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A B S T R A C T

The role of skeletal muscle mass in modulating immune response and supporting metabolic stress has been
increasingly confirmed. Patients with sarcopenia, characterized by reduced muscle mass and muscle
strength, were reported to have poor immune response and metabolic stress when facing acute infection,
major surgeries, and other attacks. Based on empirical data, patients with sarcopenia are speculated to have
increased infection rates and dismal prognoses amid the current 2019 novel coronavirus disease (COVID-19)
epidemic. COVID-19 infection also aggravates sarcopenia because of the increased muscle wasting caused by
systematic inflammation and the reduced physical activity and inadequate nutrient intake caused by social
isolation. Notably, the interventions targeting skeletal muscle are anticipated to break the vicious circle and
benefit the treatment of both conditions. We recommend sarcopenia assessment for populations with
advanced age, inactivity, chronic disease, cancers, and nutritional deficiency. Patients with sarcopenia and
COVID-19 infection need intensive care and aggressive treatments. The provision of at-home physical activi-
ties together with protein supplementation is anticipated to reverse sarcopenia and promote the prevention
and treatment of COVID-19. The recommended protocols on nutritional support and physical activities are
provided in detail.

© 2020 Elsevier Inc. All rights reserved.
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The 2019 novel coronavirus disease (COVID-19), caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
manifests as systemic disorders, particularly severe pneumonia
and acute respiratory distress syndrome [1]. As of December 24 ,
2020, a total of 77 530 799 COVID-19 cases have been confirmed
worldwide, with 1 724 904 deaths [2]. Although standard diagnos-
tic and prevention methods for COVID-19 have been established,
specific or targeted treatments are still lacking. While most
researchers have tried to solve the pandemic by studying drugs
and developing vaccines, recognition and intervention of adverse
physical states, particularly sarcopenia, could be novel but under-
appreciated methods to promote the treatment of COVID-19.
Sarcopenia, defined as the depletion of skeletal muscle mass
and muscle strength, is prevalently observed in several physiologi-
cal and pathologic processes, including aging, inactivity, chronic
diseases, cancer progression, and nutritional deficiency (Fig. 1)
[3�5]. The prevalence rate of sarcopenia in the older-adult popula-
tion was approximately 10%, and this rate reached 40% in nursing
home residents [6,7]. Notably, the quality and quantity of skeletal
muscle mass not only influence motor activity, respiratory func-
tion, and swallowing profile, but also affect the immune response
and metabolic stress facing acute infection, major surgery, and
other attacks [8�12]. Accordingly, patients with sarcopenia
showed compromised function of multiple systems in clinical
observations (Fig. 1) [8�12].

Sarcopenia was reported to be associated with the impaired
proliferation of peripheral mononuclear cells, increased ratio of
neutrophils to lymphocytes, and damaged homeostasis of natural
killer lymphocytes, contributing to immune senescence [12�14].
Clinical evidence for the impaired immunity in patients with sarco-
penia includes the higher incidence of community-acquired and
in-hospital pneumonia, increased risk of infectious complications
in major surgeries, and dismal survival in various solid cancers
[14�17]. In particular, sarcopenia was recently reported to be

http://crossmark.crossref.org/dialog/?doi=10.1016/j.nut.2020.111104&domain=pdf
mailto:18339979852@163.com
https://doi.org/10.1016/j.nut.2020.111104
https://doi.org/10.1016/j.nut.2020.111104
http://www.ScienceDirect.com
http://www.nutritionjrnl.com


Fig. 1. A vicious circle of interactions between sarcopenia and COVID-19. Interventions targeting sarcopenia are anticipated to benefit the treatment of both conditions.
COVID-19, 2019 novel coronavirus disease.
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associated with a poor response to immune-checkpoint inhibitors
in non�small cell lung cancers [17]. A recent prospective study
also confirmed the impaired immune response in patients with
sarcopenia after esophageal surgery [10]. The main mechanism
underlying impaired immunity in patients with sarcopenia refers
to the abnormal myokines, such as interleukin (IL)-15, IL-17, and
IL-6, which modulate the proliferation and function of both innate
and adaptive immune cells [12]. Regarding the metabolic stress
during the severe infection, skeletal muscle is catabolized to pro-
vide the immune system, liver, and gut with amino acids, espe-
cially glutamine [11,18]. Patients with sarcopenia have a decreased
availability of such protein mobilization. We speculate that
patients with sarcopenia respond poorly to the infection of SARS-
CoV-2 because of the impaired immune potential and metabolic
stress.

