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Abstract. Background and aim: In patients with severe forms of coronavirus disease-19 (COVID-19), pro-
longed hospitalization and immobilization decrease muscle mass and increase the risk of malnutrition. More-
over, catabolic molecules such as interleukins (IL)-1 and -6 and tumor necrosis factor (TNF) contribute to 
the reduction of body mass, increasing the risk of sarcopenia. Since sarcopenia represents a negative prog-
nostic factor in COVID-19 patients, protein and/or essential aminoacid (EAA) supplementation has been 
recommended in these patients, to counteract the loss of muscle mass and strength. Aim of this study was to 
evaluate the effects of a six-month dietary intervention (including a standardized protein intake and a sup-
plementation of free EAAs) on risk of malnutrition, body composition, muscle strength and physical perfor-
mance in 74 COVID-19 patients after discharge. Methods: All subjects received a balanced diet according to 
ideal BMI, with protein intake of 1.2 -1.5 gr/kg/day. Each participant received a supplementation of EAAs 
twice a day during the first three months and once daily for the remaining period. Anthropometric measure-
ments, and assessment of muscular strength, body composition and physical performance were performed 
during three different visits: immediately after the hospital discharge, after three months and at the end of 
the six- month observation period. Results: Significant changes in body mass index (BMI), Malnutrition 
Universal Screening Tool (MUST) score, arm circumference and triceps fold values were observed, as well 
as a significant increase in total body water (TBW), and significant improvements in the S and T scores and 
in the short physical performance battery (SPPB) score. Conclusions: these results suggest that in patients 
recovering from SARS-Cov2 infection, the dietary intake of 1.2-1.5 gr per kg of protein per day associated 
with EAA supplementation may contribute to BMI improvement and functional recovery, reducing the risk 
of malnutrition and osteosarcopenia.
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Introduction

Because of the global emergency caused by the 
Coronavirus disease-19 (COVID-19) pandemic, 
governments have been forced to implement social 
distancing policies, favoring a sedentary lifestyle asso-
ciated with a loss of muscle mass (1). It is well known 

that confinement measures promote a reduction in 
physical activity and sun exposure time, the develop-
ment of anxiety and stress, and a worsening of the 
quality of sleep (2). Moreover, appetite dysregulation 
causes an increase in food intake, and a preference for 
ultra-processed foods, with a reduction in protein in-
take. The resulting reduction in vitamin D, anabolic 
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hormones and protein synthesis, and the concomitant 
increase of insulin resistance, cortisol secretion, oxida-
tive stress, inflammatory cytokines and muscle protein 
breakdown, lead to a change in body composition: 
the loss of lean mass and the accumulation of adipose 
tissue favor the development of sarcopenic obesity, a 
condition characterized by increased oxidative stress 
leading to a further aggravation of muscle loss, causing 
impaired locomotion and disability, especially in the 
elderly (2). All these changes also contribute to the de-
velopment or aggravation of chronic conditions such 
as diabetes, cardiovascular diseases (CVD), osteoporo-
sis, cognitive impairment, and increase the risk of fra-
gility and disability (2). Moreover, CVD, diabetes, and 
elevated body fat increase the risk of contracting a se-
vere form of COVID-19 (2-4). COVID-19 can have 
severe clinical manifestations, such as pneumonia with 
respiratory failure, sepsis and septic shock, which re-
quire urgent hospitalization (5,6). Among the compli-
cations, acute respiratory distress syndrome (ARDS) 
(7) generally occurs approximately one week after the 
first manifestations and necessitates immediate admis-
sion to intensive care units (ICU) for ventilatory sup-
port (8). In these patients, weight loss and decreased 
muscle mass may occur, due to symptoms such as 
ageusia, anosmia, mucositis, dry mouth, dysphagia and 
inappetence, which lead to a reduction of food intake 
and increase the risk of malnutrition (9,10). Further-
more, during the so called “cytokine storm” caused by 
SARS-CoV-2, an increased production of molecules 
such as interleukins (IL)-1 and -6 and tumor necrosis 
factor (TNF) is observed, which further contributes to 
the reduction of body mass through its catabolic ac-
tion, increasing the risk of developing sarcopenia (11). 
Sarcopenia, i.e. muscle weakness, is a muscle disease 
due to adverse muscle changes that develop over time; 
sarcopenia is common among adults of older age but 
can also occur earlier in life, because of endocrine or 
neurodegenerative diseases, physical inactivity, or in-
adequate nutrition (9). Sarcopenia is defined by low 
levels of measures for three parameters: (1) muscle 
strength, (2) muscle quantity/quality and (3) physical 
performance as an indicator of severity. To assess evi-
dence for sarcopenia, the European Working Group 
on Sarcopenia in Older People (EWGSOP) recom-
mends use of grip strength or a chair stand measure 

