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KEY POINTS

� Long COVID is defined by theWorld Health Organization (WHO) as a condition that occurs
in individuals with a history of probable or confirmed severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) infection, usually 3 months from the onset of coronavirus
disease 2019 (COVID-19) with symptoms that last for at least 2 months and cannot be ex-
plained by an alternative diagnosis.

� The epidemiology and etiopathogenesis are not well known and the available data on long
COVID in older people are scarce, which may be because of the different symptoms that
this population presents, mainly weakness, confusion, and mood alterations.

� Acute illness, immobilization, lack of physical exercise caused by lockdown and hospital-
ization, among other things, can result in sarcopenia, leading to worsening functional sta-
tus in the elderly.

� Early detection of worsening functional status through geriatric comprehensive assess-
ment of old people after acute COVID-19 is essential to provide individualized treatment.
Rehabilitation programs based on multicomponent physical activity (Vivifrail) associated
with adequate nutrition programs are useful to prevent or improve post–COVID-19 sarco-
penia in these patients.

� The use of home remote monitoring system (maintaining and improving the intrinsic ca-
pacity involving primary care and caregivers [POSITIVE]) allows clinicians to monitor
any worsening of the functional status as well as to prevent, through the prescription of
individualized exercise, the development of sarcopenia as a fundamental mechanism in
the development of the post–COVID-19 syndrome in the elderly.
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LONG COVID: IS PERSISTENT CORONAVIRUS DISEASE 2019 A REAL ENTITY?

To date, more than 260 million cases of coronavirus disease 2019 (COVID-19) infec-
tion have been reported worldwide (World Health Organization [WHO] worldwide
dashboard). The pandemic is caused by the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2). Persistent symptoms after viral infection is not a novel
concept because there is evidence of similar effects seen in severe acute respiratory
syndrome and Middle East respiratory syndrome.1 This fact, along with the nonspeci-
ficity of much of the symptoms observed in the long term in patients after the acute
phase of COVID-19, has raised doubts about the true existence of this syndrome, a
controversy that persists. However, there are several bodies of evidence suggesting
that it is a true syndrome with relevant consequences for the patients and for health
systems.
Although the symptoms of the acute phase of COVID-19 infection are estimated to

last 2 weeks for themildest cases and up to 12 weeks for the most severe cases, this is
only indicative, because it is highly dependent on other factors such as age, previous
functional status, symptoms, and concomitant diseases.2 The most frequent symp-
toms include fatigue, dyspnea, myalgia, weakness, headache, and cognitive blunting.
In patients with pre-COVID comorbidity, a worsening of preexisting symptoms has
been observed.3 Around 50% of patients with acute symptomatic COVID-19 infection
progress to a phase of persistence for more than 4 weeks of some of the clinical man-
ifestations, the so-called postacute sequelae of COVID-19 (PASC).4 WHO has devel-
oped a clinical case definition of the post–COVID-19 condition by Delphi
methodology: a condition that occurs in individuals with a history of probable or
confirmed SARS-CoV-2 infection, usually 3 months from the onset of COVID-19,
with symptoms that last for at least 2 months and cannot be explained by an alterna-
tive diagnosis. Symptoms may be new onset following initial recovery from an acute
COVID-19 episode or persist from the initial illness. Symptoms may also fluctuate or
relapse over time.5 Among the hypotheses suggested as to the etiopathogenesis of
long COVID is the possible persistence of the virus in the host, causing a latent infec-
tion, the inflammatory storm, or the existence of autoantibodies that would act against
immunomodulatory proteins. However, the cause is still unknown.
Symptoms of long COVID include fatigue or muscle weakness, malaise, dyspnea,

headache, and many other neurocognitive conditions described as cognitive impair-
ment, inability to perform everyday physical tasks, and increased likelihood of devel-
oping stress, depression, irritability, insomnia, confusion, or frustration.6 However,
other symptoms, such as cardiac, dermatologic, digestive, and ear, nose, and throat
disorders, are possible, which makes it difficult to accurately assess the syndrome, its
clinical manifestations, and pathogenic factors. Along with the definition that is dis-
cussed in this article, there are some others that establish different time framework
or different sets of symptoms.
Its epidemiology remains incompletely understood. The numbers vary from one

study to another, depending on methodology, whether outpatient or hospital-
initiated surveys are used, structure of follow-up programs, comorbidities, length of
hospital stay, and with or without intensive care unit stay, among many other factors
of variability. Several North American and European studies report an incidence of
long COVID of 30% to 90% at 6 months.7

