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Objective: We aimed to investigate the clinical
symptoms and specific care requirements of SARS-
CoV-2 patients who were admitted to a COVID-19
Rehabilitation Unit while still infectious for SARS-
CoV-2 and in the subacute phase of the disease.
Methods: Patients admitted to our COVID-19
Rehabilitation Unit from March 2020 to December
2020 were evaluated for sarcopenia, and they also
completed the following assessments: functio-
nal independence measure, short physical per-
formance battery and Hamilton Rating Scale for
Depression. Age and body mass index and symp-
toms of dysosmia or dysgeusia were also recorded.
Results: A total of 126 patients were enrolled
(50 women, median age 72 years, 18.7 years),
of whom 82% of patients presented with low
grip strength. Sarcopenia was diagnosed in 52
patients. Sarcopenic patients were older than non-
sarcopenic ones (median age 73.4 years, IQR 13.2
vs 63.9 years, IQR 14.5, respectively, p=0.014).
Sarcopenia was associated with the presence
of depression (p=0.008), was more common in
women (p=0.023) and was associated with greater
functional deficits (functional independence mea-
sure and short physical performance battery analy-
ses, p<0.05). Sarcopenic patients also had a lower
body mass index than other patients (p<0.01).
Conclusion: More than 40% of our patients suffe-
red from sarcopenia, which was associated with
ageing, depression, low body mass index, reduc-
tion in functional autonomy and being a woman.
Such data provide evidence for the need to assist
hospitalized COVID-19 patients by means of a mul-
tidisciplinary specialist team.
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(LAY ABSTRACT )

Many COVID-19 patients who require hospitalization
in the first phase of the disease benefit from respi-
ratory, motor or cognitive rehabilitation before being
dismissed from the hospital. During this rehabilitative
phase, these patients are still positive for SARS-CoV-2
and potentially infectious, although their symptoms
might differ from the symptoms they encountered in
the first days. The objective of this study was to exa-
mine the clinical condition of 126 COVID-19 patients in
a COVID-19 rehabilitation ward. Our data demonstra-
ted that 41% of these patients presented with sarco-
penia, which represents a drastic loss of muscle mass.
We noticed that the risk factors associated with sar-
copenia were ageing, depression, being a woman and
having more issues with being independent in daily
life. These results reveal the importance of providing
such COVID-19 patients with specific care by multidis-
Qiplinary teams of healthcare professionals. J
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Over the past year, many communications have
reported clinical signs and symptoms of COVID-19.
The most common symptoms during the acute phase
of the disease are fever, dry cough and asthenia (1, 2).
Other less common symptoms have also been reported,
such as muscle pain, sore throat, diarrhea, conjunctivitis,
headache and loss of taste and smell (3—10). Several
communications reported the need for functional reha-
bilitation in about 15-20% of patients hospitalized for
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COVID-19 (11, 12). These patients were in the subacute
phase of the disease (about 10-30 days after the onset of
symptoms); were still positive for SARS-CoV-2 using
RT-PCR, posing arisk of being infectious; did not require
respiratory assistance (or no more than 2 L/min) and had
areas of dependence on the functional independence
measure (FIM) (13). Following the acute phase of the
disease, patients were admitted to COVID-19 rehabilita-
tion units to receive specialized rehabilitation for cardio-
respiratory, motor and/or cognitive dysfunctions (11, 12,
14). Understanding the symptoms and clinical condition
of those patients is of extreme importance for planning
their multi-specialist assistance. In fact, several clinical
complications of hospitalization for acute COVID-19
may persist during the subacute phase of COVID-19,
such as nerve compression injuries (7), amputation (15)
or dysphagia (16).

In the subacute phase of the disease, our study aimed
to investigate the clinical condition of patients admit-
ted to a COVID-19 Rehabilitation Unit. Particularly, we
aimed to evaluate the presence of sarcopenia, patient
age, body mass index (BMI), mood and functional auto-
nomy in order to determine the optimal care for each
patient.

