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Abstract

Sarcopenia, characterized by the loss of muscle mass and strength, has become a critical concern during the
COVID-19 pandemic, influencing patient outcomes such as extended hospital stays, higher mortality, and slower
recovery. Factors like chronic inflammation, immune dysfunction, respiratory muscle impairment, and sarcopenic
dysphagia contribute to these poor outcomes. COVID-19 exacerbates sarcopenia through mechanisms such as
cytokine storms, hormonal imbalances, hypoxia, and mitochondrial dysfunction, all of which accelerate muscle
degradation and functional decline. Additionally, the pandemic’s impact on physical activity, nutritional status
and mental welfare has further worsened sarcopenia, especially in older adults and vulnerable populations. The
relationship between COVID-19 and sarcopenia is bidirectional, where muscle loss compromises the immune
response, increasing the risk of severe infection, while COVID-19 itself accelerates muscle wasting through
inflammation, physical inactivity, malnutrition, and other factors. This interplay heightens vulnerability, prolongs
recovery, and worsens overall health outcomes, emphasizing for effective management strategies. Addressing
sarcopenia through tailored exercise programs and nutritional interventions is vital for improving long-term
recovery and reducing the pandemic’s lasting health effects.
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Introduction quality of life, higher hospitalization rates and increased
mortality due to various conditions, including Severe Acute

Sarcopenia is a syndrome characterized by the  pagniratory Coronavirus 2 (SARS-CoV-2) infection® 1.
progressive loss of muscle mass, strength, and function'. The rapid spread of SARS-CoV-2, the virus responsible
Although primarily associated with aging, it can also affect - coviD-19, led the World Health Organization to

younger individuals®. The main factors contributing to age-  announce a pandemic in March 2020. The COVID-19
related muscle loss include impaired protein homeostasis,

disruption of proteolytic and autophagic pathways3#,
mitochondrial dysfunction®, reduced satellite cells numbers
or their impaired ability to proliferate and differentiate®,
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pandemic represents a unique global health crisis, with more
than 777 million confirmed cases and over 7 million deaths
by 26 January 2025''. COVID-19 primarily affects the
respiratory system and triggers widespread inflammation,
often leading to long-term effects on overall health'2. Most
patients, around 80-90%, experience mild to moderate
symptoms, while the remaining 10-20% develop severe
complications requiring hospitalization and intensive care.
Mortality is especially high in older adults, reaching 20% in
those over the age of 80'3. Several factors increase the risk of
poor COVID-19 outcomes, including advanced age, obesity,
and comorbidities such as sarcopenia, COPD, diabetes, and
cardiovascular disease'“. In an effort to control the spread of
SARS-CoV-2 and prevent the collapse of healthcare systems,
health authorities globally enforced various restrictions such
as travel bans, guarantines, isolation and social distancing.
The SARS-CoV-2 pandemic has profoundly disrupted
healthcare systems and daily life, directly impacting public
health Beyond the immediate effects of COVID-19 infection,
the pandemic and related measures resulted in extended
periods of home confinement. This significantly reduced
physical activity and increased sedentary behavior, factors
known to contribute to muscle loss and physical decline.
Additionally, changes in eating habits and heightened
psychological stress further elevated the risk of developing
sarcopenia's.

This narrative review explores the association between
sarcopenia and COVID-19, focusing on the bidirectional
relationship and the pathophysiological mechanisms that
link the two conditions. It examines how COVID-19 can
contribute to the onset or progression of sarcopenia, as well
as how pre-existing sarcopenia can lead to poor COVID-19
outcomes. Additionally, the review discussed the impact of
restrictive measures, such as quarantine and lockdowns,
on muscle mass, which can further exacerbate sarcopenia.
Strategies for managing sarcopenia during and after the
pandemic are also explored, emphasizing the importance
of nutrition and physical activity muscle loss and improve
overall health.

Mechanisms Linking Sarcopenia and
CoVviID-19

Sarcopenia is a significant comorbidity that complicates
COVID-19 infection. It has been shown to worsen
hospitalization outcomes and the recovery process,
increasing the risk of complications. Therefore, it’s essential
to identify and manage sarcopenia early, particularly in
patients dealing with COVID-19, as this can significantly
improve their overall prognosis. Even though sarcopenia and
COVID-19 follow different pathways, their mechanisms can
significantly influence each other. In both conditions, several
pathways share similar patterns and common stimuli.
Sarcopenia and COVID-19 interact creating a vicious cycle
where each condition exacerbates the other. Sarcopenia
leads to muscle loss, negatively affecting the body’s ability
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to cope with infections and recover efficiently. At the same
time, COVID- 19 can worsen sarcopenia, further accelerating
the catabolic state. This two-way relationship not only
increases the risk of severe outcomes but also impedes the
recovery process. Therefore, addressing sarcopenia early,
both during and after a COVID-19 infection, is critical for
improving patient prognosis and recovery.

Systemic Inflammation

Chronic low-grade inflammation associated with aging
(inflammaging) is characterized by increased levels of pro-
inflammatory cytokines such as IL-6, TNF-a, and CRP, which
play a significant role in the development of sarcopenia'®.
These inflammatory mediators disrupt muscle protein
homeostasis by impairing both synthesis and degradation
processes, leading to progressive muscle mass loss and
reduced strength'”.

A key mechanism linking COVID-19 to sarcopenia is
the excessive release of pro-inflammatory cytokines,
known as cytokine storm. In severe COVID-19 cases, a
hyperactive immune response drives an uncontrolled
release of pro-inflammatory cytokines, leading to
systemic inflammation and tissue damage's. While
these cytokines play a vital role in initiating the acute
phase response to infection, their overproduction causes
systemic inflammation and muscle wasting'®. This severe
immune reaction can rapidly progress to acute respiratory
distress syndrome, multi-organ failure, and death. Studies
have shown that patients with severe COVID-19 exhibit
significantly higher levels of pro-inflammatory cytokines,
linking the severity of the disease with the presence of the
cytokine storm2°:21,

This hyperinflammatory state has a significant impact
on skeletal muscle. The excessive secretion of cytokines
accelerates muscle fiber breakdown, stimulates fibroblasts,
and leads to fibrosis while inhibiting the function of
satellite cells, which are essential for muscle repair and
regeneration?223, When cytokine levels remain high
for prolonged periods, as seen in chronic inflammatory
conditions, persistent muscle loss occurs, a hallmark
of sarcopenia. Long-term inflammation also stimulates
catabolic pathways, such as the ubiquitin-proteasome
system, which degrades muscle proteins and exacerbates
muscle atrophy'®24, Consequently, muscle loss continues
even after the acute phase of infection, complicating recovery
and increasing the risk of long-term functional decline.

Another serious consequence of the cytokine storm is
the induction of oxidative stress. The excessive production
of free radicals during this response damages muscle cells
and tissues, further impairing muscle function. Oxidative
stress also impairs mitochondrial function, which is
essential for energy production in muscle cells, leading to
muscle fatigue and functional decline. The combination of
systemic inflammation, cytokine-driven muscle atrophy,
and oxidative damage creates a vicious cycle that
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accelerates muscle loss and significantly delays recovery,
particularly in critically ill COVID-19 patients?5.

Given the chronic inflammatory background of sarcopenic
patients, they face an even higher risk of severe COVID-19
complications, as inflammaging may amplify the cytokine
storm response?®. This underscores the importance of early
interventions to mitigate muscle loss and inflammation,
particularly in older adults or those recovering from severe
illness.

Immune Dysfunction

Sarcopenia is associated with immune dysfunction,
including impaired immune cell proliferation, an altered
neutrophil-to-lymphocyte ratio, and disrupted natural
killer (NK) cell homeostasis, contributing to aging immune
system?’. This dysfunction is clinically evident in the higher
incidence of community and hospital-acquired pneumonia,
which shares respiratory complications with COVID-19.

