 1 to May 30, absence of significant dis-
ability value assessed by the modified rankin scale (mRS) 
before the viral infection (patients with an mRS score ≤3 
were included). The mRS is a single-item, global outcomes 
rating scale that can support the clinician to categorize lev-
el of patient functional independence. An mRS level equal 

lungs, causing bilateral interstitial pneumonia, SARS-
CoV-2 can damage many organs, not only by direct viral 
damage, but also by the general inflammatory state that the 
virus generates in the host.3

Coronavirus disease 19 (COVID-19) could appear with 
a wide range of clinical manifestations, from asymptomat-
ic infection to acute respiratory distress syndrome (ARDS) 
and even death.4 Usually, COVID-19 starts with such 
symptoms as fever, myalgia, cough and fatigue. Less com-
mon beginning symptoms include lymphopenia, hemopty-
sis, headache and diarrhea.5 Other acute-phase symptoms 
like sore throat, rhinorrhea and sneezing represent impor-
tant clinical features as they express the lower airways 
involvement, which is a specific CoV-2 target.6 Among 
complications, the most frequently reported are sepsis, re-
spiratory failure, ARDS, heart failure and septic shock.7

What remains still mysterious and debated are the mid-
term and long-term sequelae of COVID-19. Evidence from 
previous Coronavirus (CoV) outbreaks reported impaired 
pulmonary and physical function, reduced quality of life, 
and emotional distress.8 At state of the art, sequelae of CO-
VID-19 remain largely unknown, but some preliminary 
observations strongly suggest a similar profile to those of 
other CoV previously described.9

As far as we know, medical sequelae of COVID-19 de-
termine a multiorgan engagement. A French expert opin-
ion lists all possible medical sequelae, including intersti-
tial pulmonary fibrosis, inflammatory myocarditis, renal 
damage, sarcopenia and psychic illness.10

As regards COVID-19 neurological sequelae, they are 
only partially known. Because of the virus-specific neu-
ro-tropism, SARS-CoV-2 can cause both peripheral and 
central nervous system manifestations (PNS and CNS, re-
spectively). More in detail, PNS symptoms could include 
skeletal and muscular pain, paresthesia, areflexia, ataxia, 
muscle and facial weakness, or paralysis, whereas main 
CNS symptoms could be headache and vertigo.11 More-
over, critical illness polyneuropathy (CIP), a mixed senso-
rimotor neuropathy that leads to axonal degeneration, and 
critical illness myopathy (CIM), a non-necrotizing diffuse 
myopathy with fatty degeneration, fiber atrophy, and fibro-
sis, may occur after COVID-19.12

An Italian study declared fatigue as the most frequent 
long-term symptom in patients discharged from Hospital 
after recovery from COVID-19. Other persistent symp-
toms reported were dyspnea, joint pain, chest pain, cough, 
and anosmia. However, details on fatigue severity and, 
where appropriate, rehabilitation need in previously hos-
pitalized patients are still lacking.13 On the other hand, 
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the physical performance of patients, but subsequently this 
evaluation was completed with the aerobic resistance tests 
described below.

The 2-minute walking test (2-MWT) is an endurance 
measurement where patients are asked to walk and cover 
the longest distance possible over 2 minutes. Subjects must 
be able to ambulate without assistance while assistive de-
vices are allowed but should be kept consistent from test to 
test. We submitted this test to patients with good mobility 
to deeply investigate their functional status and resistance. 
Reference data are available in literature based on popula-
tion age and gender.23

Finally, the 1-minute sit-to-stand test (1-MSTST) was 
proposed to the patients with lower mobility. In order to com-
plete the test, patients were asked to perform as many sit-to-
stand actions as possible in 1 minute without using the upper 
limbs, sitting on an armless chair. Normative reference values 
are available, as presented by Strassmann et al.27 1-MSTST 
allows an evaluation of aerobic capacity also in people with 
a compromised walking ability or balance disturbances that 
may prevent them from walking. Interestingly, 1-MSTST is 
a validated test for assessing the impact of pulmonary reha-
bilitation in chronic obstructive pulmonary diseases.24

Statistical analysis

Descriptive statistics have been reported about the study 
sample. Continuous data are represented in terms of I, II 
(median), and III quartiles. The Mann-Whitney test was 
used to compare the medians of continuous variables. Cat-
egorical variables are summarized in terms of absolute and 
relative frequencies. Pearson’s and Fisher’s χ2 were used, 
as appropriate, to test the association between categorical 
variables. A multivariable logistic regression model has 
been computed adjusting the ICU or OTI effect on the 
study outcomes by gender, age, and comorbidities.