MATERIALS AND METHODS

Patients

Patients admitted to the COVID-19 Rehabilitation Unit
of the San Raffaele Scientific Institute (Milan, Italy) from
27 March 2020 to 29 December 2020 were included in
this study.

Criteria to admit COVID-19 patients in this Unit were
as follows: positive swab for SARS-CoV-2, stable SatO,

FIM

¥ Groupl ® Group2

Group3

*Statistically different values between groups.

Fig. 1. The functional independence measure (FIM) scores among the different groups.
Group 1: no sarcopenia with normal grip strength, Group 2: no sarcopenia with low
grip strength, Group 3: sarcopenia. Data are presented in mean FIM scores+standard

deviations.

(> 92%) and respiratory rates (RR <40 breaths/min), no
need for respiratory assistance less than or equal to 2 L/min,
absence of fever since at least 4 days and with areas of
dependence on the FIM evaluation (the FIM is an 18-item
measurement tool that explores an individual’s physical,
psychological and social functioning) [11-13]. These
patients had been previously admitted to the Emergency
Room (ER), Intensive Care Units (ICU), Respiratory High
Dependency Care Units (RHDCU) or Infectious Diseases
Units. Fig. 1 depicts the patient’s comorbidities, symp-
toms and treatments. We excluded patients who were trea-
ted for cognitive dysfunctions, patients who were under
anti-depressant drugs before their recovery and patients
presenting with COVID-19 encephalitis.

Oral and written consents were obtained from all par-
ticipants in accordance with the Code of Ethics of the
World Medical Association (Declaration of Helsinki), and
the study was approved by the local Ethics committee of
the San Raffaele Hospital.

Assessments

Every patient underwent the following assessments.

Sarcopenia. A sarcopenia evaluation was performed by
a physiatrist according to the EWGSOP-2 guidelines (17).
Sarcopenia was considered as probable in patients
with low muscle strength (measured using a handgrip).
In order to confirm the presence of sarcopenia, measure-
ments of muscle mass were performed using Bioelectric
Impedance Analysis (BIA), a non-invasive method to
obtain an estimate of the body composition. Patients with
low grip strength and low muscle mass were diagnosed
with confirmed sarcopenia.
The short physical performance battery (SPPB) (18)
was used to define the severity of sarcopenia. The SPPB
is a series of 3 tests to assess lower
extremity physical function, including a
4-m walk at a natural pace, the time to
complete 5 unassisted chair stands and
3 standing balance tests, each held for
10 s, with progressively more difficult
stances. Each test is scored on a 0-4
scale using previously validated norms
and summed for an overall score range
of 0-12, where 0 indicates the lowest
physical performance and 12 indicates
the highest performance.

Functional independence measure.
The FIM is an 18-item scale that asses-
ses function in six areas, including self-
care, continence, mobility, transfers,
communication and cognition. Each of
the 18 items is graded on a scale of 1-7
based on level of independence (1 =total
assistance required, 7=complete inde-
pendence). The score ranges between
18 and 126.
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FIM and SPPB were performed by a physiotherapist.

Body mass index. BMI was measured by a nutritionist
and expressed as the ratio: kg/m? ([weight in kilograms]/
[height in meters square]).

Hamilton Rating Scale for Depression. Hamilton
Rating Scale for Depression (HDRS) is a 17-item
semi-structured interview to assess depressive symp-
toms (19). The items are rated on 3- or 5-point scales,
and the total score can range from 0 to 53, with higher
scores indicative of higher levels of depression. A to-
tal score ranging from 0 to 7 indicates no or minimal
symptoms of depression, from 8 to 17 mild depres-
sion, from 18 to 25 moderate depression and 26 and
above severe depression. HDRS was performed by a
psychologist (20).

Dysosmia and dysgeusia. Dysosmia and dysgeusia
were self-reported by direct interview with the patients.
The type of ventilation (orotracheal intubation vs non-
intubated) that patients benefited from in the acute phase
of the disease was reported.