There is increasing published evidence on persistent COVID-19 in the general pop-
ulation. It has been published that patients who have had severe COVID-19 and who
have required hospital admission are more likely to have symptoms of persistent
COVID-19, especially those who have required oxygen supplementation, treatment
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with enoxaparin, and with a greater number of symptoms in the acute phase, espe-
cially dyspnea, cough, and asthenia.8 Other studies have found that the risk of devel-
oping long COVID syndrome is higher in patients with more than 5 symptoms in the
acute phase of the infection, and more frequent in women, in obese patients, and in
patients with diabetes.9,10 In addition, a significant association between the presence
of fatigue during the acute phase of infection and azithromycin treatment with long
COVID has been published.8

LONG COVID IN OLDER PEOPLE: MAIN CHARACTERISTICS

Older people meet several of these clinical characteristics, suggesting that they would
have been well represented in the data reports currently available in the literature.
However, the available data about long COVID concerning older patients are scarce
and inconclusive. Although older people was the segment of the population with a
most severe impact (not only death but also clinical severity), it is surprising to see
that the reported case series about long COVID show that this condition is affecting
mainly middle-aged women,11 raising the potential of underreporting, which seems
to be the case according to the report by Groff and colleagues.12 In this systematic
review, from 50 studies where age is reported, in only 3 of them is the median or
mean age 70 to 74 years, with no studies with median/mean ages of 75 years and
older. An alternative explanation could be that the clinical manifestations of the syn-
drome are different from those usually observed in the general population and not
well recognized, or that some of the symptoms could be misinterpreted as general
consequences of the acute disease or hospitalization in older people (functional dete-
rioration, cognitive impairment/delirium), not directly linked to the infection by SARS-
CoV-2.
Some investigators have published a prevalence of about 9% of patients inter-

viewed in a cohort of 279 old patients, being significantly more frequent among pa-
tients with severe versus mild to moderate acute disease.13 Among the most
frequent symptoms of long COVID syndrome in older patients are mood disorders,
including depression (12.2%), fatigue (8.9%), and anxiety (7.5%), with other symp-
toms such as cough, dyspnea, myalgia, and loss of smell and taste being less
frequent.13 In another study, after interviewing 165 participants with a mean age of
73 years, it was observed that the most frequent symptom was fatigue (53.1%), but
breathlessness (51.5%), joint pain (22.2%), and cough (16.7%) were also highly prev-
alent.8 In addition, clinical data in patients with a mean age of 60 years show that more
than 5% of body weight can be lost within 2 weeks of acute COVID-19 infection.14

FUNCTIONAL CONSEQUENCES OF CORONAVIRUS DISEASE 2019 IN OLDER PEOPLE

Short-term and long-term effects on the musculoskeletal system have been described
in older people. Although impairments in other organs and systems, such as the res-
piratory and cardiovascular systems, can help to explain some of the consequences of
COVID-19 in the long term, it seems that the disorders on the musculoskeletal system
account for the major part of the functional decline. These consequences come from 3
main areas: the effect of the virus and the disease itself, hospitalization, and
confinement.
The risk of both sarcopenia and possible cachexia may be much higher in older

patients with infection by SARS-CoV-215,16 and could play an important role of
vulnerability to the post–COVID-19 functional and physical deterioration.17 Further-
more, it has been observed that the strength of biceps brachii and quadriceps
femoris were lower in post–COVID-19 survivors (69% and 54% of the predicted
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normal value, respectively).18 The severity of post–COVID-19 sarcopenia could be
explained by different factors such as preexisting health conditions in older adults
(eg, biological age, inmunosenescence, and inflammaging), cardiovascular and immu-
nologic status, altered diet (anosmia, ageusia, loss of appetite), physical inactivity, and
gut microbiota (Fig. 1).15

The biological basis of the effect of the infection on muscle mass and function de-
rives from several factors linked to the direct damage produced by the virus in several
tissues and systems but also to the effect of the response of the organisms, with a
special role of the inflammatory response. Muscle hypoxia, the cytokine storm in
the presence of a dysfunctional mitochondria, and electrolyte and metabolic distur-
bances, exacerbated in the presence of increased sedentarism, nutrient deficits,
and low physical activity, prompt the development of an impairment in musculoskel-
etal performance.19–21

Hospitalization because of COVID-19 is the second factor to be considered, having
effects not only caused by the hospitalization but also by some components of the
pharmacologic treatment (mainly corticosteroids). Taken jointly, they are associated
Fig. 1. Physiopathologic pathways of post–COVID-19 sarcopenia. ACE, angiotensin-converting-
enzyme; CMV, cytomegalovirus; CD6, cluster of differentiation 6; HTA, Hypertension. (Adapted
from Piotrowicz, K., Gąsowski, J., Michel, JP. et al. Post-COVID-19 acute sarcopenia: physiopa-
thology and management. Aging Clin Exp Res 33, 2887–2898 (2021). https://doi.org/10.1007/
s40520-021-01942-8; under Creative Commons Attribution 4.0 International License.)