with specific cut-off-points for each test (9,12). To 
confirm sarcopenia by detection of low muscle quan-
tity and quality, Dual Energy X-ray Absorptiometry 
(DXA) is advised in clinical practice, and DXA, bio-
electrical impedance analysis (BIA), computed tomog-
raphy (CT), or magnetic resonance imaging (MRI) in 
research studies (9,12). Sarcopenia requires a timely 
and appropriate nutritional intervention, specifically in 
patients with COVID-19 (13). In fact, sarcopenia may 
sustain a vicious circle in these patients, contributing 
to worsened respiratory and cardiac function, chronic 
inflammation and insulin resistance (10,11,13), associ-
ated with prolonged hospitalization, worse outcomes 
and compromised well-being of survivors. As sarco-
penia represents a negative prognostic factor for the 
recovery of COVID-19 patients, a preventive nutri-
tional intervention based on caloric/protein supple-
mentation (12) may be useful to avoid malnutrition of 
these patients during their hospital stay, as well as af-
ter discharge. Based on the evidence that deficiency of 
just one essential amino acid (EAA) is enough to slow 
down and stop the protein synthetic process (14,15), 
various expert consensus protocols and guidelines on 
the optimal clinical approach to malnutrition in the 
acute phase of SARS-CoV2 infection and during re-
covery were issued during the COVID-19 pandemic. 
Many of these guidelines suggested an adequate 
screening for malnutrition using the Malnutrition 
Universal Screening Tool (MUST) and encouraged 
the use of oral supplementation in subjects at risk of 
being unable to meet nutritional requirements (5,16). 
However, most of these recommendations left the 
decision of the type of oral supplementation to the 
clinician, producing various interventions. Moreover, 
the difficulty encountered by physicians performing a 
correct screening for the risk of malnutrition in hospi-
talized patients during the COVID-19 pandemic be-
cause of the emergency complicated their nutritional 
follow-up, leading to a paucity of published data on 
the baseline and post-interventional nutritional status 
of COVID-19 patients. A nutritional approach based 
on the supplementation with a mixture of EAAs has 
proven effective in correcting reduced dietary intake 
and increased degradation of endogenous proteins, 
showing positive effects on fat free mass (FFM), 
muscular strength, exercise endurance and physical 
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performance in various conditions associated with im-
paired nutritional and metabolic state, such as chronic 
heart failure and chronic obstructive pulmonary dis-
ease (17-21), hemodialysis (22), HIV (23), cancer ca-
chexia (24), sarcopenia (25) and Type 2 diabetes (26). 
On the other hand, consumption of increased dietary 
protein and/or EAAs are recognized as the two most 
potent and safest anabolic stimuli to counteract the 
loss of muscle mass and strength in sarcopenia (27). 
Given the forced physical inactivity associated with 
SARS-CoV2 infection and consequent isolation, the 
most practical and effective means of slowing the loss 
of muscle mass and function is by optimal nutrition, 
including adequate intake of free dietary EAAs. An 
appropriate composition of dietary EAAs has been 
shown to induce an increase in net protein synthesis 
compared with an isocaloric protein intake, improv-
ing physical performance in older adults (27). Optimal 
EAA intake leads to greater stimulation of muscle pro-
tein synthesis through increased availability of plasma 
EAAs, which translates in increased muscle mass and 
function as well as improved muscle quality (force pro-
duction for a given muscle mass). EAAs can serve as 
a promising nutraceutical to attenuate the accelerated 
progression of sarcopenia in the COVID-19 era (27). 
Aim of this study was to assess the risk of malnutrition 
in a group of hospitalized COVID-19 patients and to 
evaluate the effects of a six-month dietary intervention 
(including a standardized protein intake and a supple-
mentation of free EAAs) on body composition, muscle 
strength and physical performance.

