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Abstract

Objective: Functional impairments after coronavirus disease 2019 (COVID-19) constitute a

major concern in rehabilitative settings; however, evidence assessing the efficacy of rehabilitation

programs is lacking. The aim of this study was to verify the clinical characteristics that may

represent useful predictors of the short-term effectiveness of multidisciplinary rehabilitation.

Methods: In this real-practice retrospective pre–post intervention cohort study, the short-term

effectiveness of a multidisciplinary patient-tailored rehabilitation program was assessed through

normalized variations in the Functional Independence Measure in post-acute care patients who

had overcome severe COVID-19. Biochemical markers, motor and nutritional characteristics,

and the level of comorbidity were evaluated as predictors of functional outcome. Length of stay in

the rehabilitation ward was also considered.

Results: Following rehabilitation, all participants (n¼ 53) reported a significant decrease in the

level of disability in both motor and cognitive functioning. However, neither motor and nutritional

characteristics nor comorbidities played a significant role in predicting the overall positive change

registered after rehabilitation.
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Conclusions: The results support the existing sparse evidence addressing the importance of an

early rehabilitation program for patients who received intensive care and post-acute care due to

severe COVID-19.
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Introduction

Coronavirus disease 2019 (COVID-19) is a

multisystemic disease caused by severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2). The respiratory tract remains the

first and foremost involved apparatus in
many affected individuals. Nevertheless, in

the acute phase of the disease, alterations
in the cardiocirculatory, haemopoietic,

endocrinological, muscular, and nervous sys-
tems are reported.1,2 COVID-19-related long-

term sequelae are far from fully understood,
although preliminary evidence suggests resid-

ual impairments in cardiorespiratory and
neurological functions.3,4 COVID-19 has dif-

ferent degrees of severity, ranging from the
absence of symptoms to the need for long

periods of hospitalization in the intensive
care unit (ICU), with or without the need

of invasive mechanical ventilatory support
and prone positioning, in some cases for

long hours and many days in a row.
Invasive ventilation procedures combined

with prolonged immobilization may con-
tribute to the development of critical illness,

myopathy and neuropathy, often associated
with dysphagia, neck, shoulder and back

pain, and difficulties in sitting, standing,
and walking.5,6 The psychological profile
is also affected, with many patients describ-

ing a reduced quality of life and emotional
distress.3 Thus, most survivors of severe

COVID-19 need multidisciplinary rehabili-
tation after the ICU, to restore the func-
tioning in daily living as well as an
acceptable quality of life after discharge,7

also in consideration of pre-existing
comorbidities.8

To date, evidence regarding the effective-
ness of rehabilitation programs in COVID-19
survivors remains rare and inconclusive.9–11

Piquet et al.9 reported substantial functional,
motor, and cardiorespiratory improvement
after an early rehabilitation program in
patients who had been affected by the
severe-acute form of the disease. However,
impaired autonomy in daily life activities
and motor weakness persisted at discharge.
The authors also observed that motor dis-
ability at discharge correlated with the
amount of time spent in ICU.

The primary aim of the present study
was to identify possible outcome predictors
of a short-term multidisciplinary patient-
tailored rehabilitation program and its
effectiveness in reducing the level of
COVID-19 disability in two Swiss rehabili-
tation clinics.

Patients and methods

This real-practice retrospective study was
conducted in a cohort of post-acute care
patients who overcame severe COVID-19,
and who were included in a rehabilitation
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protocol at the Clinica Hildebrand, Centro
di Riabilitazione Brissago, and the Clinica
Novaggio, both part of the ReHa Ticino in
Switzerland. Participants were recruited
between April 2020 and June 2020.
Because of the pandemic, a clinical trial of
a rehabilitation group versus ‘sham rehabil-
itation’ control group was not considered
feasible and ethical. Thus, the study was
conducted with a quasi-experimental pre–
post design without a separate control
group. The study was approved by the
Swiss Association of Research Ethics
Committees (Project ID 2021-02106 - Rif.
CE3969), and data collected for the present
research had been obtained as part of the
included institutions’ clinical procedures.
Verbal and/or written informed consent
was obtained from study participants, in
accordance with the Code of Ethics of the
World Medical Association (Declaration of
Helsinki), and all patient details were de-
identified. The reporting of this study con-
forms to STROBE guidelines.12