Skeletal muscle acts as an endocrine organ by releasing
myokines like IL-15, IL-17, and IL-6, in response to muscle
contraction. These myokines contribute to a systemic anti-
inflammatory environment and exert specific endocrine
effects, that requlate immune responses?’. In sarcopenia,
myokine expression is reduced, particularly IL-15, which
is crucial for the activation, proliferation, and survival of
immune cells such as NK and CD8+ T-cells. Impaired IL-15
signaling leads to inadequate immune responses against
SARS-CoV-228, Changes in myokine levels mainly due
to aging, inflammation, and sarcopenia weaken immune
function, a phenomenon known as immune aging, which
primarily affects the older adults?’. Additionally, skeletal
muscles serve as a reservoir of amino acids like glutamine,
which support immune activity and metabolism during
infections. Sarcopenic patients have reduced protein
mobilization, further compromising their immune response
and increasing metabolic stress during infection, explaining
their poor response to SARS-CoV-22°.

Reduced physical activity is associated with weak
immune function. For example, sedentary older
adults have lower levels of naive T-cells and higher
levels of memory T-cells, indicating a diminished
immune response®°. Regular exercise can enhance
immune function, with studies showing that physically
active seniors have stronger immune responses to
vaccinations3'. The relationship between muscle mass
and myokines is bidirectional—while changes in muscle
mass can influence myokines secretion, alterations in
myokine levels can also contribute to muscle loss and
the onset of sarcopenia. The decrease in physical activity
during the COVID-19 pandemic has worsened muscle
loss and weakened immune function. This could explain
why older adults, who are more vulnerable to sarcopenia
and its effects on immunity, faced higher risks of severe
COVID-19 outcomes?32,
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Viral Myopathy

While SARS-CoV-2 mainly targets respiratory cells, it
also impacts skeletal muscles through viral myopathy, where
virus directly invades and damages muscle tissue. Although
rare, viral particles have been detected in muscle biopsies
from deceased COVID-19 patients, indicating that the
virus can invade muscle fibers and cause localized damage,
supporting the occurrence of virus-induced myopathy
in severe cases3334. Skeletal muscle cells express the
angiotensin-converting enzyme 2 (ACE2) receptor, which
allows viral entry, leading to muscle damage, inflammation,
and, in some cases, muscle fiber necrosis.

The mechanism of viral myopathy involves the binding of
the SARS-CoV-2 spike protein to ACE2 receptors on skeletal
muscle cells. Once the virus gain entry to the muscle cells, it
disrupts normal cellular functions, triggering inflammation,
necrosis, and apoptosis. Additionally, systemic inflammation
further intensifies muscle cell damage, making muscle fibers
more susceptible to injury33. Muscle biopsies from critically ill
COVID-19 patients show signs of muscle fiber degeneration,
necrosis, and inflammation, provide further evidence that
the SARS-CoV-2 directly damages the skeletal muscles.
This muscle injury, combined with the catabolic effects of
cytokine release, likely contributes to the rapid onset of
sarcopenia seen in hospitalized COVID-19 patients353¢,

Hypoxia

Given that COVID-19 primarily targets the Ilungs,
respiratory complications are common. As a result, gas
exchange is impaired, reducing oxygen delivery to tissues
including skeletal muscle. The virus induces hypoxia, a
condition marked by insufficient oxygen supply to tissues,
and in severe cases respiratory failure. Muscle cells rely
on a sufficient oxygen supply to produce ATP, the primary
energy source for muscle contractions®”. Under hypoxic
conditions, muscle cells shift to anaerobic metabolism, which
is less efficient and leads to lactate accumulation and other
metabolic byproducts. This metabolic shift further impairs
muscle function3®. Moreover, hypoxic muscles are deprived
of the oxygen necessary for recovery and repair. Chronic
hypoxia, particularly in critically ill patients who require
mechanical ventilation or experience prolonged respiratory
distress, severely restricts oxygen supply to muscles,
hindering their recovery and leading to muscle atrophy can
lead to muscle atrophy'>3°. Chronic oxygen deprivation
negatively impacts mitochondrial function, which is essential
for energy production and muscle fiber regeneration®’.
This impairment can result in reduced muscle function and,
eventually, muscle wasting —a hallmark of sarcopenia.

Studies, mainly in animal models, have shown
that hypoxia can stimulate muscle protein synthesis.
However, this potential benefit is often counteracted
by an increased proteolysis, resulting in net muscle
loss#°, Hypoxia is associated with high myostatin levels,
a protein that promotes muscle breakdown and serves
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as a negative requlator of muscle growth. Additionally,
hypoxia alters IGF-1 signaling pathways, shifting from
the IGF-1/Akt pathway, which promotes muscle growth,
to the IGF-1/ERK pathway, which leads to myogenesis
without enhancing muscle fiber differentiation. This
shift promotes myoblast proliferation rather than
differentiation, further impairs muscles’ ability to
regenerate and recover despite ongoing myogenesis®'.
The combined effects of chronic hypoxia, reduced
physical activity, and limited muscle regeneration create
an environment that accelerates sarcopeniain COVID-19
patients. In critically ill patients, muscle loss is further
aggravated by prolonged respiratory distress and
mechanical ventilation, which significantly contribute to
the decline in muscle mass and function.

Mitochondrial Dysfunction

Upon infection with SARS-CoV-2, the release of
inflammatory cytokines is activated, leading to oxidative
stress. In this condition, the production of reactive oxygen
species (ROS) exceeds the body’s ability to counteract them,
causing damage to muscle cellular structures, impairing
muscle cell function. In skeletal muscle, oxidative stress
disrupts mitochondrial function, which in turn, increases ROS
levels, creating a vicious cycle that further impair muscle
function over time and increase atrophy'542,

Mitochondrial dysfunction is a critical factor in the
development of sarcopenia since mitochondria are
essential for producing ATP, the energy needed by
muscle cells. When mitochondria are impaired, the result
is reduced energy, muscle fatigue, and atrophy#3. In
COVID-19 patients, a combination of inflammation, direct
viral damage to muscle tissue, and hypoxia contribute
to mitochondrial dysfunction. This dysfunction causes
structural and functional changes in mitochondria,
including ROS accumulation that damages muscle cells3.
Mitochondrial DNA is also affected, disrupting the electron
transport chain and further reducing ATP production,
weakening even more the muscles’ ability to contract and
regenerate, which accelerates muscle loss*4. Additionally,
during the infection, high ferritin levels disrupt
mitochondrial iron homeostasis, forcing a metabolic shift
from aerobic to anaerobic pathways, which increases ROS
levels and promotes muscle cell apoptosis®3.

The mTORC1 signaling pathway, which is essential
for mitochondrial biogenesis and muscle maintenance,
is inhibited during COVID-19 infection, further impairing
mitochondrial regeneration and contributing to muscle loss*.
Nutrition also plays a role: a lack of amino acids, especially
leucine, disrupts mTORC1 activation and muscle protein
synthesis, while pro-inflammatory diet can worsen oxidative
stress. Along with reduced physical activity, these factors
contribute to sarcopenic obesity, further compounding
mitochondrial dysfunction“®.
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Hormonal Changes

COVID-19 is associated with significant hormonal
changes that contribute to muscle loss and sarcopenia.
Studies have shown that COVID-19 increases insulin
resistance and impacts basic anabolic hormones involved
in muscle maintenance. Specifically, the SARS-COV-2
raises estrogen levels while reducing testosterone, IGF-1,
and growth hormone (GH)*". Additionally, myostatin, a key
hormone that regulates muscle metabolism, is elevated to
control muscle cell growth, preserving energy and amino acids
for other essential metabolic processes*®. These hormonal
imbalances, combined with inflammation from COVID-19
infection, accelerate muscle loss. Therefore, muscle loss in
COVID-19 patients is not solely due to prolonged immobility
but also arises from the interaction between increased
inflammation and reduced anabolic signaling.