The model adjusted odds ratios (OR) together with the 
95% confidence intervals CI and P values have been re-
ported. Nonlinear effects of age have been considered in 
the model via restricted cubic spline estimation. The In-
terquartile OR effect has been reported for the continuous 
variables. The significance level was assessed at 5%. Anal-
yses have been performed with the R 3.4.2 (IBM; Armonk, 
NY, USA) with the rms package.

Results

Seven hundred sixty-seven patients discharged from the 
University Hospital of Novara (Novara, Italy) with a di-
agnosis of COVID-19 were contacted in accordance with 

to 3 indicates a moderate disability, requiring some help, 
but letting the subject walk without assistance.18

All of the participants enrolled were outpatients and 
gave their written informed consent for participation in the 
study, carried out according to the Declaration of Helsinki 
and validated by the local Ethics Committee (CE 158/20, 
chair Dr. Gianfranco Zulian) and Competent Authority 
(Maggiore della Carità University Hospital, Novara, Italy 
Protocol IRB code CE 117/20, validated on June 12, 2020).

Patients were tested in an interval between 3 and 6 
months after discharge from our Hospital with a confirmed 
diagnosis of SARS-CoV-2 infection.

Demographic and clinical data were collected through a 
detailed interview, during which patients were also asked 
to describe their premorbid functional independence status 
rated with the mRS. In addition, we also investigated the 
presence of comorbidities, defined as diseases the clini-
cal implications of which were so relevant as to require 
chronic pharmacological treatment.

After the interview, patients underwent a series of prop-
er tests focused on physical evaluation, as fully described 
below.

Our primary endpoint was the assessment of the mid-
term physical performance through the submission of the 
short physical performance battery (SPPB), that allows 
first line hierarchizing of patients based upon their func-
tional status. It should be noted that SPPB showed a good 
predictivity on the disability level in daily activities.19, 20 
In particular, a score greater than ten is considered an ex-
pected value for healthy subjects, whereas an SPPB score 
≤10 indicates a physical impairment.21

Additionally, in order to evaluate their residual aero-
bic capacity, patients with a high functional level showed 
at the SPPB (SPPB score >10) were then tested with 
the 2-minute walk test (2MWT).22, 23 On the other hand, 
subjects who showed an SPPB score ≤10 underwent the 
1-minute-sit-to-stand test (1-MSTST) to specifically as-
sess their exercise tolerance and capacity.24

More in detail, the short physical performance battery 
(SPPB) is aimed to investigate both functional status and 
physical performance, and it is composed by a series of 
physical performance tests used to evaluate lower extrem-
ity function and mobility. It relies on three different com-
ponents: walking speed, standing balance, and sit-to-stand 
performance.25 A global score equal or lower than 10 indi-
cates one or more mobility limitations. However, it should 
be noted that SPPB may not be able to distinguish the per-
formance level in high functioning patients.26 This is the 
reason why we used the SPPB as first-line test to assess 
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More in detail, 175 patients of our sample (86%) ob-
tained an SPPB score >10, revealing a good functional 
performance and mobility (group A). In contrast, 29 
patients (14%) obtained an SPPB score ≤10, indicating 
physical impairment (group B) (Figure 2).

The baseline, anamnestic mRS value was not associ-
ated to an impairment of SPPB score (P=0.63); moreover, 
not even the time elapsed from hospital discharge differed 
between group A and group B (124 [112-132] vs. 130 
[122-140] days; P=0.07, respectively). Interestingly, pa-
tients with physical impairment (group B) showed a lon-
ger median hospital in-stay (14 [8-23] vs. 8 [5-15] days; 
P=0.01).