Materials and Methods

Study design

Patients hospitalized for SARS-CoV2 at the 
ASST-Bergamo Est hospital were enrolled in our study 
from November 2020 to November 2021. Smoking 
status, alcohol abuse and chronic diseases (diabetes, 
hypertension, heart disease chronic obstructive pulmo-
nary disease), as well as weight before infection were 
recorded for each patient, and the malnutrition risk 
was assessed using the MUST scale. Anthropometric 
measurements, and assessment of muscular strength, 

body composition and physical performance were per-
formed by the physicians involved in the study during  
three different visits: the first after the hospital dis-
charge, the second after three months and the third 
after further three months, i.e. at the end of the obser-
vation period (lasting a total of six months). All sub-
jects received a balanced diet according to ideal BMI, 
with protein intake of 1.2-1.5 gr/kg/day, developed by 
the dieticians involved in the study. A meal plan was 
also provided. Each participant received a supplemen-
tation of EAAs twice a day (for a total of 8 gr/die) 
during the first three months and once daily (for a total 
of 4 gr/die) for the remaining period. Supplementation 
was carried out using a blend of EAAs in free form, 
62.5% of which were branched-chain AAs, according 
to existing literature (15,28,29). The study was con-
ducted according to the guidelines of the Declaration 
of Helsinki and approved by the Ethical Board of Ber-
gamo on May 25, 2020 (Protocol n. 120/20).

Anthropometric measurements

Weight was measured to the nearest 0.01 kg us-
ing a calibrate balance. Height was measured to the 
nearest centimetre using a stadiometer at head level. 
BMI was calculated as weight in kilograms divided 
by height in meter squared. The circumference of the 
non-dominant arm was also measured.

Measurement of physical performance

Physical performance was measured by the short 
physical performance battery (SPPB), a standardized 
test for the evaluation of physical performance in the 
elderly (30). The battery consists of a balance test for 
the evaluation of the balance ability, a chair stand test 
for the evaluation of coordination and strength, and a 
gait speed test. The scores for the balance, chair stand 
and gait speed tests are summed, giving an overall score 
ranging from a minimum of 0 to a maximum of 12.

Assessment of body composition

Body composition was evaluated using two dif-
ferent methods: i) measuring skinfold thickness tri-
ceps, with the Holtain skinfold caliber; ii) through 
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The values of MUST, BMI, arm circumference, 
and triceps fold recorded during each visit are shown 
in  Figure 1. Applying a generalized linear model for re-
peated measures, significant changes in BMI, MUST, 
arm circumference and triceps fold values were observed.

The results of the bioimpedance analysis are re-
ported in Table 3: a statistically significant increase in 
TBW, and significant improvements in the S and T 
score were recorded.

The results of physical performance and muscle 
strength assessments are reported in Table 4: a statisti-
cally significant improvement in the SPPB score was 
observed, whereas no changes were recorded for the 
handgrip test.

bioimpedance analysis, to estimate fat mass (FM), fat 
free mass (FFM), total body water (TBW), intracel-
lular water (ICW), extracellular water (ECW), height 
adjusted skeletal muscle (hSMI) weight adjusted skele-
tal muscle (wSMI), intramuscular fat (IMAT), adipose 
tissue (AT), abdominal adipose tissue (AAT), HPA 
index, S and T score (standard deviation from normal 
population for muscle mass and bone density). These 
measures were performed using BIA-ACC Bio-Tekna.

Measurement of muscle strength

Hand grip strength measured by a manual dy-
namometer (Camry electronic hand dynamometer) 
was used as an indicator of muscle strength. Three con-
secutive measurements of the maximum grip pressure 
were performed for each hand and the mean value of 
the test was used for statistical analysis.