Respiratory Dysregulation

Sarcopenia not only affects overall muscle strength but
also plays a crucial role in respiratory muscle dysfunction,
which can worsen the outcome of COVID-19 infection.
A study conducted on 711 patients hospitalized with
moderate to severe COVID-19 explored the relationship
between sarcopenia and pulmonary function*. It found that
sarcopenia was associated with reduced lung function, and
respiratory muscle deterioration was observed in 17.4% of
patients with sarcopenia. Similar findings have been reported
in other populations, where respiratory muscle strength
correlated with lower muscle strength, muscle mass, and
sarcopenia, negatively impacting pulmonary function®°>",

The diaphragm, the primary respiratory muscle, can
be severely affected by sarcopenia, leading to impaired
respiratory function, especially in COVID-19 patients. This
muscle dysfunction may contribute to a higher vulnerability
to pneumonia. Sarcopenia can decrease the strength and
size of diaphragm muscle fibers, resulting in atrophy and
difficulty with essential actions like coughing and sneezing,
crucial for clearing the airways®2. Studies show that a thinner
and weaker diaphragm is associated with an increased risk
of mechanical ventilation or death in COVID-19 patients,
highlighting the importance of monitoring diaphragm
function with ultrasound in critically ill patients®3.

Malnutrition, Dysphagia, and Sarcopenia

Malnutrition is a significant concern for COVID-19
patients, as many experience appetite loss, taste alterations,
and nausea. These symptoms can reduce food intake and,
in severe cases, lead to malnutrition, which increases the
risk for poor outcomes, particularly among hospitalized
COVID-19 patients®. Research suggests that dietary
patterns are also linked to a higher risk of hospitalization due
to COVID-19%°, Hospitalized COVID-19 patients face high
energy demands to sustain metabolic functions and often
enter a catabolic state that worsens disease progression and
accelerates sarcopenia. This process is further aggravated by
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inadequate nutrient intake®®. Malnutrition depletes essential
nutrients with anti-inflammatory and antioxidant properties,
promoting muscle breakdown and inflammation®”.
Sarcopenic dysphagia refers to swallowing difficulties
caused by sarcopenia that significantly impacts health and
quality of life, particularly in older adults®®. It is associated
with high mortality rates among hospitalized older adult
patients®®. Many older COVID-19 patients already have
swallowing impairments before infection, and the disease
can further exacerbate dysphagia, complicating patient
management®®. Sarcopenic dysphagia is also a recognized
risk factor for aspiration pneumonia, a complication that
can worsen outcomes in bedridden COVID-19 patients®'.
Approximately 30% of critically ill COVID-19 patients
develop dysphagia after extubation, correlating with disease
severity and prolonged mechanical ventilation®2. While
the relationship between sarcopenic dysphagia and poor
COVID-19 prognosis remains under investigation, it is likely
that pre-existing dysphagia heightens the risk of adverse
outcomes, emphasizing the need for further research.

COVID-19 Restriction Measures and
Sarcopenia

Dietary Changes and Nutritional Deficiencies

The COVID-19 pandemic significantly exacerbated
muscle wasting, largely due to disruptions in food supply
chains and limited access to fresh, protein-rich foods.
During lockdowns, obtaining essential items became more
challenging, particularly for older adults and individuals
with disabilities®®>. As a result, many individuals turned
to processed, calorie-dense foods that lacked nutritional
value. This dietary shift led to inadequate protein intake and
deficiencies in key micronutrients crucial for muscle health,
such as vitamin D, magnesium, and omega-3 fatty acids®4¢°.

A study conducted during the pandemic revealed that up
to 30% of older adults had a significant reduction in dietary
protein intake due to changes in eating habits, putting those
already affected by sarcopenia at an even greater risk of
muscle loss due to both protein deficiency and reduced
physical activity. People with sarcopenia require higher
levels of protein to counteract muscle loss, making them
particularly vulnerable to the negative effects of this dual
challenge®5¢7,

Lockdowns and restrictions also led to changes in meal
patterns and appetite reqgulation, with psychological stress
and social isolation affecting eating behaviors. Some
individuals experienced appetite and weight loss, while
others turned to emotional overeating. Disruptions in food
access—due to shortages, fewer grocery visits, or fear of
infection—further impacted dietary choices and nutrition
quality. These shifts, along with changes in appetite, resulted
in weight gain or loss. A study found that 30% of participants
gained weight, while over 18% lost it. Overweight people
were more likely to gain weight, while underweight tended to
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lose it®®, suggesting that lockdowns intensified preexisting
dietary habits.

Weight gain during the pandemic was resulted from an
increase in ultra-processed foods, which are often chosen
for their long shelf life and as a response to stress-related
eating. A study found that 46.1% of participants ate
more, particularly comfort foods linked to higher anxiety
levels®®. This increase in meal frequency and consumption
of calorie-dense foods negatively impacted muscle mass.
Diets high in ultra-processed foods are typically low in
nutrients, especially protein, reducing the body’s ability to
promote muscle protein synthesis. Excessive calorie intake
leads to weight gain and fat accumulation, which, in turn,
contributes to sarcopenic obesity. This condition, in turn,
further limits mobility due to reduced muscle strength and
excess weight, while also promoting chronic inflammation,
insulin resistance, and metabolic dysfunction, all of which
worsen sarcopenia’’'. Severe obesity increases the risk of
COVID-19 complications, including a higher likelihood of ICU
admission™2,

On the other hand, weight loss also has significant
negative effects. During the COVID-19 pandemic, food
insecurity and financial difficulties led to unintentional weight
loss and nutrient deficiencies, especially in older adults. The
limited access to groceries, combined with reluctance to
shop in person due to safety concerns, resulted in inadequate
food intake and malnutrition, accelerating muscle loss by
impairing muscle protein synthesis. Since about 25% of
the weight lost in young, healthy individuals consists of lean
mass, older adults who experienced unintentional weight
loss likely faced rapid and severe muscle decline, further
compromising their strength, mobility, and overall health”3,

Healthcare Disruptions

The diagnosis and management of sarcopenia were
significantly affected by the restrictions on non-emergency
medical services and limited access to routine healthcare
during the pandemic. Early interventions critical for
sarcopenia—such as physiotherapy and nutritional
counseling—became largely inaccessible as most outpatient
clinics and rehabilitation centers suspended in-person
visits. These barriers to healthcare also disproportionately
affected individuals with other chronic conditions who were
already at higher risk of muscle wasting. The lack of timely
medical attention further increased their risk of developing
or progressing sarcopenia®®.

A retrospective analysis of healthcare delivery
during the COVID-19 pandemic found a sharp decline in
musculoskeletal assessments and physiotherapy sessions.
These disruptions in care contributed to the progression of
sarcopenia, as it often remains asymptomatic in its early
stages and s typically diagnosed only when functional decline
becomes apparent. Furthermore, early interventions, such
as resistance training and dietary modifications, were largely
unavailable, increasing the long-term risk of disability?53774,



SARS-CoV-2 Sarcopenia

Although telehealth services were widely adopted as
an alternative way of healthcare access, they were partial
insufficient to fully replace in-person evaluations of muscle
strength, gait, and overall functional capacity. This approach
was especially challenging for older adults, many of whom
either lacked access to virtual consultations or encountered
difficulties with the technology required for remote
assessments’>,

Lockdowns and Physical Activity

A significant impact of COVID- 19 lockdowns was a drastic
reduction in physical activity levels across all age groups.
Opportunities for physical activity were limited due to the
closure of gyms, leisure centers, and outdoor recreational
areas, which resulted in a marked increase in sedentary
behavior. As expected, older adults experienced the most
substantial decline in mobility. A study assessing physical
activity patterns under COVID-19 restrictions found that
both step counts and overall movement decreased by more
than 40%, with those over the age of 60 years showing the
greatest decline”®". Irreqular physical activity led to a rapid
deterioration in muscle mass and strength.