Among the 29 patients from group B, the median value 
obtained at the SPPB tests was 9, with the mean score of 
8.5 (1.8).

We also categorized the observed results depending on 
the specific SPPB sections.

In the balance section, 91% of patients reached the 
maximum score of 4, 6% reached the score of 3, 1% 
reached the score of 2, another 1% the score of 1 and 
0.5% of patients obtained 0.

In the walking evaluation, 87% of patients obtained the 
maximum value of 4, 11% of them obtained the score of 
3, 0.05% the score of 2, 1% the score of 1. No one got the 
score of 0 in the walking test.

In the lower limb strength and resistance section, tested 
through the repetition of 5 sit-to-stand, 68% of patients 
obtained the maximum score of 4, 23% of patients ob-
tained the score of 3, 3% the score of 2 and 6% the score 
of 1. No one obtained the score of 0 in the sit-to-stand test.

Remarkably, it should be highlighted that, among all of 
the 204 patients included in our study, 66 of them (32%) 
showed physical impairment in one of our second line 
tests, the 2-MWT and 1-MSTST, respectively.

More in detail, all 29 patients (100%) of group B also 
showed at the 1-MSTST a lower score than the expec-
tancy based upon gender and age, with the median num-
ber of repetitions of 18 and the mean value of 19.7 (7.3), 
supporting the presence of a reduction in aerobic capacity.

Additionally, among the 175 group A patients (86%), 
37 of them (21%) obtained an inadequate 2-MWT score 
compared to that expected for age and sex, with the me-
dian value of 160 m and the mean value of 156 (16.4) m, 
revealing anyway a physical alteration (Table II).

Hence, overall 66 patients of the study (32%) had at 
least one test indicating physical impairment, 29 showing 
both an SPPB score ≤10 and 1-MSTST repetitions lower 
than expectancy, while 37 were deficient at the 2-MWT.Figure 1.—CONSORT diagram.

the study protocol of No-more Covid Project. N.=494/767 
(64.4%) declined, while 238 (31.0%) gave their informed 
consent and were enrolled in our study.

Based on inclusion and exclusion criteria, 204 patients, 
previously independent walkers, were finally included in 
our study (Figure 1).

Data will be reported below as mean±standard devia-
tion (SD) for continuous variables.

As part of the No-more Covid Project, patients were test-
ed from July 15, 2020 to September 15, 2020 after the mean 
time from Hospital discharge of 124.7 (17.5) days. The 
mean age of the sample was 57.9 (12.8) years, with the gen-
der distribution of 60% (123) men and 40% (81) women. 
Comorbidities number had the mean of 1.6 (1.3). Specifi-
cally, considering comorbidities that might directly affect 
the patients’ mobility and physical performance, 15 patients 
(7.4%) suffered from lung disease (9 patients from chronic 
obstructive pulmonary disease [COPD] and 6 from obstruc-
tive sleep apna syndrome [OSAS]), 21 patients (10.3%) 
were obese, 31 (15.2%) suffered from a cardiac disease, (11 
suffered from atrial fibrillation [AF], 15 from ischemic car-
diopathy, 3 from arrhythmias and 2 from structural cardiop-
athy), and, finally, 6 patients (2.9%) had a previous diagno-
sis of transitory ischemic attack (TIA) or stroke. The mean 
length of COVID-19 hospitalization was 12.9 (11.7) days. 
Moreover, 13% (27) of patients spent some days of their 
hospitalization in the Intensive Care Unit (ICU) and 10% 
(21) required invasive mechanical ventilation (Table I).

The SPPB score of the whole sample was analyzed, and 
we observed the median score of 12, with the mean value 
of 11.24 (1.39).