No study has investigated the relationship between sarcopenia
and COVID-19. However, some indirect evidence partially supports
the adverse impact of sarcopenia on the treatment of COVID-19.
First, advanced age, chronic diseases, and cancers, which were
important etiologies of sarcopenia, were widely confirmed as risk
factors for COVID-19 infection and corresponding mortality
[19�21]. Second, sarcopenia was confirmed to be associated with
the incidence of both community-acquired pneumonia and in-hos-
pital pneumonia, which could be analogized to the COVID-19 infec-
tion [15,16]. Furthermore, patients with sarcopenia had
compromised respiratory muscle strength and respiratory func-
tion, which were detrimental in the treatment of severe pneumo-
nia and acute respiratory distress syndrome [9]. Additionally,
sarcopenia was demonstrated as a risk factor for aspiration pneu-
monia in the older-adult population because of the dysfunction of
the swallowing muscles, which may exacerbate the condition of
bedridden patients with SARS-CoV-2 infection [8]. Considering this
evidence, patients with sarcopenia predictably has increased infec-
tion rates, greater disease severity, and elevated mortality rates
during the COVID-19 pandemic.

Conversely, COVID-19 could be a risk factor for the incidence
and progression of sarcopenia because of the reduced physical
activity and inadequate protein intake caused by social isolation
[22,23]. Both physical exercise and protein-based nutrients have
been confirmed as crucial factors in preventing and reversing sar-
copenia [3]. The reduced oral protein intake and inactivity predict-
ably aggravate muscle depletion [24]. The inflammatory reaction
caused by COVID-19, especially the cytokine storm of interferon-a,
interferon-g, IL-6, IL-12, tumor necrosis factor-a, C-reaction pro-
tein, and monocyte chemotactic protein-1 inter observed in severe
infection, refers to the elevated metabolic stress and muscle
catabolism [25,26]. Theoretically, the interaction between sarcope-
nia and COVID-19, as shown in Figure 1, could be bidirectional and
may form a vicious circle. However, the interventions for sarcope-
nia are promising in breaking this cycle and benefit the treatment
of both conditions.

The diagnosis of sarcopenia could be a vital problem during the
pandemic because of the limitation of medical resources and the
implementation of social isolation. Patients with advanced age,
inactivity, chronic disease, cancers, and nutritional deficiency
should be specifically targeted for sarcopenia assessment [5]. The
sarcopenia diagnosis consensus established by the European and
Asian Working Groups for Sarcopenia (i.e., the combination of
decreased muscle strength, muscle mass, and physical status)
should be introduced in patients with COVID-19 infection to
achieve definite diagnosis and severity classification [3,4]. How-
ever, for the community population, the self-measurement of
handgrip strength and calf circumference and the use of the SARC-
F questionnaire (strength, assistance in walking, rising from a
chair, climbing stairs, and falls) could be helpful to detect sarcope-
nia and permit dynamic surveillance [3,4,27].

Therapeutic approaches targeting skeletal muscle are antici-
pated to promote the treatment of COVID-19. Both communities
and hospitals should be places for interventions. The role of mod-
erate-intensity exercise in promoting immune function has been
widely validated [28,29]. Physical activities, especially aerobic and
resistance exercise, also enhance muscle protein synthesis by sen-
sitizing muscle to insulin- or amino acid�mediated anabolic
actions [30,31]. Protein support together with physical activity
were reported to successfully promote the reservation of skeletal
muscle mass [32,33]. The provision of protein intake accompanied
by physical exercise is thus promising in promoting immune
response and metabolic stress, benefiting the treatment of both
sarcopenia and COVID-19 [12,24]. Detailed protocols on nutrition
and exercise interventions are discussed below. Notably, patients
with sarcopenia and COVID-19 infection should be alert to second-
ary bacterial infection, pneumonia deterioration, and respiratory
failure. Aggressive therapies, including intensive care, antiviral and
antibiotic use, and mechanical ventilation, should be planned in
advance. Additionally, patients with sarcopenia who are bedridden
should be monitored for aspiration during oral or enteral feeding
[8]. Agents to promote motility, such as prokinetic medications
(metoclopramide or erythromycin) could be administrated appro-
priately to reduce aspiration [34]. Since patients with sarcopenia
were reported to respond effectively to pulmonary rehabilitation,
this strategy may be introduced to patients with sarcopenia to pro-
mote the prognosis of COVID-19 [35].
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Regarding nutritional management during the COVID-19 pan-
demic, a balanced nutritional formula with high-quality protein
(meat, fish, dairy, and eggs, which are rich in leucine) is recom-
mended to promote muscle synthesis [36,37]. The recommended
protein intake increases with age, from 0.75 to 0.80 g/kg/d in
healthy adults to 1.0 to 1.2 g/kg/d in healthy older adults [37�39].
For older-adult patients with definite sarcopenia or severe illness,
a protein intake of 1.2 to 1.5 g/kg/d should be considered [39].
Increased protein intake (>1.2 g/kg/d) is advised for those people
who are exercising and otherwise active [38]. Furthermore, an
extra supplementation of protein (10�20 g/d) during the exercise
interventions should be considered for reversing sarcopenic status
[33,40]. For patients with sarcopenia and COVID-19 infection,
nutrition support should fit the increased inflammation reaction
and metabolic stress. A calorie support of 25 to 30 cal/kg/d with a
protein support of 1.2 to 2.0 g/kg/d should be considered for cases
of severe infection [34]. Higher protein support (>2.0 g/kg/d)
should be considered for cytokine storm observed in severe
COVID-19 infection [25,34]. Notably, the enteral nutrition is supe-
rior to the paraenteral nutrition for patients who are critically ill
[34]. The supplementation of leucine-enriched whey protein
accompanied with vitamin D could be a good formula in promoting
muscle wasting in patients with sarcopenia with severe infection
[41,42]. All these nutritional supplements could be helpful,
although the recommendations cannot be totally achieved.
achieved .