Prolonged immobility due to hospitalization, isolation,
or fear of exposure to SARS-CoV-2 further worsened
muscle atrophy. Even after recovery from COVID-19,
many patients remained bedridden for extended period of
time, exacerbating muscle loss and delaying rehabilitation.
In uninfected individuals, restrictions resulted in reduced
muscle mechanical loading, leading to decreased muscle
protein synthesis and an imbalance between anabolic
and catabolic processes. These effects were particularly
severe in those with pre-existing mobility issues, as even
short periods of inactivity caused a disproportionate
muscle loss8,

Psychological Impact and Sleep Disorders

The psychological impact of COVID-19 pandemic has
been particularly significant for older adults and those with
chronic conditions like sarcopenia. Chronic stress increases
cortisol levels, which in turn accelerate muscle breakdown
and impair regeneration, ultimately contributing to muscle
weakness and sarcopenia’®. Various studies have highlighted
the negative psychological consequences of quarantine
and social isolation, with common symptoms including
depression, anxiety, insomnia, and emotional exhaustion®°,
An Italian study found that 57.1% of participants reported
poor sleep quality, 32.1% experienced heightened anxiety,
and 41.8% worried about the pandemic®'. Another study
recorded post-traumatic stress symptoms in up to 29.5% of
participants®2. Stress-related overeating was also a common
response to negative emotions during lockdowns.

The pandemic caused a rise in depression and anxiety,
which often correlates with reduced motivation for physical
activity and poor eating habits. Additionally, the stress
during the pandemic has led to sleep disturbances, which
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impede muscle recovery. Disrupted sleep patterns, with
reduced quality and duration, can hinder the body’s ability to
requlate anabolic hormones, such as GH and testosterone,
both vital for muscle maintenance™. Shortened sleep and
higher cortisol levels increased muscle degradation®3, while
poor sleep also impacts appetite requlation, leading to
weight gain and further muscle loss®'. Even a small reduction
in sleep (e.qg. from 8 to 6 hours) increases pro-inflammatory
cytokines linked to muscle breakdown®. Just two nights
of only 4 hours of sleep elevate cortisol levels®4, while
eight nights with 5-hour sleep reduce testosterone by 10-
15%:85. High cortisol promotes muscle protein degradation,
a process worsened by physical inactivity, as seen during
lockdowns. Both stress and sleep deprivation contribute to
muscle loss by affecting metabolic pathways essential for
muscle maintenance. The combination of stress, poor sleep,
and reduced physical activity creates a vicious cycle that
exacerbating muscle loss, particularly in older adults®e.

Sleep disturbances also affect appetite requlation. In a
study, up to 57.1% of participants reported poor sleep®’,
while 46.1% increased intake of high-calorie foods®® during
lockdowns. This is partly due to hormonal imbalances: sleep
deprivation decreases leptin (which suppresses appetite)
and increases ghrelin (which stimulates hunger), leading to
stronger cravings for carbohydrate-rich foods®”. Combined
with the wide availability of low-nutrient foods and reduced
physical activity, this creates an environment that promotes
weight gain, which in turn accelerates muscle loss through
metabolic and hormonal disruptions, chronic inflammation,
and insulin resistance®8.

Pandemic-related weight loss, when coupled with
insufficient sleep, may have worsened muscle wasting,
particularly in older adults. Emotional distress and low mood
reduced motivation for physical activity, which is critical
for muscle maintenance®. Sleep deprivation exacerbates
stress, creating a vicious cycle of worsening sleep and rising
anxiety levels®°.

Vitamin D and Muscle Health

Vitamin D plays a crucial role in skeletal and muscle health
by influencing muscle contraction, mitochondrial function,
and protein synthesis. Deficiency in vitamin D is associated
with reduced muscle mass and strength, a concern that
became more prominent during the COVID-19 pandemic
due to limited sun exposure from lockdowns and restricted
outdoor activities®™. Vitamin D is essential for calcium
homeostasis in muscle cells, ensuring proper contraction
and relaxation. Its deficiency may lead to prolonged muscle
relaxation and impaired mitochondrial function, reducing
muscle efficiency and endurance. Restoring optimal vitamin
D levels has been linked to improved mitochondrial oxidative
capacity and overall muscle function®'.

Moreover, vitamin D enhances insulin signaling and
promotes protein synthesis in muscle cells. In vitro studies
reveal that vitamin D boosts insulin receptor phosphorylation
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and increases vitamin D receptor (VDR) expression,
amplifying the effects of insulin and leucine on muscle protein
synthesis®2. Animal studies further support this, showing that
VDR deletion in skeletal muscle results in increased fat mass
and decreased lean mass, leading to reduced endurance,
slower movement speed, and lower grip strength—hallmarks
of both acute and chronic sarcopenia®. Additionally, vitamin
D requlates myostatin. By reducing myostatin expression,
vitamin D supports muscle hypertrophy, which may explain
its role in maintaining muscle mass and strength in aging
people. Vitamin D supplementation, particularly at high doses
and for extended periods, has been shown to improve muscle
strength, especially in those with pre-existing deficiencies®4.
The benefits are further enhanced when vitamin D intake is
combined with adequate protein consumption®®,

Beyond muscle health, vitamin D deficiency is considered
a risk factor for COVID-19 susceptibility and severity.
Low vitamin D levels have been linked to increased pro-
inflammatory cytokines, which contribute to immune
dysfunction and worsen COVID-19 outcomes. Older adults,
who are more prone to vitamin D deficiency, faced greater
risks of both sarcopenia and severe COVID-19 complications
during lockdowns®®.

Managing Sarcopenia During and After the
COVID-19 Pandemic

The COVID-19 pandemic had a profound impact on
physical health. COVID-19 not only has the potential to
cause sarcopenia, but sarcopenia itself can also lead to worse
outcomes in COVID-19 patients. Several strategies can be
employed to combat sarcopenia both during and after a
pandemic. These include targeted exercise, proper nutrition,
and innovative interventions such as telehealth services,
which have gained importance during the pandemic.

Exercise Interventions

Exercise, particularly resistance training, is one of the
most effective strategies for managing sarcopenia. For
individuals at risk, and especially for COVID-19 survivors,
resistance exercises are crucial in rebuilding lost muscle
strength and mass. An exercise program should follow
the principles of overload, specificity, and progression to
maximize benefits. Even a modest routine of one or two
low-intensity resistance training sessions per week (about
50% of 1RM) can significantly improve muscle strength
and function. For optimal gains, higher intensities (70-85%
of 1RM) and more frequent sessions (two to three times a
week) may be necessary®’?8. While resistance training is the
cornerstone for muscle mass, aerobic exercise also plays a
vital supporting role. Even though less effective for increasing
muscle mass, aerobic exercise helps reduce both total and
intramuscular fat, which improves muscle function®. The
combination of resistance training and aerobic exercise is
particularly beneficial for improving walking speed, lower
limb strength, and body composition, especially in older
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adults'®. Moreover, such a combined exercise program helps
reduce insulin resistance, a key factor in anabolic resistance
and sarcopenia, thus supporting long-term muscle health.
For COVID-19 survivors, maintaining physical activity, even
during quarantine or isolation, is crucial. Simple, everyday
movements such as increasing daily steps, or engaging in
household tasks like cleaning or gardening, offer practical,
cost-effective ways to maintain physical health.