https://doi.org/10.1007/s40520-021-01942-8
https://doi.org/10.1007/s40520-021-01942-8
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with the physiologic outcomes previously mentioned (a reduction in muscle mass and
strength, alterations of muscular fiber with a subsequent remodeling of muscle tissue,
fatigue, and local systemic inflammation), leading to functional outcomes (accelerated
frailty, loss of functional status, chronic disability and dependence) that increase the
risk of being discharged to a rehabilitation facility or nursing home, mainly in people
more than 80 years old,22 increasing the health care needs (Fig. 2).23

The way in which hospitalization because of acute COVID-19 infection contributes
to this deleterious outcome of COVID-19 has been studied both in general hospitali-
zation by any cause and in specific hospitalization by COVID-19. Results from the
Fig. 2. Effects of pharmacologic treatment and in-hospital immobilization on muscular
weakness in old people with COVID-19. (Adapted from Sagarra-Romero L, Viñas-Barros A.
COVID-19: Short and Long-Term Effects of Hospitalization on Muscular Weakness in the
Elderly. Int J Environ Res Public Health. 2020;17(23):8715. Published 2020 Nov 24. https://
doi.org/10.3390/ijerph17238715; Open Access under Creative Commons Attribution License.)

https://doi.org/10.3390/ijerph17238715
https://doi.org/10.3390/ijerph17238715
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Gruppo Lavoro Italiano Sarcopenia-Trattamento e Nutrizione (GLISTEN) study, which
could be extrapolated to admission for acute COVID-19 infection, show that there is a
38.4% excess risk of sarcopenia associated with hospital stays of 11 days or more,24

an usual length in these patients.
Moreover, a recent Norwegian article with a follow-up of 6 months after hospitaliza-

tion because of COVID-19 has shown a loss of mobility in one-third of the participants,
as well as a decreased performance of activities of daily living in 11% of the individuals
in the study.25 In addition, there was the higher risk of persistent functional deteriora-
tion, mortality, and readmissions (up to 24-fold, 5-fold, and 4-fold higher, respectively)
at 3 months associated with the presence of severe dependence at discharge (Barthel
Index <40).26

However, this outcome is not restricted to hospitalization in acute care settings. In a
recent published study of older people living in long-term care facilities, 29.4% of pa-
tients infected by COVID-19 had worsened their previous functional status, even with
all physical environmental modifications done for the patients’ safety.27

The COVID-19 pandemic has led governments to implement unprecedented mea-
sures to try to control the spread of the virus. Quarantine, confinement, and social
isolation have been widely used measures, especially in the elderly population, where
COVID-19 mortality has been higher. Lockdown in older people with and without
COVID-19, disregarding its cause, has been related to a large decrease of vigorous
and moderate intensity physical activity,28–33 especially in men,33 and walking
time,29,30,33 which can accelerate the loss of muscle mass (sarcopenia), increased
body fat, and worsening function. According to the WHO recommendations on phys-
ical activity, older adults should participate in 150 min/wk of moderate-intensity or
75 min/wk of vigorous-intensity activity.34 These thresholds not only have not been
reached during the COVID-19 quarantine but also sedentary behavior has increased
(up to 2 h/d of sitting time),30,33,35,36 taking into account that confinement and social
isolation interrupted not only the spontaneous physical activity but also any super-
vised exercise program in these older people. As recently published, physical activity
was reduced to one-third of baseline, and sedentary time increased from 5 to 8 h/d ac-
cording to a survey of people older than 55 years during the first wave of the
pandemic.37 Consequently, up to 10% of this population could have developed mus-
cle function loss,38–40 especially those people who had recovered from SARS-CoV-2
infection,38,39 accelerating the risk of frailty and sarcopenia.41,42

In addition, physical inactivity in older people caused by COVID-19 lockdown has a
negative impact on nutrition behavior, with an increased risk to 2- to 4-fold for devel-
oping nutritional deficits.43 Nutritional changes, especially in low-income populations,
contribute to worsening sarcopenia and function. Data published in adult and old pop-
ulations show a reduction in the consumption of vegetables, legumes, and fruits and
an increase in the consumption of rice, meat, dairy products, and fast food during the
first period of confinement.44,45 In older people, to be male, social isolation or greater
feelings of loneliness, poor housing conditions, as well as a higher prevalence of
chronic morbidities are risk factors for developing unhealthier lifestyles or mental
health declines during confinement. In contrast, having a good adherence to the Med-
iterranean diet or doing physical activity before the confinement were protective for
the development of unhealthier lifestyles during confinement. It must be highlighted
that most of these changes reversed after the end of confinement.45 The insufficient
consumption of essential nutrients for the maintenance of muscle mass, especially
amino acids such as leucine, together with the increase in obesity, inflammatory
mechanisms characteristic of COVID-19, and the lack of physical activity, could result
in sarcopenic obesity.15 Moreover, these changes in nutritional habits and physical
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activity may generate changes in gut microbiota, which is known to be related to the
severity of COVID-19.46