Generally, personlized physical activity protocol is recom-
mended during the COVID-19 pandemic. Considering the impaired
motor activity in patients with sarcopenia, the physical exercise
protocols proposed by Jimenez-Pavon et al. [43] for older adults
during the COVID-19 quarantine could be rationally referred. A
multicomponent exercise program including aerobic, resistance,
balance, coordination, and mobility training exercises should be
safe and tolerated. An aerobic exercise of 200 to 400 min/wk dis-
tributed among 5 to 7 d, with a minimum of 2 to 3 d/wk of resis-
tance exercise is an appropriate exercise volume. A moderate
intensity (40�60% heart rate reserve or 65�75% of maximal heart
rate) is anticipated to enhance the protective role of the exercise
[43]. Additionally, grouped exercises consisting of 5 min of warm-
up, 5 min of strengthening exercises, 5 min of balance exercises,
and 5 min of cooldown could be the ideal exercise formula consid-
ering its feasibility and effectiveness [33]. Both chair exercises (toe
raise, heel raise, knee lift, knee extension, hip flexion, and lateral
leg raise) and ankle weight exercises with extra weight are work-
able without complicated materials [33]. High-intensity exercises
that overcome gravity, such as the double-arm pull-downs, sit-to-
stands, sit-ups, and push-ups, should be selectively adopted [40].
Resistance band exercises and machine exercises are also valuable
if accessible [40]. For patients with severe COVID-19 infection,
especially those requiring intensive care, physical exercise should
be introduced with subtle and quantified manners. The exercises
with assistants or auxiliary appliances should be started with low
intensity under surveillance of physicians and generally increased
to appropriate levels.

In conclusion, during the COVID-19 pandemic, patients with sar-
copenia predictably are at higher =than average risk of infection and
have poorer prognosis.. This article proposes, to our knowledge for
the first time, a vicious circle of interactions between sarcopenia and
COVID-19. Interventions targeting sarcopenia are anticipated to bene-
fit the prevention and treatment of COVID-19. Based on the afore-
mentioned discussions, we propose the following recommendations:

1) A balanced nutritional formula including adequate protein
intake with regular physical exercise (aerobic and resistance)
should be achieved to prevent the development of sarcopenia
and promote the community prevention of COVID-19.

2) Older adults, especially those with inactivity, chronic diseases,
cancers, and nutritional deficiencies, should be targeted for sar-
copenia assessment and classification during the COVID-19 pan-
demic, and those with definite sarcopenia warrant extra protein
support (10�20 g/d).

3) Patients with sarcopenia with SARS-CoV-2 infection could bene-
fit from early introduction of high-quality protein (1.2�2.0 g/kg/
d, leucine-enriched) support accompanied with subtle physical
exercise, which helps promote immune response and metabolic
stress.

4) Patients with sarcopenia with severe COVID-19 infection war-
rant aggressive treatments, including but not limited to the
early administration of intensive care, antiviral and antibiotic
use, and mechanical ventilation.

Considering that controlling the pandemic outbreaks could be a
long struggle, we anticipate further studies to directly reveal the
interaction between sarcopenia and COVID-19 and establish vali-
dated protocols to solve these issues.
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