Study population

Patients were consecutively admitted for the
rehabilitation protocol (and for study inclu-
sion) according to the following criteria.
For patients with a SARS-CoV-2-positive
nasopharyngeal swab: (1) a recent chest
computed tomography or X-ray with evi-
dence of significant improvement versus
baseline (e.g. reduction of lesion load by
at least 50%, improvement of the ground-
glass picture); (2) arterial oxygen partial
pressure (PaO2)/fractional inspired oxygen
(FiO2) ratio>300 with FiO2 35%; (3) apy-
retic for �3 days; and (4) 90mmHg
<systolic blood pressure <140mmHg;
60mmHg <diastolic blood pressure
<90mmHg. For patients with a negative
nasopharyngeal swab for SARS-CoV-2: (1)
apyretic for �3 days; and (2) at least two
consecutive negative swabs with at least
a 48-h interval between swabs. All included

patients came directly from an acute care
setting, which might be an ICU, a respirato-
ry high-dependency care unit, or an infec-
tious diseases unit of a local hospital.

Patients under existing prescription for
psychotropic drugs, those with COVID-19
encephalitis, or with signs of dementia, were
excluded.

Baseline clinical assessment

Prior to starting rehabilitative intervention,
several clinical and functional measurements
were obtained from each patient regarding
nutritional, functional, and motor domains,
as well as the number and degree of pre-
existing comorbidities. Nutritional status
was recorded at 24h following admission
into the rehabilitation program. Body mass
index (BMI) was calculated (presented as
kg/m2), and patients were assessed using
the Nutritional Risk Screening-2002
(NRS-2002) system.13 NRS-2002 allows
the patient’s level of malnutrition to be
scored, with a total score ranging from 0
(absent) to 6 (severe): a patient with a
score �3 is considered to be malnourished.
Serum albumin level was also included as a
marker of the visceral protein reserve, plus
electrolyte levels, as baseline abnormalities
appear to be related to poor prognosis
in the acute phase of COVID-19.14

Functional assessment of the motor appa-
ratus, focusing on articular range of motion
and segmental muscular strength of the
upper and lower limbs, was performed
using the Manual Muscle Test evaluation,15

and the Oxford Medical Research Council
(MRC) muscle strength evaluation, with a
score ranging from 0 (no muscle movement)
to 5 (normal strength). Functional strength
of the lower extremities was assessed by the
30-s sit-to-stand test (according to the
Shirley Ryan AbilityLab; www.sralab.org/
rehabilitation-measures/30-second-sit-stand-
test). Upper limb coordination and grip
strength for both hands were assessed with
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a Patterson Medical Jamar hand dynamom-
eter.16 Strength of pinch and hand grip were
measured qualitatively (Oxford Scale [MRC
1–5]), while coordination was assessed using
classical clinical manoeuvres, such as finger to
nose test and evaluation of dysdiadochokine-
sia. Moreover, patients were asked to rate the
subjective level of perceived pain from 0 (no
pain) to 10 (the worst pain) on a visual ana-
logue scale.

The presence and cumulative severity of
pre-existing pathologies was assessed using
the version provided by Mistry et al.17 of
the Cumulative Illness Rating Scale
(CIRS).18 The scale consists of fourteen
health-related domains. Each item is scored
on a 5-point ordinal scale, ranging from a
score of 0 (no impairment to that organ or
system) to 4 (extremely severe problem and/
or immediate treatment required and/or
organ failure and/or severe functional
impairment). The Severity Index was com-
puted as the number of items ranking three
or four in disease severity, and the
Comorbidity Index was computed as the
sum of items (except for the psychiatric cat-
egory), in which participants reported a
score �3 (higher score 13). The score relative
to the psychiatric domain was independently
reported.

The rehabilitation program

The rehabilitation program was built con-
sistently according to the indications of
Crisafulli et al.,19 using different strategies
in patients who were either positive or neg-
ative for SARS-CoV-2. This was necessary
in order to avoid further risk of contagion,
particularly during respiratory rehabilita-
tion sessions, typically characterized by a
greater production of droplets. Regarding
respiratory function, sessions were initially
aimed at reducing breathing difficulties and
perception of dyspnoea, as well as reducing
the incidence of complications, such as bac-
terial superinfections of the airways.