Nutritional Support

Nutrition plays an essential role in managing sarcopenia,
particularly for COVID-19 survivors who may experience
muscle wasting due to illness or immobility. Protein
supplementation along with resistance training, has proven
to be an effective strategy for improving muscle mass
and strength. A balanced diet, which includes lean protein
sources, whole grains, fruits, vegetables, and healthy fats,
can be beneficial in preventing sarcopenia and managing the
consequences of COVID-19'°", Proper nutrition provides
essential antioxidants, vitamins, and minerals that strengthen
the immune system and overall health, while also offering
anti-inflammatory properties that help reduce systemic
inflammation. Studies have shown that a high-protein diet,
especially when combined with exercise, can significantly
enhance muscle health in sarcopenic patients'®2. During
COVID-19 infection, ensuring adequate protein intake is
essential to reduce muscle protein breakdown and prevent a
catabolic state that could worsen sarcopenia. For COVID-19
patients, particularly those requiring intensive care, higher
protein intake (1.2 to 2.5 g/kg/day) is recommended to
prevent muscle loss and promote recovery'°®. However,
further research is needed to determine the optimal
source and timing of protein intake, especially in relation to
exercise. In addition to protein, vitamin D supplementation
is often considered for managing sarcopenia, as it supports
muscle function and bone health. While clinical studies on its
effectiveness in treating sarcopenia yield mixed results'®4,
vitamin D remains vital for individuals with sarcopenia
and may play a role in enhancing the immune response in
COVID-19 patients, potentially reducing inflammation and
the severity of the infection's.

Telemedicine-Based Interventions

Telehealth services have proved to be a valuable tool
for encouraging exercise adherence, particularly during the
pandemic when in-person sessions were limited. Virtual
exercise programs and real-time interactions with trainers,
have been successfully integrated into rehabilitation plans
for sarcopenia. A 12-week telehealth program resulted in
significant improvements in muscle mass and functional
capacity for sarcopenic population'®®. Furthermore, these
virtual programs help combat social isolation, which became
a concern during the pandemic, particularly among older
adults. Although access to telemedicine can be challenging
due to technological barriers, it remains a promising
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alternative for those unable to participate in traditional
exercise programs. For COVID-19 survivors, virtual group
classes not only provide physical benefits but also contribute
to emotional well-being by fostering social interaction'®”.

Conclusion

COVID-19 and sarcopenia are closely linked, with
the infection impacting muscle health both directly and
indirectly. The virus triggers mechanisms like inflammation,
oxidative stress, hypoxia, mitochondrial dysfunction, and
hormonal imbalances, all of which contribute to muscle
degradation. The long-term effects of COVID-19 on the
musculoskeletal system are especially significant for older
adults and individuals with pre-existing conditions, increasing
their susceptibility to sarcopenia. Hospitalized patients,
particularly those in ICUs or with prolonged immobility,
face an elevated risk of severe muscle atrophy, which can
adversely affect their quality of life. Sarcopenia, in turn,
complicates the recovery process for COVID-19 patients, as
weakened muscles can impair mobility, respiratory function,
and overall physical resilience. The loss of muscle mass and
strength can lead to increased frailty, longer hospital stays,
and a greater need for intensive care, all of which contribute
to poorer health outcomes. To address these challenges,
managing strategies, including timely nutritional support and
physical exercise, are crucial. A better understanding of the
mechanisms behind the interaction between SARS-CoV-2
and muscle tissue will enable more effective treatments
and preventive measures for sarcopenia in both acute and
chronic stages, helping mitigate the functional consequences
for vulnerable populations.

Authors’ contributions

IK: Drafted the manuscript, reviewed literature. GIL: Proof-
edited the manuscript and gave final permission for
publication. All authors read and approved the final version
of the manuscript.

References

1. Cruz-Jentoft AJ, Sayer  AA
2019;:393(10191):2636-46.

2. Fielding RA, Vellas B, Evans WJ, Bhasin S, Morley JE, Newman AB,
et al. Sarcopenia: An Undiagnosed Condition in Older Adults. Current
Consensus Definition: Prevalence, Etiology, and Conseguences.
International Working Group on Sarcopenia. J Am Med Dir Assoc.
2011 May;12(4).249-56.

3. Jiao J, Demontis F. Skeletal muscle autophagy and its role in
sarcopenia and organismal aging. Curr Opin Pharmacol. 2017
Jun;34:1-6.

4. Combaret L, Dardevet D, Béchet D, Taillandier D, Mosoni L, Attaix D.
Skeletal muscle proteolysis in aging. Curr Opin Clin Nutr Metab Care.
2009 Jan;12(1):37-41.

5. Short KR, Bigelow ML, Kahl J, Singh R, Coenen-Schimke J,
Raghavakaimal S, et al. Decline in skeletal muscle mitochondrial
function with aging in humans. Proc Natl Acad Sci. 2005 Apr
12:102(15):5618-23.

Sarcopenia. Lancet.

20.

21.

22.

23.

24.

Garcia-Prat L, Sousa-Victor P, Munoz-Canoves P. Functional
dysrequlation of stem cells during aging: a focus on skeletal muscle
stemcells. FEBS J. 2013 Sep 2 1;280(17).4051-62.

Bano G, Trevisan C, Carraro S, Solmi M, Luchini C, Stubbs B, et
al. Inflammation and sarcopenia: A systematic review and meta-
analysis. Maturitas. 2017 Feb;96:10-5.

Morley JE. Hormones and Sarcopenia. Curr Pharm Des. 2017 Nov
28;23(30):4484-92.

Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Cederholm
T, et al. Sarcopenia: revised European consensus on definition and
diagnosis. Age Ageing. 2019 Jan 1;48(1):16-31.

Beaudart C, Zaaria M, Pasleau F, Reginster JY, Bruyere O. Health
Outcomes of Sarcopenia: A Systematic Review and Meta-Analysis.
Wright JM, editor. PLoS One. 2017 Jan 17;12(1):e0169548.
World Health Organization. WHO Coronavirus Disease (COVID-19)
Dashboard [Internet]. 2025 [cited 2025 Feb 18]. Available from:
https;//data.who.int/dashboards/covid 19/cases?n=c

Han Q, Zheng B, Daines L, Sheikh A. Long-Term Sequelae of
COVID-19: A Systematic Review and Meta-Analysis of One-Year
Follow-Up Studies on Post-COVID Symptoms. Pathogens. 2022
Feb 19;11(2):269.

WHO, Aylward, Bruce (WHO); Liang W (PRC). The WHO-China Joint
Mission on Coronavirus Disease 2019. 2020 [cited 2025 Feb 2 11.
Report of the WHO-China Joint Mission on Coronavirus Disease
2019 (COVID-19). Available from: https://www.who.int/docs/
default-source/coronaviruse/who-china-joint-mission-on-covid- 1 9-
final-report.pdf

Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J, et al. Risk factors
of critical &amp; mortal COVID-19 cases: A systematic literature
review and meta-analysis. J Infect. 2020 Aug:81(2).e16-25.
Pescaru CC, Maritescu A, Costin EO, Trdila D, Marc MS, Trusculescu
AA, et al. The Effects of COVID-19 on Skeletal Muscles, Muscle
Fatigue and Rehabilitation Programs Outcomes. Medicina (B Aires).
2022 Sep 1;58(9):1199.

Dalle S, Rossmeislova L, Koppo K. The Role of Inflammation in Age-
Related Sarcopenia. Front Physiol. 2017:8:1045.

WangT. Searching for the link between inflammaging and sarcopenia.
AgeingRes Rev. 2022 May;77:101611.