Statistical analysis

Measured parameters are reported by descrip-
tive statistics (mean, standard deviation) A general-
ized linear model for repeated measures was applied  
(GLM repeated measurements) for the inferential 
comparison of clinical parameters at different times 
(t1 vs t2 vs t3). This model represents a flexible gener-
alization of linear regression. The SPSS package (IBM 
Corp, IBM SPSS statistics for Windows, Version 21.0 
Armonk, NY: IBM Corp) was used for statistical anal-
ysis. The level of statistical significance was set at 5%  
(a = 0.05). All statistical tests were two-tailed.

Results

A total of 74 patients (26 females, 48 males) were 
enrolled in the study, with a (mean +/-SD) BMI of 
28.37 +/- 5.522 (range 18 to 50.7) The basal characteris-
tics of enrolled patients regarding smoking habit, alcohol 
consumption and comorbidities are reported in Table 1.

Weight of enrolled patients during the SARS-
COV2 infection and during the observation period are 
reported in Table 2: a consistent weight loss (8.70%) was 
recorded during hospitalization, whereas a weight gain 
(2.24%) was recorded in the six months after discharge.

Table 1. Basal characteristics of enrolled patients.

n Percentage

Smoking Status
Former tobacco smoker
Never Tobacco smoker 
Current tobacco smoker

 7
 64
 3

 9.5
86.5
 4.1

Alcohol Consumption
No
Yes

 51
 23

68.9
 4.1

Diabetes mellitus
No
Yes

 55
 19

74.3
25.7

Hypertension
No
Yes

 34
 40

45.9
54.1

Cardiac diseases
No
Yes

 59
3415

79.7
20.3

COPD
No
Yes

 67
 7

90.5
 9.5

Abbreviations: COPD, chronic obstructive pulmonary disease.

Table 2. Recorded body weight before, during and after 
 hospitalization for COVID-19.

Time point Mean (Kg) Standard deviation

Hospitalization
Discharge
Visit 1
Visit 2
Visit 3

81.58
74.48
79.02
80.46
80.79

19.69
18.05
17.44
18.60
18.41
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Figure 1. Changes in BMI (Kg/m2), MUST (n), arm circumference (cm) and triceps fold (mm) values recorded 
during the observation period. (BMI, body mass index; MUST, Malnutrition Universal Screening Tool)

Table 3. Changes [mean (SD)] in BIA parameters recorded during the observation period.

Parameter Visit 1 Visit 2 Visit 3 p

TBW
FFM
FM
SM
hSMI
IMAT
wSMI
AT
AAT
S score
T score
ECW
ICW
HPA Index

42.9 (6.18)
62.6 (7.11)
37.4 (7.11)
17.4 (7.13)
6.1 (2.14)
2.1 (0.64)

21.3 (6.08)
37.5 (13.42)

506.2 (195.39)
-0.55 (2.02)
-0.85 (1.20)

47 (6.74)
53 (6.74)
2.6 (2.18)

44.4 (7.17)
63.6 (7.75)
36.4 (7.75)
18.5 (7.70)
6.5 (2.28)
2.1 (0.67)

22.7 (6.26)
37.1 (14.23)

500.3 (209.39)
-0.12 (2.10)
-0.63 (1.27)
46.6 (6.91)
53.4 (691)
3.2 (2.49)

46.3 (11.81)
64.2 (8.55)
35.8 (8.55)
19.3 (9.38)
7.1 (3.78)
2.1 (0.64)

23.0 (7.9)
37.2 (13.50)

500.2 (200.32)
0.42 (3.23)

-0.45 (1.61)
45.9 (7.44)
54.1 (7.44)
3.0 (2.72)

0.044
0.145
0.145
0.062
0.054
0.883
0.150
0.846
0.844
0.031
0.035
0.242
0.242
0.459

Abbreviations: AT, adipose tissue; AAT, abdominal adipose tissue; ECW, extracellular water; FFM, fat free mass; FM, fat mass; hSMI, height adjusted 
skeletal muscle; ICW, intracellular water; IMAT, intramuscular fat; SM, skeletal muscle; TBW, total body water; wSMI, weight adjusted skeletal muscle.