Sessions proceeded in parallel with weaning
from oxygen therapy or, when this was not
feasible, sessions were aimed at obtaining
the greatest possible oxygen therapy reduc-
tion, optimizing the flows for home thera-
py. Patients who remained positive for
SARS-CoV-2 underwent a rehabilitative
protocol that included respiratory exercises
such as deep, slow breathing, and chest
expansion combined with shoulder expan-
sion in order to reduce the spread of drop-
lets. Breathing exercise helped patients to
fully re-expand the lungs and to further
the progression of airway secretions from
small to large airway, thus reducing alveolar
dead space. Once negative for SARS-CoV-2,
aerosol therapy was introduced and active
breathing, as well as training with positive
expiratory pressure, were started. The reha-
bilitation sessions occurred daily, with a
duration ranging from 30 to 45 min, accord-
ing to individual tolerance.

For the neuromotor domain, the rehabil-
itation was aimed at preserving joint mobil-
ity and the prevention of muscle wasting.
Oxygen saturation was constantly moni-
tored during each session. The rehabilita-
tion developed through a progressive
course, with training in the passage from
supine position to sitting, bed to wheelchair
transfer, and sitting to standing. The inter-
vals of time spent standing were gradually
increased and, when the standing position
was deemed safe, gait training was started,
initially with assistance and aids, and after-
wards independently. The last steps of the
motor rehabilitation process, also useful for
evaluating improvement in respiratory per-
formance, comprised training in climbing
and descending stairs and proprioceptive
exercises to improve balance and postural
reactions. The program included daily ses-
sions of about 30 min, delivered 5 days per
week. The rehabilitation setting changed as
the recovery progressed: the initial sessions
were at the patient’s bed, then in the reha-
bilitation gym.
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Finally, patients received psychological

support to address the emotional and trau-

matic issues related to the disease itself, and

to the prolonged isolation faced before and

during hospitalization. The number of ses-

sions per week varied according to individual

needs from a clinical and social perspective.

Primary outcome: the Functional

Independence Measure (FIM)

A normalized score based on the Functional

Independence Measure (FIM) was used to

verify the short-term effect of multidiscipli-

nary rehabilitation.20,21 FIM measured at

admission predicts functional ability during

rehabilitation periods,22 and consists of an

18-item, seven-level, ordinal scale that is sen-

sitive to changes over the course of a com-

prehensive inpatient medical rehabilitation

program. The 18 items are grouped into

two subscales: motor and cognitive. The

motor subscale includes eating, grooming,

bathing, dressing the upper body, dressing

the lower body, toileting, bladder manage-

ment, bowel management, bed/chair/wheel-

chair transfers, toilet transfers, bath/shower

transfer, walk/wheelchair and stairs. Each

item is scored on a 7-point ordinal scale,

ranging from 1 (total assistance/not testable)

to 7 (complete independence). The motor

subscale is the sum of the individual motor

subscale items, with a value ranging between

13 and 91. The cognition subscale includes

comprehension, expression, social interac-

tion, problem-solving, and memory. Each

item is scored on a 7-point ordinal scale,

ranging from 1 (total assistance/not testable)

to 7 (complete independence). The sum of

the individual cognition subscale items

results in the cognition subscale score, with

a value ranging between 5 and 35. The total

FIM score (the sum of the two subscale

scores) ranges between 18 and 126.

The higher the score, the higher the individ-

ual level of functional independence.

Statistical analyses

Changes in the motor and cognition subscale
scores, and the total FIM score, were inves-
tigated by comparing the scores reported at
baseline (T0) and after treatment (T1) within
the present sample, using Wilcoxon signed–
rank test. Successively, for each FIM subset
score, the Rehabilitation Effectiveness (REs)
index was computed, which represents the
percentage of the potential functional
improvement eventually achieved after the
rehabilitation program.23 The REs index
for each FIM score was computed as:

REs ¼ 100% x
DC xð Þ � adm xð Þ
Max xð Þ � adm xð Þ

where x was the score; DC represents the
discharge time-point; adm, the admission
time-point; and max, the maximum possible
score. The rehabilitation efficiency score
(DREs), was also computed by dividing
the REs index value by the rehabilitation
length of stay (in days).