Gong J, Dong H, Xia QS, Huang Z vyi, Wang D kun, Zhao Y, et al.
Correlation analysis between disease severity and inflammation-
related parameters in patients with COVID- 19: aretrospective study.
BMC Infect Dis. 2020 Dec 2 1;20(1):.963.

Liu C, LiuN, Zeng Y, Xiao B, Wang P, Zhou C, et al. COVID-19 and
sarcopenia-related traits: a bidirectional Mendelian randomization
study. Front Endocrinol (Lausanne). 2023 May 10;14:1162936.
Soy M, Keser G, Atagunduz P. Pathogenesis and treatment of
cytokine storm in COVID-19. Turkish J Biol. 202 1 Aug 30;45(SI-
1):372-89.

Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, et al. Clinical and
immunological features of severe and moderate coronavirus
disease 2019. J Clin Invest. 2020 Apr 13;130(5):2620-9.
Morley JE, Kalantar-Zadeh K, Anker SD. COVID-19: a major cause
of cachexia and sarcopenia? J Cachexia Sarcopenia Muscle. 2020
Aug 9;11(4).863-5.

Forcina L, Miano C, Scicchitano BM, Rizzuto E, Berardinelli MG, De
Benedetti F, et al. Increased Circulating Levels of Interleukin-6 Affect
the Redox Balance in Skeletal Muscle. Oxid Med Cell Longev. 2019
Nov 16;2019:3018584.

Shadmand Foumani Moghadam MR, Vaezi A, Jandari S, Araste
A, Rezvani R. Navigating sarcopenia in COVID-19 patients and
survivors: Understanding the long-term consequences, transitioning
from hospital to community with mechanisms and interventions for



I. Kourniotis, G.l. Lambrou

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

112

future preparedness. Aging Med. 2024 Feb 6;7(1):103-14.
Kirwan R, McCullough D, Butler T, Perez de Heredia F, Davies IG,
Stewart C. Sarcopenia during COVID- 19 lockdown restrictions: long-
term health effects of short-term muscle loss. GeroScience. 2020
Dec 1;42(6):1547-78.

Xu K, Wei'Y, Giunta S, Zhou M, Xia S. Do inflammaging and coaqul-
aging play a role as conditions contributing to the co-occurrence of
the severe hyper-inflammatory state and deadly coagulopathy during
COVID-19in older people? Exp Gerontol. 202 1 Aug; 151:111423.
Nelke C, Dziewas R, Minnerup J, Meuth SG, Ruck T. Skeletal
muscle as potential central link between sarcopenia and immune
senescence. EBioMedicine. 2019 Nov;49:38 1-8.

Yalcin A, Silay K, Balik AR, Avcioglu G, Aydin AS. The relationship
between plasma interleukin-15 levels and sarcopenia in outpatient
older people. Aging Clin Exp Res. 2018;

Singer P, Blaser AR, Berger MM, Alhazzani W, Calder PC, Casaer MP,
et al. ESPEN guideline on clinical nutrition in the intensive care unit.
ClinNutr. 2019 Feb;38(1):48-79.

Bartlett DB, Duggal NA. Moderate physical activity associated with a
higher naive/memory T-cell ratio in healthy old individuals: potential
role of IL15. Age Ageing. 2020 Apr 27:49(3):368-73.

Bami L, Carrasco-Vega E, Olivieri M, Galan-Mercant A, Guiducci
S, Picariello F, et al. Does Physical Exercise Enhance the Immune
Response after Vaccination? A Systematic Review for Clinical
Indications of COVID-19 Vaccine. Int J Environ Res Public Health.
2023 Mar 15;20(6):5183.

Bonanad C, Garcia-Blas S, Tarazona-Santabalbina F, Sanchis J,
Bertomeu-Gonzélez V, FécilaL, et al. The Effect of Age on Mortality in
Patients With COVID-19: A Meta-Analysis With 611,583 Subjects.
J Am Med Dir Assoc. 2020 Jul;21(7):915-8.

Piotrowicz K, Gasowski J, Michel JP, Veronese N. Post-COVID-19
acute sarcopenia: physiopathology and management. Aging Clin Exp
Res. 2021 Jul 30;33(10):2887-98.

Ramirez-Vélez R, Legarra-Gorgofion G, Oscoz-Ochandorena S,
Garcfa-Alonso Y, Garcia-Alonso N, Oteiza J, et al. Reduced muscle
strength in patients with long-COVID- 19 syndrome is mediated by
limb muscle mass. J Appl Physiol. 2023 Jan 1;134(1):50-8.

Xie D, Luo X. Identification of four methylation-driven genes
as candidate biomarkers for monitoring single-walled carbon
nanotube-induced malignant transformation of the lung. Toxicol Appl
Pharmacol. 2021 Feb;412:115391.

Yoneoka Y, Aizawa N, Nonomura Y, Ogi M, Seki Y, Akiyama K.
Traumatic Nonmissile Penetrating Transnasal Anterior Skull Base
Fracture andBrain Injury with Cerebrospinal Fluid Leak: Intraoperative
Leak Detection and an Effective Reconstruction Procedure for a
Localized Skull Base Defect Especially After Coronavirus. World
Neurosurg. 2020 Aug; 140:166-72.

Welch C, Greig C, Masud T, Wilson D, Jackson TA. COVID-19 and
Acute Sarcopenia. Aging Dis. 2020;11(6):1345.

Di Girolamo FG, Fiotti N, Sisto UG, Nunnari A, Colla S, Mearelli F,
et al. Skeletal Muscle in Hypoxia and Inflammation: Insights on the
COVID-19 Pandemic. Front Nutr. 2022 Apr 22;9:865402.

Qaisar R, Karim A, Muhammad T, Shah |, Igbal MS. The coupling
between sarcopenia and COVID- 19 is the real problem. Eur J Intern
Med. 2021 Nov;93:105-6.

Carfi A, Bernabei R, Landi F. Persistent Symptoms in Patients After
Acute COVID-19. JAMA. 2020 Aug 1 1;324(6):603.

Langen RCJ, Gosker HR, Remels AHV, Schols AMWJ. Triggers
and mechanisms of skeletal muscle wasting in  chronic
obstructive pulmonary disease. Int J Biochem Cell Biol. 2013
Oct;45(10).2245-56.

Bellanti F, Lo Buglio A, Vendemiale G. Mitochondrial Impairment in

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Sarcopenia. Biology (Basel). 2021 Jan 6;10(1):31.
PrasadaKabekkodu S, Chakrabarty S, Jayaram P, Mallya S, Thangaraj
K, Singh KK, et al. Severe acute respiratory syndrome coronaviruses
contributing to mitochondrial dysfunction: Implications for post-
COVID complications. Mitochondrion. 2023 Mar;69:43-56.

Rurek M. Mitochondria in COVID-19: from cellular and molecular
perspective. Front Physiol. 2024;15:1406635.

Molnar T, Lehoczki A, Fekete M, Vamai R, Zavori L, Erdo-Bonyar
S, et al. Mitochondrial dysfunction in long {COVID}: mechanisms,
conseqguences, and potential therapeutic approaches. GeroScience.
2024;46(5).5267-86.

Hadjispyrou S, Giannopoulos A, Philippou A, Theos A. Mitochondrial
Dysfunction and Sarcopenic Obesity: The Role of Exercise. J Clin
Med. 2023 Aug 29;12(17):5628.

Cattrini C, BersanelliM, Latocca MM, Conte B, Vallome G, Boccardo F.
Sex Hormones and Hormone Therapy during COVID- 19 Pandemic:
Implications for Patients with Cancer. Cancers (Basel). 2020 Aug
18;12(8).2325.

Wirtz TH, Loosen SH, Buendgens L, Kurt B, Abu Jnaisha S,
Honhlstein P, et al. Low Myostatin Serum Levels Are Associated
with Poor Outcome in Critically lll Patients. Diagnostics. 2020 Aug
8,10(8):574.