Patients contacted for  
COVID-UPO project  

(N.=767)

Dead patients (N.=35)

Patients who declined (N.=494)

Patients enrolled  
(N.=238)

Not meeting criteria 
(N.=34)

Included in our study  
(N.=204)
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Discussion
Our aim was to evaluate the midterm functional and physi-
cal sequelae of COVID-19 hospitalized survivors, and our 
results showed that a considerable percentage (32%) of 
patients from our sample of hospitalized COVID-19 survi-
vors were still showing an impaired physical performance 
up to three to six months after the SARS-CoV-2 infection.

To the best of our knowledge, this is one of firsts studies 
demonstrating a mid-term, persistent decline in functional 
tests in COVID-19 survivors.

A recently published paper aimed to investigate the 
functional level during subacute hospitalization for COV-
ID-19. All of the patients were treated with medical thera-
pies and mobilization/bedside physiotherapy. Researchers 
recorded a post-physiotherapy improvement in all func-
tional areas investigated; however, it must be highlighted 
that a high percentage of patients were discharged home 
with impaired functional values.28

Among these 66 patients with an impaired physical 
performance status, 13 (20%) spent part of their hospital-
ization in the ICU and 10 (15%) had been mechanically 
ventilated.

Moreover, as fully described in Table III, we also found 
that both hospitalization in ICU and orotracheal intuba-
tion (OTI) with mechanical ventilation are significantly 
associated with physical impairment (P<0.01). Regarding 
every single test analyzed, the walking ability section of 
the SPPB is associated with age (P<0.02) and number or 
comorbidities (P<0.01), while male gender is related with 
SPPB total score (P<0.01). Finally, our data showed that 
2MWT is related to the number of comorbidities (P<0.04).

Figure 2.—SPPB score distribution.

Table I.—��Demographic characteristics of patients.
Parameters Mean q25 Median q75 SD

Age (years) 57.9 50 59 68 12.8
Male, N. (%) 123 (60%)
Female, N. (%) 81 (40%)
Comorbidities, N. 1.6 1 1 2 1.3
COPD, N. (%) 9 (4.4%)
OSAS, N. (%) 6 (2.9%)
Obesity, N. (%) 21 (10.3%)
AF, N. (%) 11 (5.4%)
Ischemic cardiopathy, N. (%) 15 (7.4%)
Arrhythmia, N. (%) 3 (1,5%)
Structural cardiopathy, N. (%) 2 (1%)
TIA, stroke, N. (%) 6 (2.9%)
COVID-19 hospitalization (days) 12.9 5 9 16 11.7
Follow-up distance (days) 124.7 115 126 134 17.5
ICU hospitalization, N. of patients (%) 27 (13%)
Mechanical ventilation, N. of patients (%) 21 (10%)
COPD: chronic obstructive pulmonary disease; OSAS: obstructive sleep apnea syndrome; AF: atrial fibrillation; TIA: transitory ischemic attack; COVID-19: 
Coronavirus-disease 19; ICU: Intensive Care Unit; N.: number; q25: 25th percentile; q75: 75th percentile; SD: standard deviation.

Table II.—��Tests results.
Parameters Mean q25 Median q75 SD

SPPB (total score) 11.24 11 12 12 1.38
Balance (score) 3.86 4 4 4 0.52
Walking ability (score) 3.83 4 4 4 0.48
Sit to stand (score) 3.53 3 4 4 0.81
2MWT (meters) 182.83 165 180 201.5 27.80
1 MSTST (N. of repetitions) 19.72 14 18 24 7.33
SPPB: short physical performance battery; 2MWT: 2-minute walk test; 1 MSTST: 
1-minute sit-to-stand test; q25: 25th percentile; q75: 75th percentile; SD: standard 
deviation.