Statistical analyses

Age, sex, HDRS, type of ventilation, taste, smell,
FIM value and BMI were obtained at each patient’s
COVID-19 rehabilitation admission and were statis-
tically evaluated. Patients were divided into 3 groups
for statistical analyses: Group 1 (no sarcopenia with
normal grip strength), Group 2 (no sarcopenia with low
grip strength) and Group 3 (sarcopenia). Normality of
the continuous variable was estimated through visual
inspection of density and QQ-plots and formally asses-
sed through Shapiro—Wilk’s test. Relationships between
continuous variables (Age, FIM and BMI) and groups
were evaluated through one-way ANOVA or Kruskal—
Wallis rank sum test, depending on the distribution of
the continuous variable analysed. Post hoc analyses
were conducted using Tukey Dunn’s or a similar pro-
cedure using Bonferroni p-value adjustment. The rela-
tionship between categorical variables was determined
using Pearson’s Chi-squared test or Fisher’s exact test
(if expected cell frequencies were lower than 5). Post
hoc analyses were run with standardized residuals using
Bonferroni adjusted p-values.

To identify any potential predictor of sarcopenia, a
multinomial logistic regression was built in a stepwise
fashion. All variables collected were analysed, then over-
all significance of variables was assessed with Wald test
and only predictors with p-values lower than 0.2 were
inserted in the final model. Continuous variables were
treated like categorical ones. Patients were divided into
groups according to their mean or median.

A p<0.05 was considered statistically significant unless
otherwise specified.

Statistical analysis and graphs were performed
using R (R Core Team, 2020), package ggplot2
(H. Wickham, 2016).

RESULTS

Descriptive analyses

A total of 126 consecutive patients were enrolled: 76 were
men (60%) and 50 were women (40%). Median age was
72 years (IQR 18.7). FIM median value was 80 (IQR 47).

In the acute phase of the disease, 25 patients received
orotracheal intubation and ventilation (20%), while 101
patients (80%) received non-invasive ventilation, oxy-
gen support or did not need any kind of respiratory sup-
port. Mean BMI was 25 (standard deviation [SD]+4.78).
Eleven patients (8.7%) were underweight (BMI<18.5),
53 (43%) overweight or obese (BMI>25) and 61 (48.3%)
had a normal BMI. Thirty-seven patients had dysosmia
(29%) and 24 (19%) had dysgeusia.

Sarcopenia

As reported in Table I, 22 patients (18%) did not present
clinical signs of sarcopenia (Group 1), while 104 patients
(82%) met the EWGSOP-2 criteria for probable sarco-
penia. Out of these 104 patients, 52 (41% of the total
sample) exhibited low grip strength and no other signs
of sarcopenia; thus, sarcopenia was excluded for these
patients (Group 2). The remaining 52 patients (41% of the
total sample) were diagnosed with confirmed sarcopenia
(Group 3).

Age and FIM distributions differed between patient
groups. Pairwise comparison for each variable was per-
formed using Dunn’s procedure with a Bonferroni correc-
tion for multiple comparisons. These post hoc analyses
revealed statistically significant differences in age bet-
ween Group 1 (median 63.9 years, IQR 14.5) and Group
3 (median 73.4 years, IQR 13.2, p=0.014). Median age
of Group 2 (68.1 years, IQR 22) was not significantly
different from the other 2 groups. Moreover, patients
with orotracheal intubation were significantly younger
than the others (»p<0.001), with no significant correla-
tion in the presence of sarcopenia (p=0.15) or depression
(p=0.65).

FIM values were statistically higher in Group 1 (median
102.5, IQR 31.7) compared to that in Group 3 (median
65.5, IQR44.2, p=0.003). SPPB score differed between
groups (p=0.008). Pairwise comparison was performed
using Dunn’s procedure. The SPPB score was signifi-
cantly different between Group 1 and Group 2 (p=0.028),
and between Group 1 and Group 3 (»p=0.009).

BMI differed between the 3 groups, as evaluated
through a one-way ANOVA (p<0.01). Tukey post hoc
analysis revealed that BMI of Group 3 (mean 17.8;
SD=+3.8) was lower than Group 2 (mean 26.3; SD+4.5,
p<0.01) and Group 1 (mean 30; SD+4.8, p<0.01).