Discussion

Nutritional status and diet modulate inflam-
mation and immune function and may be adjusted 

to impact COVID-19 outcome (31). Malnutrition 
has been documented in up to 53% of patients with 
COVID-19, probably because of the catabolic state in-
duced by the inflammatory response to SARS-CoV-2 
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program, a nutritional intervention based on EAA 
supplementation was able to improve muscle perfor-
mance after COVID-19, as documented by the statis-
tically significant increase of the SPPB score observed 
after six months. Unexpectedly, such increase was re-
corded in the absence of any change of the handgrip 
strength, which is a well-known indicator of muscle 
performance (9): although lower limbs are more rel-
evant than upper limbs for gait and physical function, 
hand grip strength has been widely used and is well 
correlated with most relevant outcomes (9). The short 
period of observation may explain the discrepancy ob-
served between the results of the handgrip test and 
the SPPB score in the present study. The results of 
our study confirm the importance of appropriate nu-
tritional assessment and treatment during COVID-19 
hospitalization and after discharge, to reduce compli-
cations and improve clinical outcomes (5). According 
to the practical guidance for nutritional management 
of individuals with SARS-CoV-2 infection, recently  
published by the European Society for Clinical Nutri-
tion and Metabolism (ESPEN), malnutrition is to be 
avoided during COVID-19 hospitalization and recov-
ery, because of its negative impact on patients’ survival, 
especially in the presence of older age and comorbidity (5).  
The recommended approach includes the use of the 
MUST scale to screen for malnutrition, and the op-
timization of the nutritional status through diet 
counselling from an experienced professional, with 
personalized calculation of energy needs (from 27 to 
30 kcal per kg body weight and day, according to age, 
weight and comorbidities), protein requirements (1 or 
>1 gr protein per Kg body weight and day, according 
to age and comorbidities) and fat and carbohydrate 
ratio (from 30:70 in subjects with no respiratory de-
ficiency to 50:50 in ventilated patients). Part of the 
general nutritional approach for the prevention of viral 
infections is supplementation and/or adequate provi-
sion of vitamins to potentially reduce disease negative  
impact (5). The dietary intervention proposed to pa-
tients enrolled in the present study was in line with 
ESPEN recommendations and proved to be effective 
in favouring recovery and functional improvement. 
The association of EAA supplementation with a high 
protein diet may have contributed to further support 
protein synthesis and overcome the catabolic state 

infection, leading to the utilization of albumin and 
even muscle protein to synthesize the acute-phase 
proteins. Moreover, digestive tract malfunction can 
exacerbate the poor nutritional status in older pa-
tients with COVID-19, increasing the risk of sarco-
penia (31). Considering these observations, the main 
result of our study was a significant reduction of the 
risk of malnutrition, as assessed by MUST, recorded 
after six months of diet therapy and EAA supplemen-
tation in patients discharged after hospitalization for 
COVID-19. This result was further supported by the 
concomitant increase of BMI, reflecting a weight gain 
mainly due to the increase of FFM and TBW, as docu-
mented by BIA analysis, and associated to a significant 
increase of the triceps fold and of the circumference of 
the arm. Although muscle mass, muscle strength and 
physical performance at enrolment were not indicative 
of sarcopenia, the statistically significant improvement 
in the S score during the observation period is sugges-
tive of a reduction in the risk of developing this con-
dition. This is an important achievement, since many 
studies have described that sarcopenia is a predictor of 
the risk of pneumonia in the elderly, and it is associ-
ated with mechanical ventilation, hospitalization time, 
and mortality in ICU patients (31). The concomitant 
increase of the T score similarly indicates a reduced 
risk of bone loss and osteoporosis, probably associated 
with an improved nutrition status.

Although the prevention of sarcopenia in COVID 
patients generally requires an aggressive approach 
based on specific nutritional support protocols and 
physical activity programs (32), the critical situation of 
the COVID-19 pandemic did not allow to prescribe 
personalized preventive exercise protocols. Many stud-
ies have shown that physical exercise increases muscle 
size and strength in older individuals (33,34): in our 
study, despite the lack of a specific motor rehabilitation 

Table 4. Changes in physical performance and muscle strength 
parameters recorded during the observation period.

Parameter Visit 1 Visit 2 Visit 3 p

Hand grip right (Kg)
Hand grip left (Kg)
SPPB score

31.3
30.7
9.35

31.3
29.9
10.53

31.5
30.4
11.10

0.933
0.610

<0.001

Abbreviations: SPPB, short physical performance battery.
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