120

100

80

60

40

20

0
	 2	 6	 7	 8	 9	 10	 11	 12

N
o.

 o
f s

ub
je

ct
s

COPYRIGHT©
 2021 EDIZIONI MINERVA MEDICA



BARICICH 	FU NCTIONAL MIDTERM SEQUELAE OF COVID-19

204	 European Journal of Physical and Rehabilitation Medicine	A pril 2021 

ID-19 or, alternatively, caused by the hospitalization itself.
In particular, current evidence suggests that patients 

who underwent Intensive Care Unit (ICU) treatment, in-
dependently from COVID-19, revealed that they suffered 
from ICU-acquired weakness consisting of a marked dis-
ability affecting both physical and cognitive functions, 
lasting for years after ICU discharge.30, 31

Interestingly, it should be highlighted that evidence 
from previous CoV outbreaks reported impaired pulmo-
nary and physical function, reduced quality of life and 
emotional distress.8 Surviving ARDS is associated with a 
long-term substantial reduction in health-related quality of 
life, but this reduction does not differ from findings in pa-
tients surviving other critical illness.32

Our data only partially support this hypothesis.
We observed a significant association between ICU 

hospitalization and OTI with mechanical ventilation with 
physical performance, but only a small proportion (20%) 
of patients showing a persistent decline in physical func-
tion underwent ICU during the hospitalization.

These observations might suggest that a possible inde-
pendent effect of SARS-CoV-2 infection may be directly 
involved in long-term evidence of physical decline in CO-
VID-19 survivors.

Several mechanisms have been suggested as potentially 
involved in COVID-19 sequelae. Firstly, long-term respi-
ratory consequences of SARS-CoV-2 infection are still 
debated. Based on previously published studies on SARS 
pandemic, it has been hypothesized that lung function 
might be affected also in COVID-19 patients.33

In a recently published review, Cagnazzo et al. reported 
that up to 21.3% of COVID-19 patients presented neuro-
logical symptoms. Among the most frequently reported 
neurological manifestations, skeletal muscle injury (5.1% 
of patients) and dizziness (1.3%) might also potentially af-
fect the long-term physical performance.34

Additionally, cardiac involvement during COVID-19 is 
widely reported, mainly for the life-threatening consequences 
in the acute phase. The long-term consequences of these in-
flammatory changes are unknown, but accumulating data will 
provide insight regarding the longitudinal impact of COV-
ID-19 infection on cardiovascular morbidity and mortality.35

Future studies should consider a focused evaluation in 
order to clarify the potential role of these specific issues 
on the patients’ physical function in COVID-19 survivors.

Lastly, we should carefully consider that COVID-19 pan-
demic forced people to stay at home, thereby reducing their 
physical activity and causing an extremely sedentary life-
style. This attitude can have a strong impact on musculoskel-

Our data support the hypothesis that COVID-19 sequa-
lae may persist even longer after hospitalization, suggest-
ing that this disease may affect several aspects of func-
tional independency of affected patients.

Several issues raised from these observations due to the 
paucity of data on long-term effects of the SARS-CoV-2 
infection.

Firstly, it should be noted that a detrimental effect of 
hospitalization might be present in these patients. As ex-
perienced by Carda et al.,29 the most important short-term 
sequelae of severe and critical forms of COVID-19 might 
involve respiratory, cognitive, central and peripheral ner-
vous systems together with deconditioning, critical illness 
related myopathy and neuropathy, dysphagia, joint stiff-
ness, pain and psychiatric issues.

However, based on previously published data, it is not 
clear how these aspects might be directly related to COV-

Table III.—��Variables correlations.
Parameters P value OR CI

Physical impairment
Gender (male vs. female) 0.13 0.6 0.3-1.2
Age 0.41 0.8 0.5-1.3
Comorbidities (number) 0 1.9 1.4-2.5
ICU or OTI 0.01* 3.1 1.3-7.9

SPPB
(walking ability section)

Gender (male vs. female) 0 5.7 2.1-15.5
Age 0.02* 0.7 0.3-1.3
Comorbidities (number) 0.01* 0.6 0.4-0.9
ICU or OTI 0.21 0.5 0.1-1.6

SPPB (balance section)
Gender (male vs. female) 0.38 1.6 0.6-4.5
Age 0.17 1.7 0.8-3.8
Comorbidities (number) 0 0.4 0.3-0.6
ICU or OTI 0.28 0.5 0.1-1.8