Potential associations between changes in
FIM scores observed after the rehabilitation
program (T1) and participants’ baseline
characteristics at admission were assessed
through linear regression analysis.24 Thus,
the correlation and directionality of the
data were investigated in a preliminary anal-
ysis to formulate the statistical model, using
Pearson’s correlation coefficient (Pearson’s
r) for continuous data and Spearman’s
rank correlation coefficient (Spearman’s q)
for categorical data. Variables that were
found to be significantly associated
(P-value �0.05) with the main outcome
score were further investigated with a linear
regression model, in which goodness-of-fit
was reported as R2. Also, the significance
of the model was evaluated by F-value and
P-value. Finally, the relative contribution of
the factors included in the statistical model
with the dependent variable (the outcome
score) were verified. The variance inflation
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factor (VIF), as a measure of multicollinear-

ity, was reported for each factor.
Data are presented as mean�SD (or

range), and n (%) prevalence, and were ana-

lysed using SPSS software, version 18.0

(SPSS Inc., Chicago, IL, USA). A P-value

�0.05 was considered to be statistically

significant.

Results

Participants

A total of 53 patients (16 females and 37

males) were included in the study. All

patients received ventilatory (i.e., non-

invasive or invasive mechanical ventilation)

support. Baseline patient characteristics are

summarised in Table 1.
Regarding nutritional status, and specif-

ically BMI, no participant reported a BMI

score below the threshold of 18.5 kg/m2

(i.e., under-weight) at admission; instead,
20 patients (37.73% of the cohort) reported
a BMI over the threshold of 30 kg/m2 (i.e.,
obese). In terms of the Kondrup scale,
30 patients (56.61%) reported a score over
the threshold of 3, suggesting that they were
malnourished, in ranging degrees of severity.
A total of 38 patients (71.69%) were found
to have a serum albumin concentration
below the threshold of 38 g/l. Regarding
sodium, four patients (7.54%) were found
to have a concentration below the threshold
of 136mmol/l, while no patient reported a
value over the threshold of 149mmol/l. Six
patients (11.32% of the entire sample) could
not perform the 30-s sit-to-stand test, and
one patient (1.88%) was not assessed for
the passive knee extension test. Finally,
11 patients (20.75%) could perform the
grip strength assessment. The study sample

Table 1. Baseline characteristics in 53 patients following severe coronavirus disease 2019,
who were admitted for rehabilitation therapy.

Characteristic Total study population (n¼ 53)

Age, years 67.9� 8.73 (49–92)

Duration of the rehabilitation treatment, days 31.81� 20.37 (9–136)

Body mass index, kg/m2 28.92� 6.53 (19–54)

Albumin, g/l 35.36� 3.67 (29–42)

Sodium, mmol/l 138.83� 2.58 (131–145)

Kondrup Index 3.92� 1.35 (2–6)

30 s sit-to-stand test, n repetitions 3.72� 3.56 (0–11)

Passive knee extension, �

Right 3.85� 0.78 (2–5)

Left 3.82� 0.81 (2–5)

Overall (the mean of right and left knee) 3.84� 0.78 (2–5)

Grip strength

Right hand, kg 19.37� 9.49 (0–42)

Left hand, kg 18.27� 9.35 (0–40)

Overall (mean of right and left hand), kg 18.82� 8.96 (2–41)

Pain VAS, categorical scale from 0 to 10 2.0� 2.47 (0–8)

Cumulative Illness Rating Scale

Severity Index 1.51� 0.48 (0.61–2.61)

Comorbidity Index 6.69� 2.39 (2–12)

Data presented as mean� SD (range).

VAS, visual analogue scale.
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prevalence of comorbidity levels within 14

different organ systems are shown in Table 2.

Primary outcome

After the rehabilitation program, the study

population were found to have higher scores

in the FIM scale, suggesting an increased

level of physical and cognitive functioning

(Table 3). The relationship between REs

and DREs scores computed for the FIM

scales and clinical parameters in the study

population is summarised in Table 4.
According to correlational analyses,

older age as well as severe malnutrition

measured through the Kondrup Index

were related to lower outcomes in FIM.