There was a statistically significant association bet-
ween sex and sarcopenia (x> 7.5, p=0.023). Indeed, 56%
of women presented with confirmed sarcopenia compa-
red to 31.5% of men. Sarcopenia was also related to the
presence of depression (¥* 9.68, p=0.008). According
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Table I. Demographics and clinical data of the total study population and of the different groups

is associated with an

Total Group 1 (no sarcopenia, Group 2 (no sarcopenia, Group 3 increased likelihood
population normal grip strength) low grip strength) (sarcopenia) of adverse outcomes
b
Age 69.51+13.96 63.86 = 13.67* 68.02+15.4 79.5+11.29% . .
Sex 50 F; 76 M 6F; 16 M 16 F; 36 M 28 F; 24 M including .falls’ .fraq'
HDRS 6.45+4.62 4.18+3.25 6.31%4.35 1245.06 tures, physical disabi-
BMI 24.69+4.73 26.93+4.85% 26.26+4.45% 20.94+3.75% lity and mortality (17).
FIM 79.53+26.01 93.05+23.96* 80.52+23.18 36+27.54* .
SPPB 4.16+3.77 6.32+3.44* 3.80+3.89% 3+3.49% Sarcopema .has be:en
Dysosmia  29% (37) 19% (7) 57% (21) 24% (9) associated with cardiac
Dysgeusia 19% (24) 21% (5) 58% (14) 21% (5) disease (22)’ respiratory

Data are presented in means+standard deviations. Age is expressed in years.

F: Female; M: Male; HDRS: Hamilton Depression Rating Scale; BMI: body mass index; N: numbers of patients
involved; FIM: functional independence measure; SPPB: short physical performance battery.

*Statistically different values between groups.

to the HDRS evaluation, 48 patients (38% of the total
sample) presented with mild-to-moderate depression
(2 patients in Group 1 [9% of Group 1], 22 patients in
Group 2 [42.3% of Group 2] and 24 patients in Group 3
[46.2% of Group 3]).

Dysosmia, but not dysgeusia, was inversely associa-
ted with sarcopenia (3> 6.75, p=0.03). Indeed, 48% of
patients with normal smell were sarcopenic compared to
24% of patients with dysosmia (see Table I).

Multinomial logistic regression was run to evaluate the
multivariate effect of the collected variables on the like-
lihood of developing sarcopenia. Our reference category
was Group 1 (non-sarcopenic patients with normal grip
strength). Four variables were inserted in the final model
(age, sex, depression and BMI). Continuous variables
were treated like categorical ones. Patients were divided
into 2 groups according to age (younger or older than
72 years) and into 2 groups based on BMI (less than 25 or
greater than 25). The model significantly predicted the out-
come variable better than the null model (p<0.001) with
a 61% accuracy. The model explained 32% (Nagelkerke
R2) of the variance in sarcopenia. Three of the 5 pre-
dictors were statistically significant: age, depression state
and BMI. Increasing age was associated with an increased
likelihood of developing sarcopenia (OR=5.67, p<0.01).
Depression was associated with an increased probability
of receiving a diagnosis of probable or confirmed sarco-
penia (OR=8, p=0.01, OR=7.4, p=0.02, respectively).
Increasing BMI decreased the probabilities of developing
sarcopenia (OR=0.2, p<0.01).

DISCUSSION

Patients included in this study presented a reduction in
functionality and autonomy (FIM evaluation), justify-
ing the need to admit them to a rehabilitation ward (11).
Fatigue, reduction of muscle mass, generalized asthenia,
weight loss and sarcopenia were the main clinical condi-
tions observed in this subacute phase, demonstrating the
need for multidisciplinary clinical assistance (11, 12, 21).