In addition, the role of some of the drugs used in the treatment of acute COVID-19
infection may also act on skeletal muscle, producing sarcopenia in patients with pro-
longed treatments, in addition to the effect in the acute phase of the disease previously
mentioned.
THE GERIATRIC CARE MODEL AND ITS APPLICATION TO THE SPECIFIC CASE OF
PERSISTENT CORONAVIRUS DISEASE: COORDINATION OF CARE AND
COMPREHENSIVE CARE

As is the usual case in geriatric medicine, functional decline in older people with long
COVID should be the cornerstone of the approach to these patients, along with the
persistent dyspnea, fatigue, or musculoskeletal pain. In addition, altered diet because
of gastrointestinal complaints, anosmia, and dysgeusia could precipitate or impair a
sarcopenia condition, leading to a lower functional status, a worsening in instrumental
and basic activities of daily living, and a higher risk of falls.23 In addition, this loss of
function could worsen psychological health (depression, anxiety, a lower quality of
sleep) and increase the need of social resources (home assistance or new institution-
alizations),22,23 promoting the scenario where an integrated, comprehensive, coordi-
nated, and continued care is needed.
Geriatric medicine has been characterized by a comprehensive care, coordinating

the required care of older people according to their needs. Thanks to the information
obtained through the geriatric comprehensive assessment and the availability of the
different geriatric care levels (outpatient office, rehabilitation unit, geriatric day hospi-
tal, institutionalized and noninstitutionalized long-term care), it is possible to provide
the best personalized care.
Because the management of the functional decline is the main pillar of the treatment

of these patients, promoting self-governance and social participation in the commu-
nity has a protective effect on physical function, increasing the levels of physical ac-
tivity.33–36 The benefits of physical activity are widely known: greater muscle mass;
better balance and cognitive function; and lower comorbidities, falls, frailty, sarcope-
nia, and disability in older people.22,23,33,34,38–43 In addition, related to SARS-CoV-2,
physical activity improves immune function,47 having a potential protective effect in
the older population.
Some programs of functional rehabilitation or telerehabilitation have been pro-

posed, as well as respiratory rehabilitation. First of all, it is important to tailor the multi-
component exercise program not only to the patient but also to where it is going to
take place. For older adults who exercise at home, body-weight exercises are crucial,
being safe and effective, with chairs, walls, and floor being used to perform them. A
Brazilian telerehabilitation program following discharge after COVID-19 stratified the
patients according to their Barthel Index to assess different types of physical therapy
and time of follow-up. In addition, they also evaluated the need for a nonphysical reha-
bilitation program: speech-language pathologist for dysphagia, cardiac rehabilitation
if oxygen therapy was needed or for worsened dyspnea, occupational therapy if there
was fine motor control or cognition decline, physiatrist if pain rated greater than 5, die-
titian if weight loss, and psychologist if the patient was anxious or depressed.48 Other
options that have been proved effective in older people at home include the Vivifrail
program,49 which is also useful in older people in nursing homes with COVID-19.50

Another arm of intervention is pulmonary rehabilitation, showing an improvement of
pulmonary function, quality of life, and anxiety levels after a 6-week program.51–53
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To prevent or improve post–COVID-19 sarcopenia in these patients, it is important to
ensure an adequate intake of proteins, vitamins, and minerals, oral nutritional supple-
ments (ONS) being included in the diet, especially when the diet alone may not be suf-
ficient. Thus, the recommendation is to provide at least 400 kcal/d with ONS, with 30 g
of protein or more for, at minimum, 30 days.54 If a high risk of malnutrition exists, these
requirements increase up to 600 kcal/d.55 Although changes in gut microbiota are
known to be linked to immune response, and prebiotics and probiotics seem to have
a benefit in frail people, the evidence is still unclear in post–COVID-19 older people.56

Cognitive consequences related to infection by SARS-CoV-2 may affect physical
activity and sarcopenia57 in long COVID, making cognitive training programs poten-
tially useful.58,59 A few programs to fight loneliness have been developed, especially
in nursing homes. The Telephone Outreach in the COVID-19 Outbreak (TOCO) is a pi-
lot telephone program implemented by medical students of Yale University in which
once per week they call older people living in nursing homes. Residents and volun-
teers share stories of their lives, observing a positive experience.60

As mentioned earlier, an increase of social resources is needed as a consequence
of higher functional limitations and disability after COVID-19. An early evaluation is
important to assess the future needs of the patient, in which the comprehensive geri-
atric assessment could be helpful, working hand in hand with social workers.