SPPB (sit to stand section)
Gender (male vs. female) 0.05 1.9 1.0-3.4
Age 0.95 1.0 0.6-1.6
Comorbidities (number) 0 0.7 0.5-0.9
ICU or OTI 0.29 0.6 0.2-1.6

2MWT (when normal SPPB)
Gender (male vs. female) 0.81 1.1 0.5-2.3
Age 0.14 0.6 0.3-1.3
Comorbidities (number) 0.04* 1.3 1.0-1.8
ICU or OTI 0.6 1.4 0.4-4.8

1MSTST (when pathological SPPB)
Gender (male vs. female) 0.01* 0.3 0.1-0.8
Age 0.87 0.8 0.4-1.7
Comorbidities 0 2.0 1.4-2.8
ICU or OTI 0.24 2.3 0.6-9.4

*Statistically significant.
ICU: Intensive Care Unit; OTI: orotracheal intubation; SPPB: short physical 
performance battery; 2MWT: 2-minute walk test; 1 MSTST: 1-minute sit-to-stand 
test; d.f.: degrees of freedom; OR: odds ratio; CI: confidence interval.
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walking ability domain, we should also affirm that the re-
habilitation program must be considered a cornerstone in 
COVID-19 patients’ management.

All these considerations imply a deep reorganization of 
rehabilitation services, in order to guarantee an appropri-
ate care in acute, subacute as well as long-term phases of 
hospitalization. Additionally, outpatient services must be 
involved in order to set an appropriate long-term manage-
ment of COVID-19 patients, if required. In this context, it 
should be highlighted that a consensus statement has been 
recently proposed to provide guidance for rehabilitation.42

Limitations of the study

We are conscious that this study shows several limitations.
Firstly, we did not consider additional evaluations to 

clarify the specific role of each mechanism potentially in-
volved in the physical decline in our patients. However, it 
must be pointed out that this is a preliminary study focused 
on the COVID-19 survivors’ screening in order to analyze 
the unmet needs in this population. These results will help 
us in optimizing the future reorganization of rehabilitation 
services in our area. However, we are aware that future 
studies must be focused on a more specific assessment of 
included patients, which will be a significant contribution 
to the rehabilitation program design.

Additionally, we must consider that our sample was 
constituted by patients who voluntarily agreed to partici-
pate in the follow-up, representing only a small percentage 
of the source population. It might imply a possible non-
representativeness compared to the whole patients’ cohort 
of COVID-19 survivors discharged from our Hospital. On 
these bases, the real percentage of residual physical im-
pairment might differ from our clinical observations. Fu-
ture research might better clarify this crucial issue. More-
over, we did not consider the possible impact of different 
parameters, like heart rate and oxygen saturation, on the 
patient physical performance.

Future research must be focused on the long-term follow-
up of these patients; ideally, clinical evaluations should in-
clude a systematic screening of sequalae potentially involved 
in the physical performance decline, such as respiratory, car-
diac and neurological assessment. Moreover, the role of an 
appropriate rehabilitation treatment should be considered.

Conclusions
Our data suggest a possible persistence of mid-term se-
quelae on functional status and physical performance in 
COVID-19 survivors. Further studies are mandatory to 

etal diseases also in people not directly affected by the virus.36

From a rehabilitation point of view, we must highlight 
that, due to the pandemic emergency, an appropriate re-
habilitation paradigm was not applied after hospital dis-
charge. As a consequence, we could not investigate a pos-
sible association between rehabilitation treatment and the 
physical outcomes we evaluated.

This aspect must be critically considered in order to in-
terpret our data. Belli et al. observed that the majority of 
their patients had low (53.3%) or moderate (17.5%) SPPB 
scores when discharged home, but it must also be pointed 
out that these subjects showed a significant improvement 
after the rehabilitation interventions, compared to the ad-
mission scores.28 The Authors did not report in detail the 
rehabilitation management of these patients but, as hy-
pothesized by Carda et al.,29 a multidisciplinary protocol 
should be considered based on patients’ specific charac-
teristics. Future studies must be focused on the specific, 
unmet needs of these patients, in order to provide an ap-
propriate rehabilitation paradigm in all stages of disease.