The performance at the sit-to-stand test,

and mean scores for knee extension and

hand grip strength were significantly related

to the motor scale and the total scale REs

scores and DREs. Thus, these statistically

significant factors were included in the

linear regression models as potential

predictors of REs scores and DREs for

motor function, and REs scores and

DREs for total FIM.
The four regression models were all sig-

nificant. Grip strength and knee extension

significantly predicted the DREs for motor

function (P� 0.05), with no other statisti-

cally significant results (Table 5). The

regression model relative to DREs for cog-

nitive function, including age as predictor,

was significant (R2¼0.01; F[1,52]¼ 5.76;

P¼ 0.02): age significantly predicts also

the DREs cognitive score, with an inverse

correlation (B¼ –0.5; t¼ –2.41; P¼ 0.02;

VIF¼ 1).

Discussion

The present study provides evidence of a

short-term decrease in the level of disability

in COVID-19 survivors after a multidisci-

plinary rehabilitative program in Swiss

rehabilitation clinics. A secondary aim of

the study was to find parameters, consistent

Table 2. Relative pre-existing comorbidity levels (scored from 0 to 4) in different organ systems, according
to the CIRS, in 53 patients following severe coronavirus disease 2019.

Organ system

Score

0 1 2 3 4

Heart 29 (54.7) 2 (3.8) 7 (13.2) 12 (22.6) 3 (5.7)

Haematopoiesis 7 (13.2) 7 (13.2) 27 (50.9) 12 (22.6) 0 (0)

Eyes, ears, nose, and throat 6 (11.3) 2 (3.8) 18 (34) 22 (41.5) 5 (9.4)

Lower gastrointestinal tract 1 (1.9) 0 (0) 2 (3.8) 25 (47.2) 25 (47.2)

Renal 31 (58.5) 8 (15.1) 12 (22.6) 0 (0) 2 (3.8)

Bone and skin 31 (58.5) 9 (17) 6 (11.3) 6 (11.3) 1 (1.9)

Endocrine and breast 28 (52.8) 11 (20.8) 8 (15.1) 3 (5.7) 3 (5.7)

Vascular 22 (41.5) 12 (22.6) 14 (26.4) 5 (9.4) 0 (0)

Respiratory 31 (58.5) 5 (9.4) 6 (11.3) 7 (13.2) 4 (7.5)

Upper gastrointestinal tract 33 (62.3) 6 (11.3) 9 (17) 3 (5.7) 2 (3.8)

Liver, gallbladder, and pancreas 1 (1.9) 3 (5.7) 15 (28.3) 26 (49.1) 8 (15.1)

Genitourinary tract 17 (32.1) 7 (13.2) 15 (28.3) 11 (20.8) 3 (5.7)

Neurological 21 (39.6) 4 (7.5) 18 (34) 8 (15.1) 2 (3.8)

Psychiatric 16 (30.2) 16 (30.2) 15 (28.3) 5 (9.4) 1 (1.9)

Data presented as n (%) prevalence in each severity level, where 0 (no impairment) to 4 (extremely severe problem and/or

immediate treatment required and/or organ failure and/or severe functional impairment).

CIRS, Cumulative Illness Rating Scale.
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with the individual clinical characteristics at

admission to the rehabilitation program,

that may play a predictive role in patient

outcome.
After rehabilitation, the patient cohort

showed a significant decrease in the level of

disability measured through the FIM scale;

specifically, a significant improvement in

both motor and cognitive functioning was

observed. These results were in support of

the limited previously published evidence

addressing the efficacy of early rehabilitation

programs for patients who have spent

time in ICU and post-acute care.9–11

Nevertheless, as a sham-treated control

group was not included in the present

study, the role of a spontaneous recovery

could not be evaluated. Moreover, the rela-

tively small sample size may have affected

the results, including the relevance of the

results to the general population.
Nutritional, motor and comorbidity fac-

tors were not individually found to play a

significant predictive role in the overall pos-

itive change following rehabilitation.

However, the positive change in motor

functional outcome was significantly pre-

dicted by baseline increased hand coordina-

tion and grip strength, as well as leg joint

range of motion and quality of movement.

Crucially, this result emerged only when the

duration of rehabilitation care was consid-

ered when computing the DREs score, thus

pointing towards a better efficiency of the

rehabilitative process in those patients with

higher scores.23 The significant change in

cognitive functional outcome after the reha-

bilitation program was predicted only by
age, when the duration of treatment was

considered: a higher amelioration was

observed for younger individuals.