Approximately 40% of our patients were diagnosed
with sarcopenia. Sarcopenia has been defined as a pro-
gressive and generalized skeletal muscle disorder that

disease (23) and cogni-
tive impairments (24). It
is mainly characterized
by low muscle strength
and is associated with
low muscle quantity and quality (17). Sarcopenia has
long been associated with ageing, especially following
an acute or chronic disease (25). There is evidence show-
ing that sarcopenia can begin earlier in life and can have
many causes beyond ageing (26). Indeed, secondary sar-
copenia can be caused by systemic diseases, especially in
the case of inflammatory processes, such as tumours or
organ failures (17). SARS-CoV-2 infection is particularly
characterized by aggressive inflammatory responses that
can be strongly implicated in the resulting damage to the
airways (27). The overproduction of inflammatory cyto-
kines or chemokines such as interleukin-6 and tumour
necrosis factor together with low levels of type I inter-
ferons generate an unbalanced immune response that can
cause severe systemic symptoms (28). Regarding our
results, it is highly probable that sarcopenia might have
been induced, at least in part, by the elevated inflamma-
tory response in these patients who were in need of hos-
pitalization. Other factors might have influenced the out-
come of sarcopenia, such as physical inactivity because
of prolonged bed rest, or an inadequate intake of energy
or protein (17). SARS-CoV-2 infection has been associa-
ted with a risk of malnutrition that might be related to a
reduction of food intake caused by nausea, diarrhea and
loss of appetite (16).

Our data showed that sarcopenia is a clinical condi-
tion that should be taken into consideration in SARS-
CoV-2 patients. Adequate clinical investigations should
be undertaken upon admission of the patient in order to
counteract underdiagnosed sarcopenia, and the patient’s
clinical status should be carefully monitored during the
hospitalization by a multidisciplinary team. Indeed, these
results further confirm the need for a multidisciplinary
team composed of neurologists, physiatrists, psycholo-
gists, nutritionists, cardiologists and physiotherapists in
the rehabilitation of subacute COVID-19 patients (11).

Our results indicated that sarcopenic patients were the
most compromised patients from a functional point of
view, the most depressed, with BMI indicative of being
underweight, the most aged patients, more often women
and with no signs of dysosmia. Our data showed that
approximately 40% of patients suffered from mild to
moderate depression. It has been reported that psychiatric
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illnesses, cognitive disorders and depression are frequent
in this subacute phase of the disease, as well as in the long
term, and are often present concurrently (9, 14, 29-31).
These clinical signs of early depression can worsen in the
following weeks, leading to the appearance of post-trau-
matic stress disorder, especially in patients who under-
went orotracheal intubation and who have been recovered
in ICU in the acute phase (14, 32, 33). Sarcopenia and
depression seem to share several common risk factors,
such as physical inactivity, upregulation of inflammatory
cytokines and dysregulation of hormones in the hypot-
halamic—pituitary—adrenal axis (36, 37). In their meta-
analysis, Chang et al. (38) showed that age, sex and BMI
were covariates of sarcopenia (24). They also showed that
other confounders were cognitive function, physical per-
formance, activities of daily living, smoking and drinking
habits, diabetes mellitus and cardiovascular disease (24).
Our data also showed that sarcopenia was highly correla-
ted with decreased functional autonomy, as demonstrated
by the FIM evaluation. Our analyses of patients’ clini-
cal symptoms showed a reduced proportion of dysosmia
(29%) and dysgeusia (19%) among our population, com-
pared to what has been described of the acute phase of the
disease (from about 35% up to 80-90% of patients) in the
literature (3, 4, 8—10).

The main limitation of this study lies in the fact that
none of these patients benefited from nutritional status
evaluation before SARS-CoV-2 infection. Thus, although
history of sarcopenia had been excluded from the anam-
nesis, we cannot rule out the possibility that some of
these patients might have already had signs of sarcopenia
before their admission to the hospital.

To conclude, our study revealed evidence that hospi-
talized COVID-19 patients who suffer from functional
impairments that prohibit them from being autonomous
should be provided with multidisciplinary rehabilitative
care that addresses the specific clinical conditions encoun-
tered in the subacute phase of COVID-19, including sar-
copenia. The complexity of these conditions justifies the
need to provide patients with regular follow-ups after the
end of the rehabilitative period.
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