Orea-Tejeda A, Robles-Herndndez R, Gonzélez-Islas D, Jimenez-
Callardo L, Gochicoa-Rangel L, Castorena-Maldonado A, et
al. Dynapenia and Sarcopenia in Post-COVID-19 Syndrome
Hospitalized Patients Are Associated with Severe Reduction in
Pulmonary Function. J ClinMed. 2023 Oct 11;12(20):6466.

Park CH, Yi Y, Do JG, Lee YT, Yoon KJ. Relationship between
skeletal muscle mass and lung function in Korean adults without
clinically apparent lung disease. Medicine (Baltimore). 2018
Sep:97(37)e12281.

Soares LA, Lima LP, Prates ACN, Arrieiro AN, Da Costa Teixeira
LA, Duarte TC, et al. Accuracy of handgrip and respiratory muscle
strength in identifying sarcopenia in older, community-dwelling,
Brazilian women. Sci Rep. 2023 Jan 27;13(1):1553.

Elliott JE, Greising SM, Mantilla CB, Sieck GC. Functional impact of
sarcopenia in respiratory muscles. Respir Physiol Neurobiol. 2016;
Corradi F, Isirdi A, Malacarme P, Santori G, Barbieri G, Romei C, et al.
Low diaphragm muscle mass predicts adverse outcome in patients
hospitalized for COVID-19 pneumonia: An exploratory pilot study.
Minerva Anestesiol. 202 1;

Fernandez-Aranda F, Casas M, Claes L, Bryan DC, Favaro A, Granero
R, et al. COVID-19 and implications for eating disorders. Eur Eat
Disord Rev. 2020 May 28;28(3):239-45.

Hamer M, Kivimaki M, Gale CR, Batty GD. Lifestyle risk factors,
inflammatory mechanisms, and COVID-19 hospitalization: A
community-based cohort study of 387,109 adults in UK. Brain
Behav Immun. 2020 Jul;87:184-7.

Gariballa S, Forster S. Energy expenditure of acutely ill hospitalised
patients. Nutr J. 2006 Dec 29;5(1):9.

Vaisi D, Moradpour F, Mohammadi S, Roshani D, Moradi Y. The
association between nutrients and occurrence of COVID-19
outcomes in the population of Western Iran: A cohort study. Clin
Respir J. 2023;17(6):589-602.

Wakabayashi H, Kishima M, Itoda M, Fujishima |, Kunieda K, Ohno T,
et al. Diagnosis and Treatment of Sarcopenic Dysphagia: A Scoping
Review. Dysphagia. 202 1 Jun 23;36(3):523-31.

Campo-Rivera N, Ocampo-Chaparro JM, Carvajal-Ortiz R, Reyes-
Ortiz CA. Sarcopenic Dysphagia Is Associated With Mortality
in Institutionalized Older Adults. J Am Med Dir Assoc. 2022
Oct;23(10):1720e11-1720e17.

Miles A, McRae J, Clunie G, Gillivan-Murphy P, Inamoto Y, Kalf H, et al.



SARS-CoV-2 Sarcopenia

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74,

75.

76.

7.

78.

113

An International Commentary on Dysphagia and Dysphonia During
the COVID-19 Pandemic. Dysphagia. 2022 Dec 4;37(6):1349—
74.

Okazaki T, Ebihara S, Mori T, Izumi S, Ebihara T. Association between
sarcopenia and pneumonia in older people. Geriatr Gerontol Int.
2020 Jan 6;20(1):7-13.

Zuercher P, Lang B, Moser M, Messmer AS, Waskowski J,
Schefold JC. Dysphagia incidence in intensive care unit patients
with coronavirus disease 2019: retrospective analysis following
systematic dysphagia screening. J Laryngol Otol. 2022 Dec
22;136(12):1278-83.

Lim W, Liang C, Assantachai P, Auyeung TW, Kang L, Lee W, et
al. COVID-19 and older people in Asia: Asian Working Group
for Sarcopenia calls to action. Geriatr Gerontol Int. 2020 Jun
14:20(6).547-58.

Grund S, Bauer JM. Malnutrition and Sarcopenia in COVID-19
Survivors. Clin Geriatr Med. 2022 Aug;38(3):559-64.

Barrea L, Grant WB, Frias-Toral E, Vetrani C, Verde L, de Alteriis G,
et al. Dietary Recommendations for Post-COVID-19 Syndrome.
Nutrients. 2022 Mar 20; 14(6):1305.

Bauer M, Morley JE. Editorial: COVID-19 in older persons: the role
of nutrition. Curr Opin Clin Nutr Metab Care. 2021 Jan;24(1):1-3.

Boreskie KF, Hay JL, Duhamel TA. Preventing Frailty Progression
Duringthe Covid- 19 Pandemic. JFrailty Aging. 2020 Jun;9(3): 130—
1.

Sidor A, Rzymski P. Dietary Choices and Habits during COVID-19
Lockdown: Experience from Poland. Nutrients. 2020 Jun
3;12(6):1657.

Scarmozzino F, Visioli F. Covid-19 and the Subsequent Lockdown
Modified Dietary Habits of Almost Half the Population in an Italian
Sample. Foods. 2020 May 25:9(5):675.

Hunter GR, Byrne NM. Physical Activity and Muscle Function but Not
Resting Energy Expenditure Impact on Weight Gain. J Strength Cond
Res. 2005;19(1).225.

Collins KH, Herzog W, MacDonald GZ, Reimer RA, Rios JL, Smith IC,
et al. Obesity, Metabolic Syndrome, and Musculoskeletal Disease:
Common Inflammatory Pathways Suggest a Central Role for Loss of
Muscle Integrity. Front Physiol. 2018 Feb 23:9(23):112.

Lighter J, Phillips M, Hochman S, Sterling S, Johnson D, Francois F,
et al. Obesity in Patients Younger Than 60 Years Is a Risk Factor
for COVID-19 Hospital Admission. Clin Infect Dis. 2020 Jul
28;71(15):896-7.

Miller SL, Wolfe RR. The danger of weight loss in the elderly. J Nutr
Heal aging. 2008 Sep; 12(7):487-91.

Wang P yu, Li'Y, Wang Q. Sarcopenia: An underlying treatment target
during the COVID- 19 pandemic. Nutrition. 202 1 Apr;84:111104.
Anmadiani ES, Ariyanfar S, Soroush M, Razeghi Jahromi S. Role
of sarcopenia risk in predicting COVID-19 severity and length of
hospital stay in older adults: a prospective cohort study. Br J Nutr.
2023 Jun 14;129(11):1888-96.

Oliveira MR, Sudati IP, Konzen VDM, de Campos AC, Wibelinger
LM, Correa C, et al. Covid- 19 and the impact on the physical activity
level of elderly people: A systematic review. Exp Gerontol. 2022
Mar;159:111675.

Narici M, Vito G De, Franchi M, Paoli A, Moro T, Marcolin G, et al.
Impact of sedentarism due to the COVID-19 home confinement on
neuromuscular, cardiovascular and metabolic health: Physiological
and pathophysiological implications and recommendations  for
physical and nutritional countermeasures. Eur J Sport Sci. 202 1
Apr12;21(4):614-35.

Conte C, Muscaritoli M. Editorial: Muscle mass and function in
COVID-19. Front Nutr. 2022 Nov 15;9:1012742.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Wang, Tan 'S, Yan Q, Gao Y. Sarcopenia and COVID- 19 Outcomes.
Clin Interv Aging. 2023 Mar; 18:359-73.