Nevertheless, the results may be limited by

two factors. First, a neuropsychological

assessment of patients’ cognitive abilities

was not performed through standardized

tests at admission. However, some prelimi-

nary evidence suggests the presence of long-

lasting cognitive difficulties, particularly in

the domains of attention, executive function,

and memory, after infection with SARS-

CoV-2; nevertheless, the severity of cognitive

alterations seemed to be not strictly

Table 3. Functional Independence Measure (FIM) scores at baseline (T0) and after rehabilitation (T1), and
REs and DREs in 53 patients following severe coronavirus disease 2019.

FIM score T0 T1

Statistical

significancea REs DREs

Motor score

Mean 45.9 76.3 Z¼ 1378;

P< 0.001;

g2¼ 3.25

70.45 2.78

SD 19.75 16.84 26.52 1.78

Range 13–88 13–91 0–100 0–9.09

Cognitive score

Mean 28.62 30.86 Z¼ 460.5;

P <0.001;

g2¼ 8.52

36.31 1.21

SD 6.62 5.68 40.34 1.61

Range 8–35 8–35 0–100 0–6.25

Total score

Mean 74.52 107.16 Z¼ 1378;

P <0.001;

g2¼ 3.25

68 2.68

SD 24.28 21.7 26.06 1.74

Range 21–123 21–126 0–100 0–9.09

DREs, rehabilitation efficiency score; REs, Rehabilitation Effectiveness; SD, standard deviation.
aT1 versus T0 (Wilcoxon signed–rank test).
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predicted by the severity of acute illness.25

Moreover, the cognitive domain was not

specifically treated during the rehabilitation.
The present study describes a residential

multidisciplinary rehabilitation programme

that was longer than described in the study

by Piquet et al.,9 who reported a length of

rehabilitation of 9.8� 5.6 days, and was

more in line with the programme reported

by Curci et al.10 (31.97� 9.06 days). It may

be useful to underline that in the present

study, patients were discharged when the

achieved level of function and independence

mirrored the individual’s premorbid function-

ality. Since the length of rehabilitation pro-

grams, as well as their goals, might be

different between local health systems, we

strongly recommend assessing after-effects

taking into account the duration of rehabili-

tation therapy, as was done in the present

study, to increase data comparability between

studies.

Table 4. Associations between the three Functional Independence Measure (FIM) scales (motor, cognitive,
and total) and patient characteristics.a