Additionally, among the three areas investigated 
through the SPPB, the walking ability score appears to be 
statistically related to age and comorbidity, while balance 
and sit-to-stand data show no correlations with such vari-
ables. Furthermore, the 2-MWT (walking ability and aero-
bic capacity test) is significantly related to comorbidities 
of patients. These results highlight that age and number 
of comorbidities may affect the physical performance of 
patients, especially in their gait capacity.

It should be highlighted that the detrimental effect of 
aging on walking abilities could be associated with various 
causes, including a reduction in sensory capacity, weak-
ness, decreased cognitive and neurological functioning, 
and an increased risk of comorbidities. These effects are 
the result of different pathogenetic mechanisms which 
might determine motor and cognitive dysfunction.37 How-
ever, in order to reduce the potentially confounding impact 
represented by age, patients ≥80 years were excluded from 
our study.

Concerning comorbidities, many studies in literature 
investigate the effects of different pathologies on walk-
ing ability, especially in the form of neuromuscular, (i.e. 
Charcot-Marie-Tooth disease38), cognitive,39 and cardio-
pulmonary diseases.40 Additionally, it has been suggested 
that in COVID-19 course comorbidities are risk factors for 
severe, as compared with non-severe, patients.41 Based on 
our results, we can hypothesize that comorbidities relate 
not only to acute COVID-19 course, but also to the mid-
term sequelae. Considering the specific involvement in the 
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Rehabil Med 2020;56:515–24. 
30.  Jolley SE, Bunnell AE, Hough CL. ICU-Acquired Weakness. Chest 
2016;150:1129–40. 
31.  Wieske L, Dettling-Ihnenfeldt DS, Verhamme C, Nollet F, van Schaik 
IN, Schultz MJ, et al. Impact of ICU-acquired weakness on post-ICU 
physical functioning: a follow-up study. Crit Care 2015;19:196. 
32.  Bein T, Weber-Carstens S, Apfelbacher C. Long-term outcome after 
the acute respiratory distress syndrome: different from general critical ill-
ness? Curr Opin Crit Care 2018;24:35–40. 
33.  Abnormal pulmonary function in COVID-19 patients at time of hospital 
discharge. European Respiratory Society; 2020 [Internet]. Available from: 
https://erj.ersjournals.com/content/55/6/2001217 [cited 2021, Mar 24].
34.  Neurological manifestations of patients infected with the SARS-
CoV-2: a systematic review of the literature. SpringerLink; 2020 [Inter-
net]. Available from: https://link.springer.com/article/10.1007/s00415-
020-10285-9 [cited 2021, Mar 24].
35.  Cruz Rodriguez JB, Lange RA, Mukherjee D. Gamut of cardiac 
manifestations and complications of COVID-19: a contemporary review. 
J Investig Med 2020;68:1334–40. 
36.  Machado CL, Pinto RS, Brusco CM, Cadore EL, Radaelli R. CO-
VID-19 pandemic is an urgent time for older people to practice resistance 
exercise at home. Exp Gerontol 2020;141:111101. 
37.  Ward RJ, Dexter DT, Crichton RR. Ageing, neuroinflammation and 
neurodegeneration. Front Biosci (Schol Ed) 2015;7:189–204. 
38.  Tajima F, Nakamura T, Nishimura Y, Arakawa H, Kawasaki T, Ogawa 
T, et al. [Rehabilitation of Charcot-Marie-Tooth Disease]. Brain Nerve 
2016;68:59–68. [Japanese]
39.  Kikkert LH, Vuillerme N, van Campen JP, Hortobágyi T, Lamoth CJ. 
Walking ability to predict future cognitive decline in old adults: A scoping 
review. Ageing Res Rev 2016;27:1–14. 
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confirm these critical observations, to improve the under-
standing of pathophysiologic mechanisms, and to clarify 
the possible role of rehabilitation treatment on the patients’ 
outcome.
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