Santomauro DF, Mantilla Herrera AM, Shadid J, Zheng P, Ashbaugh
C, Pigott DM, et al. Global prevalence and burden of depressive and
anxiety disorders in 204 countries and territories in 2020 due to the
COVID-19 pandemic. Lancet. 202 1 Nov;398(10312):1700-12.
Casagrande M, Favieri F, Tambelli R, Forte G. The enemy who sealed
the world: effects quarantine due to the COVID- 19 on sleep quality,
anxiety, and psychological distress in the Italian population. Sleep
Med. 2020 Nov;75:12-20.

Forte G, Favieri F, Tambelli R, Casagrande M. COVID- 19 Pandemic
in the ltalian Population: Validation of a Post-Traumatic Stress
Disorder Questionnaire and Prevalence of PTSD Symptomatology.
Int J Environ Res Public Health. 2020 Jun 10;17(11):4151.
Vgontzas AN, Zoumakis E, Bixler EO, Lin HM, Follett H, Kales A,
et al. Adverse Effects of Modest Sleep Restriction on Sleepiness,
Performance, and Inflalnmatory Cytokines. J Clin Endocrinol Metab.
2004 May;89(5).2119-26.

Guyon A, Balbo M, Morselli LL, Tasali E, Leproult R, L'Hermite-
Balériaux M, et al. Adverse Effects of Two Nights of Sleep Restriction
on the Hypothalamic-Pituitary-Adrenal Axis in Healthy Men. J Clin
Endocrinol Metab. 2014 Aug 1:99(8):2861-8.

Smith I, Salazar I, RoyChoudhury A, St-Onge MP. Sleep restriction
andtestosterone concentrations in young healthy males: randomized
controlled studies of acute and chronic short sleep. Sleep Heal.
2019 Dec;5(6):580-6.

Abdelbasset WK, Nambi G, Eid MM, Elkholi SM. Physical activity and
mental well-being during COVID-19 pandemic. World J Psychiatry.
2021 Dec 19;11(12):1267-73.

Spiegel K, Tasali E, Penev P, Cauter E Van. Brief Communication:
Sleep Curtailment in Healthy Young Men Is Associated with
Decreased Leptin Levels, Elevated Ghrelin Levels, and Increased
Hunger and Appetite. Ann Intern Med. 2004 Dec 7;141(11):846—
50.

Hall KD, Ayuketah A, Brychta R, Cai H, Cassimatis T, Chen KY, et al.
Ultra-Processed Diets Cause Excess Calorie Intake and Weight Gain:
An Inpatient Randomized Controlled Trial of Ad Libitum Food Intake.
Cell Metab. 2019 Jul;30(1):67-77 €3.

Minkel D, Banks S, Htaik O, Moreta MC, Jones CW, McGlinchey EL,
et al. Sleep deprivation and stressors: Evidence for elevated negative
affect in response to mild stressors when sleep deprived. Emotion.
2012;12(5):1015-20.

Luo J, Quan Z, Lin S, Cui L. The association between blood
concentration of 25- hydroxyvitamin D and sarcopenia: a meta-
analysis. Asia Pac J Clin Nutr. 2018;27(6):1258-70.
Dawson-Hughes B. Vitamin D and muscle function. J Steroid
Biochem Mol Biol. 2017 Oct; 173:313-6.

Salles J, Chanet A, Giraudet C, Patrac V, Pierre P, Jourdan M, et al.
1,25(0H)2-vitamin D3 enhances the stimulating effect of leucine
and insulin on protein synthesis rate through Akt/PKB and mTOR
mediated pathways in murine C2C12 skeletal myotubes. Mol Nutr
Food Res. 2013 Dec;57(12).2137-46.

Girgis CM, Cha KM, So B, Tsang M, Chen J, Houweling PJ, et al. Mice
with myocyte deletion of vitamin D receptor have sarcopenia and
impaired muscle function. J Cachexia Sarcopenia Muscle. 2019 Dec
21;10(6):1228-40.

Ckekas NK, Anagnostis P, Siolos P, Kenanidis E, Potoupnis M, Tsiridis
E, et al. The effect of vitamin D supplementation on sarcopenia
indices: a systematic review and meta-analysis of randomized
controlled trials. Endocr Abstr. 2019 May 1;145:56-63.

CkekasNK, Anagnostis P, Paraschou V, Stamiris D, Dellis S, Kenanidis
E, et al. The effect of vitamin D plus protein supplementation on



I. Kourniotis, G.l. Lambrou

96.

97.

98.

99.

100.

101.

102.

114

sarcopenia: A systematic review and meta-analysis of randomized
controlled trials. Maturitas. 202 1 Mar; 145:56-63.

JordanT, Siuka D, Rotovnik NK, Pfeifer M. COVID-19 and vitamin D—
a systematic review. Slov J Public Heal. 2022 Mar 2 1:61(2):124~
32.

Hurst C, Robinson SM, Witham MD, Dodds RM, Granic A, Buckland C,
et al. Resistance exercise as a treatment for sarcopenia: prescription
and delivery. Age Ageing. 2022 Feb 2;51(2):afac003.

Hurst C, Sayer AA. Improving muscle strength and physical function
in older people living with sarcopenia and physical frailty: Not all
exercise is created equal. J R Coll Physicians Edinb. 2022 Jun
17:52(2):166-71.

Buch A, Carmeli E, Boker LK, Marcus Y, Shefer G, Kis O, et al. Muscle
function and fat content in relation to sarcopenia, obesity and frailty
of old age — An overview. Exp Gerontol. 2016 Apr;76:25-32.
Timmons JF, Minnock D, Hone M, Cogan KE, Murphy JC, Egan B.
Comparison of time-matched aerobic, resistance, or concurrent
exercise training in older adults. Scand J Med Sci Sports. 2018 Nov
16;28(11).2272-83.

Kumar P, Kumar M, Bedi O, Gupta M, Kumar S, Jaiswal G, et al.
Role of vitamins and minerals as immunity boosters in COVID-19.
Inflammopharmacology. 202 1 Aug 10;29(4):1001-16.

Nunes EA, Colenso-Semple L, McKellar SR, Yau T, AliMU, Fitzpatrick-

103.

104.

105.

106.

107.

Lewis D, et al. Systematic review and meta-analysis of protein intake
to support muscle mass and function in healthy adults. J Cachexia
Sarcopenia Muscle. 2022 Apr 20;13(2):795-810.

Barazzoni R, Bischoff SC, Breda J, Wickramasinghe K, Krznaric Z,
Nitzan D, et al. ESPEN expert statements and practical guidance for
nutritional management of individuals with SARS-CoV-2 infection.
ClinNutr. 2020 Jun;39(6):1631-8.

Cheng SH, ChenKH, Chen C, Chu WC, Kang YN. The Optimal Strategy
of Vitamin D for Sarcopenia: ANetwork Meta-Analysis of Randomized
Controlled Trials. Nutrients. 2021 Oct 14;13(10):3589.
Dissanayake HA, de Silva NL, Sumanatilleke M, de Silva SDN,
Gamage KKK, Dematapitiya C, et al. Prognostic and Therapeutic Role
of Vitamin D in COVID-19: Systematic Review and Meta-analysis. J
Clin Endocrinol Metab. 2022 Apr 19;107(5):1484-502.

Hong J, Kim J, Kim SW, Kong HJ. Effects of home-based tele-
exercise on sarcopenia among community-dwelling elderly adults:
Body composition and functional fitness. Exp Gerontol. 2017
Jan;87:33-9.

Middleton A, Simpson KN, Bettger JP, Bowden MG. COVID-19
Pandemic and Beyond: Considerations and Costs of Telehealth
Exercise Programs for Older Adults With Functional Impairments
Living at Home—Lessons Learned From a Pilot Case Study. Phys
Ther. 2020 Aug 12;100(8):1278-88.