Rehabilitation effectiveness Rehabilitation efficiency score

Characteristic Motor Cognitive Total Motor Cognitive Total

Age r¼�0.39

P¼ 0.003

r¼�0.19

NS

r¼�0.4

P¼ 0.002

r¼�0.039

P¼ 0.004

r¼ 0.31

P¼ 0.02

r¼�0.39

P¼ 0.004

Sex q¼ 0.19

NS

q¼ 0.07

NS

q¼ 0.17

NS

q¼ 0.16

NS

q¼ 0.09

NS

q¼ 0.14

NS

BMI r¼�0.04

NS

r¼ 0.25

NS

r¼�0.03

NS

r¼�0.16

NS

r¼ 0.14

NS

r¼�0.15

NS

Albumin r¼ 0.12

NS

r¼ 0.12

NS

r¼ 0.14

NS

r¼ 0.21

NS

r¼ 0.22

NS

r¼ 0.23

NS

Sodium r¼�0.19

NS

r¼ 0.18

NS

r¼�0.18

NS

r¼�0.26

NS

r¼ 0.03

NS

r¼�0.25

NS

Kondrup Index q¼�0.43

P¼ 0.001

q¼�0.1

NS

q¼�0.47

P< 0.001

q¼�0.46

P¼ 0.001

q¼�0.16

NS

q¼�0.47

P< 0.001

Sit-to-stand r¼ 0.52

P< 0.001

r¼�0.51

NS

r¼ 0.53

P< 0.001

r¼ 0.72

P< 0.001

r¼ 0.15

NS

r¼ 0.73

P< 0.001

Knee extension q¼ 0.38

P¼ 0.005

q¼ 0.009

NS

q¼ 0.39

P¼ 0.004

q¼ 0.57

P< 0.001

q¼ 0.09

NS

q¼ 0.57

P< 0.001

Grip strength r¼ 0.64

P< 0.001

r¼ 0.2

NS

r¼ 0.61

P< 0.001

r¼ 0.6

P< 0.001

r¼ 0.27

NS

r¼ 0.6

P< 0.001

pain VAS r¼ 0.21

NS

r¼ 0.03

NS

r¼ 0.2

NS

r¼�0.08

NS

r¼�0.07

NS

r¼�0.08

NS

Cumulative Illness Rating Scale

Severity index r¼ 0.05

NS

r¼�0.08

NS

r¼ 0.02

NS

r¼�0.04

NS

r¼�0.1

NS

r¼�0.06

NS

Comorbidity index r¼�0.03

NS

r¼ 0.03

NS

r¼�0.05

NS

r¼�0.23

NS

r¼�0.08

NS

r¼�0.24

NS

Psychiatric

component

q¼ 0.14

NS

q¼�0.001

NS

q¼ 0.08

NS

q¼�0.06

NS

q¼�0.2

NS

q¼�0.08

NS

aCorrelation analyses using Pearson’s correlation coefficient (Pearson’s r) for continuous data and Spearman’s rank

correlation coefficient (Spearman’s q) for categorical data.
NS, no statistically significant correlation (P> 0.05).
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Conclusions

The present evidence may support the
importance of guaranteeing rehabilitation
for patients who have been hospitalized in
the ICU, independent of age, especially
regarding motor functionality, after acute
COVID-19 infection. The present study
included a set of functional tools that may
be administered at admission before the
onset of rehabilitation. These tests may
prove useful in tailoring rehabilitative inter-
ventions, and as a guide in the formulation
of a rehabilitative prognosis in terms of
length of stay in the case of COVID-19.
However, the results may be limited by
the relatively small study population and
their clinical heterogeneity, as well as the
absence of a control group, and should be
regarded with caution. Future research may
highlight the role of other untested factors
in predicting functional outcomes in
COVID-19 survivors.
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Table 5. Results from analyses of linear regression models to predict REs scores and DREs for motor
function score and total FIM score after rehabilitation in 53 patients following severe coronavirus disease
2019.

Motor domain Total FIM

Variable REs score DREs score REs score DREs score

R2¼ 0.38;

F(5,33)¼ 3.55;

P¼ 0.013

R2¼ 0.58;

F(5,33)¼ 7.72;

P< 0.001

R2¼ 0.4;

F(5,33)¼ 3.79;

P¼ 0.009

R2¼ 0.59;

F(5,33)¼ 8.36;

P< 0.001

Age

VIF¼ 1.26

B¼ –0.68;

t¼ –1.58; NS

B¼ –0.04;

t¼ –1.23; NS

B¼ –0.61;

t¼ –1.43; NS

B¼ –0.03

t¼ –1.11; NS

Kondrup Index

VIF¼ 1.74

B¼ –1.7;

t¼ –0.63; NS

B¼ –0.03

t¼ –0.16; NS

B¼ –2.72

t¼ –1.02; NS

B¼ –0.09

t¼ –0.46; NS

Sit-to-stand

VIF¼ 2.29

B¼ –0.98;

t¼ 0.82; NS

B¼ 0.5

t¼ –1.63; NS

B¼ 0.72

t¼ 0.61; NS

B¼ 0.15

t¼ 1.69; NS

Knee Extension

VIF¼ 2

B¼ –1.89;

t¼ –0.34; NS

B¼ –0.46

t¼ –2.61; P¼ 0.01

B¼ –0.18

t¼ –0.03; NS

B¼ 0.44

t¼ 1.04; NS

Grip strength

VIF¼ 1.86

B¼ 0.7;

t¼ 1.51; NS

B¼ 0.07

t¼ 2.04; P¼ 0.05

B¼ 0.65

t¼ 1.42; NS

B¼ 0.07

t¼ –1.95; NS

REs, Rehabilitation effectiveness; DREs, Rehabilitation efficiency score; FIM, Functional Independence Measure; VIF, var-

iance inflation factor.

NS, no statistically significant correlation (P> 0.05).
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