THE ROLE OF TECHNOLOGY IN LONG COVID SYNDROME IN OLD PEOPLE

During the months of confinement and social isolation caused by COVID-19, mobile
health (mHealth) and digital health (eHealth) technologies offered a means by which
older people could engage in physical activity. However, there was low to moderate
evidence that interventions delivered via mHealth or eHealth approaches may be
effective in increasing physical activity in older adults in the short term.61

POSITIVE (an acronym for maintaining and improving the intrinsic capacity involving
primary care and caregivers) technology is a European Union Institute of Innovation
and Technology project (EIT-Health–funded project).62 Its main objective is to make
available a home remote monitoring system that allows better management and treat-
ment of frailty, in order to maintain or improve the intrinsic capacity of the elderly,
through a telematic platform of services. The home monitoring system consists of a
series of questionnaires and 3 sensors that measure variables such as gait speed, po-
wer in the lower extremities, and involuntary weight loss. In addition, POSITIVE has a
system of personalized prescription of physical exercise based on the Vivifrail pro-
gram, as well as a nutritional plan and monitoring of functional status.63 The use of
this technology will allow clinicians to monitor any worsening of the functional status
as well as to prevent, through the prescription of individualized exercise, the develop-
ment of sarcopenia as a fundamental mechanism in the development of the symptoms
of post–COVID-19 syndrome in older people.

CLINICS CARE POINTS
� A proactive search for long COVID syndrome in older people in the acute phase of the
infection is recommended, taking into account the high prevalence and the difficulty of
identifying the syndrome in some old patients.

� Functional decline and its consequences should be the focus of attention in the integrated
and coordinated care of older people with long COVID syndrome, establishing the level of
geriatric care needed for each person, according to the comprehensive geriatric assessment.
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� A multicomponent and individualized intervention program should be prescribed, taking
into account not only the characteristics of the patient but also the place to do it. Several
programs of personalized physical exercise to be performed in different settings of care are
accessible. A protein intake of at least 30 g/d should be provided for a minimum of 30 days.
The use of prebiotics and probiotics is still controversial.

� A cognitive and social approach should be done to avoid cognitive and mood disorders.

� Technologies currently available in the market can be useful in monitoring the evolution of
these patients and in the provision of multicomponent interventions.
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dysfunction as a key factor in COVID-19 disease. Exp Gerontol 2020;142:111147.

21. Kirwan R, McCullough D, Butler T, et al. Sarcopenia during COVID-19 lockdown
restrictions: long-term health effects of short-term muscle loss. GeroScience
2020;42(6):1547–78.

22. Herrmann ML, Hahn J-M, Walter-Frank B, et al. COVID-19 in persons aged 701 in
an early affected German district: risk factors, mortality and post-COVID care
needs-a retrospective observational study of hospitalized and non-hospitalized
patients. PLoS One 2021;16(6):e0253154.

23. Sagarra-Romero L, Viñas-Barros A. COVID-19: short and long-term effects of
hospitalization on muscular weakness in the elderly. Int J Environ Res Public
Health 2020;23:17.

24. Martone AM, Bianchi L, Abete P, et al. The incidence of sarcopenia among hos-
pitalized older patients: results from the Glisten study. J Cachexia Sarcopenia
Muscle 2017;8(6):907–14.

25. Walle-Hansen MM, Ranhoff AH, Mellingsæter M, et al. Health-related quality of
life, functional decline, and long-term mortality in older patients following hospital-
isation due to COVID-19. BMC Geriatr 2021;21(1):199.

26. Carrillo-Garcia P, Garmendia-Prieto B, Cristofori G, et al. Health status in survivors
older than 70 years after hospitalization with COVID-19: observational follow-up
study at 3 months. Eur Geriatr Med 2021;12(5):1091–4.

27. Vallecillo G, Anguera M, Martin N, et al. Effectiveness of an acute care for elders
unit at a long-term care facility for frail older patients with COVID-19. Geriatr Nurs
2021;42(2):544–7.
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35. Sañudo B, Fennell C, Sánchez-Oliver AJ. Objectively-assessed physical activity,
sedentary behavior, smartphone use.
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